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Highlights 

• Processed EEG is a widely used monitoring adjunct in anaesthetics, that may have clinical 

utility in the detection of seizures 

• Growing observational data shows it may be helpful in monitoring of burst suppression in 

refractory status epilepticus 

• Variable patterns of responses of derived pEEG variables have been seen during seizures 

making clinical interpretation challenging 

• Further randomised trials testing the use of pEEG in the detection of seizure and burst 

suppression are needed 
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Introduction 

Electrographic monitoring is an important aspect of the management of epileptic seizures. This is 

particularly true in cases of status epilepticus, when continued seizure activity for more than five 

minutes, or recurrent events without recovery in between, are linked to a significant risk of cerebral 

damage [1][2], making the prevention of prolonged convulsion a priority.  Those patients whose seizures 

are not terminated by initial therapies (benzodiazepines, rapid loading of anticonvulsant) require general 

anaesthesia and admission to critical care environment, and represent those most likely to suffer 

irreversible damage.  

Refractory status epilepticus occurs for a subset of patients who experience persistent seizure activity 

despite general anaesthesia.  Advocated by NICE guidelines for UK practice in the monitoring of seizure 

activity [3], EEGs are used in these cases to titrate sedating agents to the point of burst suppression 

(BS), an electrophysiological correlate with coma comprised of alternating isoelectric EEG periods 

followed by high voltage slow-waves [4]. EEG requires specialist input to perform and interpret, and 

therefore is often limited to teaching hospitals with neuroscience departments in the UK, complicating 

the care of patients taken unwell away from these locations. A survey of continuous EEG availability 

within specialty ICUs world-wide, of which 75% were from the USA, found that rapid access and 

interpretation was available only in 32% [5]. In cases of super-refractory status epilepticus (lasting 

greater than 24 hours), daily EEG is a minimum requirement and ideally continuous EEG monitoring is 

indicated [3].  

 

Processed EEG and depth of anaesthesia monitors 

Processed EEG (pEEG) emerged within the field of anaesthetics as an automated, quantitative tool to 

assess depth of anaesthesia during surgical procedures. This culminated in the development of 

commercially available “depth of anaesthesia” monitors, now recommended by UK NICE guidelines for 

use in many anaesthetic settings [6]. These use quantitative EEG algorithms to convert EEG output 



 

 

into a pEEG variable (numeric scale or letter category). This can used to guide anaesthetic dosing real 

time by an anaesthetist without training in neurophysiology, to prevent unintended operative awareness, 

and avoid overly deep anaesthesia associated with delirium and cognitive dysfunction on awakening 

[7,8].  

A number of proprietary pEEG tools are available, including the Entropy (GE Healthcare, USA), 

Narcotrend (Narcotrend-Gruppe, Germany), Neurosense (Neuro Wave Systems, USA), and SNAP II 

(Stryker, USA) devices, however most commonly mentioned in the literature is the Bispectral Index 

(BIS, Medtronic, Ireland) (see Table 1). BIS outputs include the “BIS” value and a sub-parameter the 

suppression ratio (SR). Both are dimensionless values calculated algorithmically from raw EEG data 

obtained from a small array of frontal electrodes (see Figure 1, item A). These are scored on a 

continuum developed by analysing EEG data from many hundreds of alert and anaesthetised 

individuals. The “BIS” value is an overall indicator of awareness ranging from 0-100, with 0 correlating 

with a flat, isoelectric EEG trace, and scores of 90 and above expected in wakefulness (see Figure 1, 

item D). During an anaesthetic, values between 40 and 60 are recommended, to minimise likelihood of 

awareness [9], and avoid needlessly deep anaesthesia and associated side effects [8]. The suppression 

ratio (SR) is an estimate of the level of burst suppression (BS), describing the percentage of the 

preceding 63 second EEG trace that is isoelectric; a value of 0 having no isoelectric periods and 100 

being entirely isoelectric. This correlates strongly in comparative studies to BS calculations taken from 

standard EEG recordings and compared against SR [10–12]. 

This review explores the evidence to date on the use of proprietary, processed EEG depth of 

anaesthesia monitors for the detection and monitoring of seizure activity. Of particular interest is the 

use of “depth of anaesthesia” values (such as the “BIS” value) and their correlation with seizure activity 

(both clinical and neurophysiological). The ultimate question is whether processed EEG modalities may 

be able to replicate features of conventional EEG monitoring and represent an intuitive and easily 

interpreted paradigm for clinicians without neurophysiology training, such as a general neurologist or 

critical care doctor. The aim has been to produce a best evidence synthesis exploring what information 

is known in this area, whether there may be any utility to this approach and the required direction for 

further research.  

