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Since therapeutic hypothermia (TH) was shown to effec-
tively improve the neurological outcome of comatose car-

diac arrest survivors,1,2 TH has become the standard of care for 
a subset of these patients.3 However, the range of neurological 
outcomes remains wide, and prognostication has become more 
complex.4 Currently, neurological outcome prediction in these 
patients has primarily focused on end-of-life decisions, such as 
the withdrawal of life-sustaining therapies (LSTs),5 and such 
prognostication should be delayed beyond the previously rec-
ommended 72 hours after cardiac arrest.6 However, early posi-
tive prognostication during the first few hours after the return of 
spontaneous circulation (ROSC) is important for treating physi-
cians when counseling families and making appropriate treat-
ment decisions, although not when deciding whether to withhold 
or withdraw LSTs because of a perceived poor neurological 

prognosis. The importance of the timing of the neurological 
assessment for prognostication is related to the earliest time at 
which the brain structures can recover function to enable reli-
able clinical assessment.7 Therefore, a good predictor should be 
based on a test that continuously reflects the status of the brain.
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Following transient cerebral ischemia, a complex series of 
pathophysiological events associated with neuronal recovery 
can be observed via continuous electroencephalographic (EEG; 
cEEG) monitoring over time.8,9 The evolution of EEG pat-
terns may provide clinically relevant information regarding the 
recovery from postanoxic coma. In 2010, the American Heart 
Association published guidelines for the care of these survivors 
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and recommended that EEG should be performed, promptly 
interpreted, and monitored frequently or continuously in coma-
tose patients after ROSC.3 cEEG is a noninvasive technique 
that can be used to monitor the postischemic brain after cardiac 
arrest. However, early cEEG monitoring in these patients has 
remained challenging because it requires serial surveillance by 
experienced specialists, who are often unavailable or expensive. 
Amplitude-integrated electroencephalography (aEEG) provides 
a simplified and, therefore, more readily available brain func-
tion monitoring tool for perinatal hypoxic-ischemic encepha-
lopathy in neonates and cardiac arrest in adults.10–14 In neonates, 
the time required after birth for the aEEG to recover to a normal 
background pattern was the best predictor of poor neurological 
outcome, and all infants who did not recover a normal back-
ground pattern by 36 to 48 hours either died or survived with 
severe disability.10,11 Regarding aEEG in adult patients undergo-
ing TH, a continuous pattern at registration and at normother-
mia was associated with good neurological outcome, and burst 
suppression (BS) or status epilepticus (SE) during the normo-
thermia period indicated poor neurological outcome.14

The present study aimed to assess whether the time from 
ROSC to a normal trace (TTNT), as measured via continuous 
aEEG monitoring, represents a neurological outcome predic-
tor for TH-treated adult patients with cardiac arrest. The sec-
ond aim was to determine the association between malignant 
aEEG patterns and poor neurological outcome, with a particu-
lar focus on the time of the occurrence of these patterns.

Methods
Study Design and Patients
This was a prospective observational study of TH-treated adult patients 
with cardiac arrest at a single tertiary hospital from September 2010 to 
April 2013. During this period, all unconscious adult (age >19 years) 
patients receiving successful resuscitation were considered eligible for 
TH, and all TH-treated patients were monitored via aEEG. This study 
included consecutive patients with TH, but the patients were excluded 
if (1) they died within 72 hours after cardiac arrest, (2) their cardiac 
arrest occurred as a result of spontaneous or traumatic brain injury, or 
(3) they had a known history of neurological diseases, such as epilepsy.

This study was approved by the Institutional Review Board of 
Seoul St. Mary’s Hospital. Informed consent from each patient’s next 
of kin was obtained; subsequently, if the patient recovered conscious-
ness, consent was reobtained from the patient.

