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BACKGROUND
Whether the treatment of rhythmic and periodic electroencephalographic (EEG) 
patterns in comatose survivors of cardiac arrest improves outcomes is uncertain.

METHODS
We conducted an open-label trial of suppressing rhythmic and periodic EEG patterns 
detected on continuous EEG monitoring in comatose survivors of cardiac arrest. 
Patients were randomly assigned in a 1:1 ratio to a stepwise strategy of antiseizure 
medications to suppress this activity for at least 48 consecutive hours plus standard 
care (antiseizure-treatment group) or to standard care alone (control group); standard 
care included targeted temperature management in both groups. The primary out-
come was neurologic outcome according to the score on the Cerebral Performance 
Category (CPC) scale at 3 months, dichotomized as a good outcome (CPC score in-
dicating no, mild, or moderate disability) or a poor outcome (CPC score indicating 
severe disability, coma, or death). Secondary outcomes were mortality, length of stay 
in the intensive care unit (ICU), and duration of mechanical ventilation.

RESULTS
We enrolled 172 patients, with 88 assigned to the antiseizure-treatment group and 
84 to the control group. Rhythmic or periodic EEG activity was detected a median 
of 35 hours after cardiac arrest; 98 of 157 patients (62%) with available data had 
myoclonus. Complete suppression of rhythmic and periodic EEG activity for 48 
consecutive hours occurred in 49 of 88 patients (56%) in the antiseizure-treatment 
group and in 2 of 83 patients (2%) in the control group. At 3 months, 79 of 88 
patients (90%) in the antiseizure-treatment group and 77 of 84 patients (92%) in 
the control group had a poor outcome (difference, 2 percentage points; 95% con-
fidence interval, −7 to 11; P = 0.68). Mortality at 3 months was 80% in the antisei-
zure-treatment group and 82% in the control group. The mean length of stay in 
the ICU and mean duration of mechanical ventilation were slightly longer in the 
antiseizure-treatment group than in the control group.

CONCLUSIONS
In comatose survivors of cardiac arrest, the incidence of a poor neurologic out-
come at 3 months did not differ significantly between a strategy of suppressing 
rhythmic and periodic EEG activity with the use of antiseizure medication for at 
least 48 hours plus standard care and standard care alone. (Funded by the Dutch 
Epilepsy Foundation; TELSTAR ClinicalTrials.gov number, NCT02056236.)
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Rhythmic and periodic electroen-
cephalographic (EEG) patterns that may 
reflect electrographic seizures have been 

reported in 10 to 35% of comatose patients after 
cardiac arrest. Unequivocal electrographic or clin-
ical seizures are infrequent, whereas generalized 
periodic discharges are common in these pa-
tients1,2 and have generally been associated with 
a poor neurologic outcome.1,3-7 Whether rhythmic 
and periodic EEG patterns should be treated with 
antiseizure medications, with the goal of improv-
ing the neurologic outcome, is unclear.8,9

Uncertainty about the efficacy of treatment 
has been reflected in surveys showing that ap-
proximately one third of neurologists use a step-
wise antiseizure-medication strategy to suppress 
epileptiform EEG activity in nonconvulsive sta-
tus epilepticus and status epilepticus, one third 
use these medications in a nonstandardized way, 
and one third do not use antiseizure medications 
because of presumed futility of improving the 
neurologic outcome.10,11 It has been suggested 
that the effects of antiseizure medication depend 
on the specific EEG pattern being treated.4,5,7

We conducted the Treatment of Electroen-
cephalographic Status Epilepticus after Cardio-
pulmonary Resuscitation (TELSTAR) trial to 
assess whether intensive, stepwise antiseizure 
and sedative treatment to suppress rhythmic and 
periodic EEG patterns detected in continuous 
EEG monitoring would alter the outcomes in 
comatose patients after cardiac arrest. We hypoth-
esized that the use of antiseizure medication 
would reduce the incidence of a poor neurologic 
outcome at 3 months.

Me thods

Trial Design

This trial was a pragmatic, multicenter clinical 
trial with randomized treatment assignments, 
open-label treatment, and blinded end-point eval-
uation at 11 intensive care units (ICUs) in the 
Netherlands and Belgium. Stepwise treatment to 
suppress rhythmic and periodic EEG patterns on 
continuously monitored EEG plus standard care 
was compared with standard care alone in co-
matose patients after cardiac arrest. The trial was 
supported by a grant from the Dutch Epilepsy 
Foundation (NEF14-18), which was not involved 
in trial design or conduct, data analysis, or manu-
script preparation or review.

