
 

ANESTHESIA & CLINICAL RESEARCH | ISSN 2733-2500 
 

  

 

Available online at www.sciencerepository.org 

 

Science Repository 

 

 

 

 

 

*Correspondence to: Dr. Nick Kane, M.Sc., M.D. (Hons), F.R.C.S., F.R.C.P., University Hospitals Bristol and Weston NHS Foundation Trust, Bristol, UK; ORCID: 

0000-0001-8045-5934; E-mail: Nick.Kane@nbt.nhs.uk 

Review Article 

A Review of the Electrophysiological Neuroprognostications after Out of Hospital 

Cardiac Arrest 

A Skorko, M Pachucki, S Taylor, T Gould, M Thomas, K Rooney and N Kane* 

University Hospitals Bristol and Weston NHS Foundation Trust, Bristol, UK 

A R T I C L E  I N F O 

Article history: 

Received: 5 May, 2021 

Accepted: 19 May, 2021 

Published: 31 May, 2021 

Keywords: 

Out-of-hospital cardiac arrest 

hypoxic-ischaemic encephalopathy 

neuroprognostication 

electroencephalography 

short-latency somatosensory evoked 

potentials 

 
A B S T R A C T 

Introduction 

 

Hypoxic-ischaemic brain injury (HIBI) or hypoxic-ischaemic 

encephalopathy (HIE) leading to coma is common after resuscitation 

from out-of-hospital cardiac arrest (OOHCA), but there are now more 

survivors than ever as both pre- and peri- hospital management 

improves [1]. When neuroprognostication is performed in conjunction 

with the withdrawal of life sustaining therapies (WLST), the vast 

majority of survivors (>90%) may have only minimal neurological 

sequelae, and with rehabilitation most, (70-85%) can return to work 

[2]. By contrast, in equivalent healthcare systems where WLST is not 

practiced, 20% of patients remain in a vegetative state or the 

unresponsiveness wakefulness syndrome at 6 months, as shown by the 

prospective multicenter ProNeCA study group [3]. Early identification 

of patients with severe brain injury allows avoidance of prolonging 

expensive and often futile treatment and is informative for the 

clinicians and patient’s relatives in making shared care decisions about 

WLST. Understandably the concern is that falsely pessimistic or 

premature neuroprognostic predictions may lead to inappropriate 

WLST [4]. Current guidelines and expert panels, therefore, recommend 

a multimodal approach in all patients [for example see the ERC-

ESICM algorithm, (Figure 1)] utilizing electrophysiological tests, 

neuroimaging, and serological biomarkers, alongside clinical 

assessment, to allow neuroprognostication in comatose survivors after 

OOHCA [5]. Neuroprognostication is usually performed after the first 

72 hours post-resuscitation, following rewarming from targeted 

temperature management and sedation reduction to minimize the 

effects of these potential confounders [6, 7]. 

 

Neurological examination forms the cornerstone of clinical assessment, 

but in the Intensive Care Unit (ICU), it is often limited by multi-organ 

failure, use of neuromuscular blockade and adrenaline, and can be 

influenced by targeted temperature management and sedation, both are 

new standards of care after OOHCA [8, 9]. Electrophysiological 

techniques, principally electroencephalography (EEG) and short-

latency somatosensory evoked potentials (SSEPs) have often been used 

in the evaluation of HIE in comatose OOHCA survivors. The landmark 

2006 evidence-based review by a Quality Standards Subcommittee of 

the American Academy of Neurology recommended using SSEPs for 

predicting poor outcome (at level B) but felt that EEG was 

insufficiently accurate because of variable classification systems, along 

with the possible confounding effects of hypothermia and sedation 

[10]. 

 

This personal opinion review of the potential role for EEG in the multimodal neuroprognostication of 

comatose cardiac arrest patients, after resuscitation and targeted temperature management, discusses 

recent findings along with our personal experience from a large single-center cohort of 220 consecutive 

patients investigated with electrophysiological tests (EEG and SSEP). Although EEG has its limitations, 

along with all modalities in the multimodal prognostic framework, when timed appropriately and 

interpreted in a standardized fashion, it can be probabilistic but not deterministic of an individual patient’s 

neurological prognosis. The EEG phenotype can indicate both good and poor prognoses for a comatose 

patient on the Intensive Care Unit, which is a distinct advantage of this widely available modality, whilst 

