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Abstract
All comatose patients after circulatory arrest initially have a
severely abnormal disturbed electroencephalogram. The speed
of normalisation is a robust contributor to prediction of outcome.
Differences between patients with poor and good outcome are
largest <24 hours after the arrest. Lasting suppression at ≥12
hours or synchronised patterns with >50% suppression at ≥24
hours are invariably associated with poor outcome. This includes
burst suppression with identical bursts and generalised periodic
discharges on a suppressed background. Recovery towards
continuous patterns within 12 hours is strongly associated with
a good outcome. Predictive values are highest at <24 hours
despite the use of mild therapeutic hypothermia or sedative
medication. Additional value of electroencephalography
reactivity for the prediction of poor outcome is negligible.
Computer-assisted analysis is equally reliable and may facilitate
the use of the electroencephalogram at the bedside on intensive
care units. Whether or not treatment of electrographic status
epilepticus improves outcome is being studied in the Dutch
multicentre randomised TELSTAR trial (NCT02056236).
Introduction
Comatose patients after circulatory arrest have an uncertain
prognosis. Despite treatment on intensive care units, the
outcome is poor in approximately half of all patients with
out-of-hospital cardiac arrest as a result of severe postanoxic
encephalopathy.[1] Early recognition of patients without chances
of recovery of brain function may prevent continuation of futile
treatment and contribute to communication between doctors
and patients.
The electroencephalogram (EEG) measures electrical potential
differences between pairs of scalp electrodes. These primarily
result from the sum of post-synaptic potentials, so EEG activity
mainly reflects cortical synaptic activity.[2] Since cortical
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synaptic activity is very sensitive to the effects of ischaemia,
the EEG is sensitive to detection of ischaemia-induced cerebral
malfunctioning.[3] However, the specificity of pathological EEG
activity for reliable prediction of poor or good outcome has long
been uncertain.[4] Over the past decade, various specific EEG
patterns have been associated with poor or good outcome. It has
become clear that the EEG can contribute to reliable outcome
prediction if EEG patterns are classified in relation to the
time since circulatory arrest. Here, we review the evidence of
reliability of EEG-based outcome prediction, discuss treatment
of epileptiform patterns and provide future perspectives.
Dynamics of brain activity after circulatory arrest
Within 10 to 40 seconds after circulatory arrest the EEG becomes
iso-electric.[5] Just as deep coma in the first hours after the arrest does
not preclude full functional recovery, recovery of brain functioning is
possible with iso-electricity on early EEG. In such cases improvement
of EEG activity within 12 to 24 hours is vital.[6-8] Absence of relevant
improvement within that time window is invariably associated
with a poor outcome.[9-11] On the other hand, with recovery
towards continuous, physiological rhythms within 12 hours,
neurological prognosis is very good (figure 1).[9,10]
EEG background pattern is at least as reliable as SSEP for
prediction of outcome
Studies on the association between the EEG background pattern
and outcome unrelated to timing of the EEG reported moderate
predictive values.[12-17] High predictive values have been found by
EEG classification in relation to the time since circulatory arrest.
Seven prospective cohort studies report on the value of ongoing
suppression at 12 to 24 hours after circulatory arrest for prediction of
poor outcome. Six studies partly overlap and together consist of 864
patients from five Dutch hospitals.[9,10,18-21] The seventh included
100 patients from Yale University Hospital.[11] In addition, there
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Figure 1. Upper panel: EEG pattern evolving from iso-electric to continuous, physiological activity within 12 hours. This evolution is favourable and the
patient had a good outcome. Lower panel: EEG pattern evolving from nearly iso-electric to burst suppression and beyond 24 hours back to low voltage
activity. This evolution is 100% unfavourable and the patient had a poor outcome

is a retrospective cohort study in 211 patients from Italy.[22] In all
these studies, consecutive, unselected comatose patients after
cardiac arrest were included. Continuous EEG measurements
started within 12 to 24 hours and continued for at least three
days, or until the patient died or recovered. Twenty-one
electrodes were used according to the international 10-20
system. Patients were treated according to standard protocols
for comatose patients after circulatory arrest. This indicated
targeted temperature management [TTM] at 33°C with the
necessary sedation [propofol, midazolam] in approximately
three quarters, and TTM at 36°C in about one quarter of all
included patients. Withdrawal of treatment was considered
after ≥48-72 hours, during normothermia, and off sedation.
Decisions were based on international guidelines including
incomplete return of brainstem reflexes, treatment-resistant
myoclonus, and bilateral absence of somatosensory evoked
potentials [SSEPs].[23] The EEG in the first 2 hours was not
taken into account. EEG analyses were performed offline, after
registration. Evaluators were blinded to the time of the epoch
since the arrest, treatment, and patient outcome. In the Dutch
studies, outcome at six months was classified as good [cerebral
performance category [CPC] 1 or 2 indicating no or moderate
disability] or poor [CPC 3, 4 or 5, indicating severe disability,