Therapeutic Hypothermia Protocol
All patients who were resuscitated were considered eligible for TH at 
33°C for 24 hours according to the current recommendations.3 Before 
the induction of TH, sedation (midazolam, 0.08 mg/kg intravenously) 
and paralysis (rocuronium, 0.8 mg/kg intravenously) for shivering con-
trol were immediately administered, followed by continuous infusion 
of midazolam (0.04–0.2 mg∙kg–1∙h–1) and rocuronium (0.3–0.6 mg∙kg–

1∙h–1). The target temperature of 33°C was maintained for 24 hours. 
After the completion of the TH maintenance period, controlled rewarm-
ing at a rate of 0.25°C/h was performed until the patient’s temperature 
reached 36.5°C. Sedation and paralysis were reduced during rewarming 
and were discontinued as soon as the central temperature reached 35°C.

aEEG Monitoring and Analysis
As performed in our previous study,13 all patients were monitored via 
aEEG using a combined single-channel aEEG/EEG digital device 
(Olympic Medical CFM 6000, Natus, Inc, Seattle, WA) as soon 
as possible by attending emergency physicians in the emergency 

department; subdermal needle electrodes were applied across the fore-
head to record EEG channels Fp3-Fp4. Recording continued until the 
patient regained consciousness, the patient died, or at least 72 hours 
had passed since ROSC. Clinically concerning or seizurelike activ-
ity on the aEEG or raw EEG scan resulted in the treatment of the 
patient according to the local protocol, and cEEG was initiated instead 
of aEEG if there were no limitations related to technician support for 
EEG. The patients experiencing SE were initially treated with boluses 
of valproic acid, levetiracetam, and clonazepam, followed by mainte-
nance dosing. Pentobarbital was administered to refractory SE cases.

After clinical interpretation during treatment, all aEEG/EEG 
recordings were reinterpreted by an experienced neurologist (Y.M.S.) 
who was blinded to the neurological outcome and the clinical data. The 
aEEG background patterns were classified into the following categories 
by using the voltage method11–13 (Figure 1): continuous normal voltage 
(CNV), discontinuous normal voltage, low voltage, flat trace, BS, and 
SE. CNV was defined as continuous cortical activity on the raw EEG 
scan; in addition, the upper margin of the aEEG scan, referred to as 
the aEEG maximum, was >10 μV, and the lower margin of the aEEG 
scan, referred to as the aEEG minimum, was >5 μV. Discontinuous 
normal voltage was defined as cortical activity, with the exception of 
discontinuous intermittent periods displaying a low amplitude on the 
EEG scan with an aEEG maximum >10 μV and an aEEG minimum 
≤5 μV. The low-voltage pattern was defined as an aEEG maximum 
≤10 μV, and flat trace was defined as isoelectric activity. We defined 
BS as the virtual absence of activity (<2 μV) between bursts of high 
voltage (>25 μV). SE was defined as repetitive epileptiform discharges 
with amplitudes >50 μV and a median frequency ≥1 Hz for >30 min-
utes, producing an aEEG trace exhibiting a sawtoothlike appearance 
with continuously narrowing bandwidths and increasing peak-to-peak 
amplitudes or with an abrupt elevation in the aEEG levels from the 
continuous background pattern. According to our definition, periodic 
epileptiform discharges were classified as SE. The aEEG background 
patterns from the beginning to the end of monitoring were analyzed 
according to their time of occurrence. To evaluate TTNT as a predictor 
of good neurological outcome for TH-treated adult patients with car-
diac arrest, we considered only CNV as a normal trace.11–13

Neurological Outcomes
In all patients, the prognosis after cardiac arrest treated with TH was 
determined based on a combination of predictors of poor neurologi-
cal outcome. However, in no patient was care withdrawn based on 
the results of these predictors before hospital discharge; the treatment 
team provided sufficiently prolonged life support to patients who did 
not recover consciousness after rewarming. Neurological outcome at 
6 months after resuscitation was evaluated by the authors (K.N.P., 
S.H.K., and S.H.O.) via a telephone interview.15 The neurological 
outcome measure was the score on the 5-point Glasgow-Pittsburgh 
Cerebral Performance Category (CPC) scale at 6 months after ROSC. 
Neurological outcome was dichotomized as good or poor. Good neu-
rological outcome was defined as a CPC score of 1 or 2, and poor 
neurological outcome was defined as a CPC score of 3, 4, or 5. If 
the patients who presented as CPC 1 or 2 ultimately died of rearrest 
within 6 months, we used the highest CPC score for classification.

