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Abstract

Introduction: Multimodal neurological prognostication is recommended for comatose patients after cardiac arrest. The absence of cortical N20-potentials
in a somatosensory evoked potential (SSEP) examination reliably predicts poor outcome, but presence of N20-potentials have limited prognostic value. A
benign routine electroencephalogram (EEG) may identify patients with a favourable prognosis who are likely to have present N20-potentials.
Objective: To investigate whether a routine EEG can identify patients where SSEP is unnecessary to perform.

Methods: In a multi-centre trial, comatose patients after cardiac arrest were randomised to a controlled temperature of 33 °C or 36 °C. A routine EEG
was protocolised and SSEP performed at the clinicians’ discretion, both during normothermic conditions. EEGs were categorised into benign, malignant
or highly malignant based on standardised terminology. A benign EEG was defined as a continuous normal-voltage background without abundant
discharges. The N20-potentials were reported as absent (bilaterally) or present (bilaterally or unilaterally).

Results: Both EEG and SSEP were performed in 161 patients. EEG was performed before SSEP in 60%. A benign EEG was seen in 29 patients and
100% (C1 88-100%) had present N20-potentials. For the 69 patients with a malignant EEG and the 63 patients with a highly malignant EEG, 67% (Cl 55—

77%) and 44% (Cl 33-57%) had present N20-potentials, respectively.

Conclusions: All patients with a benign EEG had present N20-potentials, suggesting that SSEP may be omitted in these patients to save resources.
SSEP is useful in patients with a malignant or highly malignant EEG since these patterns are associated with both present and absent N20-potentials.
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Introduction

EEG is a commonly used tool to assess brain function in comatose
patients resuscitated after a cardiac arrest (CA)." A classification of
benign, malignant and highly malignant EEG patterns have
previously been proposed.? A benign EEG may identify patients
with a good prognosis.®

Somatosensory evoked potentials (SSEP) is an important method
for predicting poor prognosis.“'5 If cortical N20-potentials are absent
bilaterally the prognosis is poor with specificities close to 100%.*°
SSEP is less available compared to EEG" and its sensitivity to predict
a poor outcome is limited.”

A clinically relevant question is whether to perform SSEP in all
patients or not. Previous studies have evaluated SSEP in addition to
EEG to predict poor outcome.®® One study explored if clinical data
and EEG could predict absence of N20-potentials,® but no study has
investigated if a benign EEG can be used to anticipate presence of
N20-potentials. The aim of this study was to investigate if a routine
EEG can identify patients where SSEP is unnecessary to perform.

Methods

In the Targeted Temperature Management (TTM) Trial, 939 adult
comatose patients following an out-of-hospital CA were randomised to

Abbreviations: CA, cardiac arrest; Cl, 95% Confidence interval; EEG, electroencephalography; IQR, interquartile range; SSEP, somatosensory evoked

potentials; TTM, targeted temperature management.
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two different temperature treatments (33°C or 36 °C). The trial was
granted by the ethics committees in each participating country.'
Consecutive patients at the 36 sites were included in the present study if
both EEG and SSEP were performed within 10 days after CA. According to
thetrial protocol'! a routine EEG was mandatory to be performed in patients
still unconscious 12-36 h after rewarming or later due to weekends. The
EEGs were retrospectively analysed in a blinded fashion by experienced
EEG experts and classified according to predefined categories based on
the American Clinical Neurophysiology Societys EEG terminology:
Highly malignant patterns

Suppressed background (<10wV) without discharges
Suppressed background with superimposed periodic discharges
Burst-suppression (suppression >50%)

Malignant features

Abundant periodic discharges or rhythmic polyspike-/spike-/
sharp-and-wave (>50%)

Discontinuous background (suppression 10-49%)
Low-voltage background (10-20 V)

Reversed anterio-posterior gradient

Benign pattern

Continuous normal-voltage background without any malignant
features

A published study protocol describes the management of the
EEGs inthe TTM-trial.? According to the TTM-trial protocol' ' a median
nerve SSEP was recommended in unconscious patients at 48-72h
after rewarming, but not mandatory and performed at the clinicians’
discretion. For patients with an early clinically defined status
myoclonus, SSEP could be performed directly after rewarming.
The results were documented as N20-potentials absent (bilaterally) or
present (unilaterally or bilaterally) according to the local SSEP-report
and no uniform criteria for N20-amplitudes or acceptable noise level
were introduced in the trial. Parts of the EEG data as well as the SSEP
results have previously been published,®'"® but no comparisons
between these methods have been made.

939 patients

SPSS version 25.0 was used for Chi-square test or Fishers
exact test where applicable. Wilson score interval was used to
determine 95% confidence intervals for percentages. Data is
presented as mean value with standard deviation or as median
and interquartile range.

Results
Patients

161 patients from 15 sites had performed both routine EEGs and
SSEP and were included in the present study (Fig. 1). The cohort
was divided into three EEG categories, benign (n=29), malig-
nant (n=69) or highly malignant (n=63). Patient characteristics
and CA related variables are presented in supplementary tables
S1 and S2.

EEG and SSEP results

Table 1 presents the SSEP results in each EEG category. A benign
EEG defined as a continuous normal-voltage background and
absence of abundant discharges was seen in 29 patients (18%). All
the patients with a benign EEG had present N20-potentials with a
relatively narrow confidence interval (Cl 88-100%). In the malignant
EEG category 67% (Cl 55-77%) had present N20-potentials
compared to 44% (Cl 33-57%) in the highly malignant EEG
category. There was a statistically significant difference regarding
the presence of N20-potentials between the benign and the
malignant EEG category (p<0.001) as well as between the
malignant and the highly malignant group (p=0.01). The long-term
neurological outcome for each EEG group is presented in
supplementary Table S2.