an SSEP can reliably predict a poor outcome if absent and may also help predict good outcome using 

amplitude analysis. 
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Even more recently, a systematic review also concluded that EEG was 

limited as a prognostic tool by the effects of toxic-metabolic 

derangements and sedative drugs [11]. Nonetheless, EEG is frequently 

recorded in comatose sedated ICU patients after OOHCA, as it enables 

the detection of myoclonic status epilepticus, non-convulsive status 

epilepticus, and subclinical seizures, which may account for non-

awakening from coma. This real-world clinical experience is leading to 

a growing recognition that certain EEG patterns, referred to as 

phenotypes, can be used as biomarkers of both poor and good 

prognoses after HIE [12]. SSEPs already have an established role in 

identifying patients with a poor neurological prognosis, rather than in 

predicting good outcome, even those treated with sedatives and 

hypothermia, as demonstrated by two meta-analyses [13-15]. However, 

it should be borne in mind that death following the WLST based on 

falsely pessimistic predictions could lead to confirmation bias, known 

as the “self-fulfilling prophesy”, which is a common issue in many 

studies. 

 

This illustrated opinion review draws on both historically relevant and 

recent publications, as well as our own 8-year clinical experience of 

neuroprognostication for OOHCA in a University Hospital tertiary care 

ICU facility. We focus on the electrophysiological investigations, as 

there are already excellent reviews covering the four main categories of 

prognostic tests: clinical examination, electrophysiology, chemical 

biomarkers, and neuroimaging [5, 16]. The distinct advantages of 

electrophysiological techniques are that they are widely available in 

developed countries and can be brought to the patient’s bedside in ICU; 

they are relatively inexpensive, easily replicated, and non-invasive. 

Disadvantages include technical expertise to perform and interpret 

these investigations, inter-rater variation, and lack of standardization in 

reporting. We recognize that EEG terminology can be confusing for 

non-specialists so for those requiring a basic introduction to 

interpretation of the EEG in ICU, we recommend a prior publication 

from our group, and for more detailed definitions of specific EEG 

terms, the International Federation of Clinical Neurophysiology’s 

revised glossary [17, 18]. We adhere to recently proposed American 

Clinical Neurophysiology Society’s (ACNS) standardized critical care 

EEG terminology: 2021 version [19]. Indeed, the lack of 

standardization in EEG reporting and the inter-rater variability 

specifically have perhaps limited its clinical application in 

neuroprognostication [5]. However, emerging evidence suggests that 

standardized EEG analysis can play a more significant role in reducing 

prognostic uncertainty when using the current ERC-ESICM algorithm 

[20]. 

 

EEG Grading after HIE 

 

One of the first attempts to systematically study the effects of cerebral 

anoxia on the EEG for neuroprognostic purposes was by Judith 

Hockaday and her colleagues in 1965 at the Massachusetts General 

Hospital in Boston, who produced a five-grade EEG frequency-based 

classification [21]. This grading system was further refined by Synek in 

1988 to include subdivisions for EEG reactivity to external stimulation, 

presence or absence of epileptiform discharges, and specific coma 

patterns such as alpha or theta dominant activity [22]. Synek’s 

classification system for comatose patients grades the EEG pattern 

from benign through uncertain to malignant patterns (Table 1), 

assigning increasing numbers with increasing severity (grade 0 to 5); 

so, predicting favourable outcome with grade 0, 1 and 2 patterns, grade 

3 being prognostically uncertain, and grades 4 and 5 indicating poor 

prognoses. This EEG frequency-spectrum classification system has 

been used widely in clinical practice, having been recommended by a 

consortium of European leading authorities, as well as a similar 

classification system utilized by experts in North America and 

Australia [23, 24]. 

 

Table 1: Synek’s classification of EEG changes in coma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HP: Hockaday and Prior [23]; SL: Scollo-Lavizzari et al.[45]. 

 

However, more HIE disease-specific EEG discriminations have been 

described based on the presence, prominence, symmetry, and 

distribution of a wide range of EEG graphoelements specifically seen 

after cardiac arrest, with apparently reliable outcome predictions [25]. 

These variables included EEG suppression (termed isoelectric), 

paroxysmal or periodic graphoelements of any kind, and a lack of EEG 

reactivity (i.e., response to painful or auditory stimulation). 