Statistical Analysis
The categorical variables were expressed as the numbers and percent-
ages, and the continuous variables were expressed as the means and stan-
dard deviations or the medians and the 25th (Q1) and 75th (Q3) quartiles 
according to a normal distribution. Univariate comparisons of neurologi-
cal outcome were performed by using χ2 tests for categorical variables or 
using t tests for continuous variables as required. The performance of the 
neurological outcome predictors was evaluated based on their sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value 
using an exact binomial 95% confidence interval (CI). To evaluate the 
prognostic value of the TTNT, receiver operating characteristic analysis 
was performed; we determined the best TTNT threshold for the predic-
tion of good neurological outcome, and 100% was used as the threshold 
of specificity for poor neurological outcome. The 95% CI was calculated 
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for the area under the curve. Evolution-specific aEEG patterns and their 
time points were analyzed to evaluate the prognostic value of these fac-
tors for poor neurological outcome. All statistical analyses were per-
formed using SPSS version 16.0 (SPSS, Chicago, IL) and the Medcalc 
program (Medcalc Software, Mariakerke, Belgium). All reported P val-
ues are 2-sided. A P value <0.05 was considered to be significant.

Results
Characteristics of the Study Population
During the study period, 166 TH-treated adult patients with 
cardiac arrest were monitored via aEEG; 36 patients were 

excluded from this study because of death within 72 hours 
after ROSC. Ultimately, 130 patients were included in this 
study; a portion of this study cohort (55 patients) overlapped 
with that of our previous study.13 Of the included patients, 83 
(63.8%) were male, and the mean patient age was 51.5±16.6 
years. A majority of the patients (86.9%) experienced an 
out-of-hospital cardiac arrest; 45 patients (34.6%) exhibited 
an initial shockable rhythm, and the mean time from cardiac 
arrest to ROSC was 30.9±18.4 minutes. The median interval 
from ROSC to the initial aEEG reading was 134.5 minutes 
(Q1–Q3, 71.8–239.8 minutes). At 6 months after ROSC, 55 

Figure 1. Classification of amplitude-integrated electroencephalograms by the use of the voltage method.
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(42.3%) patients exhibited a good neurological outcome, 
and 77 patients (57.7%) exhibited a poor neurological out-
come. The baseline characteristics of the included patients 
and the comparison between those exhibiting good and poor 
neurological outcome are shown in Table 1. Significant dif-
ferences in the presence of a witness, the initial rhythm, the 
cardiac arrest etiology, and the time from arrest to ROSC were 
observed between the good and poor neurological outcome 
groups.

EEG Evolution in Both Neurological Outcome 
Groups
Figure 2 presents the EEG evolution in all patients over time 
between the good and poor neurological outcome groups. In 
most patients (98, 75.4%), the background pattern changed 
during monitoring. In only 32 patients, the initial back-
ground pattern persisted without any evolution, and among 
these patients, most (24, 75.0%) initially exhibited a CNV 
trace and had a good neurological outcome. Eight patients 
who initially exhibited a low-voltage pattern ultimately 
had a poor neurological outcome without any evolution. A 
CNV trace was initially observed in 25 of the 130 patients 
(19.2%), most of whom exhibited a good neurological out-
come. The initial observation of a CNV trace resulted in 
a PPV of 96.0% (sensitivity and specificity of 43.6% and 
98.7%, respectively). One patient initially exhibiting a CNV 
trace developed circulatory shock without recovering con-
sciousness and ultimately died.

Of the 105 patients not initially exhibiting a CNV trace, 51 
patients exhibited a CNV trace within 72 hours. Among these 
patients, 31 patients exhibited a good neurological outcome, 
and 20 patients exhibited a poor neurological outcome. A dif-
ference in TTNT was observed between the good and poor 
neurological outcome groups (Figure 3). All patients experi-
encing a good neurological outcome developed a CNV trace 
within 36 hours.