The trial protocol (available with the full text 

of this article at NEJM.org) was approved by a 
central medical ethics committee and by the 
research boards at each participating center. 
Written informed consent was obtained from 
legal representatives of patients before random-
ization or, from January 10, 2017, was obtained 
in a deferred manner from the patient if possi-
ble, within 24 hours after randomization. Writ-
ten informed consent for follow-up was obtained 
from surviving patients or from legal representa-
tives. An independent data and safety monitor-
ing board analyzed safety when 25%, 50%, and 
75% of the patients had been enrolled and as-
sessed efficacy when 50% of the patients had 
been enrolled.

This trial was an investigator-initiated trial, 
with no commercial involvement. The executive 
committee designed the trial. Members of the 
executive committee and local investigators col-
lected and analyzed the data and wrote the 
manuscript. The authors vouch for the accuracy 
and completeness of the data and for the fidelity 
of the trial to the protocol.

Trial Population

Eligible patients were 18 years of age or older, 
were comatose (Glasgow Coma Scale score, ≤8; 
range, 3 to 15, with lower scores indicating worse 
responses to stimuli) after resuscitation for car-
diac arrest, had continuous EEG monitoring 
started less than 24 hours after the return of 
spontaneous circulation, and had rhythmic or 
periodic activity on EEG. Continuous EEG mon-
itoring was standard practice in all participating 
hospitals, but we did not maintain a case log of 
all patients with cardiac arrest in these units 
during the trial. Rhythmic and periodic EEG 
patterns were defined as periodic discharges, 
rhythmic delta activity, spike-and-wave or sharp-
and-wave EEG patterns, each at a rate of 0.5 Hz 
or more, irrespective of their spatial evolution 
across EEG montages or temporal evolution. The 
minimum duration of continuous activity of these 
patterns for inclusion in the trial was 30 minutes 
or, if intermittent, 5 minutes, recurring at least 
twice at intervals of less than 60 minutes. De-
tailed inclusion and exclusion criteria are listed 
under Additional Methods in the Supplementary 
Appendix (available at NEJM.org).

Trial Interventions

Patients were randomly assigned to receive proto-
col-defined antiseizure medication plus standard 

A Quick Take 
is available at 
NEJM.org
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Table 1. Characteristics of the 172 Patients at Baseline.*

Characteristic
Antiseizure Treatment 

(N = 88)
Control 

(N = 84)†

Demographic characteristics

Median age (IQR) — yr 64 (56–73) 66 (59–74)

Male sex — no./total no. (%) 60/88 (68) 58/83 (70)

Characteristics of cardiac arrest

Location of cardiac arrest — no./total no. (%)

Out of hospital 84/88 (95) 78/83 (94)

In hospital 4/88 (5) 5/83 (6)

Presumed cause of cardiac arrest — no./total no. (%)

Cardiac 70/88 (80) 64/83 (77)

Other 9/88 (10) 14/83 (17)

Unknown 9/88 (10) 5/83 (6)

Bystander-witnessed cardiac arrest — no./total no. (%) 62/88 (70) 53/83 (64)

First monitored rhythm — no./total no. (%)

Shockable 51/85 (60) 58/81 (72)

Nonshockable 34/85 (40) 23/81 (28)

Median time from cardiac arrest (IQR) — min

To start of basic life support 5 (1–8) 5 (3–10)

To return of spontaneous circulation 16 (10–30) 19 (12–25)

Clinical characteristics at randomization

Median APACHE IV score (IQR)‡ 103 (76–119) 106 (87–119)

Nystagmus — no./total no. (%) 2/65 (3) 4/61 (7)

Myoclonus — no./total no. (%) 50/82 (61) 48/75 (64)

Standard care — no./total no. (%)

Targeted temperature management, 33°C 21/88 (24) 20/83 (24)

Targeted temperature management, 33–36°C 67/88 (76) 63/83 (76)

EEG monitoring

Median time from return of spontaneous circulation to start of  
continuous EEG monitoring (IQR) — hr