Interestingly the dominant EEG frequency made surprisingly little 

contribution to the discriminant score in contrast to Hockaday’s 

findings. We can only speculate that the complexity of such an EEG 

pattern-based system may have caused it to be overlooked in favour of 

the easier and internationally accepted EEG frequency-based grading 

system. However, the large international Target Temperature 

Management (TTM) trial provided an opportunity to revisit EEG 

patterns for neuroprognostication after cardiac arrest, using the 

ACNS’s standardized critical care EEG terminology: 2012 version [26-

28]. This TTM-ACNS pattern-based system divides EEGs into “highly 

malignant” (always associated with poor outcome), “malignant” 

(nearly always associated with poor outcome) and “benign” (associated 

with good outcome) phenotypes (Table 2), which may help overcome 

some of the lack of standardization in EEG reporting and inter-rater 

variability. It was found that a highly malignant EEG after rewarming 

reliably predicted poor outcome in half of the patients without any false 

predictions, whilst a benign EEG was highly predictive of a good 

outcome [29]. Furthermore, it has been demonstrated that this 

standardized TTM-ACNS EEG categorization also correlates with 

other validated outcome predictors (i.e., clinical, biomarkers and 

SSEPs), underscoring its potential inclusion in the multimodal 

approach to neuroprognostication [30]. 
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Table 2: TTM-ACNS standardized EEG classification system. 

Classification Description 

Benign  Absence of all malignant features stated below (i.e., a continuous EEG of normal amplitude >20µV +/- reactivity). 

Malignant 

 

Malignant periodic or rhythmic patterns (abundant periodic discharges; abundant rhythmic polyspike-/spike-/sharp-and-wave; 

unequivocal electrographic seizure). 

 

Malignant background (discontinuous background; low-voltage background; reversed anterior-posterior gradient). 

 

Unreactive EEG (absence of background reactivity or only stimulus-induced discharges). 

Highly Malignant  

 

Suppressed background without discharges (<10µV). 

 

Suppressed background with continuous periodic discharges. 

 

Burst suppression with or without discharges. 

 

Our Experience 

 

Our single-center cohort study describes early outcomes in 220 adults 

(>18 years old with a mean age of 60.5 years, SD ± 15.01, 75% male) 

who were admitted to ICU post OOHCA, at a University Hospital 

regional cardiac arrest center in the UK’s South West region between 

2012 and 2020. This report specifically addresses the 

electrophysiological assessments and compares the neuroprognostic 

accuracy of the Synek and standardized TTM-ACNS EEG 

classification systems, along with our SSEP findings. Data was 

collected prospectively but analysed retrospectively in this large case 

series of patients, cared for in a closed-format tertiary ICU with over 

1200 admissions per year, of whom approximately 120-150 were post 

cardiac arrest (the 3rd largest number of cardiac arrest admissions in the 

UK per year according to the Intensive Care National Audit and 

Research Centre). All patients at our Institution who are resuscitated 

post cardiac arrest routinely undergo computerized tomography 

neuroimaging and are then transferred to the cardiac catheter laboratory 

for emergency percutaneous coronary intervention if deemed 

appropriate by the on-call cardiology team. On admission to ICU, they 

undergo 24 hours of targeted temperature management (TTM), aiming 

for a core body temperature of 33.0 to 36.0 degrees Celsius, and are 

sedated with propofol and fentanyl. Muscle relaxants are not routinely 

administered, but often facilitate the electrophysiological assessments 

to reduce muscle and movement artefacts during SSEPs, which are 

performed off sedation or with as little sedation as humanely possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: European Resuscitation Council and European Society of Intensive Care Medicine (ERC-ESICM) algorithm for neuroprognostication after 

cardiac arrest. 
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After 2014 our patients were managed according to the ERC-ESICM 

guideline with TTM (Figure 1), and multimodal neuroprognostication 

was undertaken after day 3 in patients who remained comatose 

following rewarming with a Glasgow Coma Scale motor score of 2 or 

less. We included all consecutive patients who had an EEG (n=220), 

and an SSEP (n=202) performed to assist with neuroprognostication. 

However, neither the EEG nor SSEP findings were used in isolation to 

support WLST, in an attempt to minimize univariate test bias. During 

the first half of this period, our published overall patient survival rate to 

hospital discharge was 47% in 514 OOHCA, whilst only 12% survived 

of the 220 cohorts assessed electrophysiologically [31]. 

