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Abstract
Aim: To assess whether stimulus-induced modifications of electromyographic activity
observed on scalp EEG have a prognostic value in comatose patients after cardiac
arrest.
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Methods: 184 adult patients from a multi-centric prospective register who underwent

an early EEG after cardiac arrest were included. Auditory and somatosensory
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R

stimulation was performed during EEG-recording. EEG reactivity (EEG-R) and EMG
reactivity (EMG-R) were retrospectively assessed visually by board-certified
electroencephalographers, and compared with clinical outcome (cerebral performance
category, CPC) at three months. A favorable functional outcome was defined as CPC

N

U

1-2, an unfavorable outcome as CPC 3-5.

Results: Both EEG-R and EMG-R were predictors for good outcome (EEG-R:

A

accuracy 72% (95%-CI: 66-79), sensitivity 86% (78-93), specificity 60% (50-69);

M

EMG-R: accuracy 65% (58-72), sensitivity 61% (51-75), specificity 69% (60-78)).
When reactivity was defined as EEG-R and/or EMG-R, the accuracy was 73% (67-

TE
D

70), the sensitivity 94% (90-99), and the specificity 53% (43-63).

Conclusion: Taking EMG into account when assessing reactivity of EEG seems to
reduce false negative predictions for identifying patients with favorable outcome after

EP

cardiac arrest.
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1. Introduction
Prognostication in comatose patients after cardiac arrest (CA) remains a challenging
task for clinicians in the intensive care unit [1]. One of the main diagnostic and
prognostic tools is the electroencephalogram (EEG). While the vast majority of
existing prognostic modalities target identification of subjects with poor outcome [1],

IP
T

several EEG features have been shown to be associated with either favorable or
unfavorable outcome. EEG reactivity (EEG-R), namely the modification of EEG
background following external stimulation, has been recognized as a predictor for
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good prognosis in comatose patients at the intensive care unit [2,3], in particular for
patients with hypoxic/anoxic encephalopathy after CA [4–9]. There is however no
uniform definition of EEG-R. For instance, recommendations of the American

U

Clinical Neurophysiology Society define reactivity as a “change in cerebral EEG
activity to stimulation (...), [which] may include change in amplitude or frequency,

N

including attenuation of activity” [10]. By contrast, appearance of rhythmic or

A

periodic patterns after stimulation (“SIRPIDs”) is considered a predictor for poor

M

functional outcome [11].

Besides cerebral activity, scalp-EEG electrodes often register electromyogram (EMG)
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activity, especially on the frontal and temporal regions - due to the tonic and phasic
contraction of the frontal and temporal muscles [12]. Usually, electromyographic
reactivity (EMG-R), that is modifications of the muscle activity after stimulus, is not

EP

taken into account in the definition of reactivity [10]. This point was explicitly
addressed in a recent consensus survey, in which 88% of the 24 international EEG

CC

experts who participated declared that EMG-R should not qualify as EEG reactivity
[3]. Currently, EMG activity in comatose patients after CA is rather considered as an
artifact, that if too abundant may be suppressed pharmacologically [13] or with

A

computational methods [14] to ensure better interpretation of the EEG.

However, muscle activity is regulated by the central nervous system, and varies with
different vigilance states, both in physiological and pathological conditions; for
example muscle atonia is a hallmark of Rapid-Eye-Movement sleep [15]. Motor
response to pain (visually assessed, for instance within the Glasgow Coma Scale) is a

predictor for outcome after CA [16]. Frontalis EMG was used for arousal detection
during general anesthesia [17], and currently several proprietary algorithms for
monitoring sedation depth based on EEG incorporate high frequencies (> 30Hz) [18] ,
which on the scalp mainly correspond to muscle activity.

In this paper, we systematically investigate the prognostic value of EMG-R observed

patients with good outcome in the early phase after cardiac arrest.
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2. Methods
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during scalp-EEG, either isolated or in conjunction with EEG-R, for identifying

Patients and treatment

Patients were recruited in the Intensive Care Department of two university hospitals

U

in Switzerland, in Lausanne (Centre Hospitalier Universitaire Vaudois) and Bern

N

(Inselspital). The cohort was part of a prospective multi-centric register [4]. The study

A

protocol was approved by the ethical commissions of each hospital (number VD116/13). For the present study, we included comatose patients after cardiac arrest

M

(CA) who underwent an EEG during controlled normothermia (CNT) at 36°C. The
recruitment period in Lausanne was from January 2015 (establishment of controlled
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normothermia) until March 2017; since recruitment in Bern started later (June 2016),
we extended the recruitment period for 6 months (until September 2017). Recruitment

EP

periods were determined before start of the analysis.