15 (9.4–19.2) 12 (6.9–17.7)

Median time from resuscitation to onset of RPP (IQR) — hr 36 (27.4–43.3) 33 (25.4–43.9)

EEG pattern at randomization — no./total no. (%)

Generalized periodic discharges, 0.5–2.5 Hz 68/88 (77) 67/83 (81)

Electrographic seizures, ≥2.5 Hz 9/88 (10) 8/83 (10)

Evolving patterns, 0.5–2.5 Hz§ 2/88 (2) 3/83 (4)

Other rhythmic or periodic patterns, 0.5–2.5 Hz 9/88 (10) 5/83 (6)

Background continuity of EEG at start of RPP — no./total no. (%)

Continuous 56/88 (64) 40/83 (48)

Discontinuous 19/88 (22) 29/83 (35)

Suppressed 13/88 (15) 14/83 (17)

Somatosensory evoked potential — no./total no. (%)

Evoked potential measured 61/88 (69) 60/83 (72)

N20 bilaterally absent¶ 20/61 (33) 17/60 (28)
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care (antiseizure-treatment group) or standard 
care alone (control group) with the use of the 
Web-based service ALEA (Clinical Trial Center 
Maastricht, the Netherlands) in a 1:1 ratio with 
permuted blocks (block size, 4 to 10) stratified 
according to center. The antiseizure intervention 
consisted of a stepwise treatment strategy with 
the intent of completely suppressing rhythmic and 
periodic EEG activity on continuous EEG moni-
toring. Standard care was left to the discretion 
of the treating physicians but generally followed 
European guidelines and included targeted tem-
perature management in both trial groups.12

In the antiseizure-treatment group, treatment 
of rhythmic and periodic EEG patterns was based 
on international guidelines for the treatment 
of status epilepticus.13-15 Step 1 was a first anti-
seizure drug plus a first sedative agent (usually 
midazolam or propofol), step 2 was a second 
antiepileptic drug plus a second sedative agent, 
and step 3 was a high-dose barbiturate; all 
medications were administered intravenously. Per-
mitted antiseizure medications were phenytoin, 
valproate, and levetiracetam. Because no anti-
seizure or sedative drug has been proven supe-
rior to another in improving outcomes after 
status epilepticus, medications were chosen by 
the treating physician in the doses and infusion 
rates as indicated in the protocol.16 The treat-
ment flow chart is available in the Supplemen-
tary Appendix under Additional Methods.

The goal of antiseizure treatment was to sup-
press all rhythmic and periodic EEG activity for 

at least 48 consecutive hours (defined as >90% 
of activity suppressed). Each subsequent step was 
taken as soon as possible when the previous step 
failed to suppress all this activity. There was no 
obligation to induce burst suppression on EEG. 
In the antiseizure-treatment group, treatment was 
started within 3 hours after detection of rhyth-
mic and periodic EEG patterns. Treatment was 
guided by a neurologist or clinical neurophysi-
ologist who analyzed the EEG findings and ad-
justed or changed medication according to the 
protocol in consultation with the ICU physician. 
Treating physicians were allowed to follow local 
protocols for treatment of seizurelike activity, 
provided that these were in line with the overall 
stepwise approach. If rhythmic and periodic EEG 
patterns returned after 48 hours with the use of 
at least two antiseizure medications, the deci-
sion to prolong antiseizure treatment was left to 
the discretion of the treating physician. In the 
control group, physicians were allowed to pre-
scribe sedative medication if needed for mechan-
ical ventilation or to suppress clinically manifest 
myoclonus, irrespective of the EEG findings; 
additional use of antiseizure drugs was discour-
aged in the control group.

In both groups, decisions regarding limitation 
or withdrawal of treatment were based on Dutch 
guidelines, which were derived from the Euro-
pean guidelines at the time we started the trial.17 
Withdrawal of treatment could be considered 
during normothermia and while the patient was 
not receiving sedation if there was incomplete 

*	�Patients in the antiseizure-treatment group received intensive antiseizure treatment plus standard care, and patients in 
the control group received standard care alone. Percentages may not total 100 because of rounding. Regarding charac‑
teristics for which median and interquartile range (IQR) are shown, the numbers of patients with missing data were as 
follows: age, 0 in the antiseizure-treatment group and 1 in the control group; time from cardiac event to start of basic 
life support, 22 and 18; time from cardiac arrest to return of spontaneous circulation, 26 and 22; Acute Physiology and 
Chronic Health Evaluation (APACHE) IV score, 17 and 18; time from return of spontaneous circulation to start of con‑
tinuous electroencephalography (EEG), 0 and 1; and time from resuscitation to onset of rhythmic and periodic pattern 
(RPP), 0 and 1.