 

Processed EEG 

Device 

Source Output 

Bispectral index 

(BIS)  

BIS, Medtronic, 

Ireland 

Numeric value (BIS value) 0-100 

Suppression ratio 

CDSA  

Raw EEG trace – frontal montage 

Narcotrend Narcotrend-Gruppe, 

Germany 

Letter based categorisation of anaesthesia depth 

(A-F) 



 

 

Raw EEG trace – summative montage 

SEDline SEDline, Masimo, 

USA 

Colour coded numeric value (Patient State Index – 

PSI) 0-100 

CDSA 

Raw EEG trace – frontal montage 

TABLE 1: Summary of devices used in highlighted studies. EEG = electroencephalogram; 

CDSA=colour density spectral array 

 

 

FIGURE 1: A BIS frontal electrode placement (as taken from Nunes et al 2012 [13]), B Image of BIS 

monitor output, BIS value shown as 76 (as adapted from Chi et al 2016 [14]), C CDSA output comparing 

NCSE and sedation pattern; red and darker red tones consistent with NCSE pattern (as adapted from 

Hernandez-Hernandez et al 2016 [15]), D Representation of raw EEG patterns at varying BIS level (as 

taken from Wildes et al 2016 [16]) 

 

Methods 

This scoping review has followed the Preferred Reporting Items for Systematic Reviews and Meta-

analysis and Centre for Reviews and Dissemination (PRISMA) guidance for undertaking reviews in 

healthcare, as far as relevant for the scope of this review.  



 

 

Search strategy 

A literature search of Medline, Psych-info and Embase databases was conducted in articles published 

from inception to 20 March 2021 to identify articles reporting studies of the use of depth of anaesthesia 

monitoring and seizure detection. The search was restricted to human studies and those published in 

English. Reference lists were searched for additional relevant articles. Search terms are available in 

Supplemental file 1. Searches were conducted independently by both authors after agreeing search 

terms and results combined. MS assessed the literature using the agreed search terms in 2018 and 

2021. AG assessed the literature using these terms in 2020. Updated abstracts were added to the 

review process as they arose across the review period.  

Systematic search and review flow diagram 

 

 

 

 

 

 

 

 

FIGURE 2: Flow chart of the search and study selection process. 

Selection criteria and article screening 

Inclusion criteria were articles describing use of depth of anaesthesia monitors utilising pEEG in clinical 

scenarios involving the diagnosis or monitoring of seizure activity. This could include studies where 

incidental seizures occurred whilst pEEG was in place, for example during surgery. Additionally, articles 

assessing the use of pEEG devices for achieving and monitoring artificially induced burst suppression 

rhythms were also included. Instances when seizures were not confirmed by conventional EEG 

assessment or raw EEG trace were excluded (see discussion). Studies involving neuro-prognostication 

in brain injury without documentation of seizures were excluded, as were case reports documenting 

anaesthetic protocol using precautionary pEEG without actual occurrence of seizures. 



 

 

Eligible articles were identified by performing an initial screen of titles and abstracts, followed by a full 

article review of those that passed screening. All retrospective and prospective studies that met these 

criteria were selected. Study quality was not systematically assessed due to the heterogeneity of study 

content assessed to synthesise this best evidence review.  

 

Results  

Literature Search 

The literature search detected 126 citations, of which none were duplicates. One further paper was 

identified manually through reference screening. After screening titles and abstracts, 47 full-text articles 

were assessed for eligibility. 23 articles were excluded including those documenting induced seizures 

at ECT, 6 articles in which seizures were not confirmed with conventional EEG, one describing a 

research protocol and three examining pEEG in neuro-prognostication alone without correlation of 

pEEG variables during seizures. Articles on ECT induced seizures have not been included in the 

systematic synthesis of this review and were excluded. 

Study Characteristics 

Our systematic review searched the major libraries for articles documenting seizure events having data 

captured by depth of anaesthesia devices utilising pEEG. This yielded 8 cohort studies, 1 randomised 

trial and 15 case reports. These involved scenarios of peri-operative seizures [14], or individuals in the 

critical care setting with either brain injury or status epilepticus [17], and one involving an ambulatory 

patient with epilepsy. The majority of literature found concerned the Bispectral index system (BIS), with 

one found for SEDline and one for Narcotrend. No eligible studies were found involving the Entropy, 

SNAP or Neurosense systems. Three studies concerned patients of paediatric age with the remainder 

involving adults. Selected studies are presented and contextualised in Table 1.  

 

Critical care/epilepsy literature 

 

15 studies were identified that involved patients in a critical care setting experiencing seizures with 

processed EEG depth of anaesthesia monitoring in use. Eight papers were case reports documenting 

processed EEG parameters during clinically apparent or neuro-physiologically confirmed seizures [17–

24].  

 

Seven relevant observational cohort studies were found of which five were prospective [10,12,15,25–

28]. These attempted to answer varying hypotheses, chiefly comparison of epileptic activity pEEG data 

with conventional EEG or correlation with burst suppression rhythms as determined by conventional 



 

 

EEG techniques and specific scenarios. All studies used BIS except for one observational study which 

used SEDline [27]. 