 

The results of the EEG recordings have been classified, or phenotyped, 

according to both the Synek and standardized TTM-ACNS grades of 

severity, by an experienced Clinical Neurophysiologist (NK), using the 

original EEG recordings and reports, blinded to the outcome of the 

patient. 16 channel International 10-20 placement system EEGs were 

recorded using a Micromed EEG System Plus evolution (Italy) for 20 

to 30 minutes, with auditory, tactile, and nociceptive stimulation to 

assess EEG reactivity where possible. The patients’ EEG patterns could 

be grouped into phenotypes and are shown in (Table 3), along with the 

incidence and survival rate at 30 days post cardiac arrest. 

Representative EEG examples with individual patient outcomes are 

shown in (Figures 2-9). There were no ‘normal’ EEGs (Synek grade 0), 

but there were 40 (18.2%) patients with continuous EEGs >20µV 

(standardized TTM-ACNS classification Benign, and Synek grades 1 to 

4), a number of which displayed EEG reactivity but not all, and just 

under half of these patients survived (47.5%). The majority of the 

patient’s EEGs (81.8%) fell into the Synek Grades 4 and 5, or 

standardized TTM-ACNS malignant and highly malignant phenotypes, 

but it is noteworthy that 7 of these 180 patients (3.9%) survived. 

 

 

Table 3: EEG patterns or phenotype, incidence, and survival rate. 

EEG Pattern or Phenotype Number of Patients Number of Survivors 

Continuous EEGs >20µV  40 19 (47.5%) 

Alpha Coma (reversed anterior-posterior gradient) 7 - 

Myoclonus Status Epilepticus  

Non-Convulsive Status Epilepticus 

13 

5 

- 

1 (20.0%) 

Low voltage EEG ≤ 20µV 22 2 (9.0%) 

Periodic Discharges 62 2 (3.2%) 

Burst Suppression (BS) 22 2 (9.0%) 

Suppression ≤ 10µV 49 - 

 

Table 4: SSEP present/absent in relation to outcomes. 

 Outcomes 

SSEP No of Patients Survived Died 

Present Bilaterally 97 (48%) 24 73 

Present Unilaterally 14 (7%) 1 13 

Absent Bilaterally 91 (45%) 0 91 

 Total Of Present SSEP 25 (23%) 86 (73%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: EEG shows continuous delta with superimposed fast activity. Example of Synek Grade 3 and ACNS-TTM classification benign EEG - the 

patient survived. 
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Figure 3: EEG shows discontinuous low voltage background activity but EEG reactivity to auditory and tactile stimulation of the patient with paroxysmal 

delta. Example of Synek Grade 4 and ACNS-TTM classification malignant EEG - the patient survived. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: EEG shows Generalised Periodic Discharges (GPDs) with preserved inter-discharge background activity. Example of Synek Grade 4 and 

ACNS-TTM class malignant EEG - the patient survived. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: EEG shows continuous malignant generalised Spike Discharges indicative of non-convulsive status epilepticus (NCSE). Example of Synek 

Grade 4 and ACNS-TTM class malignant EEG - the patient died. 
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Figure 6: EEG shows continuous Generalised Periodic Discharges (GPDs) on a suppressed background (<10µV). Example of Synek Grade 4 and ACNS-

TTM class Highly Malignant EEG - the patient died. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: EEG shows burst suppression pattern. Example of Synek Grade 4 and ACNS-TTM class highly malignant EEG - the patient survived. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: EEG shows burst suppression with identical bursts. Example of Synek Grade 4 and ACNS-TTM class highly malignant EEG - the patient died. 
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Figure 9: EEG shows suppressed background (<10µV) without discharges. Example of Synek Grade 5 and ACNS-TTM class highly malignant EEG - the 

patient died. 

 

Longer-term outcome using cerebral performance category (CPC) has 

not been established due to the short follow-up period. Survivors 

included 2 with a generalized periodic discharge (GPD) pattern (Synek 

grade 4 and standardized TTM-ACNS malignant classification), and 2 

each with a burst suppression pattern or low voltage EEG (Synek grade 

4 and standardized TTM-ACNS highly malignant classification). A 

suppressed EEG below 10µV (Synek grade 5 and standardized TTM-

ACNS highly malignant classification) was the best EEG predictor of 

death, with no survivors. Similarly in our cohort there were no 

survivors with myoclonic status epilepticus, but there was one survivor 

with non-convulsive status epilepticus, as defined by the Salzburg 

criteria [32]. Overall, for predicting patient outcome the Synek EEG 

grading had sensitivity of 55.6% and specificity of 93.3%, whilst the 

standardized TTM-ACNS had sensitivity of 77.8% and specificity of 

96.0%, with a false positive rate of 3.9%. This would suggest that the 

standardized TTM-ACNS classification system is perhaps a more 

accurate method for stratifying patient survival, on account of the 

Synek classification being overly pessimistic in patients with rhythmic 

delta activity (grade 4) in patients who survived (type 1 error). 