CNT was performed using ice packs or intravenous ice-cold fluids together with a

CC

feedback controlled cooling device (Arctic Sun System, Medivance, Louisville or
Thermogard XP, ZOLL Medical, Zug, Switzerland) for 24h. During CNT either
propofol (4 mg/kg/h) or midazolam (0.1 mg/kg/h) and fentanyl (1.5 μg/kg/h) were

A

given for analgesia and sedation, and vecuronium, rocuronium, or atracurium for
controlling shivering if needed. In Lausanne, three patients were given myorelaxants
during EEG recording to reduce artifacts.

Decision to remove life supporting treatment was taken 72h after CA or later, if two
of the following criteria were met 1) unreactive EEG background in a recording

performed at least 36h after CNT and off sedation, 2) treatment-resistant myoclonus,
3) bilateral absence of N20 in SSEP, 4) incomplete return of brainstem reflexes [4]. In
Bern, an additional criteria for withdrawal of intensive care support was the
association of extensive hypoxic/ischemic lesions on the MR-scan with a serum
neuron-specific enolase level twice above 33 μg/l.

The clinical outcome was prospectively assessed with the Cerebral Performance
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Category (CPC) [19] at three months, by phone interview. A CPC value of 1 (no

deficits) or 2 (minor deficits) was considered as a favorable outcome, whereas a CPC
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of 3 (severe deficits), 4 (vegetative state) or 5 (death) was considered an unfavorable
outcome).

EEG recordings

U

All EEGs were performed during CNT. At the Lausanne University Hospital, Video-

N

EEG (Viasys Neurocare, Madison, WI) recordings were performed for 20–30 min

A

with 19 electrodes according to the international 10-20 system, with reference placed
near FpZ. The sampling rate was usually 250Hz, in a few cases 1000 Hz. Recordings

M

were available to treating clinicians for detection and treatment of epileptic seizures,
but were not taken into account for the decision to continue or withdraw treatment on

TE
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the third day. At the Bern University Hospitals EEGs were performed at 1200 Hz
using a 63 active ring electrode array (g.HIamp, g.tec medical engineering, Graz,
Austria) using the 10-10 system, referencing to the right ear lobe. Only the electrodes

EP

from the 10-20 system were considered in the present study. Recordings in Bern were
performed in the context of a research project involving a mismatch negativity
paradigm [20,21], after which 10 minutes of baseline EEG and then EEG during

CC

stimulations were recorded. Traces were not available to treating clinicians, however
a minority of patients underwent an additional EEG shortly before or after the study

A

EEG in case of clinical suspicion of seizures.

Stimulation and reactivity
Stimulation was performed with repetitive auditory stimuli (usually calling the
patient’s name, then hand clapping) and somatosensory stimuli (combining peripheral
stimuli such as finger nail compression, and central stimuli such as bilateral nipple
pinching or sternum friction) by a certified EEG-technician (Lausanne), or a board-

certified neurologist (Bern). Passive eye opening was not taken into account for
determining reactivity, as this procedure was not systematically performed on all
patients. In both centers, beginning and end of stimulus (lasting from 1 to several
seconds) was marked during the recording.

Three board-certified electroencephalographers (MC, AS, and FZ) blind to clinical
outcome performed the visual analysis for reactivity retrospectively. By default, a 4th
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order Butterworth band-pass filter between 0.5 and 70 Hz was applied, and the EEGtraces were displayed on 10-second epochs using a longitudinal bipolar montage.
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However, the examiners were allowed to modify the settings if desired, and were free

to use a notch filter 48-52 Hz. EEG-R was defined as a clear modification of the
amplitude and/or the frequency of the EEG background occurring during or at most 3
seconds after the application of the stimulus. Appearance or modification of periodic

U

or rhythmic patterns, as defined by the ACNS guidelines [10], in absence of

N

background modification, was not considered as EEG-R. EMG-reactivity (EMG-R)

A

was defined as a clear modification of amplitude of the muscle activity, or of the
number of channels on which muscle activity was seen. To enforce these criteria,

M

examiners were not asked to judge the presence or absence of reactivity, but to report
separately the effect of auditory and of somatosensory stimulus on 1) the amplitude of
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D

EEG background, 2) the frequency of EEG background and 3) the EMG activity
using the categories increase, decrease or no modification clearly attributable to
stimuli. Each recording was analyzed independently by two examiners (each

EP

examiner was attributed randomly 2/3 of recordings); in case of disagreement, a
consensus was reached and/or the opinion of the third examiner was required.