 

 

Peri-operative literature 

 

9 studies were identified that involved patients in a peri-operative setting with seizures experienced 

whilst depth of anaesthesia monitoring was in place. One of these was a randomised trial which 

examined the differences in epileptiform discharge rate between two types of anaesthetic (propofol 

versus sevoflurane) with data captured by a BIS system and a limited 4-lead conventional EEG [29]. 

Another was a prospective study examining correlation between epileptiform discharges on 4-lead EEG 

and the BIS system during anaesthetic for gynaecological surgery [30].  

 

7 case reports were identified documenting the pEEG parameters from depth of anaesthesia monitoring 

during clinical seizures or epileptiform appearances on EEG [29,31–36]. These were during anaesthetic 

induction or the operative phase. The majority of studies use the BIS system, with one using Narcotrend 

[31]. 

 

Discussion 

The relevant literature identified on the use of depth of anaesthesia monitor derived pEEG for 

diagnosing or monitoring seizures is diverse. This generally focused on two settings; operative 

anaesthesia and critical care. The context to the former is that depth of anaesthesia monitoring is 

already in place being used for its intended purpose (optimised titration of anaesthesia) and tended to 

document where seizures have arose either coincidentally or somewhat expectedly (in the case of 

neurosurgical procedures). The critical care literature is more exploratory in nature, having more 

observational studies relative to case reports. For case reports, depth of anaesthesia monitors may 

have been applied deliberately to monitor seizure activity, however many critical care doctors have an 

anaesthetic background and application to an anaesthetised patient could have occurred out of 

personal habit. 

The majority of literature consisted of case reports. These vary in their case content but tend to 

demonstrate a trend towards depth of anaesthesia pEEG parameters changing beyond expected 

values for anaesthesia during clinically apparent or purely electrophysiologically proven seizures. These 

are helpful, documenting a clinical narrative with associated changes in pEEG derived values and are 

a good starting point for justifying future systematic research. However, publication bias may be seen 

here with clinicians tending to publish instances where they have seen an intriguing trend of pEEG 

parameters fitting the apparent clinical narrative, but unconsciously neglecting to publish similar cases 

where this was not seen. 



 

 

Observational or interventional studies produced to date are heterogeneous and address varying 

hypotheses; few directly address the hypothesis that pEEG accurately diagnoses seizure activity. The 

evidence for this hypothesis so far has to be inferred via cross-referencing data presented in these 

studies, alternative to the author’s intended purpose. An example of this is Stasiowski et al’s work 

comparing the incidence of epileptiform discharges attributable to two different types of anaesthetic; the 

use of depth of anaesthesia monitoring existed as a secondary outcome, and the paper’s main intention 

was not to question if the depth of anaesthesia monitor is a useful modality for diagnosing seizures, but 

rather which anaesthetic drug cause more epileptiform activity [37]. Of interest is that considerable 

weight is placed on the BIS value in the answering this hypothesis, when the definitive ability of BIS 

systems to diagnose seizures has not yet been properly established. 

 

 

 

Burst suppression and processed EEG 

 

A number of observational studies examined the correlation between pEEG derived values and induced 

burst-suppression rhythms sought for neuroprotective coma. Although this does not technically 

constitute the detection of pathological seizures, this approach is of interest as a proxy for an abnormal 

brain rhythm that conceptually represents the inverse of epileptiform activity. The BIS derived 

Suppression Ratio (SR) can be correlated to extent of burst suppression, and has specific clinical utility 

for the treatment of status epilepticus or brain injury, representing a routinely available method for 

monitoring extent of neuroprotective coma. This may avoid need for the equipment and interpretative 

resources of conventional EEG, and widen access in many hospitals to diagnostic tools where this is 

not easily available.  

The five burst suppression studies showed correlation between states of burst suppression as 

confirmed on conventional EEG, and BIS parameters [10,12,25,27,28]. Uniformly, a low BIS value and 

a high suppression ratio was associated with this state, representing a relative paucity of EEG activity 

and increasing percentages of the trace being isoelectric. Statistical analysis confirmed a strong 

correlation between these BIS parameters and conventional EEG [12,27]. The study demonstrating the 

weakest link was perhaps influenced by a bimodal distribution of BIS values (being either very low or 

very high [26]) and demonstrates some of the difficulties in using this value, as explored below. Similar 

trends for a low BIS value and rising suppression ratio during periods of burst suppression were also 

seen in several case reports [20,24]. 

 

Bispectral index value and seizures 

 

The bispectral index device was by far the most commonly used in the literature. All published studies 

demonstrated a change in BIS parameters during the occurrence of seizure activity. Two patterns of 

change in BIS value during or after the occurrence of seizures were frequently seen in the literature, 



 

 

predominantly in case reports. A rising BIS value during seizure was most commonly reported (9 studies 

where ictal BIS value was reported) [19–21,23,29,30,32,38,39], with a return to expected levels for 

anaesthesia, often with administration of further sedation and cessation of convulsion if present. 

