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Take-home message: EEG findings at 24 h
after resuscitation from cardiac arrest
provide important prognostic informations:
a suppression-burst pattern or a low-voltage
background is irremediably associated with
poor outcome, while a normal voltage
background without periodic or
epileptiform discharges is associated with
good outcome.
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Abstract Purpose: To determine
the temporal evolution, clinical cor-
relates, and prognostic significance of
electroencephalographic (EEG) pat-
terns in post-cardiac arrest comatose
patients treated with hypothermia.
Methods: Prospective cohort study
of consecutive post-anoxic patients
receiving hypothermia and continuous
EEG monitoring between May 2011
and June 2014 (n = 100). In addition
to clinical variables, 5-min EEG clips
at 6, 12, 24, 48, and 72 h after return of
spontaneous circulation (ROSC) were
reviewed. EEG background was clas-
sified according to the American
Clinical Neurophysiological Society
critical care EEG terminology. Clin-
ical outcome at discharge was
dichotomized as good [Glasgow

outcome scale (GOS) 4–5, low to
moderate disability] vs. poor (GOS
1–3, severe disability to death). Re-
sults: Non-ventricular fibrilla-
tion/tachycardia arrest, longer time to
ROSC, absence of brainstem reflexes,
extensor or no motor response, lower
pH, higher lactate, hypotension re-
quiring[2 vasopressors, and absence
of reactivity on EEG were all associ-
ated with poor outcome (all p values
B0.01). Suppression-burst at any time
indicated a poor prognosis, with a 0 %
false positive rate (FPR) [95 % confi-
dence interval (CI) 0–10 %]. All
patients (54/54) with suppression-
burst or a low voltage (\20 lV) EEG
at 24 h had a poor outcome, with an
FPR of 0 % [95 % CI 0–8 %]. Normal
background voltage C20 lV without
epileptiform discharges at any time
interval carried a positive predictive
value[70 % for good outcome. Con-
clusions: Suppression-burst or a low
voltage at 24 h after ROSC was not
compatible with good outcome in this
series. Normal background voltage
without epileptiform discharges pre-
dicted a good outcome.
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Introduction

Prognostication in patients with post-anoxic brain injury
continues to remain a challenge, and our limitation in
addressing ‘‘the self-fulfilling prophecy’’ of early (and
perhaps premature) withdrawal of treatment only com-
pounds this challenge [1]. Absence of brainstem reflexes,
bilateral absence of N20 responses on somatosensory
evoked potentials (SSEPs), and high serum neuron
specific enolase (NSE) values have all been shown to
assist in prognostication, albeit with variable accuracy [2–
6].

The negative prognostic value of an EEG that is un-
reactive to external stimulation and malignant patterns
(e.g., suppression, suppression-burst, and periodic dis-
charges) has been demonstrated in several series [4, 5, 7,
8]. However, the generalizability of these findings is
compounded by the lack of standardization of the
stimulation protocol used to assess reactivity, the time at
which they are assessed, and the possible effects of se-
dation [9] and hypothermia. In addition, the prior lack of
consensus in defining various EEG patterns further lim-
ited generalizability. For example, there are discrepancies
between studies about the prognostic value of a suppres-
sion-burst pattern [5, 8, 10, 11]. Another controversy
relates to the evolution of post-anoxic EEG findings that
were found to be prominent in some studies [10], and
almost absent in others [8]. This latter point is important,
as the superiority and cost-effectiveness of continuous
EEG (cEEG) monitoring over intermittent EEG to assess
prognosis after cardiac arrest (CA) is currently debated [8,
12]. The aim of this study was to assess the prognostic
significance of EEG findings scored at predetermined
time intervals after ROSC using standardized terminology
developed for critical care [13].

Methods

Study population

We maintain separate prospective databases of all patients
undergoing cEEG and those admitted with CA. We cross-
checked both databases to identify all patients between
May 2011 and June 2014 who suffered from CA and
underwent therapeutic hypothermia (TH) protocol and
cEEG. This study was approved by the Yale Institutional
Review Board, which granted a waiver of consent, given
the observational nature of this study.