CC

In addition, background EEG continuity was visually assessed according to [10]. In
particular, we considered two sub-groups of EEG patterns. Firstly, with either a

A

continuously suppressed background (with or without superimposed periodic
patterns) or a burst-suppression (defined as >50% of the traces <10 μ V). In
accordance with the terminology introduced by Westhall et al [22], we called this subgroup “highly malignant pattern” (even though the original description was made in
recordings performed at least 72h after CA). Secondly, the sub-group consisting of
EEGs with continuous background or only stimulus-induced suppression/attenuation.

Statistics
The primary goal of this study was to compare the sensitivity and specificity for good
outcome of reactivity defined as a modification of EEG background (EEG-R) versus
reactivity defined as a modification of EEG background and/or modification of EMG
activity (EEG-R and/or EMG-R). Differences in sensitivity and specificity were
assessed with a McNemar test (performed on patients with favorable outcome and
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unfavorable outcome, respectively). Pairwise agreement between examiners was
assessed with Cohen’s κ, whereby only the presence (and not the type) of
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modifications was considered. For patients’ demographics, differences between

groups were assessed with Mann-Whitney-U tests for numerical values and with Chisquare tests for categorical data. Statistical analysis was performed with the Machine
Learning and Statistics Toolbox from Matlab R2017a (Version 9.2, Matworks,

U

Natwick, MA) for Mann-Whitney-U and Chi-square tests, and with SPSS (Version

A

N

25, IBM, Armonk, NY) for McNemar’s test and Cohen’s κ.

M

3. Results

During the recruitment period, 144 patients from Lausanne and 40 patients from Bern
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were included (total 184, 45 women). The mean age (± SD) was 63.4 (± 15.0) years.
90 patients had favorable, and 94 patients unfavorable outcome at three months (of
which 82 died). All EEGs were recorded during CNT; the mean latency was 21 (±7)

EP

hours after CA. The patients’ demographics are shown in Table 1.
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115 recordings showed EEG reactivity (EEG-R); 84 recordings showed EMG
reactivity (EMG-R), from which 70 with presence of EEG-R and 14 in absence of
EEG-R (typical examples are presented in Figure 1); 129 recordings showed at least

A

one type of reactivity (EEG- and/or EMG-R). The inter-rater agreement for EEG-R
was 87% (κ: 74), for EMG-R 83% (κ: 65). The resulting inter-rater agreement for
reactivity defined as EEG- and/or EMG-R was 91% (κ: 78).

The performance of the different types of reactivity for predicting clinical outcome is
presented in Table 2. As expected, EEG-R was a predictor for favorable outcome,

whereby the sensitivity was higher than the specificity. EMG-R alone was also a
predictor for favorable outcome, however the accuracy was slightly lower. Finally,
combining EEG-R and/or EMG-R lead to a significant increase of sensitivity
compared to EEG-R alone (94% vs. 86%, p = 0.008, McNemar), at the cost of a lower
specificity (53% vs. 60%, p=0.03, McNemar). Accordingly, the negative predictive
value (NPV) increased from 81% to 91% (whereas accuracy and positive predictive
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value were not affected).

Combining background reactivity and continuity
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Table 3 shows the influence of EMG-R when reactivity was associated to background
EEG continuity for prognostication. A continuous background was often associated
with favorable outcome; however, the sensitivity was low. Also considering EEG-R

as marker for favorable outcome (continuous background and/or EEG-R)

U

considerably increased the sensitivity; including EMG into the definition of reactivity

A

N

further increased it.

Burst-suppression and a continuously suppressed background, collectively referred to

M

as “highly malignant pattern”, were both strongly associated with unfavorable
outcome. However, six patients with burst suppression had a favorable outcome. All
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six had non-identical bursts (as defined in [23]) and no highly epileptiform bursts [10]
- and all showed one type of reactivity (two had EEG-R and the remaining four had
EMG-R; no patient showed both reactivities). As such, adding the absence of

EP

reactivity as necessary criterion increased the specificity for unfavorable outcome
from 93% to 96% for EEG-R, and to 100% for EEG-R and EMG-R.