comatose or death]. In the American study, the best achieved
score on the Glasgow Outcome Scale during admission was
used [4 or 5 = good, 1, 2 or 3 = poor].
The eight studies together included 1175 patients. The
proportion of patients with a poor outcome varied from 5254% in the Dutch to 71% in the American studies. An isoelectric, suppressed (<10 μV) or low voltage (<20 μV) EEG at
≥24 hours after cardiac arrest was invariably associated with a
poor outcome. Lasting suppression or synchronised patterns
with >50% suppression at ≥12 hours after cardiac arrest were also
invariably associated with a poor outcome.[10,11,20] This included
burst suppression with identical bursts.[24] The sensitivity of
these patterns together in identifying patients with a poor
outcome varied between 28 and 84%. With no false positives
in a total of 1175 patients, these EEG measures are at least as
reliable as absent SSEP for prediction of poor outcome, since
SSEP guidelines are based on cohorts that included a total of 678
patients, and four false positives were reported.[4] In addition,
a continuous EEG pattern at 12 hours is strongly associated
with a good neurological outcome.[11,20,22] If patients with such
a beneficial evolution of the EEG died, it was generally from
failure of other organs than the brain, mostly the heart.
At least six other cohort studies, together including 1587 patients,
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confirmed the reliability of EEG measures for prediction of poor
outcome with false-positive rates of <2%,[25-30] but terminology
varies. Some researchers use the term ‘highly malignant’ EEG
patterns. This is ill defined. However, suppressed patterns
and synchronous patterns with >50% suppression were
always included in definitions of ‘highly malignant’ patterns
and invariably associated with a poor outcome. Reliability of
burst suppression with identical bursts has been confirmed by
visual EEG analysis in 522 patients with no false positives.[31] A
small cohort study suggests that repeated routine recordings
are possibly as reliable as continuous EEG.[32,33] In the group
of patients with indeterminate outcome perspectives, EEG
characteristics hold potential to predict the chance of permanent
eurological deficits after late awakening, but this needs further
research.[34]
EEG background pattern contributes to multimodal
prediction of poor outcome
In at least four cohorts, EEG background pattern data were
combined with clinical, biochemical, or SSEP data.[11,21,25,35] The
previously established high predictive values of absent pupillary
light or SSEP responses at 48-72 hours for prediction of poor
outcome were confirmed. Additionally, EEG parameters were
found to be complementary to these conventional predictors.
‘Highly malignant’ EEG patterns are not always associated
with absent SSEP,[36] and in a substantial proportion of patients
only one or two predictors of poor outcome were present. This
indicates that with all tests together, more patients with a poor
outcome could be identified reliably than with a single modality.
Only in patients with a continuous EEG pattern with a dominant
frequency of ≥8 Hz from 12 hours after cardiac arrest the SSEP
was always present and this test therefore may be withheld.[21,37]

Highest predictive value within 24 hours, despite
medication
Intuitively, analogous to the clinical course, the value of the EEG
to predict patient outcome should increase with time elapsing
since circulatory arrest.[4] However, based on the data, the
opposite turns out to be the case. Differences between patients
with and without chances of recovery, as well as predictive values
for good and poor outcome, are the largest within the first 24
hours after arrest.[38] An important cause is the evolution towards
aspecific EEG activity beyond 24 hours in many patients who
eventually have a poor outcome.[10] Whether or not such activity
still includes qualitative or quantitative predictive characteristics
warrants further study.[34] Furthermore, it is generally considered
that the EEG is not useful as a predictor during treatment with
hypothermia or sedative medication.[4] This is a misapprehension,
not supported by data.[10,11,39] Although ion channel kinetics and
neurotransmitter release are temperature dependent, effects
of few degrees are small and mild therapeutic hypothermia to
32ºC affects the EEG only mildly.[40] Furthermore, propofolinduced EEG changes are well known. With the dosages that
are mostly used during targeted temperature management,
patterns remain continuous with anteriorisation of the ‘alpha’
rhythm, and iso-electricity will never be induced.[41] If burst
suppression is observed, bursts are heterogeneous and appear
and disappear gradually.[42] This is a physiological response
of a relatively healthy brain to sedation and contrasts sharply
with the observed pathological burst suppression patterns
with identical bursts, with flat interburst intervals and abrupt
transitions between suppression and burst activity (figure 2).[24]
Moreover, mean doses of sedative medication were lower in
patients with unfavourable EEG patterns than in those with
favourable patterns.[9,10,20]

Figure 2. Two examples of burst suppression with identical bursts. The interval between the two epochs is approximately 24s in the left and 15s in the right panel.
Note the similarity of shapes of subsequent bursts and the iso-electricity of interburst intervals. Burst suppression with identical bursts has only been observed
after severe hypoxic or ischaemic brain damage and was invariably associated with a poor outcome[24]
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Figure 3. EEG fragments with generalised periodic discharges [GPDs]. In the example on the left, GPDs evolved from a background pattern with continuous activity.
Between GPDs, there appears to be continuous background activity and there is no complete bilateral synchronicity and GPD shapes and inter-GPD intervals vary. This is a
favourable evolution of GPDs and the patient had a good outcome. In the example on the right, GPDs evolved from an iso-electric pattern. There is no background activity
between the GPDs and GPDs appear bilaterally synchronous. GPD shapes and inter-GPD intervals are identical. This is an unfavourable evolution of GPDs and the patient
had a poor outcome.[66] Because of the apparent heterogeneity of GPD patterns, only well-described subgroups have relevant prognostic value