TTNT as a Neurological Outcome Predictor
A short TTNT predicted good neurological outcome. Receiver 
operating characteristic analysis revealed that the diagnos-
tic performance of the TTNT for neurological outcome was 
good, displaying an area under the curve of 0.97 (95% CI, 
0.92–0.99; Figure 4). The achievement of TTNT within spe-
cific time windows in both neurological outcome groups is 
shown in Table 2. Using TTNT <24 hours after ROSC as the 
threshold, the sensitivity, the specificity, the PPV, and the 
negative predictive value for predicting good neurological 
outcome were 94.6% (95% CI, 84.9%–98.9%), 90.7% (95% 
CI, 81.7%–96.2%), 88.1% (95% CI, 77.1%–95.1%), and 
95.8% (95% CI, 88.1%–99.1%), respectively. Alternatively, 
the threshold displaying 100% specificity (95% CI, 93.5%–
100.0%) for predicting poor neurological outcome was TTNT 
>36 hours after ROSC (sensitivity, 78.7%; 95% CI, 67.7%–
87.3%; Table 3). When we categorized patients into the mild 
or deep coma group according to the results of each initial 
neurological examination, TTNT in the initially deep coma 

Table 1.  Baseline Demographic and Clinical Characteristics of the Overall Cohort and Comparison Between the Good and Poor 
Neurological Outcome Groups

Characteristic
Overall Cohort 

(n=130)
Good Neurological 
Outcome (n=55)

Poor Neurological 
Outcome (n=75) P Value

Male, n (%) 83 (63.8) 38 (69.1) 45 (60.0) 0.286

Age, y, mean±SD    51.5±16.6    49.2±16.6    53.3±16.5 0.166

Witnessed, n (%) 99 (76.2) 47 (85.5) 52 (69.3) 0.033

Shockable rhythm, n (%) 45 (34.6) 31 (56.4) 14 (18.7) <0.001

Bystander CPR, n (%) 77 (59.2) 38 (69.1) 39 (52.0) 0.050

Cardiac cause, n (%) 89 (68.5) 47 (85.5) 42 (56.0) <0.001

OHCA, n (%) 113 (86.9%) 45 (81.8) 68 (90.7) 0.139

Time from arrest to ROSC, min, mean±SD    30.9±18.4    22.3±14.9    37.2±18.2 <0.001

Time from ROSC to aEEG application, min, median (Q1–Q3) 107.0 (48.8–189.8) 80.0 (39.0–189.0) 123.0 (61.0–192.0) 0.197

Time from ROSC to initial aEEG interpretation, min, median (Q1–Q3) 134.5 (71.8–239.8) 104.0 (61.0–236.0) 161.0 (81.0–245.0) 0.038

Total time of aEEG monitoring, h, mean±SD    56.7±14.7    45.7±12.5    64.7±10.4 <0.001

Time from ROSC to target temperature, h, median (Q1–Q3) 2.5 (1.5–4.0) 2.9 (1.7–5.0) 2.0 (1.5–3.5) 0.232

Length of stay, days, median (Q1–Q3) 12.0 (6.0–22.0) 16.0 (12.0–35.0) 7.0 (5.0–18.0) <0.001

Survival to discharge, n (%) 85 (65.4) 54 (98.2) 31 (41.3) <0.001

Neurological outcome at 6 mo after ROSC

 ��� CPC 1, n (%)* 50 (38.5) 50 (90.9) 0 (0.0)

 ��� CPC 2, n (%) 5 (3.8) 5 (9.1) 0 (0.0)

 ��� CPC 3, n (%) 7 (5.4) 0 (0.0) 7 (9.3)

 ��� CPC 4, n (%) 6 (4.6) 0 (0.0) 6 (8.0)

 ��� CPC 5, n (%) 62 (47.7) 0 (0.0) 62 (82.7)

aEEG indicates amplitude-integrated electroencephalography; CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital 
cardiac arrest; ROSC, return of spontaneous circulation; and SD, standard deviation.

*One patient who presented as CPC 1 and ultimately died of rearrest within 6 months was categorized as CPC 1.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 8, 2021



1098    Circulation    September 22, 2015

group showed better prognostic performance than that in the 
mild coma group (Table I and Figure I in the online-only Data 
Supplement).