CC

4. Discussion

A

This retrospective analysis of prospectively collected EEG in comatose patients after
CA shows that taking changes of muscle activity into account when judging reactivity
of an EEG trace increased significantly the sensitivity for good outcome.

Currently, most guidelines recommend to discard muscle activity when judging
reactivity on scalp EEG [10,16], However we show, to the best of our knowledge for

the first time, that EMG-R can contribute meaningfully to prognostication after
cardiac arrest. When considered alone, changes in EMG activity after stimulus
correctly predicted the outcome for about two-thirds of patients. The benefit of EMGR was greater when combined with “classical” EEG-R.

These results are of relevance for clinicians confronted with the decision to continue
or withdraw intensive care support in comatose patients after CA. For outcome
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prediction based on reactivity, consequences of a false negative (falsely predicting
that a patient will not have a favorable outcome, when he actually would) are
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undoubtedly more harmful than a false positive (falsely predicting good outcome for a

patient who in fact will have a poor functional outcome). Using EEG and/or EMG-R
instead of EEG-R alone reduced the percentage of errors (false negatives) in patients

U

with absence of reactivity from 19 % to 9 % (1-NPV).

N

Also when reactivity was combined with another important feature of EEG analysis,

A

namely background continuity, inclusion of EMG-R could reduce false negatives for

M

detecting favorable outcome (or false positives for detecting unfavorable outcome).

Physiological and practical aspects of EMG-R

TE
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Several mechanisms might explain why EMG-R brings additional information to
EEG-R when interpreting reactivity. One obvious reason is that the presence of EMG
activity can impair EEG interpretation (“muscle artifacts”). In these cases, judging

EP

reactivity on EMG increases the signal-to-noise ratio. Conversely, EMG-R is difficult
to assess when very little EMG activity is present, a situation which usually improves
the EEG readability. Because of this complementarity and conflicting requirements

CC

for EEG- or EMG-quality, examiners in this study disagreed on both EEG-R and

A

EMG-R in only 4 subjects.

We also observed that the EMG baseline (that is, in absence of stimulation) was often
more stable than the EEG baseline. Moreover, stimulus-induced EMG-modifications
lasted often longer than EEG-modifications. This point is illustrated in Figure 1a: it is
possible that the nociceptive stimulus did induce a flattening of the EEG, but this
flattening was also observed every few seconds during baseline condition
(discontinuous EEG). By contrast, in the same example, EMG activity was not

present before the stimulus, and persisted for almost one minute after the stimulus.
EEG background can also be difficult to assess for other reasons, for instance in
presence of periodic patterns or epileptiform activity (Figure 1b).

EEG-R contributes to prognostication by assessing afferent (sensory) pathways,
thalamic relays and the cerebral cortex [24]. By contrast, EMG-R does not necessarily
require cortical activation, but requires functional efferent pathways at the brain stem
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level (cranial nerves V and VII for temporal and frontal muscles, respectively). One
can postulate that in a few cases in which the cortical activity was still recovering

SC
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after the anoxic-ischemic phase, or still severely impaired by sedation during CNT,
EMG-R could help identify patients with a still functioning brainstem.

Strengths and limitations

U

We investigated a relatively large number of patients from a prospectively acquired

N

and well characterized multi-centric cohort. Each stimulus modality was performed at

A

least twice. The requirement to describe specifically the effect of stimulation on
amplitude and frequency of EEG activity resulted in a high inter-rater agreement,

M

which was comparable to or higher than in previous studies [25,26]. The transposition

EEG artifacts.
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to “real-world” conditions is supported by the fact that no patient was excluded due to

In this study we analyzed early EEGs performed during CNT. The reasons are, first,

EP

that early EEGs seem to have a better predictive value for good outcome [9,27], and
second, that these EEGs were not taken into account for the final decision to continue
or withdraw intensive care support. However, the timing of the EEG varied between 5

CC

and 30 hours after CA. This constitutes a limitation, as EEGs are known to vary
during the first 30 hours after CA [9,28]. In particular, burst-suppression [28] or a

A

suppressed background [9] can be observed early even in patients with favorable
functional outcome, whereas at 72h after CA and after rewarming they are more
specifically associated with unfavorable outcome [22,29]. In our cohort, no patient
with suppressed background had a favorable outcome, as opposed to six patients with
burst-suppression. It is known, however, that burst-suppression is a heterogeneous
group (subcategories are for instance burst-suppression with or without identical
bursts [23], highly epileptiform vs. not highly epileptiform bursts [10]). Our results

suggest that a combination of EEG-R and EMG-R can help reduce false positive
prediction of poor prognosis in case of early burst-suppression without identical or
highly epileptiform bursts (a pattern possibly due to early EEG, or to sedation).
Follow-up studies are needed to better assess the benefit of EMG-R for
prognostication at 72h after CA.