Standard of care

At our institution, after successful resuscitation from CA,
eligible patients are placed on a TH protocol with a target

core body temperature of 32–34 �C. Analgesia and se-
dation are provided by continuous infusion of fentanyl
and midazolam. Propofol is seldom used and vecuronium
is administered continuously. All patients are seen by the
neurology consult team at least twice during the admis-
sion, once prior to initiation of TH protocol and later
during the rewarming phase. cEEG is initiated as soon as
possible upon the patient’s arrival to the ICU and main-
tained for at least 72 h unless the patient regains
consciousness, is pronounced dead, or the decision is
made to withdraw life-sustaining therapy (WLST). EEG
recordings are reviewed twice daily and findings are
communicated to the primary team, who makes the de-
cisions regarding patient care in conjunction with the
neurology consult team. The 72-h clinical examination is
primarily used to guide prognosis. NSE, SSEPs, and
imaging are not routinely obtained. The primary purpose
of cEEG is to detect and treat seizures. However, this
being an observational study, those making decisions to
WLST were not blinded to the EEG results, so we could
not mandate that it not be part of the decision-making
process.

EEG scoring

Five-minute EEG clips taken at 6 (±1), 12 (±2), 24 (±2),
48 (±2), and 72 (±2) h after ROSC were reviewed. Clips
were scored independently by two authors blinded to the
outcome (AS and NG). Disagreements were resolved by
discussion. EEG background and specific epileptiform
patterns, namely periodic discharges (PD), rhythmic delta
activity (RDA), spike-and-wave or sharp-and-wave (SW),
and sporadic epileptiform discharges (sED), were scored
according to the latest version of the American Clinical
Neurophysiological Society (ACNS) critical care EEG
terminology [13], which has been recently validated [14].
EEG background was divided into four categories:
(a) normal voltage ([20 lV) without any epileptiform
patterns; (b) normal voltage ([20 lV) with epileptiform
patterns, i.e., PDs, RDA, SW, or sED (normal voltage
plus); (c) suppression-burst or attenuation-burst (SB); and
(d) suppression/low voltage: most or all activity B20 lV
(LV). Additional details of the background descriptors are
given in Table 1.

Reactivity

Reactivity of EEG background is formally assessed at
least once daily, and is defined as any clear change in
amplitude or frequency following auditory (calling the
patient’s name quietly, then loudly), followed by gentle
tactile stimulation, followed by noxious stimulation (nail
bed pressure).
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Reactivity was classified as present or absent. For the
purpose of this study, patients with unclear reactivity
were classified as present and those with stimulation-in-
duced rhythmic, periodic discharges or ictal discharges
(SIRPIDS) were analyzed separately.

Quantitative analysis of identical bursts

The detection of identical bursts was carried out as
previously described [15]. Briefly, the onset of 50
consecutive bursts was automatically detected using an
amplitude threshold in the Cz-Pz derivation of an EEG
clip at 24 h after ROSC. Correlations between the
shape of the first 500 ms (128 samples) of the bursts
were calculated using the cross-correlation over a range
of lags from -127 to 127 samples between each pos-
sible pair of bursts. The maximum value of the
correlation coefficient was determined for each pair-
wise cross-correlation, and the mean correlation
coefficient per patient was determined. All routines
were implemented in Matlab (The Mathworks, Natick,
MA, USA).

Clinical variables

The following variables were collected retrospectively:
age, sex, time to ROSC, time from ROSC to cEEG,
initial heart rhythm, brainstem reflexes, motor response
of the Glasgow coma scale at 24 and 72 h after ROSC,
myoclonus, lowest pH, lowest Pa/FiO2 ratio, lowest
platelet count, lowest mean arterial pressure (MAP),
highest lactate, creatinine and bilirubin levels, need for
vasopressors, and type of sedation administered. Our
primary outcome measure was best functional outcome
during hospital stay up to discharge, dichotomized as
good [Glasgow outcome scale (GOS) 4–5, low to
moderate disability] vs. poor (GOS 1–3, severe dis-
ability to death).