Alternatively, a falling BIS value during epileptic activity was seen in 6 studies [17,22,33–35,40]. 

 

This variability in BIS response was supported by the randomised control trial of anaesthetic agents, 

finding that BIS values during epileptiform EEG discharges could be inappropriately high, low or 

unchanged [37]. Importantly, this included the largest sample of all highlighted papers (n=60), and found 

similar mean group BIS values between patients with and without epileptiform discharges. A single 

report found a persistently low BIS value following cessation of an intra-operative tonic-clonic seizure 

[32]. This may have represented the post-ictal state, however ongoing non-convulsive epileptic activity 

was not excluded due to lack of conventional EEG monitoring. 

 

A key challenge in interpreting this literature is the variation in time-point at which the BIS value was 

recorded relative to seizure activity. Seizures themselves are not homogenous, with different lengths 

and a variable pre-symptomatic period of EEG change, making it hard to determine a universal data 

point in which BIS value should be compared between studies. Additionally, as a result of algorithmic 

processing a lag exists between the presence of seizure on raw EEG and change of BIS value. Filtering 

processes for signal quality control may cancel out the effect of non-sustained periods of epileptic 

activity, in order prioritise a steady depth of anaesthesia value as is the actual intention of the device. 

This might mean that short seizures are missed. Many seizures reported in the included case reports 

were not clinically apparent due to neuro-muscular blockade. This may have led to a difficulty with 

seizure recognition, but did allow ictal muscle activity during seizures as a cause of increased BIS value 

( previously reported [41]) to be removed as a confounder. 

 

Finally, although authors specifically report no change to anaesthetic dosing at the time of BIS 

recording, the ability of anaesthesia to co-linearly affect the BIS value as an outcome measure presents 

a challenge for interpretation common to all depth of anaesthesia systems. Only one study examined 

an awake patient, eliminating this confounder; Ohshima et al reported on BIS value changes seen in 

an awake ambulatory patient with a new diagnosis of epilepsy undergoing conventional EEG with photic 

stimulation [22]. During stimulation, high voltage slow wave abnormalities appeared on EEG during 

photic stimulation which correlated with a fall in BIS value to 63. This returned to a normal value for an 

awake patient after cessation of photic stimuli.  

 

The variability in BIS value seen during seizures suggests that the reduction of the highly complex 

information that EEG conveys into a single value is too simplistic for fully representing all epileptic 

activity. It is possible that low frequency epileptiform EEG abnormalities cause a lowering of BIS value 

and high frequency discharges cause a raised value. This fits with the way in which the BIS value is 

calculated by determining the power of different component waveforms of the EEG. A reasonable 

approach would be to consider a contextually inappropriate variation in BIS value as a suggestion that 



 

 

epileptiform activity is occurring, however definitive confirmation still requires conventional EEG where 

there is lack of clinical signs. 

 

 

BIS device - Raw EEG and CDSA traces  

 

The BIS device allows the summated overall EEG wave form to be observed in real time, as well as 

exported for analysis. The former has proven useful to validate the degree of resolution possible with 

the limited montage available with the simplified BIS data. Haesen et al. demonstrated that raw EEG 

tracing from a BIS device was able to capture tracings diagnostic of status epilepticus, but missed 

observed periodic discharges that were captured on with concurrent conventional EEG [25]. This has 

important implications on the potential resolution of pEEG, relying on fewer scalp electrodes and 

summating their output, with a high risk of missing abnormal activity.  

 

The latest BIS devices incorporate a colour density spectral array, visualising a power spectrum 

representation of the summated EEG activity (see Figure 1, item C). Key discriminatory components 

that can be analysed in this are the range of colours and shape of constituent waveforms. The 

observational study by Hernandez-Hernandez et al. compared CDSA appearance in NCSE to 

patients with sedation only [15]. This showed a difference in appearance between the two groups, 

with darker red colours indicating higher frequency waveforms. In one individual with epileptiform 

activity, CDSA reverted back to a pattern similar to the sedation only cases after administration of 

midazolam. Several case reports commented on the changes of CDSA output during seizures, with 

similar CDSA patterns seen [18,29].  

 

 

Other depth of anaesthesia systems  

 

One observational study examined the use of the SEDline system, involving the assessment of raw 

EEG trace alone [26]. Here two emergency physicians were able to reliably identify epileptiform 

discharges from this, although the extent of any previous coaching which they may or may not have 

received was not documented. One study constituted a case report documenting the Narcotrend 

system where raw EEG tracing was assessed without consideration of the proprietary pEEG output 

[31]. This demonstrated the ability for the raw EEG trace to detect the onset of intra-operative 

seizures. The literature to support the use of either of the above systems is currently very limited. 