A limitation of our study is that the administration or not of myorelaxants could only
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be retrieved in 144/184 patients, but since myorelaxants were administrated in a
minority of patients during CNT (<10 %) this factor is unlikely to represent a relevant
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bias. As a surrogate we analyzed the proportion of patients with baseline EMG
activity (prior to stimulation), which was not significantly different between patients
with favorable or unfavorable outcome. Another possible limitation of our study is
that visual stimuli were not taken into account, since it was not routinely performed in

U

Bern; moreover stimulations in Bern were not always performed in the same

N

standardized way than in Lausanne [30]. Finally, we only combined reactivity with

A

one other aspect of EEG background, namely continuity. The additional value of
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D

remains to be investigated.

M

EMG-R compared to EEG-R alone in relation to other elements of EEG analysis

Conclusion and outlook

Based on the results of our study, we propose that EMG should be considered in the

EP

assessment of reactivity. In particular in cases where EEG-R was difficult to interpret
due to artifacts or non-stationarity, EMG-R could help reduce false negative for good
outcome. However, our study was conducted on EEGs recorded early and within a

CC

relatively large time-window. Whether the complementarity of EMG-R and EEG-R

A

holds 72h after CA and in absence of sedation remains to be confirmed.

Author contributions
MC, AOR, RZ, FZ designed the study; AOR, TK, NANN, CP, RZ, MH, MDL, FZ
acquired the data; MC, AS, FZ analyzed the data; all authors drafted the paper and
took responsibility for the final version

Funding
FZ was supported by the Baasch-Medicus Foundation. The Swiss National
Foundations provided financial support to AOR (CR3213_143780) and to MO
(32003B_155957). MDL was supported by EUREKA-Eurostars, Grant Number E

IP
T

9361 Com-Alert.

Conflict of interest statement

Acknowledgement

SC
R

The authors declare that they have no conflict of interest.

The authors thank Kaspar Schindler for helpful comments, and Christine Staehli, Jan

A

CC

EP

TE
D

M

A

N

U

Novy, and Daria Solari for help in collecting the data.

References
[1]
Rossetti AO, Rabinstein AA, Oddo M. Neurological prognostication of
outcome in patients in coma after cardiac arrest. Lancet Neurol 2016;15:597–609.
doi:10.1016/S1474-4422(16)00015-6.

IP
T

[2]
Admiraal MM, van Rootselaar A-F, Horn J. Electroencephalographic
reactivity testing in unconscious patients: a systematic review of methods and
definitions. Eur J Neurol 2017;24:245–54. doi:10.1111/ene.13219.

SC
R

[3]
Admiraal MM, van Rootselaar AF, Horn J. International consensus on EEG
reactivity testing after cardiac arrest: Towards standardization. Resuscitation
2018;131:36–41. doi:10.1016/j.resuscitation.2018.07.025.

U

[4]
Rossetti AO, Oddo M, Logroscino G, Kaplan PW. Prognostication after
cardiac arrest and hypothermia: A prospective study. Ann Neurol 2010;67:301–7.
doi:10.1002/ana.21984.

A

N

[5]
Thenayan EAL, Savard M, Sharpe MD, Norton L, Young B.
Electroencephalogram for prognosis after cardiac arrest. J Crit Care 2010;25:300–4.
doi:10.1016/j.jcrc.2009.06.049.

M

[6]
Crepeau AZ, Rabinstein AA, Fugate JE, Mandrekar J, Wijdicks EF, White
RD, et al. Continuous EEG in therapeutic hypothermia after cardiac arrest: Prognostic
and
clinical
value.
Neurology
2013;80:339–44.
doi:10.1212/WNL.0b013e31827f089d.

TE
D

[7]
Oddo M, Rossetti AO. Early Multimodal Outcome Prediction After Cardiac
Arrest in Patients Treated With Hypothermia*: Crit Care Med 2014;42:1340–7.
doi:10.1097/CCM.0000000000000211.