Cause of death and WLST

Charts of patients with poor outcome were retrospectively
and independently reviewed by two authors (DG and EG),
both board-certified in neurology and neurocritical care,
who were not directly involved in the care of the study
patients. They ascertained whether a decision to limit
treatment was taken and determined the reason for
WLST, which was classified as medical, neurological, or
both. Disagreements were resolved by discussion.

Statistical analysis

Variables were analyzed using the Fisher’s exact test, the
v2 test, or the Mann–Whitney test, as appropriate. P val-
ues less than 0.05 were considered significant. We used a
classification tree approach [16] to establish the multi-
variate model with the best accuracy to predict outcome,
including predictors that showed the highest accuracy in
univariate analysis. Statistical analyses were performed
with R (The R Foundation, Vienna, Austria).

Results

Of the 116 consecutive survivors of cardiac arrest who
benefited from hypothermia, 100 patients were included
in the study. Sixteen patients were excluded from analysis
because of lack of EEG data at all investigated time points
within 48 h; most of those were transferred from outside
hospitals after that time window. Three patients had in-
hospital arrests.

Clinical characteristics

Poor outcome was associated with non-ventricular fib-
rillation/tachycardia arrest, longer time to ROSC,

Table 1 Classification of background EEG activity

Group Voltage Continuity

Normal voltage (NV) [20 lV Continuous or nearly continuous: B10 % of the record with
periods of suppression (\10 lV) or attenuation ([10 lV but\50 %
of the background voltage); or

Discontinuous: 10–49 % of the record consisting of attenuation
or suppression

Normal voltage plus (NV-plus) [20 lV Same as above plus any of periodic discharges (PDs),
rhythmic delta activity (RDA), spike wave (SW),
or sporadic epileptiform discharges (sED)

Suppression/attenuation burst (SB)a Background voltage\10 lV between bursts or background voltage
[10 lV but\50 % of amplitude of bursts

Suppression/low voltage (LV) All activity\20 lV

a Patients with generalized periodic discharges (GPDs) on a suppressed background were included in the SB group
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absence of brainstem reflexes, extensor or no motor re-
sponse, lower pH, higher lactate, lower PaO2/FiO2 ratio,
and the need for more than two vasopressors (all with
p values no greater than 0.01 on univariate analysis;
Table 2). Of all brain stem reflexes, absence of corneal
reflex at 48–72 h was best at predicting poor outcome,
with 100 % specificity (95 % CI 85–100 %), 67 %
sensitivity (95 % CI 53–79 %), 100 % positive predic-
tive value (PPV) (95 % CI 88–100 %), 61 % negative
predictive value (NPV) (95 % CI 45–75 %), and 0 %
false positive rate (FPR) (95 % CI 0–12 %). Myoclonus

was observed in 27 patients; 23 had poor outcome and
all had either SB or low voltage background. Of these
23, 12 had an SB background with highly epileptiform
bursts time locked to myoclonus. Four patients (15 %)
had a good outcome, and all four had a normal voltage or
normal voltage-plus background; 1/4 had generalized
periodic discharges on a normal voltage background,
which were time locked to the myoclonus. Also, 4/28
patients in the good outcome group had extensor or no
motor response and all four had normal voltage or nor-
mal voltage-plus background.

Table 2 Patient characteristics

Characteristic Good outcome (GOS 4, 5; n = 29) Poor outcome (GOS 1–3; n = 71) p value