 

 

Studies without conventional EEG correlation 

 

There are a number of studies which have reported the use of BIS without confirmation by conventional 

EEG or compatible raw EEG trace, and contribute less to our understanding of the clinical use of pEEG 



 

 

in seizure detection. These were excluded from the main literature synthesis but are worth consideration 

in understanding the challenges posed by the literature. Two reported use of BIS as an adjunct in the 

diagnosis of non-epileptic attacks, finding both high (BIS ~ 90) and low (BIS = 47) BIS values in cases 

with the clinical signs of non-epileptic attack, attributed to wakefulness and unintentional self-

hypnosis/sleep respectively [42,43]. A fall in BIS level during hypnosis and sleep have previously been 

documented[44,45]. Both of these case reports cast concern on the ability of processed EEG be specific 

for the diagnosis of seizures, given the variable nature of the results and the overlap of BIS values with 

those seen in epileptiform seizures confirmed by conventional EEG. 

 

Four case studies reported the peri-operative BIS findings in the setting of clinical signs of possible 

seizure only (i.e. increase in lactate, prolonged post-operative drowsiness, tonic-clonic movements)[38–

40,46]. One was a case report demonstrating a rise in the proprietary “PSI” value (Patient Sedation 

Index - conceptually similar to BIS value) as well as an increase in power appearances of the CDSA 

output[46], with change in CDSA to a lower power following administration of further sedation. 

Epileptiform appearing discharges could not be seen on the CDSA presented. All papers hypothesised 

that changes in pEEG output (a rise in BIS/PSI in three, and a fall in BIS in one) were related to peri-

operative seizure, as evidenced by normalisation to expected values during anaesthetic following 

administration of further sedative. Given the inconsistency of these results, and lack of formal EEG 

confirmation of seizure activity, no conclusions can be made from these studies; indeed it is common 

for patients under sedation to experience non-seizure related muscle movements.  

 

 

Electro-convulsive therapy studies 

Twelve studies were identified concerning the use of the BIS system during anaesthesia for electro-

convulsive therapy [47–58]; all observational studies with varied hypotheses. The majority intended to 

assess correlation between depth of anaesthesia and the duration of seizure, as a proxy for efficacy of 

the procedure. Several studies did not document a pEEG parameter during the induced-seizure (often 

focusing only on the value preceding seizure induction, reflecting the anaesthetic status); and those 

that did demonstrated variable BIS values. These studies are all extensively confounded by the method 

of anaesthesia in this context, with a short bolus given to render the patient unconscious to allow the 

seizure to be induced with minimal recovery time. Causality of any BIS value variation is near impossible 

to separate from the effect of the anaesthetic given the time scales involved. 

 

Conclusion 

A growing body of literature has been published on the use of depth of anaesthesia processed EEG 

devices for the diagnosis or monitoring of seizures. Much of this is currently anecdotal, relying on 



 

 

case reports and few of the observational studies performed in this area directly address the question 

of their utility. As a result there is insufficient data to support the use of the processed EEG methods 

for the purpose of routine seizure detection or monitoring, in particular without traditional EEG 

confirmation given the current lack of supporting evidence.  

 

Well designed, systematic trials with confirmatory conventional EEG are needed to better address this 

question. A coherent and reproducible set of measurement time points will be needed; we suggest the 

value taken before, immediately at onset, mid episode, in the time immediately following cessation 

and finally some minutes later. Further exploration in awake patients with seizures will be insightful by 

removing the component of the anaesthetic, perhaps in the context of an epilepsy video-telemetry 

scenario which remains a highly controlled environment.  

 

Evidence for use in monitoring burst suppression is more developed with a number of studies 

experimentally examining this question and as such, depth of anaesthesia monitors with specific 

values such as suppression ratio (BIS) may help titrate anaesthetic dosage to maintain coma where 

continuous EEG monitoring is not readily available.  

 

Systems such as BIS may have utility in detecting NCSE in a comatose patient, by demonstrating a 

BIS value out of context with clinical picture (either excessively high or low). CDSA readout may act 

as a more sensitive correlate with epileptiform activity, however is relatively subjective to assess and 

would require standardised training. Additionally the literature on CDSA use is less extensive that for 

BIS value. However, given the current lack of evidence, processed EEG from depth of anaesthesia 

monitoring should not be relied on to rule out NCSE and a full conventional EEG should be sought 

where suspicion exists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 2: Study Characteristics grouped by setting (critical care setting/epilepsy; perioperative seizures) and study type (observational; case report). 

Critical care/epilepsy  

Observational Studies 

Author, Year, 
Country 

Study Design, N, 
patient 
characteristics 

Device used Intention of study Relevant findings Review Conclusion 

Haesen et al, 
2018 
Belgium[25] 

Retrospective, 32, 
post-cardiac arrest 

BIS Comparison of 
raw EEG from BIS 
with standard 
EEG 

Good correlation simplified raw EEG from BIS device with standard 
EEG for burst suppression and status epilepticus, as determined by 
two neurophysiologists (r=0.810). Periodic discharges not detected in 
75% of cases. 