Burst suppression and status epilepticus
Burst suppression and status epilepticus are classically
considered to be ‘unfavourable’ EEG patterns in patients
with a postanoxic coma.[11,12,15,17,43-46] However, specificity for
predictions of poor outcome based on unselected groups of
burst suppression or status epilepticus EEGs is moderate.[4,47]
This is because such patterns are also observed in a considerable
proportion of patients who eventually have a good outcome.[18]
Only specific, well-defined subgroups of burst suppression or
status epilepticus reliably predict a poor outcome.
Burst suppression
Burst suppression can be defined as an EEG with high amplitude
activity of at least four phases and a duration of at least 500 ms
[bursts], alternated by periods of low [<10μV] or absent activity
[suppressions] for more than 50% of the time.[48] Such patterns
can be physiological, for instance during early development, or
pathological, for example in almost half of all comatose patients
within the first 48 hours after cardiac arrest.[18] Also, burst
suppression can be induced by anaesthetics.[49] The mechanisms
involved in burst suppression are divergent, and range from
reversible changes in synaptic functioning and Ca2+ homeostasis
to selective neural death.[50-52]
Characteristics to classify burst suppression patterns into
subgroups with differences in clinical significance include the
duration of the bursts and interburst intervals, maximum peak-topeak voltage, area under the curve, the ratio of power in high versus
low frequencies,[53] and combinations with other pathological
patterns, such as generalised periodic discharges.[54,55] For example,
longer suppressions are associated with poorer recovery in patients
with postanoxic coma.[13] Extreme similarity of burst shape is a
distinct feature of some burst suppression patterns, which are

classified as ‘burst suppression with identical bursts’ (figure 2):
subsequent bursts in a particular channel are almost ‘photographic’
copies. Burst suppression with identical bursts was not observed in
a series of 240 EEGs during anaesthesia or traumatic brain injury.
Otherwise, this pathological EEG pattern may be seen in up to 20%
of patients with postanoxic encephalopathy and a poor outcome,
mostly on the first or second day.[24] Burst suppression with identical
bursts indicates severe encephalopathy and is invariably associated
with a poor outcome.[9-11,24]
Status epilepticus
The reported incidence of electrographic status epilepticus in
comatose patients after cardiopulmonary resuscitation varies
from 10 to 35% and depends on diagnostic criteria.[15,39,56-59]
Distinct epileptiform patterns, with evolving seizures, are
rare.[60,61] Other rhythmic activity, such as generalised periodic
discharges or rhythmic delta activity, is more common.[39,60,62,63]
It is unclear whether these various patterns all reflect true
epileptiform activity, with the possibility to return to normal,
or rather are a direct expression of severe encephalopathy,
in which treatment with antiepileptic drugs would be futile.
[64,65]
On the EEG, potential reversibility of status epilepticus in
postanoxic coma is associated with evolution from patterns
with continuous background activity, as opposed to evolution
from a discontinuous background pattern.[66] Furthermore, as
compared with epileptiform patterns of patients with a poor
outcome, in patients who eventually recovered, such patterns had
a higher background continuity, higher discharge frequency [0.90
vs.1.63 Hz], lower relative discharge power, and lower discharge
periodicity (figure 3).[11,66,67]
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Figure 4. Case 1 A-C: three EEG epochs at 5, 12 and 20 hours after cardiac arrest [CA], showing a favourable evolution towards a continuous EEG pattern within 24 hours.
This is strongly associated with a good outcome. Case 2 A-C: Three EEG epochs showing an indeterminate evolution. At t=27 hours after arrest, the EEG still shows significant
suppressions intermixed with delta and theta activity. Outcome is uncertain. Lower panels: quantitative analysis of the EEG patterns above with the Cerebral Recovery Index
[CRI]. Corresponding epochs are indicated with A-C. Case 1 shows an increase towards CRI >0.5 within 24 hours, with a final CRI=0.9. This is strongly associated with good
outcome. For Case 2, CRI ≤0.5 at all points in time and CRI=0.2 at 24 hours. This is strongly associated with a poor outcome. Note that in both patients the EEG is nearly isoelectric in the first hours of the recording. In case 2, prognosis remains uncertain with visual analysis of the EEG, but can be classified as poor with use of the CRI