Short-latency Somatosensory Evoked Potentials (SSEPs) were 

recorded following bilateral electrical stimulation of the median nerves 

at the wrists using a Micromed EP system (Italy) after day 3 post 

OOHCA. The cortical N20 SSEPs were classified as present bilaterally, 

present unilaterally or absent bilaterally, and are shown in (Table 4) 

with patient outcomes. Of the 202 patients, 55% had present N20 

SSEPs (bilaterally in 97 and unilaterally in 14 patients), 23% of whom 

went on to survive (24 present bilaterally and 1 unilaterally). None of 

the 91 patients whose SSEP were absent bilaterally survived; although 

one patient initially had an SSEP recorded as bilaterally absent on day 

3 but had a continuous mixed frequency EEG >20µV, so the SSEP was 

repeated the following day on which the SSEP appeared to have 

returned (Figure 10), albeit of low voltage (maximum 0.2µV). This 

patient regained consciousness and was discharged to a secondary care 

facility as he was ambulant but unable to self-care due to profound 

permanent executive and short-term memory dysfunction. He died 12 

months after his cardiac arrest of unrelated causes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Right median nerve SSEP of a patient whose N20 responses were bilaterally absent on day 3 post OOHCA (left panel), but low voltage 

(0.2µV) N20 responses were recorded on day 4 (right panel) - the patient recovered awareness and survived. 
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The SSEPs were further divided by N20 amplitude into two groups 

(Table 5), as there has been recent evidence that the prognostic value of 

SSEPs extends beyond the simple ‘absent or present’ dichotomy: 

“absent or low voltage” when <0.6µV, apparently portending an 

unfavourable prognosis, and “normal” 0.7µV - 3.5µV predictive of a 

favourable outcome [33]. Of the 25 patients with present SSEPs who 

survived 19 (79%) had N20 responses at >0.7µV, consistent with the 

predicted good outcome, whilst the remaining patients who survived 

(21%) had amplitudes measuring <0.6µV. Furthermore, of the 73 

patients who eventually died with a present SSEP 54 (74%) had 

amplitudes >0.7µV, deemed in keeping with a favourable prognosis, 

compared to only 19 (26%) patients who had amplitudes <0.6µV, 

indicating an unfavourable prognosis. When using the amplitude of 

SSEPs in isolation as the prognostic indicator, the sensitivity was 

calculated at 70% and specificity was higher at 95%. A higher 

specificity suggests that the amplitude of the SSEP is a marginally 

more reliable indicator of patient outcome than just the absent/present 

dichotomy. 

 

Table 5: SSEP amplitude in relation to outcomes. 

 Outcomes 

SSEP Amplitude (µV) No of Patients Survived Died 

Present Bilaterally  
≤0.6µV 24 (25%) 5 (21%) 19 (26%) 

≥0.7µV 73 (75%) 19 (79%) 54 (74%) 

Present Unilateral  
≤0.6µV 8 (57%) 1 7 (54%) 

≥0.7µV 6 (43%) 0 6 (46%) 

 

Discussion 

 

We report our single center, 8-year case series looking at the pragmatic 

use of electrophysiological testing (EEG and SSEPs) in comatose 

OOHCA survivors to assess its neuroprognostic accuracy. EEG is 

perhaps uniquely placed to provide an objective measure of widespread 

cortical activity and therefore possible neurological outcome after 

OOHCA. Specifically, we compared the accuracy of the Synek and 

standardized TTM-ACNS EEG classification systems; although EEG 

was not recorded primarily for prognostic purposes, we cannot discount 

an element of confirmation bias. None the less it would appear that 

when classified, the EEG phenotype does help stratify patients with 

both a good and a poor prognosis, as has been reported by others, and 

along with others we have called for its introduction into clinical 

practice [9, 12, 34-36]. The disease-specific standardized TTM-ACNS 

system was more sensitive and specific in our series, suggesting that it 

is superior to the widely used Synek EEG grading. It has the advantage 

of using the ACNS’s standardized critical care EEG terminology, 

which helps overcome some of the lack of standardization in EEG 

reporting and inter-rater variability in this setting [37]. 