Raw EEG data captured by BIS is able to 
demonstrate status epilepticus and burst 
suppression, but can miss periodic discharges. BIS 
value not examined in this study, limiting use to 
non-neurophysiology specialist  

You et al, 
2017, South 
Korea[26] 

Prospective, 39, 
post-resuscitation 
care 

SEDline  Detection of 
epileptiform 
discharges in 
post-
resuscitation care 

SEDline raw EEG had 100% sensitivity, specificity, PPV and NPV in 
detection epileptiform discharges  compared to conventional EEG   
(epileptiform discharges found in 6 out of 39 patients). Good ability of 
two emergency physicians to detect epileptiform discharges (kappa 
value 0.71) 

Epileptiform discharges present on raw EEG trace 
from SEDline correlate with findings of 
conventional EEG. 
Lack of assessment of PSI value may restrict 
application to non-specialist, however emergency 
physicians demonstrated to successfully interpret 
raw EEG data 

Hernandez-
Hernandez et 
al, 2016, 
Spain[15]  

Retrospective 
cohort, 15, patients 
with NCSE  

BIS  Comparison of 
BIS in NCSE 
versus sedation 
states 

Variation in CDSA between NCSE and non-NCSE sedated states 
(NCSE confirmed on conventional EEG). Dynamic change in CDSA 
output administration of midazolam. High variability of BIS value 
during NCSE, likely due to EMG activity 

BIS CDSA output varies between NCSE and 
sedation states 

Musialowicz 
et al, 2010, 
Finland[27] 

Prospective, 10, 
RSE ITU 
admissions 

BIS  Detection of burst 
suppression 
using BIS in RSE 

Significantly lower BIS value during conventional EEG proven burst 
suppression. Close correlation between BIS value (r2 = -0.9, p < 
0.001), suppression ratio (r2 = 0.88, p < 0.001) and EEG burst rate 
per minute. AUC for BIS value to detect BS on EEG 0.99. BIS values 
< 30 show 99% sensitivity and 98% specificity for BS pattern. 
Significantly higher BIS value during epileptiform activity (P<0.001) 

BIS value significantly changes with burst 
suppression periods and epileptiform discharges 
demonstrated on conventional EEG. Correlation 
between Suppression Ratio and EEG burst 
suppression parameters 

Arbour and 
Dissin, 
2015[10] 

Prospective cohort, 
4, drug-induced 
coma for RSE or 
raised ICP 

BIS Correlation 
between EEG and 
BIS for burst 
suppression 

Strong inverse correlation between EEG burst count and BIS SR 
(Spearman rank coefficient 0.8727)  
Strong correlation between BIS value versus quantitative burst count 
(Spearman’s rank coefficient of 0.8810) 

BIS suppression rate correlates with conventional 
EEG parameters of burst suppression 

Prins et al  
2007 
Netherlands 
[28] 

Prospective, 8, 
drug-induced coma 
for RSE or 
traumatic brain 
injury (children) 

BIS Comparison of 
EEG and BIS for 
monitoring burst 
suppression 

Mean correlation between BIS suppression ratio and suppression 
rate on EEG r=0.68 (assessed 4/8 patients only) 
 
Two patients suppression ratio found to be either very high or very 
low precluding correlation 

Moderate correlates with conventional EEG burst 
suppression rates and BIS suppression ratio 

Riker et al, 
2003[12] 
USA 

Prospective cohort, 
12, drug induced 
coma for raised 
ICP 

BIS Detection of burst 
suppression in 
drug induced 
coma 

BIS value (r=0.90 P<0.001) and Suppression Ratio (r=-0.89 P<0.001) 
strongly correlated with number of bursts/min on conventional EEG 
confirming BS state.  Lower BIS value when vasopressors required 
(P<0.001) 

BIS and SR correlate with burst suppression 
values on conventional EEG, in this case useful in 
titration of barbiturate therapy. BIS value might 
reflect cerebral perfusion. 

AUC; area under curve, BS; burst suppression, CDSA; colour density spectral array, ICA; internal carotid artery, ICP; intracranial pressure, NCSE; non-convulsive status epilepticus, RSE; refractory status epilepticus, ICP; 

intracranial pressure 

 

 



 

 

 

Case Reports  

Author, Year, 
Country 

Presentation Device 
used 

Scenario Relevant findings Review Conclusion 

Ntahe et al, 
2018 
France[17] 

Cardiac arrest 
secondary to 
pneumothorax  

BIS  Hypoxic brain 
injury and NCSE  

NCSE demonstrated by standard EEG correlated with high voltage 
irregular morphology on raw EEG from BIS. BIS value 
demonstrated to be low during period of epileptiform activity (29-
30) 

BIS derived raw EEG can demonstrate suspicious 
activity suggestive of NCSE. BIS value can be low 
during these events 

Smith et al 
2015 
UK[19] 

HSV encephalitis  BIS Status 
epilepticus 

Unexpectedly high BIS values in comatose patient during periodic 
high amplitude spikes seen on raw EEG trace from BIS monitor. 
Periodic lateralised discharges found on conventional EEG 
 