Age (years) 59 (50–68) 66 (52–75) 0.12
Male 19 (66) 40 (56) 0.50
Time to ROSC (min) 10 (4–17) 17 (10–30) 0.002
Type of arrest
VF/VT 18 (62) 15 (21) \0.001
Non-VF/VT 11 (38) 56 (79)
Brainstem reflexes at\24 h
Pupillary reflex 25/29 (86) 25/68 (37) \0.001
Corneal reflex 17/29 (59) 14/68 (21) \0.001
Oculocephalic reflex 14/26 (54) 14/57 (25) 0.01
Gag or cough reflex 18/28 (63) 18/68 (26) 0.001
Brainstem reflexes at 48–72 h
Pupillary reflex 28/28 (100) 23/55 (42) \0.001
Corneal reflex 28/28 (100) 18/55 (33) \0.001
Oculocephalic reflex 28/28 (100) 18/46 (39) \0.001
Gag or cough reflex 28/28 (100) 18/55 (33) \0.001
Best motor response at 48–72 ha

Flexor or better 24 (86) 10 (15) \0.001
Extensor or no response 4 (14) 58 (85)
Myoclonus 4 (14) 23 (42) 0.08
EEG background at 24 hb

SB or LV 0 (0) 54 (84) \0.001
Others: NV and NV-plus 25 (100) 10 (16)
EEG reactivity during cEEGc

Present 24 (86) 13 (21) \0.001
Absent 4 (14) 48 (79)
PaO2/FiO2 (mmHg) 180 (150–264) 132 (86.5–204.2) 0.005
pH 7.31 (7.25–7.38) 7.17 (7.08–7.29) \0.001
Lactate (mg/dl) 3.3 (2.0–5.3) 6.0 (3.5–10.9) 0.003
Platelets (103/ml) 182 (132–250) 143 (99–210) 0.09
Creatinine (mg/dl) 1.1 (0.8–1.7) 1.3 (1.1–2.5) 0.02
Bilirubin (mg/dl) 0.43 (0.27–0.88) 0.42 (0.28–0.62) 0.98
MAP (mmHg) 69 (62–83) 52 (45–67) \0.001
Pressorsd

0–2 26 (90) 43 (63) 0.01
[2 3 (10) 25 (37)
Sedatione

None 0 (0) 3 (4)
Midazolam 27 (93) 56 (78) 0.72
Propofol 0 (0) 2 (3)
Both 2 (7) 6 (9)

Data is presented as median (interquartile range) or N (%)
ROSC return of spontaneous circulation, VF ventricular fibrillation,
VT ventricular tachycardia, cEEG continuous EEG, PaO2 partial
pressure of oxygen in blood, FiO2 fraction of inspired oxygen, SB
suppression burst, LV low voltage, NV normal voltage

Missing data; a n = 28 and 68; b n = 25 and 64; c n = 28 and 61,
unavailable in 5 patients and 6 patients with SIRPIDS were ex-
cluded; d n = 29 and 68; e n = 29 and 67
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Evolution of EEG patterns

SB pattern was more prevalent during the early phases of
EEG monitoring (up to 24 h after ROSC) (Fig. 1). Low
voltage backgrounds were more common at 6 and 72 h
after ROSC, while a normal voltage-plus background was
seldom seen during the early phases (less than 48 h after
ROSC). These categories (low voltage and normal volt-
age-plus) became more frequent at 48 h or later, mostly
because of the evolution of SB patterns (as shown in
Supplemental Fig. 4).

EEG reactivity

Lack of background reactivity was more common in the
poor outcome group; 48/61 (79 %) patients vs. 4/28
(14 %) patients in the good outcome group (p\ 0.001),
with 86 % specificity (95 % CI 66–95 %), 79 % sensi-
tivity (95 % CI 66–88 %), 92 % PPV (95 % CI
81–98 %), 65 % NPV (47–79 %), and 8 % FPR (95 % CI
2–19 %) for poor outcome. Six patients had SIRPIDS,
and all of them had a poor outcome.