†	�One patient in the control group gave consent for inclusion in the analysis of the primary outcome but not in any other 
analyses.

‡	�APACHE IV scores range from 0 to 71, with higher scores indicating greater disease severity with a higher risk of death 
in the short term.

§	� Evolving patterns indicate at least two unequivocal, sequential changes in frequency, morphologic characteristics, or lo‑
cation defined as follows: evolution in frequency was defined as at least two consecutive changes in the same direction 
by at least 0.5 Hz (e.g., from 2 to 2.5 to 3 Hz or from 3 to 2 to 1.5 Hz); evolution in morphologic characteristics was defined 
as at least two consecutive changes to new morphologic characteristics; and evolution in location was defined as sequen‑
tially spreading into or sequentially out of at least two different locations in the standard 10–20 system of electrode place‑
ment that was used in nine hospitals and in a 10-electrode configuration used in two hospitals. The two consecutive 
changes had to be in the same category (frequency, morphologic characteristics, or location) to qualify.

¶	�N20 indicates cortical response measured at the scalp as a negative peak at 20 msec after electrical stimulation at the wrist.

Table 1. (Continued.)
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return of brain-stem reflexes and bilateral ab-
sence of somatosensory evoked potentials17; 
however, EEG patterns in the previous 72 hours 
were not taken into account in these decisions.

Trial Outcomes

The primary outcome was neurologic outcome ac-
cording to the score on the Cerebral Performance 

Category (CPC) scale at 3 months, dichotomized 
as a good outcome (CPC score of 1 [no or mild 
neurologic disability] or 2 [moderate disability]) 
or a poor outcome (CPC score of 3 [severe dis-
ability], 4 [coma], or 5 [death]).18 These scores 
were obtained at 3 months after admission by a 
standardized telephone interview conducted by 
an investigator who was unaware of the trial-

Table 2. Antiseizure Treatment and EEG Response.*

Variable
Antiseizure Treatment 

(N = 88)
Control 

(N = 84)†

no./total no. (%)

Treatment details

Intensive antiseizure treatment started 88/88 (100) 0/83

Intensive antiseizure treatment continued after 24 hr‡ 54/88 (61) 0/83

No. of antiseizure drugs used

0 0/88 75/83 (90)

1 24/88 (27) 5/83 (6)

2 57/88 (65) 3/83 (4)

≥3 7/88 (8) 0/83

No. of sedative drugs used

0 1/88 (1) 20/83 (24)

1 27/88 (31) 47/83 (57)

2 54/88 (61) 15/83 (18)

≥3 6/88 (7) 1/83 (1)

≥1 Antiseizure drug continued during entire period of ICU admission 85/88 (97) 8/83 (10)

Effect on EEG recordings

Complete suppression of EEG index activity for ≥48 consecutive hr§ 49/88 (56) 2/83 (2)

Complete suppression of EEG index activity for ≥24 consecutive hr 75/88 (85) 10/83 (12)

Suppression of RPPs 0–24 hr after randomization

Complete 64/88 (73) 3/83 (4)

Partial 20/88 (23) 11/83 (13)

None 4/88 (5) 69/83 (83)

Suppression of RPPs 24–48 hr after randomization‡

Complete 60/88 (68) 39/83 (47)

Partial 12/88 (14) 14/83 (17)

None 6/88 (7) 9/83 (11)

No EEG recordings available 2/88 (2) 1/83 (1)

Treatment restrictions during ICU admission

Do not resuscitate 32/88 (36) 36/83 (43)

Withdrawal of life-sustaining treatment 68/88 (77) 65/83 (78)

*	�Percentages may not total 100 because of rounding. ICU denotes intensive care unit.
†	�One patient in the control group gave consent for inclusion in the analysis of the primary outcome but not in any other 

analyses.
‡	�A total of 8 of 88 patients (9%) in the antiseizure-treatment group and 20 of 83 patients (24%) in the control group 

died within 24 hours after randomization.
§	� Suppression of index EEG activity for 48 hours was the goal in the antiseizure-treatment group of the trial.
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group assignments and EEG pattern. Secondary 
outcomes were mortality at 3 months, length of 
stay in the ICU, and duration of mechanical ven-
tilation. Safety outcomes included any serious 
adverse events. Outcomes at 6 and 12 months 
have not yet been analyzed. Treating physicians 
were aware of the trial-group assignments and 
reported serious adverse events to the principal 
investigator by e-mail.