EP

[8]
Noirhomme Q, Lehembre R, Lugo Z d. R, Lesenfants D, Luxen A, Laureys S,
et al. Automated Analysis of Background EEG and Reactivity During Therapeutic
Hypothermia in Comatose Patients After Cardiac Arrest. Clin EEG Neurosci
2014;45:6–13. doi:10.1177/1550059413509616.

A

CC

[9]
Sivaraju A, Gilmore EJ, Wira CR, Stevens A, Rampal N, Moeller JJ, et al.
Prognostication
of
post-cardiac
arrest
coma:
early
clinical
and
electroencephalographic predictors of outcome. Intensive Care Med 2015;41:1264–
72. doi:10.1007/s00134-015-3834-x.
[10] Hirsch LJ, LaRoche SM, Gaspard N, Gerard E, Svoronos A, Herman ST, et al.
American Clinical Neurophysiology Society’s Standardized Critical Care EEG
Terminology:
2012
version.
J
Clin
Neurophysiol
2013;30:1–27.
doi:10.1097/WNP.0b013e3182784729.
[11] Alvarez V, Oddo M, Rossetti AO. Stimulus-induced rhythmic, periodic or
ictal discharges (SIRPIDs) in comatose survivors of cardiac arrest: Characteristics and

prognostic
value.
Clin
doi:10.1016/j.clinph.2012.06.017.

Neurophysiol

2013;124:204–8.

[12] Goncharova II, McFarland DJ, Vaughan TM, Wolpaw JR. EMG
contamination of EEG: spectral and topographical characteristics. Clin Neurophysiol
Off J Int Fed Clin Neurophysiol 2003;114:1580–93.

IP
T

[13] Rossetti AO. Clinical neurophysiology for neurological prognostication of
comatose patients after cardiac arrest. Clin Neurophysiol Pract 2017;2:76–80.
doi:10.1016/j.cnp.2017.03.001.
[14] Hermans MC, Westover MB, van Putten MJAM, Hirsch LJ, Gaspard N.
Quantification of EEG reactivity in comatose patients. Clin Neurophysiol
2016;127:571–80. doi:10.1016/j.clinph.2015.06.024.

SC
R

[15] Arrigoni E, Chen MC, Fuller PM. The anatomical, cellular and synaptic basis
of motor atonia during rapid eye movement sleep: Neural circuitry regulating REM
atonia. J Physiol 2016;594:5391–414. doi:10.1113/JP271324.

N

U

[16] Sandroni C, Cariou A, Cavallaro F, Cronberg T, Friberg H, Hoedemaekers C,
et al. Prognostication in comatose survivors of cardiac arrest: An advisory statement
from the European Resuscitation Council and the European Society of Intensive Care
Medicine. Intensive Care Med 2014;40:1816–31. doi:10.1007/s00134-014-3470-x.

M

A

[17] Paloheimo M, Edmonds HL, Wirtavuori K, Tammisto T. Assessment of
anaesthetic adequacy with upper facial and abdominal wall EMG. Eur J Anaesthesiol
1989;6:111–9.

TE
D

[18] Musizza B, Ribaric S. Monitoring the Depth of Anaesthesia. Sensors
2010;10:10896–935. doi:10.3390/s101210896.
[19] Booth CM, Boone RH, Tomlinson G, Detsky AS. Is This Patient Dead,
Vegetative, or Severely Neurologically Impaired?: Assessing Outcome for Comatose
Survivors of Cardiac Arrest. JAMA 2004;291:870. doi:10.1001/jama.291.7.870.

CC

EP

[20] Pfeiffer C, Nguissi NAN, Chytiris M, Bidlingmeyer P, Haenggi M, Kurmann
R, et al. Auditory discrimination improvement predicts awakening of postanoxic
comatose patients treated with targeted temperature management at 36 °C.
Resuscitation 2017;118:89–95. doi:10.1016/j.resuscitation.2017.07.012.