EEG reactivity

Reactivity was not included in the definition of a benign EEG. In the
benign group, notations regarding reactivity testing were available in
18 patients (62%). Among those, reactivity was presentin 10 patients,
absent in four and unclear in four patients.

at 36 sites

16 sites (286 pts) unable to perform SSEP

2 sites (48 pts) unable to export EEG-
registrations due to technical reasons

605 patients
at 18 sites

104 patients with EEG but no SSEP
25 patients with SSEP but no EEG

315 patients with no EEG and no SSEP

161 patients
at 15 sites with EEG
and SSEP included

Fig. 1 - Flow chart of the inclusion of patients in the study.
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Table 1 - EEG categories in relation to SSEP results.

Benign EEG Malignant EEG Highly malignant EEG
(n=29) (n=69) (n=63)

Present SSEP, n 29 46 28

Present SSEP, % (95% ClI) 100 (88-100) 67 (55-77) 44 (33-57)

Present SSEP was defined as present median nerve cortical N20-potentials unilaterally or bilaterally. There was a highly significant difference (p < 0.001) in
prevalence of N20-potentials between the benign and the malignant EEG category and a significant difference (p=0.010) between the malignant and the highly

malignant category.

Time-points of EEG and SSEP

The duration from CA to performance of EEG and SSEP are presented
in Fig. 2. The majority of the EEG registrations (60%) were performed
before SSEP. The duration from arrest to EEG and SSEP were similar
in the different EEG categories (Suppl Table S2).

Discussion

Neurophysiological methods are included in algorithms for prognosti-
cation following CA,*® but questions remain regarding their most
efficient usage. In this cohort, we showed that all patients with a benign
EEG had present N20-potentials. Since a benign EEG can predict
presence of N20-potentials we suggest that SSEP does not need to be
performed in this subgroup of patients. We base this assumption on the
traditional view that present N20-potentials is a poor indicator of a good
outcome but we are aware that further development of the SSEP-
technique may change the scenario. Recent studies suggest that
normal N20-potentials with amplitudes above a certain threshold'* or
analysis of high frequency components of the cortical SSEP response '®
may provide information about a likely favourable outcome. Whether
SSEP with more detailed analyses provide additional prognostic
information compared to a benign EEG was outside the scope of our
study since we had limited access to the original SSEP signals.

The definition of a benign EEG includes a continuous normal-
voltage EEG background, which has been demonstrated in several
studies to predict a good outcome.®®'? We chose not to include a
reactive background in the definition of a benign EEG since many sites
were unable to export notations regarding reactivity. The benign EEG
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category therefore included EEGs with present, absent or unknown
reactivity. Nevertheless, all EEGs classified as benign predicted
presence of N20-potentials.

In the malignant and highly malignant EEG categories the
percentage of poor outcome was high, 87% and 98%, respectively.
These EEG patterns could not predict the SSEP results for the
individual patient. The finding of absent N20-potentials adds important
prognostic information to confirm severe brain injury, since false
positives cannot be excluded with EEG, and a combination of several
methods are recommended to predict poor prognosis.*'*

We found a higher percentage of patients with poor outcome
despite a benign EEG, 38%, compared to our previous reports from
the TTM-trial.>'? This may be due to a selection bias since SSEP was
performed at the discretion of the treating physician and not mandated
by the protocol. Further, patients that woke up early after rewarming
and weaning of sedation did not require EEG or SSEP and were thus
excluded from the present study.

The absence of N20-potentials or absent pupillary and corneal
reflexes are considered the most robust methods in predicting poor
outcome.** The electrophysiological methods are not recommended
for prognostic purposes during the first 48 h after CA due to the
potential influence of sedation and hypothermia, but there are no exact
recommendations regarding the optimal time-points or in which order
to perform EEG or SSEP. Whereas SSEP is less sensitive to the
effects of sedation, EEG may provide important information about on-
going electrographic seizures. Although some patients with a good
outcome may have a grossly pathological EEG very early after CA,
there is growing evidence that strictly defined EEG patterns, such as
burst-suppression with identical bursts, reliably predict poor outcome
independent of the time-point of performance.®

EEG

SSEP

Fig. 2-The duration (hours) from the cardiac arrest to the performance of EEG and SSEP in the cohort (n=161). Median
duration to EEG was 76 h (IQR 57-99, range 38-236). Median duration to SSEP was 96 h (IQR 71-118, range 34-233).
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In this multi-centre study the majority of patients had EEG performed
before SSEP and we suggest to use EEG to stratify patients for SSEP. In
patients with a benign EEG pattern SSEP could be omitted or postponed,
thus saving resources by avoiding unnecessary investigations.

Strengths with this study is that data was obtained from the multi-
centre and prospective TTM-trial with a strict protocol for prognosti-
cation."" The EEGs in the trial were analysed blinded to all clinical
data. In addition, this study is less likely to be affected by the self-
fulfilling prophecy since primary analysis did not involve outcome, but
rather the relation between the results of EEG and SSEP.

Local clinical SSEP reports were prospectively reported and the
interpretation was not blinded to the information in the SSEP referral
and no uniform criteria for N20-amplitudes or acceptable noise levels
were used, which are limitations in this study. The original SSEP
signals could not be collected from all sites, mainly due to technical
difficulties with the export. There was a limited number of patients with
both EEG and SSEP performed, resulting in limited power for the EEG
subcategories.

To tailor a multimodal prognostic algorithm further, other markers
of good prognosis can be considered, such as low levels of biomarkers
in serum or identification of an early continuous background activity
using continuous EEG-monitoring.

Conclusions

In this cohort, benign EEGs were always associated with present N20-
potentials. A routine EEG could therefore be used to identify the
patients where SSEP is of limited prognostic use.
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