EEG Monitoring

Continuous EEG monitoring was initiated within 
24 hours after resuscitation as part of standard 
care in participating ICUs and continued for at 
least 3 days, until discharge from the ICU or 
until rhythmic and periodic EEG activity was 
extinguished. The standard international 10–20 

system of electrode placement (in nine hospitals) 
or a limited montage with 10 electrodes (in two 
hospitals) was used according to local protocols. 
EEG recordings were checked every 3 hours by a 
neurologist, clinical neurophysiologist, or clini-
cal neurophysiology technician. The diagnosis of 
rhythmic and periodic EEG patterns was made 
by the attending neurologist or clinical neuro-
physiologist. Guidance was given by typical ex-
amples of eligible EEG patterns on our website, 
at yearly meetings to discuss these patterns, and 
on a 24/7 online platform through which we 
were able to exchange EEG information and 
provide advice in real time if requested.

The final classifications of EEG patterns at 
baseline and suppression of activity were deter-
mined by central reading of EEGs by the first 

Table 3. Primary, Secondary, and Safety Outcomes (Intention-to-Treat Population).*

Outcome
Antiseizure Treatment 

(N = 88)
Control 
(N = 84) Measure of Effect†

P  
Value

Calculation Value (95% CI)

Primary outcome

CPC score of 3, 4, or 5 at 3 mo — no. (%) 79 (90) 77 (92) Risk difference   2 (−7 to 11) 0.68

Secondary outcomes‡

CPC score at 3 mo§ Common odds ratio    1.19 (0.56 to 2.53)

CPC score of 2 to 5 at 3 mo — no. (%) 86 (98) 82 (98) Risk difference 0 (−5 to 4)

CPC score of 4 or 5 at 3 mo — no. (%) 71 (81) 70 (83) Risk difference   3 (−9 to 14)

Death at 3 months — no. (%) 70 (80) 69 (82) Risk difference   3 (−9 to 14)

Mean length of stay in the ICU (95% CI) 
— days

8.7 (6.7 to 10.7) 7.5 (5.5 to 9.4)

Mean duration of mechanical ventilation 
(95% CI) — days

7.8 (6.1 to 9.5) 6.6 (4.9 to 8.4)

Serious adverse events until 3 mo

Any serious adverse event — no. (%) 73 (83) 72 (86) Chi-square test 0.62

Death after withdrawal of life-sustaining 
treatment — no./total no. (%)

68/88 (77) 65/83 (78) Chi-square test 0.87

Death, other cause — no. (%) 2 (2)¶ 4 (5)‖ Fisher’s exact test 0.44

Patients with other serious adverse events 
— no. (%)

8 (9) 9 (11) Chi-square test 0.72

No. of other serious adverse events 10 11

*	�Scores on the Cerebral Performance Category (CPC) scale range from 1 to 5, with 1 indicating no or mild neurologic disability, 2 moderate 
disability, 3 severe disability, 4 coma, and 5 death. For mean length of stay in the ICU and mean duration of mechanical ventilation, data 
were missing for one patient in the control group.

†	�Risk difference was defined as the between-group difference (control group minus antiseizure-treatment group) in percentage points.
‡	�For secondary outcomes, there was no prespecified plan for adjustment of the width of confidence intervals for multiple comparisons, and 

no definite conclusions can be drawn from these data.
§	� The between-group difference in the distribution of CPC scores was analyzed with logistic-regression analysis of the ordinal data. The effect 

measure is the common odds ratio from the ordinal logistic-regression model. A value greater than 1 indicates lower CPC scores in the 
antiseizure-treatment group than in the control group.