Other Predictors of Poor Neurological Outcome
The occurrence of BS and SE in both neurological outcome 
groups is shown in Table 2. In 57 patients (43.8%), BS was 
observed during monitoring, and the median time from ROSC 
to BS was 4.3 hours (Q1–Q3, 1.9–7.4 hours). All of these 
patients, except for 1, exhibited a poor neurological outcome. 
The detection of a BS pattern predicted poor neurological 
outcome with a PPV of 98.3% (sensitivity and specificity of 
74.7 and 98.2%, respectively; Table 3). SE was observed in 28 
patients (21.5%), and the occurrence of SE within 72 hours 
after ROSC (at a median of 16.6 hours after ROSC [Q1–Q3, 
11.3–36.4 hours]) predicted poor neurological outcome with a 
PPV of 96.4% (sensitivity and specificity of 36.0 and 98.2%, 
respectively; Table 3). In most of these cases (23, 82.1%), SE 
initially developed from a BS pattern. In these cases, the ini-
tiation of SE occurred at a median of 11.3 hours after ROSC 
(Q1–Q3, 7.2–32.7 hours), and all of these patients exhibited 
a poor neurological outcome. However, in 5 patients (17.9%), 
SE developed from a CNV. Although these patients exhibited 
a CNV trace via the sequential evolution of the EEG pattern, 
SE abruptly developed from the CNV trace at a median of 33.0 
hours after ROSC (Q1–Q3, 18.0–36.2 hours). Among these 

patients, 1 patient treated with antiepileptic drugs regained 
consciousness 2 weeks after ROSC.

The combination of negative predictors, consisting of no 
CNV development within 36 hours or the occurrence of BS or 
SE, in which poor neurological outcome was predicted if at 
least 1 of these 3 criteria were met, improved prognostic per-
formance. These negative predictors were observed in 92.0% 
(69/75) of the patients who exhibited a poor neurological out-
come at a median of 6.2 hours after ROSC (Q1–Q3, 2.5–18.7 
hours). These combined aEEG-based negative indicators 
predicted poor neurological outcome with a specificity, PPV, 
and negative predictive value of 96.4%, 97.2%, and 89.8%, 
respectively (Table 3).

Discussion
We evaluated the prognostic value of aEEG using a sin-
gle-channel frontal montage for TH-treated cardiac arrest 
survivors during the initial 72 hours after ROSC without with-
holding or withdrawing LST. Our study demonstrated that the 
application of aEEG was capable of the early prediction of 
neurological outcome in these patients. First, when the aEEG 
displayed a normal CNV trace within 24 hours, the physicians 
were able to predict a good neurological outcome with a PPV 
of 88.1%. Second, the occurrence of SE or BS at any time and 
the lack of the development of a normal CNV trace within 36 
hours were associated with a poor neurological outcome at a 

Figure 2. Occurrence of background evolution and status epilepticus in all subjects The x axis indicates the time point after resuscitation 
(hours).
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high sensitivity. The combination of these negative predictors 
may improve their prognostic performance at an earlier stage.

Our findings were consistent with those published in 
a previous study. A cEEG background pattern was strongly 
associated with the recovery of consciousness. Cloostermans 
et al16 reported that cEEG monitoring during the first 24 hours 
after resuscitation contributes to the prediction of both good 
and poor neurological outcome. In that study, continuous 
activity patterns within 12 hours predicted good neurologi-
cal outcome, and isoelectric or low-voltage activity after 24 
hours predicted poor neurological outcome. Rundgren et al14 
evaluated aEEG at a median of 8 hours after cardiac arrest 
and after the patients achieved a normal temperature. In that 
study, an initial continuous pattern and the return of a con-
tinuous pattern at normothermia served as good predictors of 
the recovery of consciousness. In our previous study based 
on a small number of cases, all of the patients exhibiting a 
good neurological outcome displayed a CNV trace within 26 
hours.13 However, the threshold TTNT for the prognosis of 
good neurological outcome was unknown when the normal-
ization of the background pattern was delayed. In term infants 
exhibiting perinatal asphyxia at hypothermia, some investi-
gators found that the recovery time to a normal background 
pattern was the best predictor of poor neurological outcome 
at a suggested threshold for aEEG normalization of 36 to 48 
hours of age.10,11 These findings were similar to our results, in 
which all patients experiencing a good neurological outcome 
developed a normal trace within 36 hours. We used a continu-
ous sedation protocol during hypothermia. Of the 55 patients 
exhibiting good outcome, 53 patients achieved a normal trace 

within the mean time of the initiation of sedative reduction 
(within 28.5 hours after ROSC), and 2 patients exhibited a 
TTNT before sedative withdrawal (34.4 and 35.1 hours, 
respectively). Therefore, we believe that the effect of sedation 
on the TTNT threshold is minimal.