 

An important finding of the Italian multicenter ProNeCA study is that 

by replacing the 2015 ERC-ESICM criteria for abnormal SSEP or EEG 

results with alternative criteria, based on more recent literature, 

increased the sensitivity of these tests [38]. However, knowledge gaps 

still remain about the potential confounding synergistic effects of 

targeted temperature management and sedation, the optimal time-point 

of EEG recordings post cardiac arrest and the role of continuous versus 

intermittent EEGs, the prognostic significance of seizures and EEG 

reactivity, along with a paucity of histological pathophysiological 

correlations, all of which we expand on below. Furthermore, we have 

been unable to demonstrate a single EEG phenotype that is 100% 

sensitive and specific for either a good or a poor outcome, except 

perhaps for a Suppressed EEG below 10µV. However, we noted short-

term survival in those with a low voltage EEG below 20µV, and 

similarly, others have reported good outcomes [29]. It is worth bearing 

in mind that a low voltage EEG is an inherited normal characteristic of 

~5% of healthy individuals, and that as we age, the EEG amplitude 

decreases further with cerebral involution, creating the potential for a 

falsely pessimistic EEG pattern. Interestingly, we observed that around 

a quarter of our patients who survived had apparently poor EEG 

appearances. 

 

Cooling has a significant effect on the EEG, but not usually at the 

targeted temperature management of 33.0 to 36.0 degrees Celsius, 

sufficient to affect the ACNS-TTM EEG classification [30]. 

Nonetheless, burst suppression and suppressed background activity 

(<10µV) can appear below 33.0 and 27.2 degrees Celsius, respectively 

[39]. Sedation also alters the EEG in a predictable dose-dependent 

fashion (decreasing EEG amplitude, continuity, and background 

frequency); although again, it is believed that the sedating doses of 

propofol used post-anoxia do not affect its value for the prediction of 

outcome [40]. However, a decreased body temperature prolongs the 

metabolism of sedative drugs such that it may be difficult to know 

whether residual sedation still affects the patient’s EEG or not after 

sedation hold [27]. This thermal-therapeutic synergism, along with the 

neuro-metabolic derangements of HIE itself, may have contributed to 

our finding of survivors with a malignant low voltage EEG and a 

highly malignant burst suppression EEG pattern, which has been 

reported previously [41, 42]. Burst suppression pattern, in this scenario 

has specifically been attributed to propofol by Sivaraju and colleagues, 

and it may therefore be useful to make the distinction between Burst 

Suppression both without and with ‘identical bursts’ [35]. Also referred 

to as ‘synchronous’ burst-suppression, identical bursts appear from our 

own and others experience to be a distinct pathological HIE phenotype 

invariably associated with a poor outcome, and not seen in anaesthesia-

induced burst suppression [35, 43]. There is some recent data to 

suggest that the most reliable predictions are those made after 

normothermia has been attained and off all sedation [44]. 

 

In order to mitigate the potential confounding factors of therapeutic 

hypothermia, sedation, and progressive toxic-neurometabolic 
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derangements seen in HIE it seems logical to propose early EEG 

recordings or even initiating continuous EEG monitoring soon after 

resuscitation. These resource-intensive strategies, however, pose 

logistic challenges of their own. The EEG time-point is important in 

neuroprognostication because there is sequential EEG evolution in the 

days following cardiac arrest. Initially, the background is suppressed, 

often then transitioning through burst suppression or periodic discharge 

patterns to a return of continuous normal voltage EEG activity in a 

patient with a favourable neurological prognosis [45]. The Italian 

multicenter ProNeCA study did confirm previous reports that EEG can 

predict both good and poor outcomes as early as 12 hours post cardiac 

arrest, which may even represent the most reliable time-point [3, 46]. 

Indeed, EEG may be the first modality available to predict a good 

outcome [47]. A Critical Care Continuous EEG Task Force of the 

ACNS suggests that continuous EEG (cEEG), and in particular an early 

‘normalization’ trend, may have a role in prognostication after cardiac 

arrest [48]. Disappointingly several studies appear to have found that 

cEEG did not increase prognostic performance over intermittent EEGs 

but did increase seizure detection and resource cost [49-52]. 