Treatment of status epilepticus
Apart from classification, the usefulness of treatment of
electrographic status epilepticus after circulatory arrest is
unclear.[68-70] Ambivalence in this respect is reflected by the
way these patterns are treated by Dutch and American epilepsy
experts: approximately two thirds give antiepileptic drugs, but
only one third treats as aggressively as in clinically overt status
epilepticus.[71,72] For most neurologists the threshold to treat patients
with overt myoclonia is lower than for patients with non-convulsive
electrographic seizures. However, irreversible damage is probably
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even more likely in patients with myoclonia, since the risk of a poor
outcome is larger and neuronal necrosis more common.[1,4,67,73,74]
In a retrospective cohort study of 139 patients, non-standardised,
moderately intensive treatment with antiepileptic drugs did not
improve outcome of electrographic status epilepticus after cardiac
arrest.[62] Effects of intensive treatment according to status epilepticus
guidelines is currently being studied in the randomised, multicentre
Treatment of Electroencephalographic STatus epilepticus After
cardiopulmonary Resuscitation [TELSTAR] trial [NCT02056236;
www.TELSTARtrial.nl].[58]
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EEG reactivity
EEG reactivity can be defined as any change in frequency or
amplitude of the EEG background pattern resulting from
application of an external stimulus.[75,76] However, consensus
about the characteristics of changes in a responsive EEG has
long been lacking.[77] External stimulation typically consists
of auditory [shouting or clapping], somatosensory [painful
pressure to the nail bed or supraorbital nerve], or visual [passive
eye opening] input.[78]
Absent reactivity to external stimulation of the EEG background
pattern is much studied as a potential predictor of poor outcome
of comatose patients after circulatory arrest. Two prospective
and one retrospective cohort studies report strong associations
between absent EEG reactivity and poor outcome.[16] However,
these results could not be replicated with a recent systematic
multicentre study, and the additional predictive value of absent
EEG reactivity testing, in addition to the EEG background
pattern, was futile.[79] Otherwise, adequate EEG reactivity to
stimuli within the first 48 hours was strongly associated with
good recovery.[44,79-82]
Computer-assisted analysis
Application of the EEG on the intensive care unit is limited by the
complexity of the signal, which typically cannot be interpreted
by general intensive care nurses or staff. Computer-assisted
analysis may help.[83] Techniques to assist in the interpretation
of continuous EEG background patterns include time frequency
trend curves,[84,85] quantification of hemispheric asymmetry,[86]
and an explicit classification of the EEG in common categories
[e.g. iso-electricity, burst suppression or diffusely slowed
patterns].[87]
A few articles present techniques specifically aiming at outcome
prediction in patients with a postanoxic encephalopathy. One
of the earliest studies is on the use of amplitude-integrated EEG
[aEEG].[88] In a prospective cohort of 34 patients, all 20 patients
with a continuous aEEG pattern at normothermia regained
consciousness. All 14 patients with flat patterns, burst suppression,
or status epilepticus aEEG patterns died in hospital.[43,88] Other
quantitative EEG features studied include the burst suppression
ratio and entropy measures, with differences between patients
with good and poor outcome on a group level, but limited
predictive value for individual patients.[13,89]