Most investigators agree that, in patients treated with 
TH, the time to prognostication should be delayed beyond 72 
hours after rewarming.17–20 Early prognostication during TH 
should focus on good rather than poor neurological outcome.21 
However, in some reports, LST was withdrawn before the 
resumption of normothermia by family request, or treatment 
was even suspended for some patients who were given a poor 
prognosis during TH.22,23 Our study showed that the presence 
of a normal aEEG pattern within 24 hours after ROSC was a 
predictor of a good neurological outcome. This finding can 
impact treatment decisions even in cases in which the with-
drawal of LST is considered to be consistent with the care-
giver’s wishes without delayed prognostication.

The definition of BS was inconsistent between many stud-
ies, potentially influencing the relevance of the observed pre-
dictive value of BS.13,14,16,24 According to the definition of BS 
in American Clinical Neurophysiology Society’s Standardized 
Critical Care EEG Terminology: 2012 version, suppression 
was defined as a period in which the voltage was <10 μV.25 
Alternatively, we defined BS as the virtual absence of activity 
(<2 μV) between bursts of high voltage (>25 μV) on aEEG. 
With the use of our revised definition, the occurrence of a BS 
pattern accurately predicted poor neurological outcome in all 
but 1 case.

Recent studies have demonstrated that SE is common 
in these patients and is associated with poor neurological 
outcome,14,26–28 despite exceptional reports of recovery.29,30 
It is unknown whether prolonged SE contributes to second-
ary brain injury after cardiac arrest or whether SE is simply 
an epiphenomenon of severe brain injury. Our results sug-
gest an answer to this question. Rossetti et al30,31 described 
benign postanoxic SE in cases involving a reactive back-
ground. Rundgren et al14 identified SE evolving from a con-
tinuous pattern in 10 patients and suggested that this type of 

Figure 3. Time to normal trace for the patients in both groups.

Figure 4. Receiver operating characteristic curve for the 
prediction of good neurological outcome according to the time 
to normal trace. AUC indicates area under the curve; and CI, 
confidence interval.
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SE reflects a less injured and potentially salvageable brain. 
In our study, 5 patients developed SE from a CNV trace via 
the sequential evolution of the EEG pattern. Although these 
patients exhibited a evolution pattern similar to that of other 

patients with good neurological outcome, inconsistent with 
our expectations, only 1 patient exhibited a good neurological 
outcome. We propose that, in these cases, SE serves as a con-
tributor to poor neurological outcome rather than as a simple 
epiphenomenon of severe brain injury and that appropriate 
treatment is necessary to recover consciousness. To distin-
guish this pattern of SE from more malignant SE patterns, 
cEEG monitoring may be an essential component of post–
cardiac arrest care.

The introduction of mild hypothermia and standardized 
treatment protocols in the past decade has improved neuro-
logical outcomes in survivors of cardiac arrest.1–3 In 2013, 
new strategies based on a near-normal temperature (36°C) 
not displaying differences in comparison with mild hypo-
thermia (33°C) were introduced.32 However, in both interven-
tion groups, a significant number of patients did not regain 
consciousness after treatment. To improve neurological out-
come in these patients, it is quite clear that tailored thera-
pies according to the extent of brain injury are needed. Some 
investigators have attempted to categorize patients according 
to brain injury severity based on EEG.33,34 According to our 
results, based on early aEEG monitoring, these patients can 
be categorized early. The initial or early restoration of CNV 
predicts good neurological outcome in circumstances involv-
ing the maintenance of active care. Additionally, the devel-
opment of CNV between 24 and 36 hours after ROSC and 
SE originating from CNV render prognostication difficult. 
However, for cooled patients exhibiting an abnormal volt-
age trace during TH, a good neurological outcome remains 
possible even if normalization of the background patterns is 
delayed beyond 24 hours. Alternatively, the lack of the devel-
opment of a normal trace within 36 hours and the occurrence 
of BS or SE originating from BS indicated a poor neurologi-
cal outcome using the present cooling strategies. However, 
good neurological recovery in these patients may remain 
possible with advancements in the existing cooling strate-
gies that have been associated with poor neurological out-
come.33 Because the risk of extensive hypoxic brain injury 
increases over time, to spare these patients, it is important 
to identify those expected to exhibit a poor prognosis very 
early. Interestingly, using the combination of negative pre-
dictors via continuous aEEG monitoring, prognostication 