Prognostic significance of different EEG patterns

An SB pattern at any time point (17/17 at 6 h, 31/31 at
12 h, 35/35 at 24 h, 18/18 at 48 h, and 5/5 at 72 h) after
ROSC was invariably associated with poor outcome
(Fig. 2). A low voltage background could be associated
with a good outcome (8/19 at 6 h and 2/20 at 12 h) only if
present within 12 h after ROSC. All patients (19/19 at
24 h, 19/19 at 48 h, and 16/16 at 72 h) with a suppres-
sion/low voltage background at 24 h after ROSC (i.e.,
during and after the rewarming period) had a poor out-
come. Three patients had non-convulsive status
epilepticus (NCSE) and three had non-convulsive sei-
zures; all had a poor outcome. Patients with NCSE were
treated with escalating doses of midazolam in addition to
three antiepileptic drugs (AED) and those with seizures
were placed on an AED.

A normal voltage background without epileptiform
discharges, even if discontinuous, was associated with a
good outcome in more than 70 % of patients (8/11 at 6 h,
23/27 at 12 h, 23/32 at 24 h, 15/19 at 48 h, and 5/6 at
72 h), regardless of when it was noted after ROSC. A
majority of patients in the normal voltage group had a
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Fig. 1 Evolution of EEG patterns over time and its relationship to
outcome. a Proportion of all cases by EEG pattern; b proportion of
cases with poor outcome; c proportion of cases with good outcome.
The number of patients at each time point is indicated at the top of
the bar
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Fig. 2 Prognostic significance of a pattern based on when it is seen
after return of spontaneous circulation (ROSC). For example, if
suppression/low voltage (LV) is seen at 6 h, the probability of poor
outcome is 58 %; but if the same pattern is present at 24 h or later,
then the chance of a poor outcome is 100 %. The total number of
patients at each time point is indicated at the bottom of the figure
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continuous background (10/11 at 6 h, 25/27 at 12 h, 30/32
at 24 h, 18/19 at 48 h, and 6/6 at 72 h). A normal voltage-
plus background was more common at 48 h and was as-
sociated with a poor outcome in most patients, if observed
for the first time after 24 h (13/16 at 48 h and 7/9 at 72 h).
In the 13/16 patients with poor outcome at 48 h, an SB
pattern was present at 12 and 24 h in ten patients, and
none of them previously had a normal voltage background
without epileptiform discharges.

The EEG findings at 24 h after ROSC (N = 89 pa-
tients) showed the best accuracy for the prediction of
outcome, with all (54/54) patients showing SB or low
voltage on EEG having a poor outcome at discharge (as
shown in Supplemental Table 3); this had a specificity of
100 % (95 % CI 84–100 %), 84 % sensitivity (95 % CI
73–92 %), 100 % PPV (95 % CI 92–100 %), 72 % NPV
(95 % CI 53–85 %), and 0 % FPR (95 % CI 0–8 %). A
normal voltage background without epileptiform patterns
was associated with a good outcome in 23/32 (73 %)
cases vs. 2/57 (4 %) in patients with other patterns, giving
a specificity of 97 % (95 % CI 87–99 %), 72 % sensi-
tivity (95 % CI 53–86 %), 92 % PPV (95 % CI
72–99 %), 86 % NPV (95 % CI 74–93 %), and 8 % FPR
(95 % CI 1–27 %). EEG findings at 24 h were associated
with decision to WLST (but not specifically used for that
purpose) with a sensitivity of 83 % (95 % CI 69–92 %)
and specificity of 66 % (95 % CI 49–80 %) but so were
extensor or worse motor response [sensitivity of 88 %
(95 % CI 73–95 %) and specificity of 54 % (95 % CI
37–70 %)] and absence of corneal reflex [sensitivity of
59 % (95 % CI 41–76 %) and specificity of 73 % (95 %
CI 54–86 %)] to predict WLST. Of 33 patients at 24 h
with poor neurological prognosis as the reason for WLST
and low voltage or suppression-burst pattern, only one
patient had normal brainstem reflexes and motor response
better than extensor. Her brain imaging showed signs of
diffuse anoxic injury.

Identical bursts

Of the 29 patients with a suppression-burst pattern at 24 h
after ROSC, all of whom had poor outcome, 27 showed
identical bursts with a mean correlation coefficient greater
than0.75.The twoothers hada correlation coefficient of 0.65
and 0.58, respectively. Six of 35 patients in the SB group at
24 h showed generalized periodic discharges on a sup-
pressed background and were excluded from this analysis.