¶	�Two patients died from a new cardiac arrest.
‖	�Two patients died from a new cardiac arrest, one from coronavirus disease 2019, and one from an unreported cause.
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two and last two authors, who were aware of the 
trial-group assignments. They classified the EEG 
pattern at inclusion as electrographic seizures 
(discharges at ≥2.5 Hz), evolving patterns (0.5 to 
2.5 Hz), generalized periodic discharges (0.5 to 
2.5 Hz), or other periodic patterns (0.5 to 2.5 Hz), 
with continuous, discontinuous, or suppressed 
background activity. They classified the treatment 
effect on the index EEG activity in both groups 
as complete suppression (>90%), partial suppres-
sion (50 to 90%), or no suppression (<50%).

Statistical Analysis

We calculated a sample size of 172 patients: 84 
per group on the basis of a prevalence of a poor 
outcome of 99% derived from uncontrolled co-
horts,19,20 a presumed lower incidence of a poor 
outcome in the antiseizure-treatment group than 
in the control group by 7 percentage points, an 
alpha level of 5%, a beta level of 80%, and one-
tailed testing as well as two additional patients 
per group to compensate for a planned interim 
analysis after 86 patients had been enrolled.21 The 
statistical analysis plan (available with the proto-
col at NEJM.org) was finalized before the data-
base was locked and before data were analyzed.

The primary analysis was a single compari-
son between the two trial groups with regard to 
the dichotomized primary outcome according to 
the intention-to-treat principle, expressed as the 
risk difference (between-group difference in per-
centage points) of a poor outcome, including the 
corresponding 95% confidence interval. The level 
of statistical significance for the difference in 

the primary outcome was P = 0.0429 to accom-
modate a single interim analysis of efficacy that 
used O’Brien–Fleming boundaries.21

Secondary analyses of the primary outcome 
included risk differences of a poor outcome for 
all other dichotomous outcomes on the CPC 
scale, as well as the shift across CPC scores in 
the direction of a better outcome in the anti-
seizure-treatment group, analyzed by means of 
multivariable ordinal logistic regression and ex-
pressed as a common odds ratio. For secondary 
outcomes, between-group differences were ana-
lyzed by means of independent-samples t-tests, 
Mann–Whitney tests, or Fisher exact tests, where 
appropriate. Because there was no prespecified 
plan for adjustment of the widths of confidence 
intervals for multiple comparisons of secondary 
outcomes, no definite conclusions can be drawn 
from these data. There was no prespecified plan 
for the handling of missing data. We performed 
prespecified per-protocol analyses involving all 
patients who received antiseizure drugs as com-
pared with those who did not receiving anti-
seizure drugs. We planned multivariable logistic-
regression analysis to adjust for imbalances in 
baseline prognostic variables between the anti-
seizure-treatment group and the control group, 
if applicable.

Treatment-effect modification was explored in 
prespecified subgroups defined by seizure type 
at inclusion (electrographic seizures, evolving pat-
terns, generalized periodic discharges, or other), 
background continuity at inclusion (continuous, 
discontinuous, or suppressed), and time of onset 
of rhythmic and periodic EEG patterns (≤24 
hours, >24 to <48 hours, or ≥48 hours after the 
return of spontaneous circulation), but the trial 
was not powered for these subgroups. An addi-
tional post hoc exploratory subgroup analysis 
was added according to generalized periodic 
discharges as compared with nongeneralized 
periodic discharges in EEG patterns at inclusion, 
as suggested by findings reported in the litera-
ture.9 All analyses were performed with the use of 
MATLAB software, version 2021a (MathWorks).

R esult s

Baseline Characteristics

Between May 1, 2014, and January 24, 2021, 
continuous EEG recordings were started in 2528 
patients, rhythmic and periodic EEG activity was 
detected in 354, and 172 were included in the 

Figure 1. Cerebral Performance Category Scores at 3 Months (Intention- 
to-Treat Population).

Patients in the antiseizure-treatment group received intensive antiseizure 
treatment plus standard care, and patients in the control group received 
standard care alone. Scores on the Cerebral Performance Category scale 
range from 1 to 5, with 1 indicating no or mild neurologic disability, 2 moder‑
ate disability, 3 severe disability, 4 coma, and 5 death.
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trial, with 88 assigned to the antiseizure-treat-
ment group and 84 to the control group (Fig. S1 
in the Supplementary Appendix). A total of 72 
patients were not enrolled because their EEG 
recordings were not interpreted rapidly enough to 
be included. All included patients had complete 
follow-up at 3 months. There was one interim 
analysis after 86 patients had been enrolled.