The Cerebral Recovery Index [CRI] was introduced in 2013 and
is based on a combination of features, including amplitude and
continuity, derived from an 18-channel EEG recording.[90,91] The
CRI is normalised in the range [0-1], with 0 indicating severe
encephalopathy and 1 indicating normal brain functioning. In
independent training and test sets using deep learning, CRI at
12 and 24 hours after cardiac arrest predicted poor outcome
without false positives at 58% sensitivity and good outcome at
a specificity of 95% and a sensitivity of 48% (figure 4).[92] Note

the importance of evolution in time: in both groups there is
improvement of the mean EEG pattern. However, in patients
with a good outcome, mean improvement is twice as fast as in
patients with a poor outcome.
Conclusion
In comatose patients after circulatory arrest, the EEG background
pattern in the first 24 hours provides reliable information on
the severity of encephalopathy and enables reliable prediction
of outcome in 40-50% of patients, despite treatment with
hypothermia or sedative medication. For poor outcome
prediction, the EEG is as reliable as and complementary to the
SSEP. The EEG is the first modality to also allow prediction of
a good outcome. Computer-assisted interpretation of the EEG
may assist in outcome prediction and facilitate bedside use
at intensive care units. Epileptiform patterns are of unknown
significance and effects of treatment with antiepileptic drugs
are uncertain. Whether or not treatment of electrographic
status epilepticus improves outcome is being studied in the
randomised multicentre Treatment of Electroencephalographic
STatus epilepticus After cardiopulmonary Resuscitation
[TELSTAR] trial [NCT02056236].
Acknowledgement
Parts of this article have been published previously.[93] The editor
of Clinical Neurophysiology provided permission for publication
of this updated version in the Netherlands Journal of Critical Care.
Disclosure
Michel J.A.M. van Putten is co-founder of Clinical Science
Systems, Leiden (www.clinicalscience.systems). Jeannette
Hofmeijer has no conflicts of interest.
References
1. 	Zandbergen EG, de Haan RJ, Stoutenbeek CP, Koelman JH, Hijdra A. Systematic
review of early prediction of poor outcome in anoxic-ischaemic coma. Lancet.
1998;352:1808-12.
2. 	van Putten M. Fysiologie van het EEG. In: Leerboek Klinische Neurofysiologie. M.
Zwarts, G. van Dijk, M. van Putten, W. Mess [editors]. Houten: Bohn Stafleu van
Loghum; 2014. p. 123-30.
3. 	
Hofmeijer J, van Putten MJAM. Ischemic cerebral damage: an appraisal of
synaptic failure. Stroke J Cereb Circ. 2012;43:607-15.
4. 	Sandroni C, Cariou A, Cavallaro F, 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.
5. 	van Dijk JG, Thijs RD, van Zwet E, et al. The semiology of tilt-induced reflex
syncope in relation to electroencephalographic changes. Brain J Neurol.
2014;137[Pt 2]:576-85.
6. 	Jøogensen EO, Malchow-Møller A. Natural history of global and critical brain
ischaemia. Part III: cerebral prognostic signs after cardiopulmonary resuscitation.
Cerebral recovery course and rate during the first year after global and critical
ischaemia monitored and predicted by EEG and neurological signs. Resuscitation.
1981;9:175-88.
7. 	
Jørgensen EO, Malchow-Møller A. Natural history of global and critical
brain ischaemia. Part I: EEG and neurological signs during the first year after
cardiopulmonary resuscitation in patients subsequently regaining consciousness.
Resuscitation. 1981;9:133-53.
8. 	Jørgensen EO, Malchow-Møller A. Natural history of global and critical brain
ischaemia. Part II: EEG and neurological signs in patients remaining unconscious
after cardiopulmonary resuscitation. Resuscitation. 1981;9:155-74.