 

The detection of seizures after cardiac arrest is important, both 

therapeutically and prognostically, because it provides an opportunity 

for pharmacological intervention and is a surrogate marker of HIE 

severity. It has long been known that status epilepticus carries an 

independently poor prognosis after HIE, and in particular when there is 

clinical myoclonus which has previously been considered an ‘agonal 

phenomena’ [53, 54]. Indeed, none of our patients with electro-clinical 

myoclonic status epilepticus (MSE) survived, although one of five 

patients with electrographic non-convulsive status epilepticus (NCSE) 

did. Our observations support the poor prognostic implication of post-

anoxic status epilepticus, especially MSE, but that it is not 

incompatible with survival as has been reported by others [55]. 

Furthermore, good neurological recovery has now been documented in 

several patients with MSE [41, 56]. An important prognostic distinction 

should be made between two electro-clinical MSE phenotypes: a 

suppression-burst EEG with high amplitude polyspikes from a 

continuous background with narrow vertex spike-wave discharges, 

both accompanied by myoclonic jerks. The former is associated with a 

poor neurological prognosis, but the latter is survivable [57]. The 

question of whether aggressive treatment is warranted has been debated 

by experts in the field, but convincing evidence from prospective 

clinical trials is still awaited. In the interim, it seems reasonable to treat 

NCSE and certain types of MSE on empirical and ethical grounds [58, 

59]. This rationale also provides an argument for the early institution of 

diagnostic cEEG monitoring for the detection of post-anoxic NCSE and 

clinically subtle MSE, which can affect up to a third of all patients with 

HIE [56]. 

 

EEG reactivity (EEG-R) is a reproducible change in amplitude or 

frequency of the on-going scalp recorded EEG in response to external 

stimulation of an apparently unresponsive patient. EEG-R implies that 

the stimulus has been perceived by a sentient brain which generates an 

arousal response. Its presence has long been recognised as a favourable 

prognostic biomarker and we have seen it in survivors too, but not 

exclusively [60]. HIE can damage the vulnerable basal ganglia and 

neocortex of man, such that the absence of EEG-R implies that 

thalamo-cortical circuitry has been injured. However, the ERC-ESICM 

recommend using absence of EEG-R only in combination with other 

EEG features of poor neurological prognosis (i.e., presence of burst 

suppression or status epilepticus, but not a low voltage EEG) [6]. 

Recently there have been further advances with some good quality 

evidence from the Parisian registry which did not use EEG-R in their 

WLST protocol [61]. They observed that the absence of EEG-R was 

predictive of an unfavourable outcome, but that it was initially absent 

in a number of patients who later awoke with favourable neurological 

outcomes. 

 

The authors postulate that sedation with midazolam might have 

interfered with their EEG-R assessment. However, there have been 

case reports of the re-emergence of EEG-R without the potential 

confounders of drug intoxication, hypothermia, or sedation, suggesting 

that EEG-R may in fact be a dynamic response like other 

electrophysiological indicators of awakening from coma [62, 63]. 

Repeated assessments of EEG-R by intermittent EEG or cEEG may 

therefore offer greater sensitivity [64]. This reemphasizes that, as with 

other biomarkers, the absence of EEG-R should never be used alone in 

WLST decisions as it is insufficiently reliable, a conclusion also 

reached by a recent prospective multicenter trial [65]. An earlier 

international survey of clinical practice by Admiraal and colleagues 

also found that EEG-R testing varied greatly, and descriptions of 

protocols were almost never replicable [66]. Furthermore, it is not clear 

what stimulus type is the most effective at eliciting EEG-R [67]. 

Clearly, EEG-R needs standardization, and this survey did lead to an 

International consensus statement as a starting point [66]. However 

early presence of EEG-R in combination with a benign EEG is a 

favourable prognostic sign, of which we have few in HIE, and should 

promote continued life-sustaining treatment [68]. 