A

[21] Pfeiffer C, Nguissi NAN, Chytiris M, Bidlingmeyer P, Haenggi M, Kurmann
R, et al. Somatosensory and auditory deviance detection for outcome prediction
during postanoxic coma. Ann Clin Transl Neurol 2018;5:1016–24.
doi:10.1002/acn3.600.
[22] Westhall E, Rossetti AO, van Rootselaar A-F, Wesenberg Kjaer T, Horn J,
Ullén S, et al. Standardized EEG interpretation accurately predicts prognosis after
cardiac arrest. Neurology 2016;86:1482–90. doi:10.1212/WNL.0000000000002462.
[23] Hofmeijer J, Tjepkema-Cloostermans MC, van Putten MJAM. Burstsuppression with identical bursts: A distinct EEG pattern with poor outcome in

postanoxic
coma.
Clin
doi:10.1016/j.clinph.2013.10.017.

Neurophysiol

2014;125:947–54.

[24] Azabou E, Navarro V, Kubis N, Gavaret M, Heming N, Cariou A, et al. Value
and mechanisms of EEG reactivity in the prognosis of patients with impaired
consciousness: a systematic review. Crit Care 2018;22. doi:10.1186/s13054-0182104-z.

IP
T

[25] Westhall E, Rosén I, Rossetti AO, van Rootselaar A-F, Wesenberg Kjaer T,
Friberg H, et al. Interrater variability of EEG interpretation in comatose cardiac arrest
patients. Clin Neurophysiol 2015;126:2397–404. doi:10.1016/j.clinph.2015.03.017.

SC
R

[26] Duez CHV, Ebbesen MQ, Benedek K, Fabricius M, Atkins MD, Beniczky S,
et al. Large inter-rater variability on EEG-reactivity is improved by a novel
quantitative
method.
Clin
Neurophysiol
2018;129:724–30.
doi:10.1016/j.clinph.2018.01.054.

U

[27] Hofmeijer J, Beernink TMJ, Bosch FH, Beishuizen A, TjepkemaCloostermans MC, van Putten MJAM. Early EEG contributes to multimodal outcome
prediction
of
postanoxic
coma.
Neurology
2015;85:137–43.
doi:10.1212/WNL.0000000000001742.

M

A

N

[28] Cloostermans MC, van Meulen FB, Eertman CJ, Hom HW, van Putten
MJAM. Continuous electroencephalography monitoring for early prediction of
neurological outcome in postanoxic patients after cardiac arrest: a prospective cohort
study. Crit Care Med 2012;40:2867–75. doi:10.1097/CCM.0b013e31825b94f0.

TE
D

[29] Backman S, Cronberg T, Friberg H, Ullén S, Horn J, Kjaergaard J, et al.
Highly malignant routine EEG predicts poor prognosis after cardiac arrest in the
Target
Temperature
Management
trial.
Resuscitation
2018;131:24–8.
doi:10.1016/j.resuscitation.2018.07.024.

A

CC

EP

[30] Tsetsou S, Oddo M, Rossetti AO. Clinical Outcome After a Reactive
Hypothermic EEG Following Cardiac Arrest. Neurocrit Care 2013;19:283–6.
doi:10.1007/s12028-013-9883-5.

Figure
Figure 1: Examples of electromyographic reactivity (EMG-R) in absence of clear
electroencephalographic reactivity (EEG-R). Longitudinal bipolar montage, 10second epochs, vertical bar = 100 μV. Timing of stimuli application is marked in
green. (a) EEG of a 66-year old male, favorable outcome (CPC 1), recorded 19 h after

IP
T

CA. Appearance of muscle activity mainly on right frontal regions after release of a
peripheric somatosensory stimulus (finger pinching) applied for about 7 seconds,

discontinuous EEG without clear modification following stimulation. (b) EEG of a

SC
R

42-year old female, favorable outcome (CPC 2), recorded 26 h after CA. Clear
reduction in tonic muscle activity after auditory stimulus (2 x call of patients name).
The epileptiform activity prevents clear appreciation of EEG background reactivity.
(c) EEG of a 73-year old female, favorable outcome (CPC 2), recorded 28 h after CA.

U

Despite bolus of tracrium before recording a clear increase of muscle activity in

N

response to finger pinching is seen (d) EEG of a 60 year old male, unfavorable

A

outcome (CPC 5), recorded 14 h after CA. Increase of tonic muscle activity after

A

CC

EP

TE
D

M

auditory stimulus (hand clapping) over a suppressed EEG.

Tables
Table 1: Patients demographics. 1) Continuous background or only stimulus-induced
discontinuities (categories a or b1 according to [10]). 2) as defined in [22]. 3)
Documented only for 144 patients.