Clinical correlates

At 24 h after ROSC, when compared with patients having
normal voltage or normal voltage-plus background, pa-
tients with low voltage or SB background had a lower
PaO2/FiO2 [114 (85–195) vs. 179 (148–277) mmHg;

p\ 0.001], a lower pH [7.17 (7.08–7.26) vs. 7.30
(7.22–7.37); p\ 0.001], higher lactate levels [6.95
(3.5–10.3) vs. 3.6 (2.2–7.3); p = 0.02], and a lower MAP
[51 (43–64) vs. 66 (58–75) mmHg; p\ 0.001]. This
pattern was also associated with absence of brainstem
reflexes on admission [29/52 (56 %) vs. 4/34 (12 %);
p\ 0.001] and at 48–72 h after ROSC [27/43 (63 %) vs.
0/31 (0 %); p\ 0.001], and with extensor or no motor
response at 48–72 h post ROSC [48/52 (92 %) vs. 9/34
(26 %); p\ 0.001].

Mortality adjudication

In patients with poor outcome (n = 71), seven were
pronounced brain dead, six patients re-arrested and could
not be resuscitated, and the cause of death could not be
ascertained because of insufficient information in ten
patients. Therapeutic limitations were undertaken in 48
patients; treatment was limited because of a poor neuro-
logical prognosis in 35 patients, poor medical prognosis
in seven patients, and a combination of poor medical and
poor neurological prognosis in six patients. Of these 48
patients, 25 died within 72 h from the time of ROSC;
15/25 with poor neurological prognosis, 6/25 with poor
medical prognosis, and 4/25 with poor medical and neu-
rological prognosis. Clinical examination findings at 72 h
were available in 9/15 patients with poor neurological
prognosis, out of which only one patient had normal
brainstem reflexes and motor response better than exten-
sor. Her brain imaging showed signs of diffuse anoxic
injury.

Multimodality outcome prediction

We attempted to build a classification tree using EEG
pattern at 24 h and corneal, pupillary reflexes and motor
response at 72 h (N = 74). In this tree, EEG pattern was
the parental node and the corneal reflex was selected as a
daughter node (Fig. 3). The tree achieved a slightly better
accuracy than EEG pattern alone, with a sensitivity of
86 % (95 % CI 73–94 %), a specificity of 100 % (95 %
CI 83–100 %), and an FPR of 0 % (95 % CI 0–10 %) for
poor outcome. Trees built using other combinations of
variables showed lower accuracy (data not shown).

Discussion

The key finding was that a low voltage or an SB pattern at
24 h was invariably associated with poor outcome. This
confirms most previous studies and strengthens the value
of these patterns as strong predictors of outcome [4, 5, 7,
8]. In particular, an SB pattern was invariably associated
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with poor outcome, regardless of the latency between
ROSC and this EEG finding. This last point contradicts
other studies that have shown that an early suppression-
burst pattern (i.e., one that resolves within 24 h after
ROSC) can still be associated with a good outcome [10,
17]. One possible explanation is that our definition of
suppression-burst differed from that used in these prior
studies [5, 8, 10]. Almost all patients in the literature with
well-defined burst-suppression and good outcome [10]
received propofol as a sedating agent, whereas almost all
patients received midazolam in our series, as well as in
other studies that also found suppression-burst associated
with uniformly unfavorable outcome [5, 8]. This suggests
that propofol may induce a suppression-burst pattern
during hypothermia that does not necessarily imply an
unfavorable prognosis. A variant of suppression-burst
with identical bursts has been described [15] that is in-
variably associated with poor outcome, and propofol was
used for sedation in this group. Most of the suppression-
burst patterns in our series were characterized by identical
bursts, confirming the association between severe anoxic
brain injury and this potentially specific pattern. These
findings support the hypothesis that suppression-burst
with non-identical bursts is likely induced by sedation
with propofol in this population and has less prognostic
utility.