NETH J CRIT CARE - VOLUME 29 - NO 1 - JANUARY 2021

11

Netherlands Journal of Critical Care
EEG after circulatory arrest

9. 	Tjepkema-Cloostermans MC, Hofmeijer J, Trof RJ, Blans MJ, Beishuizen A, van
Putten MJAM. Electroencephalogram Predicts Outcome in Patients With
Postanoxic Coma During Mild Therapeutic Hypothermia. Crit Care Med.
2015;43:159-67.
10. 	Hofmeijer J, Beernink TMJ, Bosch FH, Beishuizen A, Tjepkema-Cloostermans MC,
van Putten MJAM. Early EEG contributes to multimodal outcome prediction of
postanoxic coma. Neurology. 2015;85:137-43.
11. 	Sivaraju A, Gilmore EJ, Wira CR, et al. Prognostication of post-cardiac arrest coma:
early clinical and electroencephalographic predictors of outcome. Intensive Care
Med. 2015;41:1264-72.
12. 	Zandbergen EGJ, Hijdra A, Koelman JHTM, et al. Prediction of poor outcome
within the first 3 days of postanoxic coma. Neurology. 2006;66:62-8.
13. 	Wennervirta JE, Ermes MJ, Tiainen SM, et al. Hypothermia-treated cardiac arrest
patients with good neurological outcome differ early in quantitative variables of
EEG suppression and epileptiform activity. Crit Care Med. 2009;37:2427-35.
14. 	Kawai M, Thapalia U, Verma A. Outcome from therapeutic hypothermia and EEG.
J Clin Neurophysiol Off Publ Am Electroencephalogr Soc. 2011;28:483-8.
15. 	Rittenberger JC, Popescu A, Brenner RP, Guyette FX, Callaway CW. Frequency
and timing of nonconvulsive status epilepticus in comatose post-cardiac arrest
subjects treated with hypothermia. Neurocrit Care. 2012;16:114-22.
16. 	Rossetti AO, Carrera E, Oddo M. Early EEG correlates of neuronal injury after brain
anoxia. Neurology. 2012;78:796-802.
17. 	Legriel S, Hilly-Ginoux J, Resche-Rigon M, et al. Prognostic value of electrographic
postanoxic status epilepticus in comatose cardiac-arrest survivors in the
therapeutic hypothermia era. Resuscitation. 2013;84:343-50.
18. 	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.
19. 	Sondag L, Ruijter BJ, Tjepkema-Cloostermans MC, et al. Early EEG for outcome
prediction of postanoxic coma: prospective cohort study with cost-minimization
analysis. Crit Care. 2017;21:111.
20. 	
Ruijter BJ, Tjepkema-Cloostermans MC, Tromp SC, et al. Early
electroencephalography for outcome prediction of postanoxic coma: A
prospective cohort study. Ann Neurol. 2019;86:203-14.
21. 	Glimmerveen AB, Ruijter BJ, Keijzer HM, Tjepkema-Cloostermans MC, van Putten
MJAM, Hofmeijer J. Association between somatosensory evoked potentials and
EEG in comatose patients after cardiac arrest. Clin Neurophysiol. 2019;130:2026-31.
22. 	Spalletti M, Carrai R, Scarpino M, et al. Single electroencephalographic patterns as
specific and time-dependent indicators of good and poor outcome after cardiac
arrest. Clin Neurophysiol. 2016;127:2610-7.
23. 	
Wijdicks EFM, Hijdra A, Young GB, Bassetti CL, Wiebe S, Quality Standards
Subcommittee of the American Academy of Neurology. Practice parameter:
prediction of outcome in comatose survivors after cardiopulmonary resuscitation
[an evidence-based review]: report of the Quality Standards Subcommittee of
the American Academy of Neurology. Neurology. 2006;67:203-10.
24. 	Hofmeijer J, Tjepkema-Cloostermans MC, van Putten MJAM. Burst-suppression
with identical bursts: a distinct EEG pattern with poor outcome in postanoxic
coma. Clin Neurophysiol. 2014;125:947-54.
25. 	Bongiovanni F, Romagnosi F, Barbella G, et al. Standardized EEG analysis to reduce
the uncertainty of outcome prognostication after cardiac arrest. Intensive Care
Med. 2020;46:963-72.
26. 	
Nakstad ER, Stær-Jensen H, Wimmer H, et al. Late awakening, prognostic
factors and long-term outcome in out-of-hospital cardiac arrest - results
of the prospective Norwegian Cardio-Respiratory Arrest Study [NORCAST].
Resuscitation. 2020;149:170-9.
27. 	Scarpino M, Carrai R, Lolli F, et al. Neurophysiology for predicting good and
poor neurological outcome at 12 and 72 h after cardiac arrest: The ProNeCA
multicentre prospective study. Resuscitation. 2020;147:95-103.
28. 	Backman S, Cronberg T, Friberg H, et al. Highly malignant routine EEG predicts
poor prognosis after cardiac arrest in the Target Temperature Management trial.
Resuscitation. 2018;131:24-8.
29. 	Westhall E, Rossetti AO, van Rootselaar A-F, et al. Standardized EEG interpretation
accurately predicts prognosis after cardiac arrest. Neurology. 2016;86:1482-90.
30. 	Bevers MB, Scirica BM, Avery KR, Henderson GV, Lin AP, Lee JW. Combination of
Clinical Exam, MRI and EEG to Predict Outcome Following Cardiac Arrest and
Targeted Temperature Management. Neurocrit Care. 2018;29:396-403.
31. 	Barbella G, Novy J, Marques-Vidal P, Oddo M, Rossetti AO. Prognostic role of
EEG identical bursts in patients after cardiac arrest: Multimodal correlation.
Resuscitation. 2020;148:140-4.
32. 	Alvarez V, Sierra-Marcos A, Oddo M, Rossetti AO. Yield of intermittent versus
continuous EEG in comatose survivors of cardiac arrest treated with hypothermia.
Crit Care. 2013;17:R190.
33. 	Crepeau AZ, Fugate JE, Mandrekar J, et al. Value analysis of continuous EEG in
patients during therapeutic hypothermia after cardiac arrest. Resuscitation.
2014;85:785-9.
34. 	Rey A, Rossetti AO, Miroz J-P, Eckert P, Oddo M. Late Awakening in Survivors of
Postanoxic Coma: Early Neurophysiologic Predictors and Association With ICU
and Long-Term Neurologic Recovery. Crit Care Med. 2019;47:85-92.