 

It is well known that bilaterally absent N20 SSEP components have a 

high predictive value for poor outcome and can be used to corroborate 

a low voltage or burst suppressed EEG [69]. In our case series, all 

patients who survived OOHCA had bilaterally present SSEPs making 

this a useful ‘rule in’ test, except for one patient whose N20s were 

initially absent but then returned the following day, a rare phenomenon 

that has been reported previously [70]. Indeed, isolated cases of 

bilaterally absent or low voltage SSEPs in patients with good 

neurological outcomes are also reported in the literature, and have been 

reviewed by us previously [13, 24, 70, 71]. SSEP is not a useful ‘rule 

out’ test as 49% of patients with SSEPs present went on to die, of 

which 74% had SSEPs with amplitudes which are considered to be 

favourable. On the contrary, 21% of our cohort who survived were 

deemed to have unfavourable low voltage SSEPs. It may be that we 

need a more nuanced approach to SSEP amplitude interpretation rather 

than the current ‘absent or present’ dichotomy. 

 

Recently the relevance of SSEP amplitude has been explored, and N20 

amplitude below 0.4µV was found to be invariably associated with 

poor outcome [72]. This followed on from some earlier post-mortem 

histological assessments of the nature and distribution of HIE in a small 

number of non-survivors correlated with their EEG and SSEP patterns 

in vivo, in which absent SSEPs were associated with thalamic damage 

[73]. These authors also noted that with restoration towards continuous 

EEG rhythms (within 24 hours of cardiac arrest), there were no signs of 

structural neuronal damage. A more extensive multicenter 
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histopathological evaluation of 187 non-survivors found severe HIE in 

patients with absent SSEPs and suppressed or burst suppressed EEGs 

[74]. Furthermore, they observed that as the severity of HIE increased 

the amplitude of SSEPs decreased, and the EEG progressed from 

generalised periodic discharges to burst suppression to suppression 

patterns. More in-depth evaluation of the relationship between specific 

EEG phenotypes and the amplitude of SSEPs in relation to other 

pathophysiological biomarkers might be fruitful. 

 

Our experience described here has its limitations as with any medical 

intervention, there seems to be a learning curve. It is apparent that as 

clinicians become comfortable in managing patients after OOHCA 

tests were increasingly ordered for patients who went on to die, 

possibly giving the treating clinician more reassurance that WLST was 

the appropriate course of action. Electrophysiology tests may have 

facilitated WLST decisions in cases where clinicians may otherwise 

have continued futile therapy for longer. However, the following 

should be considered when interpreting our findings. Firstly, this is a 

retrospective dataset review and so outcomes are subject to 

confirmation bias by the withdrawal of care. Secondly, we have no data 

pertaining to cerebral performance category scores of those patients 

who survived beyond hospital ICU discharge. Thirdly, complete sets of 

electrophysiology tests were completed on only one-fifth of our 

patients admitted following OOHCA, suggesting that even in an 

institution with access to Clinical Neurophysiology it is logistically 

impossible (and perhaps clinically not always necessary) to investigate 

all patients. A French consortium has recently proposed an even more 

detailed neurophysiological assessment strategy for post-anoxic coma: 

an early EEG within 24 hours after coma onset and repeated >24 hours 

after sedation hold (or cEEG monitoring) with reactivity testing [75]. 

Followed by SSEPs and then middle-latency auditory evoked 

potentials, including “mismatch negativity”, an early event-related 

evoked potential associated with awakening from coma, first reported 

by ourselves [63]. 

 

Conclusion 

 

A multimodality approach is recommended by national and 

international bodies, utilizing neurological examination, 

electrophysiological tests, neuroimaging, and biochemical markers in 

comatose OOHCA adult patients on ICU, following a period of 

targeted temperature management. However, few centers have the 

facilities and the capacity to perform all of these modalities routinely in 

all OOHCA patients. It is increasingly apparent that 

electrophysiological tests, and in particular EEG phenotypes, can assist 

in neuroprognostication and decision making. These tests are relatively 

inexpensive, replicable, and widely available, so can help support a 

decision to WLST and palliation where continuing care is futile or 

likely to result in the vegetative state or unresponsiveness wakefulness 

syndrome. Clinical decision-making about WLST based on 

electrophysiological testing alone clearly carries a risk of bias leading 

to the self-fulfilling prophecy. When utilized judiciously along with at 

least 2 other predictors after an appropriate period of observation, to 

allow spontaneous awakening after rewarming and the withdrawal of 

sedating medication, they have a low false-positive rate and may only 

be required in around a quarter of all OOHCA patients. 

 

Core Tip 

 

Appropriately timed and standardized reported electroencephalography 

(EEG) and SSEPs recordings can assist in the multimodal 

neuroprognostication after out of hospital cardiac arrest, predicting 

both good and poor outcomes. 
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