A

CC

EP

Patients with myorelaxants3

94
29 (31%)
65.6 (±15.5)
31 (33%)

n.a.
0.039
0.025
0.0016

58 (62%)

<0.001

U

0.22
< 0.001

6 (7%) [0/6]
54 (60%)

50 (53%) [17/33]
47 (50%)

< 0.001
0.17

49 (54%)
2.3 (±1.1)
32 (36%)
0.13 (±0.06)
56 (62%)
1.15 (±0.7)

39 (41%)
2.2 (±1.3)
25 (27%)
0.10 (±0.05)
44 (47%)
1.20 (±0.9)

0.08
0.36
0.19
0.16
0.05
0.75

6/69 (9%)

5/75 (7%)

0.65

N

21.9 (±7.6)
18 (19%)

A

TE
D

Patients sedated with propofol
Propofol dosis (±SD) [mg/kg/h]
Patients sedated with midazolam
Midazomal dosis (±SD) [mg/kg/h]
Patients sedated with fentanyl
Fentanyl dosis(±SD) [mg/kg/h]

20.5 (±6.3)
43 (48%)

M

Latency of EEG recording (±SD) [h]
Continuous EEGs1
“highly malignant pattern” 2
[suppressed/burst-suppression]
Baseline EMG activity present

p-value

SC
R

N
90
Female
16 (18%)
Age (±SD) [y]
61.3 (± 14.2)
Non-cardiac etiology
12 (13%)
Asystole or pulseless electrical
activity on site
18 (20%)

Unfavorable
outcome

IP
T

Favorable outcome

Table 2: Performance of reactivity for predicting favorable outcome (EEG-R,
modification of EEG background after stimulus; EMG-R: modification of EMG
activity after stimulus; EEG- and/or EMG-R: modification of EEG background and or
EMG activity; 95% CI, 95%-confidence interval; PPV, positive predictive value;

Sensitivity
(95% CI)
86% (78-93)
61% (51-71)

Specificity (95%
CI)
PPV (95% CI)
60% (50-69)
67% (58-76)
69% (60-78)
65% (55-76)

NPV (95%
CI)
81% (72-90)
65% (56-74)

73% (67-80)

94% (90-99)

53% (43-63)

91% (83-99)

SC
R

Accuracy (95%
CI)
72% (66-79)
65% (58-72)

A

CC

EP

TE
D

M

A

N

U

Favorable
outcome
EEG-R
EMG-R
EEG- and/or
EMG-R

IP
T

NPV, negative predictive value).

66% (58-74)

Table 3: Combining EEG background reactivity and continuity for predicting
favorable or unfavorable outcome (95% CI: 95%-confidence interval; EEG-R:
modification of EEG background after stimulus; EMG-R: modification of EMG
activity after stimulus; highly malignant pattern: burst-suppression or suppressed
background; PPV: positive predictive value; NPV: negative predictive value).

Continuous background

65% (58-72)

48% (37-58)

Continuous background or EEG-R

73% (67-80)

Continuous background or EMG-R
Continuous background or EEG-R
or EMG-R

NPV
CI)

81% (73-89)

70% (59-82)

62% (53-70)

91% (85-97)

56% (46-66)

67% (58-75)

87% (78-95)

69% (62-76)

74% (65-83)

64% (54-74)

66% (57-76)

73% (67-80)

97% (93-100)

51% (41-61)

65% (57-73)

72% (63-82)
94%
(88100)

Accuracy
(95% CI)

Sensitivity
CI)

73% (66-79)

53% (43-63)

72% (66-79)

50% (40-60)

71% (65-78)

46% (36-56)

72% (65-78)

45% (35-55)

A

CC

EP

(95%

Specificity
CI)

(95%

Specificity
CI)

(95%

(95%

PPV (95% CI)

NPV
CI)

93% (88-99)

89% (81-97)

66% (57-74)

96% (91-100)

92% (85-100)

65% (57-73)

98% (95-100)

96% (90-100)
100%
(100100)

63% (55-71)

N

TE
D

M

Highly malignant pattern
Highly malignant pattern without
EEG-R
Highly malignant pattern without
EMG-R
Highly malignant pattern without
EEG-R or EMG-R

PPV (95% CI)

A

Unfavorable outcome

(95%

IP
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Sensitivity
CI)

SC
R

Accuracy
(95% CI)

U

Favorable outcome

100% (100-100)

(95%

63% (55-71)