Table 2.  The Achievement of Time to Normal Trace 
Within Specific Time Windows and the Occurrence of Burst 
Suppression and Status Epilepticus in Both Neurological 
Outcome Groups

Good Neurological 
Outcome (n=55)

Poor Neurological 
Outcome (n=75)

Time to normal trace <24 h

 ��� CNV development within 24 
h, n (%)

52 (94.5) 7 (9.3)

 ��� No CNV development within 
24 h, n (%)

3 (5.5) 68 (90.7)

Time to normal trace >36 h

 ��� CNV development within 36 
h, n (%)

55 (100.0) 16 (21.3)

 ��� No CNV development within 
36 h, n (%)

0 (0.0) 59 (78.7)

BS

 ��� BS development, n (%) 1 (1.8) 56 (74.7)

 ��� No BS development, n (%) 54 (98.2) 19 (25.3)

SE

 ��� SE development, n (%) 1 (1.8) 27 (36.0)

 ��� No SE development, n (%) 54 (98.2) 48 (64.0)

Combination of the negative 
predictors of neurological 
outcome*

 ��� Occurrence of any negative 
predictor, n (%)

2 (3.6) 69 (92.0)

 ��� No occurrence of any negative 
predictor, n (%)

53 (96.4) 6 (8.0)

BS indicates burst suppression; CNV, continuous normal voltage; and SE, 
status epilepticus.

*The negative predictors of neurological outcome included no CNV 
development within 36 hours and BS and SE occurring at any time.

Table 3.  Sensitivity, Specificity, and Positive and Negative Predictive Values for the Early Prediction of Good and Poor Neurological 
Outcome

Time After ROSC, h
Prediction of 

Neurological Outcome Sensitivity (95% CI)
Specificity
(95% CI)

Positive Predictive 
Value (95% CI)

Negative Predictive 
Value (95% CI)

CNV development 
within 24 h

24.0 Good 94.6 (84.9–98.9) 90.7 (81.7–96.2) 88.1 (77.1–95.1) 95.8 (88.1–99.1)

No CNV development 
within 36 h

36.0 Poor 78.7 (67.7–87.3) 100.0 (93.5–100.0) 100.0 (93.9–100.0) 77.5 (66.0–86.5)

BS 4.3 (1.9–7.4)* Poor 74.7 (63.3–84.0) 98.2 (90.3–100.0) 98.3 (90.6–100.0) 74.0 (62.4–83.6)

SE 16.6 (11.3–36.4)* Poor 36.0 (25.2–47.9) 98.2 (90.3–100.0) 96.4 (81.7–99.9) 52.9 (42.8–62.9)

Combination of the 
negative predictors†

6.2 (2.5–18.7)* Poor 92.0 (83.4–97.0) 96.4 (87.5–99.6) 97.2 (90.2–99.7) 89.8 (79.2–96.2)

BS indicates burst suppression; CI, confidence interval; CNV, continuous normal voltage; ROSC, return of spontaneous circulation; and SE, status epilepticus. 
*Median (interquartile range).
†The negative predictors included no CNV development within 36 hours and BS and SE occurrence at any time.
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was possible at a median 6.2 hours after ROSC. To the best 
of our knowledge, our study represents the first attempt to 
address the issues of the time at which physicians determine 
the severity of brain injury using EEG and the time of prog-
nostication. Future studies should continue to define patient 
subgroups and evaluate the benefit of tailored therapies for 
each patient’s injury.35