12

NETH J CRIT CARE - VOLUME 29 - NO 1 - JANUARY 2021

35. 	Kim JH, Kim MJ, You JS, et al. Multimodal approach for neurologic prognostication
of out-of-hospital cardiac arrest patients undergoing targeted temperature
management. Resuscitation. 2019;134:33-40.
36. 	Beuchat I, Solari D, Novy J, Oddo M, Rossetti AO. Standardized EEG interpretation
in patients after cardiac arrest: Correlation with other prognostic predictors.
Resuscitation. 2018;126:143-6.
37. 	Fredland A, Backman S, Westhall E. Stratifying comatose postanoxic patients for
somatosensory evoked potentials using routine EEG. Resuscitation. 2019;143:17-21.
38. 	Hofmeijer J, Tjepkema-Cloostermans MC, van Putten MJAM. Outcome prediction
in postanoxic coma with electroencephalography: The sooner the better.
Resuscitation. 2015;91:e1-2.
39. 	Rossetti AO, Logroscino G, Liaudet L, et al. Status epilepticus: an independent
outcome predictor after cerebral anoxia. Neurology. 2007;69:255-60.
40. 	Schomer DL, Lopes da Silva F. Niedermeyer’s Electroencephalography: Basic
Principles, Clinical Applications, and Related Fields. 6th ed. Philadelphia:
Lippincott Williams & Wilkins; 2011.
41. 	Hindriks R, van Putten MJAM. Meanfield modeling of propofol-induced changes
in spontaneous EEG rhythms. NeuroImage. 2012;60:2323-34.
42. 	
Reddy RV, Moorthy SS, Mattice T, Dierdorf SF, Deitch RD. An
electroencephalographic comparison of effects of propofol and methohexital.
Electroencephalogr Clin Neurophysiol. 1992;83:162-8.
43. 	Rundgren M, Westhall E, Cronberg T, Rosén I, Friberg H. Continuous amplitudeintegrated electroencephalogram predicts outcome in hypothermia-treated
cardiac arrest patients. Crit Care Med. 2010;38:1838-44.
44. 	Thenayan EAL, Savard M, Sharpe MD, Norton L, Young B. Electroencephalogram
for prognosis after cardiac arrest. J Crit Care. 2010;25:300-4.
45. 	Oh SH, Park KN, Kim YM, et al. The prognostic value of continuous amplitudeintegrated electroencephalogram applied immediately after return of
spontaneous circulation in therapeutic hypothermia-treated cardiac arrest
patients. Resuscitation. 2013;84:200-5.
46. 	Sadaka F, Doerr D, Hindia J, Lee KP, Logan W. Continuous Electroencephalogram
in Comatose Postcardiac Arrest Syndrome Patients Treated With Therapeutic
Hypothermia: Outcome Prediction Study. J Intensive Care Med. 2015;30:292-6.
47. 	
Westhall E, Rundgren M, Lilja G, Friberg H, Cronberg T. Postanoxic status
epilepticus can be identified and treatment guided successfully by continuous
electroencephalography. Ther Hypothermia Temp Manag. 2013;3:84-7.
48. 	Hirsch LJ, Brenner RP, Drislane FW, et al. The ACNS subcommittee on research
terminology for continuous EEG monitoring: proposed standardized terminology
for rhythmic and periodic EEG patterns encountered in critically ill patients. J Clin
Neurophysiol. 2005;22:128-35.
49. 	Yoon JR, Kim YS, Kim TK. Thiopental-induced burst suppression measured by
the bispectral index is extended during propofol administration compared with
sevoflurane. J Neurosurg Anesthesiol. 2012;24:146-51.
50. 	van Putten MJAM, van Putten MHPM. Uncommon EEG burst-suppression in
severe postanoxic encephalopathy. Clin Neurophysiol. 2010;121:1213-9.
51. 	Liley DTJ, Walsh M. The Mesoscopic Modeling of Burst Suppression during
Anesthesia. Front Comput Neurosci. 2013;7:46.
52. 	Brandon Westover M, Ching S, Kumaraswamy VM, et al. The human burst
suppression electroencephalogram of deep hypothermia. Clin Neurophysiol.
2015;126:1901-14.
53. 	
Akrawi WP, Drummond JC, Kalkman CJ, Patel PM. A comparison of the
electrophysiologic characteristics of EEG burst-suppression as produced by
isoflurane, thiopental, etomidate, and propofol. J Neurosurg Anesthesiol.
1996;8:40-6.
54. 	Fugate JE, Wijdicks EFM, Mandrekar J, et al. Predictors of neurologic outcome in
hypothermia after cardiac arrest. Ann Neurol. 2010;68:907-14.
55. 	Søholm H, Kjær TW, Kjaergaard J, et al. Prognostic value of electroencephalography
[EEG] after out-of-hospital cardiac arrest in successfully resuscitated patients
used in daily clinical practice. Resuscitation. 2014;85:1580-5.
56. 	Snyder BD, Hauser WA, Loewenson RB, Leppik IE, Ramirez-Lassepas M, Gumnit RJ.
Neurologic prognosis after cardiopulmonary arrest: III. Seizure activity. Neurology.
1980;30:1292-7.
57. 	Mani R, Schmitt SE, Mazer M, Putt ME, Gaieski DF. The frequency and timing
of epileptiform activity on continuous electroencephalogram in comatose
post-cardiac arrest syndrome patients treated with therapeutic hypothermia.
Resuscitation. 2012;83:840-7.
58. 	Ruijter BJ, van Putten MJ, Horn J, et al. Treatment of electroencephalographic
status epilepticus after cardiopulmonary resuscitation [TELSTAR]: study protocol
for a randomized controlled trial. Trials. 2014;15:433.
59. 	
Seder DB, Sunde K, Rubertsson S, et al. Neurologic outcomes and
postresuscitation care of patients with myoclonus following cardiac arrest. Crit
Care Med. 2015;43:965-72.
60. 	Hirsch LJ, LaRoche SM, Gaspard N, et al. American Clinical Neurophysiology
Society’s Standardized Critical Care EEG Terminology: 2012 version. J Clin
Neurophysiol. 2013;30:1-27.
61. 	Knight WA, Hart KW, Adeoye OM, et al. The incidence of seizures in patients
undergoing therapeutic hypothermia after resuscitation from cardiac arrest.
Epilepsy Res. 2013;106:396-402.