The median age of the patients was 65 years 
(interquartile range, 57 to 74), and 118 (69%) 
were men. Rhythmic and periodic EEG patterns 
started at a median of 35 hours (interquartile 
range, 27 to 44) after cardiac arrest, and 98 of 
157 patients (62%) had myoclonus. Approximate-
ly 80% of the patients in both groups had gen-

eralized periodic discharges, and 10% had elec-
trographic seizures. Baseline characteristics were 
similar in the two groups (Tables 1 and S2). The 
representativeness of trial patients is shown in 
Table S1.

EEG Response

All the patients in the antiseizure-treatment 
group and 8 in the control group were treated 
with at least one antiseizure medication. All the 
patients who were assigned to the antiseizure-
treatment group received the intended treatment 
strategy. Complete suppression of paroxysmal 
EEG activity for the 24 hours after randomiza-
tion was achieved in 64 of 88 patients (73%) in 

Figure 2. Subgroup Analyses.

The trial was not powered to analyze subgroups, and these results should be considered exploratory. One patient in 
the control group gave consent for inclusion in the analysis of the primary outcome but not in any other analyses. The 
between-group difference was calculated as antiseizure-treatment group minus control group. Black squares indicate 
point estimates of effects, dotted vertical lines indicate no effect, and solid vertical lines indicate the overall effect 
in the antiseizure-treatment group. EEG denotes electroencephalography, and GPD generalized periodic discharge.
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the antiseizure-treatment group and in 3 of 83 
patients (4%) in the control group. Complete 
suppression of the index EEG activity for 48 
consecutive hours at any time after the start of 
treatment occurred in 49 of 88 patients (56%) in 
the antiseizure-treatment group and in 2 of 83 
patients (2%) in the control group (Tables 2 and 
S3). Suppression for more than 24 hours is 
shown in Table 2. Examples of the rhythmic and 
periodic activity encountered in the trial are 
shown in Figure S4. The typical evolution of 
generalized periodic discharges is illustrated in 
Figure S5: these started with low-frequency ac-
tivity (<0.5 Hz) and gradually evolved toward 
frequencies of discharges that met our trial in-
clusion criteria, on time scales of hours.

Outcomes

At 3 months, 79 of 88 patients (90%) in the anti-
seizure-treatment group and 77 of 84 patients 
(92%) in the control group had a poor outcome 
as defined by a CPC score of 3, 4, or 5 (differ-
ence, 2 percentage points; 95% confidence inter-
val [CI], −7 to 11; P = 0.68) (Table 3). Results were 
similar for per-protocol analyses (Table S4). At 
3 months, 70 of 88 patients (80%) in the anti-
seizure-treatment group and 69 of 84 patients 
(82%) in the control group had died (difference, 
3 percentage points; 95% CI, −9 to 14); however, 
mortality within 24 hours after randomization 
was 9% in the antiseizure-treatment group and 
24% in the control group (Table  3). Survival 
curves are shown in Figure S3. All but one death 
within 24 hours after randomization occurred 
after withdrawal of life-sustaining treatment. 
Two patients in each group had a second cardiac 
arrest; one patient in the control group died 
more than 24 hours after randomization as a 
result of a second cardiac arrest. The distribu-
tion of CPC scores was similar in the two groups 
(common odds ratio, 1.19; 95% CI, 0.56 to 2.53) 
(Fig. 1). The mean length of stay in the IUC was 
8.7 days in the antiseizure-treatment group and 
7.5 days in the control group (Table 3). The inci-
dence of withdrawal of life-sustaining treatment 
was approximately 77% in both trial groups 
(Table 2). The timing of withdrawal of life-sus-
taining treatment ranged from 1 to 33 days after 
ICU admission; in the first 24 hours, withdrawal 
occurred in 2% of the patients in the antiseizure-
treatment group and in 13% of those in the 
control group (Fig. S2).