High BIS values may be seen in comatose patients 
with periodic lateralised epileptic discharges 

Fernandez-
Torre et al, 
2012 
Spain[18] 

Subarachnoid 
haemorrhage 

BIS  NSCE (proven 
on conventional 
EEG) 

CDSA showed stereotyped changes indicative of recurrent focal 
NCSE. Resolution of NCSE as proven with conventional EEG 
associated with change of CDSA. BIS value correlates with 
presence of NCSE (values not disclosed) 

CDSA correlates with NCSE as proven on 
conventional EEG 

Dahaba et al, 
2010 
Austria[59] 

Encephalitis with 
refractory repetitive 
partial seizures 

BIS Focal and 
generalised 
seizures, 
induced burst 
suppression 

Elevated mean BIS value at seizure onset (94.5) with decrease 
after cessation of seizure episode (55.1). Correspondence of 
conventional EEG activity during seizure episodes. Decrease of 
BIS value to mean 11.9 and Suppression Ratio value to 65.5 with 
pharmacologically induced burst suppression 

BIS value rises during seizure activity and returns 
to expected values for induced coma on cessation. 
 
Correlation between rising Suppression Ration 
value, falling BIS value and pharmacologically 
induced burst suppression 

Chamorro et 
al 
2008 
Spain[21] 

Unexplained cause 
of reduced GCS 

BIS 2 cases of NCSE Unexpectedly high BIS values (>60) in comatose patients, leading 
to diagnosis of NCSE 

Unexpectedly high BIS value in a comatose patient  
may alert a clinician to the possibility of NCSE 
(unclear if confirmatory conventional EEG was 
performed in this case) 

Ohshima et 
al 
2007 
Japan[60] 

New diagnosis of 
generalised 
epilepsy 

BIS Photic 
stimulation in 
awake patient  
 

High voltage slow waves seen on conventional EEG during photic 
stimulation also seen on raw EEG output on BIS. Fall in BIS value 
to minimum 63 during photic stimulation and return to baseline 
after cessation. Reduction in above phenomena at repeat testing 
after commencing sodium valproate. 

Epileptiform discharges can be seen on BIS raw 
EEG output and reflected in BIS value in an awake 
patient with epilepsy. Attenuation in responses 
seen with anti-convulsant treatment.  

Tallach et al 
2004 
UK[23] 
 

Refractory status 
epilepticus 

BIS Refractory status 
epilepticus 

High BIS value (94) observed in patient during clinical seizure, with 
corresponding epileptic activity on raw EEG trace. Resolution with 
administration with propofol bolus, BIS value falling to 28. Patient 
non-rousable throughout, documented as having benzodiazepines 
and phenytoin prior to BIS value of 94 

Potential inappropriately high BIS value with fall 
following propofol administration and cessation of 
seizures. Caveat that change is BIS value could be 
due to propofol exposure alone. 

Jaggi et al  
2003 
USA[24] 

Status epilepticus 
in child 

BIS Status 
epilepticus 

Correlation between low BIS value (r=0.59), raised Suppression 
Ratio (r=-0.64 P<0.01) and bursts per minute on conventional EEG 
in pentobarbital induced burst suppression 

Low BIS value and raised Suppression Ratio 
correlates with conventional EEG in 
pharmacologically induced burst suppression 

CDSA; colour density spectral array, HSV; herpes simplex virus, NCSE; non-convulsive status epilepticus, 

 

 

Perioperative seizures 

Observational Studies 



 

 

Author, Year, 
Country 

Study Design, N, 
patient 
characteristics 

Device used Intention of 
study 

Relevant findings Review Conclusion 

Särkelä et al, 
2007 
Finland[30] 

Prospective 
observational 
study, 60, 
gynaecological 
surgery 

BIS Comparison of 
epileptiform 
EEG traces 
with BIS value 

Increase in BIS value during periodic discharges observed on 4-
channel EEG – did not achieve statistical significance 
Tendency for BIS value not to be displayed during epileptiform 
activity, perhaps due to system considering these artefactual 

BIS value may increase during periodic discharges, 
but not shown to be statistically significant 

Stasiowski et 
al, 2019, 
Poland[37] 

Prospective 
randomised, 60, 
orthopaedic 
surgery 

BIS Comparison of 
epileptiform 
discharge 
incidence 
between 
sevoflurane 
and propofol 

Epileptiform EEG patterns in 16/35 patients anaesthetised with 
sevoflurane (as captured by 4-lead conventional EEG). No 
epileptiform EEG patters seen in those anaesthetised with 
propofol. Variety of BIS values seen before and during onset of 
epileptiform EEG patterns; both excessively high, low and 
unchanged (range 11-97). Mean BIS value before and after 
seizures unchanged compared to similar time points in group 
without seizures 
 