Netherlands Journal of Critical Care
EEG after circulatory arrest

62. 	Hofmeijer J, Tjepkema-Cloostermans MC, Blans MJ, Beishuizen A, van Putten
MJAM. Unstandardized treatment of electroencephalographic status epilepticus
does not improve outcome of comatose patients after cardiac arrest. Front
Neurol. 2014;5:39.
63. 	Milani P, Malissin I, Tran-Dinh YR, et al. Prognostic EEG patterns in patients
resuscitated from cardiac arrest with particular focus on Generalized Periodic
Epileptiform Discharges [GPEDs]. Neurophysiol Clin. 2014;44:153-64.
64. 	Young GB, Claassen J. Nonconvulsive status epilepticus and brain damage:
further evidence, more questions. Neurology. 2010;75:760-1.
65. 	
Tjepkema-Cloostermans MC, Hindriks R, Hofmeijer J, van Putten MJAM.
Generalized periodic discharges after acute cerebral ischemia: Reflection of
selective synaptic failure? Clin Neurophysiol. 2013;125:255-62.
66. 	Ruijter BJ, van Putten MJAM, Hofmeijer J. Generalized epileptiform discharges
in postanoxic encephalopathy: Quantitative characterization in relation to
outcome. Epilepsia. 2015;56:1845-54.
67. 	Rossetti AO, Oddo M, Liaudet L, Kaplan PW. Predictors of awakening from
postanoxic status epilepticus after therapeutic hypothermia. Neurology.
2009;72:744-9.
68. 	Chong DJ, Hirsch LJ. Which EEG patterns warrant treatment in the critically ill?
Reviewing the evidence for treatment of periodic epileptiform discharges and
related patterns. J Clin Neurophysiol. 2005;22:79-91.
69. 	Cronberg T. Should Postanoxic Status Epilepticus Be Treated Aggressively? Yes! J
Clin Neurophysiol. 2015;32:449-51.
70. 	Rossetti AO. Should Postanoxic Status Epilepticus be Treated Aggressively?-No! J
Clin Neurophysiol. 2015;32:447-8.
71. 	Abend NS, Dlugos DJ, Hahn CD, Hirsch LJ, Herman ST. Use of EEG monitoring
and management of non-convulsive seizures in critically ill patients: a survey of
neurologists. Neurocrit Care. 2010;12:382-9.
72. 	Bouwes A, Kuiper MA, Hijdra A, Horn J. Induced hypothermia and determination
of neurological outcome after CPR in ICUs in the Netherlands: results of a survey.
Resuscitation. 2010;81:393-7.
73. 	Krumholz A, Stern BJ, Weiss HD. Outcome from coma after cardiopulmonary
resuscitation: relation to seizures and myoclonus. Neurology. 1988;38:401-5.
74. 	
Young GB, Gilbert JJ, Zochodne DW. The significance of myoclonic status
epilepticus in postanoxic coma. Neurology. 1990;40:1843-8.
75. 	Young GB. The EEG in coma. J Clin Neurophysiol. 2000;17:473-85.
76. 	Horn J, Cronberg T, Taccone FS. Prognostication after cardiac arrest. Curr Opin Crit
Care. 2014;20:280-6.
77. 	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.

78. 	Admiraal MM, van Rootselaar AF, Horn J. International consensus on EEG reactivity
testing after cardiac arrest: Towards standardization. Resuscitation. 2018;131:36-41.
79. 	Admiraal MM, van Rootselaar A-F, Hofmeijer J, et al. Electroencephalographic
reactivity as predictor of neurological outcome in postanoxic coma: A multicenter
prospective cohort study. Ann Neurol. 2019;86:17-27.
80. 	Rossetti AO, Oddo M, Logroscino G, Kaplan PW. Prognostication after cardiac
arrest and hypothermia: a prospective study. Ann Neurol. 2010;67:301-7.
81. 	Crepeau AZ, Rabinstein AA, Fugate JE, et al. Continuous EEG in therapeutic
hypothermia after cardiac arrest: prognostic and clinical value. Neurology.
2013;80:339-44.
82. 	Tsetsou S, Oddo M, Rossetti AO. Clinical outcome after a reactive hypothermic
EEG following cardiac arrest. Neurocrit Care. 2013;19:283-6.
83. 	Friberg H, Westhall E, Rosén I, Rundgren M, Nielsen N, Cronberg T. Clinical review:
Continuous and simplified electroencephalography to monitor brain recovery
after cardiac arrest. Crit Care. 2013;17:233.
84. 	Friedman D, Claassen J, Hirsch LJ. Continuous electroencephalogram monitoring
in the intensive care unit. Anesth Analg. 2009;109:506-23.
85. 	Oddo M, Villa F, Citerio G. Brain multimodality monitoring: an update. Curr Opin
Crit Care. 2012;18:111-8.
86. 	van Putten MJAM. Extended BSI for continuous EEG monitoring in carotid
endarterectomy. Clin Neurophysiol. 2006;117:2661-6.
87. 	Cloostermans MC, de Vos CC, van Putten MJAM. A novel approach for computer
assisted EEG monitoring in the adult ICU. Clin Neurophysiol. 2011;122:2100-9.
88. 	Rundgren M, Rosén I, Friberg H. Amplitude-integrated EEG [aEEG] predicts
outcome after cardiac arrest and induced hypothermia. Intensive Care Med.
2006;32:836-42.
89. 	Noirhomme Q, Lehembre R, Lugo ZDR, 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.
90. 	Tjepkema-Cloostermans MC, van Meulen FB, Meinsma G, van Putten MJ. A
Cerebral Recovery Index [CRI] for early prognosis in patients after cardiac arrest.
Crit Care. 2013;17:R252.
91. 	Tjepkema-Cloostermans MC, Hofmeijer J, Beishuizen A, et al. Cerebral Recovery
Index: Reliable Help for Prediction of Neurologic Outcome After Cardiac Arrest.
Crit Care Med. 2017;45:e789-e797.
92. 	Tjepkema-Cloostermans MC, da Silva Lourenço C, Ruijter BJ, et al. Outcome Prediction
in Postanoxic Coma With Deep Learning. Crit Care Med. 2019;47:1424-32.
93. 	
Hofmeijer J, van Putten MJAM. EEG in postanoxic coma: Prognostic and
diagnostic value. Clin Neurophysiol. 2016;127:2047-55.

NETH J CRIT CARE - VOLUME 29 - NO 1 - JANUARY 2021

13