Several features of our study deserve further mention. 
First, withdrawal of LST based on prognostication was not 
applied to our patients. Currently, the practice of withdrawal 
of LST is widespread based on recommendations and guide-
lines.5,36 However, most prognostication studies were per-
formed in Western countries, which have a social consensus 
regarding the withdrawal of LST, and these studies did not 
adequately address certain important limitations concerning 
the risk of bias. A self-fulfilling prophecy is present in most 
prognostication studies of cardiac arrest, in which the treat-
ing physicians are not blinded to the results of the neuro-
logical outcome prediction and use this prediction to make 
decisions regarding the withdrawal of LST.7,37,38 In South 
Korea, the withdrawal of LST for patients who have a termi-
nal illness remains under debate, and the social consensus 
and legislative processes are developing; the withdrawal of 
LST for postcardiac arrest patients based on prognostication 
is not currently permitted.39 Our clinical and ethical situa-
tion resulted in the natural neurological outcome for these 
patients. Second, this study included consecutive patients 
with TH during the study period, but patients who died 
within 72 hours after cardiac arrest were excluded. The aim 
of this study was to evaluate the prognostic value of continu-
ous aEEG (from immediately after ROSC to 72 hours later) 
according to time. Early death after ROSC is often caused 
by persistent hemodynamic instability leading to multiple 
organ failure.40,41 If patients with good brain function but 
poor cardiorespiratory function were included in the study, 
the prognostic value of aEEG in the early phase would be 
confounded. However, our analysis did not include addi-
tional potential variables affecting neurological outcome, 
such as initial organ system dysfunction in 72-hour survi-
vors. For these reasons, our results should be interpreted 
cautiously.

Limitations
This study contained several limitations. First, we only 
performed frontal EEG monitoring via single-channel 
aEEG. Although SE was detected in 21.5% of our patients, 
a result similar to that of other reports using multichan-
nel cEEG monitoring,14,26–28 our rate of good outcome was 
slightly lower than that of other studies.30,42 Our technique 
using single-channel monitoring may disturb the detection 
of focal epileptic activity, and this may influence the rate 
of good outcome in SE patients. However, reducing the 
number of channels used for bedside aEEG monitoring is 
crucial for facilitating the monitoring of the cerebral cor-
tex and for its immediate application after ROSC. Because 
the frontal cortices are better protected than the parietal 
and occipital cortices,43 and because continuous activity 

appeared first in the frontal leads after ROSC,44 the fron-
tal cortices may represent neural recovery during the early 
stage. Second, this study used a single-center design in a 
country with a unique healthcare environment. This study 
design raises important questions regarding the generaliz-
ability of these results. A large, multicenter study includ-
ing Western countries may provide more precise prognostic 
values and may help determine the utility of aEEG in this 
population. Third, although physicians are not permitted to 
withdraw LST in South Korea, there was an inevitable risk 
of bias because the treating team was not blinded to the 
aEEG data during treatment. Finally, especially regarding 
SE, our study could not differentiate periodic epileptiform 
discharges from SE and did not evaluate clinical manifesta-
tions (such as myoclonus) that were examined in previous 
studies using cEEG.22,27,28

Conclusion
Early aEEG monitoring of adult patients with cardiac arrest 
receiving TH enabled the early prediction of neurological out-
come. Based on these results, a TTNT within 24 hours after 
ROSC was associated with good neurological outcome. The 
lack of CNV development within 36 hours and the occurrence 
of SE or BS within 72 hours after ROSC contributed to the 
prediction of poor neurological outcome. The combination of 
these negative predictors via aEEG monitoring may improve 
their prognostic performance at an earlier stage.
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None.
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Clinical Perspective
Continuous electroencephalography can be used to monitor the postischemic brain after cardiac arrest. However, this 
technique requires experienced specialists for application and interpretation and is often unavailable. Amplitude-integrated 
electroencephalography provides a simplified and, therefore, more readily available brain function–monitoring tool for not 
only perinatal hypoxic-ischemic encephalopathy in neonates, but also cardiac arrest in adults. In neonates, the time from 
birth to a normal amplitude-integrated electroencephalography background was the best predictor of poor neurological 
outcome. In this study, we found that the time from the return of spontaneous circulation to a normal amplitude-integrated 
electroencephalography trace within 24 hours was associated with good neurological outcome in patients who survived 
for 72 hours after successful resuscitation from cardiac arrest. We also show that the lack of normal trace development 
within 36 hours and the occurrence of burst suppression or status epilepticus contributed to the prediction of poor outcome. 
Importantly, the combination of these negative predictors reduced the time to prognostication. Based on early amplitude-
integrated electroencephalography monitoring, patients could be categorized early according to the degree of brain injury. 
Thus, future studies should continue to define patient subgroups and should evaluate the benefit of tailored therapies for 
each patient’s brain injury.
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