We also found that a low voltage background was not
invariably associated with poor outcome if it resolved by
24 h after ROSC. This is consistent with prior studies [10,
11]. Our findings suggest that EEG patterns at 24 h after
ROSC are most accurate for predicting outcome (although
additional information could be gained from earlier
recordings in a few cases) and performed better than
predictors based on clinical examination in this series.
However, combining EEG and clinical examination in the
classification tree resulted in a slightly more accurate
prediction.

Prognostication based on standardized classification of
the background performed better in our series than using
EEG reactivity to external stimulation, including having a
lower FPR for poor outcome (0 vs. 8 %). This imperfect
specificity of reactivity assessment is in line with prior
studies [5, 18] and probably reflects both the lack of a
clear definition of reactivity and the confounding effect of
sedation [9] and hypothermia. The strengths of our study
include the use of a standardized and validated EEG
terminology, the systematic review of the EEG at fixed
time intervals after ROSC by two independent readers
blinded to the patients’ outcome, the assessment of
therapeutic limitations by two authors who were not di-
rectly involved in the care of these patients, and the
exploration of the relationship between EEG, physio-
logical variables, and outcome.

The limitations of this study include retrospective
collection of physiological variables and outcomes,
leading to some missing data. We did not have data on
SSEPs or NSE as those were not part of the protocol
during this time period. Myoclonus was noted less than
72 h after ROSC, but the exact time of its appearance and
further clinical description could not be ascertained. Re-
activity was not assessed at specific time points; time to
CEEG onset was variable and depended on the avail-
ability of EEG machines. Also, EEG data was unavailable
at some time points in a few cases, as patients were
transiently disconnected and some patients EEGs were
discontinued within 72 h, mostly because they died or
awakened. As with most studies, we were not able to fully
account for the effect of self-fulfilling prophecy of early
WLST; 25 patients died within 72 h from the time of
ROSC and 15 of these patients were presumed to have a
poor neurological prognosis. Of note, all patients with a
low voltage or suppression-burst pattern at 24 h in which
a decision to WLST was made had at least one other
predictive factor of poor outcome (absent brainstem re-
flexes, extensor motor response, or worse or severely
abnormal imaging), indicating that if EEG was used for
prognostication, it was never in isolation.

In conclusion, we found that (1) a suppression-burst or
attenuation-burst pattern was invariably associated with
poor outcome, regardless of when it was observed after
ROSC; (2) suppression (\10 lV) or low voltage activity
(\20 lV) was not always associated with poor outcome if

EEG at 24h

Low voltage
or

Suppression-burst
(N = 41)

Normal voltage
or 

Normal voltage plus
(N=33)

Absent (N = 2) Present (N=31)

Corneal reflex at 72h

0/41 (0%) 
Good outcome

0/2 (0%) 
Good 

outcome

24/31 (77%) 
Good 

outcome

Fig. 3 Classification tree for good outcome based on the best
combination of predictors (EEG pattern at 24 h and presence of
corneal reflexes at 72 h) in 74 patients with a full data set available.
The tree achieved a slightly better accuracy than EEG pattern or
corneal reflexes alone (see text for details)
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seen at less than 24 h after ROSC but was invariably
associated with a poor outcome if seen at 24 h or later; (3)
a normal voltage background without any epileptiform
discharges carries at least a 70 % chance of good outcome
at all time points after ROSC; (4) severely abnormal EEG
background (SB/low voltage) was associated with poor
physiological variables; and (5) myoclonus, extensor, and
no motor response were not always associated with poor
outcome. Importantly, all eight patients with good out-
come despite having myoclonus or extensor/no motor
response had a normal voltage or normal voltage-plus
EEG background at all time points, which suggests ad-
ditional prognostic value of EEG findings over clinical
exam.

This is a single-center study done at our institution,
which has been using ACNS ICU EEG terminology and it
has been our standard of reporting on ICU-EEG studies
for the last 3 years. It is crucial to reproduce our findings,
in a multicenter setting, with a larger sample size and
using the standardized terminology.
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