BIS value shown to vary in patients with onset of 
epileptiform EEG discharges, either excessively high, 
low or unchanged compared to expected levels during 
anaesthesia 
 
No mean difference seen in BIS value before or during 
epileptiform discharges compared to group without 
discharges at similar time point. This may have 
resulted from a cancelling out effect seen from 
alternative extremes of BIS value during discharges 

 

Case Reports 

Author, Year, 
Country 

Surgery Device used Scenario Relevant findings Review Conclusion 

Berger-
Estilita et al, 
2019 
Switzerland 
[31] 

Elective resection  
glioblastoma 

Narcotrend Intraoperative 
tonic clonic 
seizures  

Raw EEG extracted and analysed post-operatively, converted to 
Increase in mean beta power prior to tonic-clonic seizures Raw 
EEG used to enter burst suppression. Processed depth of 
anaesthesia value not assessed.  

Seizure onset demonstrated by Narcotrend device, 
however using raw EEG requiring specialist 
interpretation 

Iturri Clavero 
et al, 2015 
Spain[29] 

Resection of 
meningioma 

BIS Intraoperative 
tonic clonic 
seizure 

Rise in BIS value from 30 to 45 during seizure. CDSA showed 
increased frequency and warmer colours 

BIS value may rise during seizure with changes 
evident on CDSA display 

Galante et al, 
2015 
Brazil[35] 

Orchidopexy in 
patient with known 
holoprosencephaly 
and epilepsy 

BIS Unexpectedly 
low BIS value 
during surgery, 
intra-operative 
epileptiform 
discharge 

BIS value found to be unexpectedly low (26.0) and persistent 
despite decrease of sevoflurane end-tidal concentration (26.5). 
Conventional EEG obtained demonstrated epileptiform activity at 
this time point. Patient recovered with no clinically evident seizure 
or sequelae 

Low BIS value demonstrated during epileptiform 
activity demonstrated on conventional EEG, 
unresponsive to reduction in anaesthetic exposure. 
 
Confounded by potential idiosyncratic effect on 
structurally abnormal brain from anaesthetic 

Kim et al,  
2013 
Korea[32] 

Kidney 
transplantation 

BIS  Intraoperative 
tonic-clonic 
seizure 

Brief rise in BIS value during seizure (40 to 62), followed by 
subsequent fall to 0 for period of 5 minutes. Intermittently low BIS 
value following this for 30 minutes. Noted to have profound 
hyponatraemia.  

Rise in BIS value during seizure observed with 
markedly low value following cessation of 
convulsion. 

Ogawa et al, 
2009 
Japan[36] 

Elective corpus 
callosotomy for 
childhood epilepsy 
syndromes  

BIS Difference in BIS 
parameters pre/ 
post callosotomy 
(2 cases) 

Use of separate BIS monitors for each hemisphere. Variation in 
BIS value for each side dependent on occurrence of lateralised 
epileptic discharges. Loss of synchronisation of spikes on BIS 
monitor raw EEG signal post callosotomy 

Differing lateralised BIS values dependent on 
lateralisation of epileptiform discharges  

Hamada et 
al,  
2008 
France[33] 

Acute mitral valve 
surgery for 
infective 
endocarditis 

BIS  Intraoperative 
seizure 

Left lateralised epileptic discharges observed on intraoperative 
conventional EEG following release of aortic clamp. Delayed fall in 
BIS value to 0 following onset of prolonged discharge. Resolution 
of EEG changes and BIS value stabilised at normal anaesthetic 
range. Notably had unilateral right sided BIS electrode 

Profound fall in BIS value in lateralised epileptic 
discharge. Complicated by use of single electrode 
on contralateral hemisphere to discharge. Authors 
disclose intra-operative confusion of BIS and BIS 
EMG values highlighting a potential pitfall. 

Chinzei et al 
2004 
Japan[34] 

Elective 
gastrectomy in 
patient with 
epilepsy 

BIS 
 

Intra-operative 
EEG changes 

Abrupt transient periodic decreases in BIS (40 to 20) associated 
with occurrence of high-voltage, low frequency waves on raw EEG 
trace. Resolved with midazolam and barbiturate infusion. 
 

BIS value falls in concordance with transient 
epileptic phenomena on raw EEG trace, resolved 
with further sedation 



 

 

CDSA; colour density spectral array, SR; suppression ratio
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Supplemental File 1 

Search carried out in Ovid MEDLINE(R) from inception to 20 March 2021 

# Searches 

1 (“Bispectral index”).ti,ab.  

2 (“E-entropy”).ti,ab. 

3 (“narcotrend”).ti,ab. 

4 (“M-entropy”).ti,ab. 

5 (“SEDLine”).ti,ab. 

6 (“processed EEG”).ti.ab. 

7 1 OR 2 OR 3 OR 4 OR 5 OR 6 

8 (seizure).ti,ab. 

9 (“status epilepticus”).ti.ab. 

10 8 OR 9 

11 7 AND 10 

 