Safety

The incidence of serious adverse events in the 
overall population was 145 of 172 patients 
(84%); serious adverse events were similar in 
incidence and type in the two trial groups (Ta-
bles 3 and S5). Adverse events of lesser degree 
than serious adverse events, such as hypotension, 
were not systematically recorded.

Exploratory Subgroup Analyses

Visual inspection of subgroup plots (Fig.  2A) 
suggested that for the most common type of 
EEG activity, generalized periodic discharges, the 
antiseizure-treatment group may have had a 
smaller proportion of good outcomes than the 
control group, but the trial was not powered to 
make conclusions from these subgroup results 
and the results are exploratory. Post hoc analy-
ses of outcomes of generalized periodic dis-
charges as compared with all other patterns are 
shown in Figure 2B.

Discussion

In this trial involving comatose patients after 
cardiac arrest who had rhythmic and periodic 
EEG patterns, intensive antiseizure treatment 
adapted from protocols for status epilepticus did 
not result in fewer poor outcomes at 3 months 
than standard treatment. Sedative medications 
were used in both the antiseizure-treatment 
group and the control group to support mechani-
cal ventilation or suppress myoclonus, which may 
have led to cessation of rhythmic and periodic 
EEG activity in the standard-care group that re-
duced the differences in the incidence of EEG 
and clinical outcomes between the two groups. 
The antiseizure intervention was associated with 
a slightly longer length of stay in the ICU and a 
longer duration of mechanical ventilation. Over-
all mortality was 81%, similar to findings in 
observational studies involving patients who 
were comatose after cardiac arrest.5,6,22-25 A total 
of 10% of the patients in the antiseizure-treatment 
group and 8% of those in the control group in 
our trial had a good neurologic recovery.

In a previous observational study, stepwise, 
intensive treatment resulted in a good outcome 
in 16 of 36 patients (44%) with rhythmic and 
periodic EEG patterns other than generalized 
periodic discharges, as compared with none of 
13 patients with generalized periodic discharges.9 
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In our trial, generalized periodic discharges were 
the most common aberrant EEG pattern, present 
in approximately 80% of the patients. As in some 
other studies, generalized periodic discharges 
typically started with low frequencies (<0.5Hz), 
with a gradual evolution toward frequencies that 
met our inclusion criteria over a period of 
hours.3,6 This pattern differs from the usual evo-
lution of seizures in status epilepticus, which is 
characterized by rapid onset of EEG abnormali-
ties, evolving over seconds.26 Data from several 
studies suggest that generalized periodic dis-
charges in postanoxic encephalopathy may be a 
direct expression of severe ischemic brain dam-
age rather than of epilepsy.27,28

Exploratory subgroup analyses suggested that 
there may have been fewer good outcomes with 
the antiseizure intervention in patients with 
generalized periodic discharges than in those 
with other patterns.9 However, no conclusions 
can be drawn from these results, because the 
trial was underpowered for these analyses.

Trial physicians were allowed to decide to 
withdraw antiseizure or life-sustaining treat-
ment after 48 hours of intensive antiseizure 
treatment. Treatment for longer than 48 hours 
has been advocated in the type of patient in-
cluded in the trial.29,30 In the aforementioned 
observational study, the mean duration of treat-
ment was approximately 5 days,9 as compared 
with the mean duration of ICU treatment in our 
antiseizure-treatment group of approximately 
9 days, during which antiseizure medications 
were continued in all the patients in the group.

Strengths of our trial include a prospective, 
randomized design; the use of continuous EEG 
monitoring; and outcome assessors who were 

unaware of the trial-group assignments. Limita-
tions are that mortality within 24 hours was 
higher in the control group than in the anti-
seizure-treatment group, and we cannot rule out 
the possibility that decisions with respect to 
withdrawal of life-sustaining treatment were not 
balanced between the trial groups, which poten-
tially resulted in poorer outcomes in the control 
group. Furthermore, patients in the antiseizure-
treatment group more often received sedative 
medication as part of the antiseizure treatment 
regimen, and withdrawal of life-sustaining treat-
ment may have been delayed in this group. Treat-
ing physicians in the trial were aware of the trial-
group assignments, which may have influenced 
choice regarding medication treatment choices 
and decisions about withdrawal of care. The fi-
nal classification of seizure types and degree of 
suppression of index EEG activity was determined 
by experienced EEG readers who were aware of 
the trial-group assignments. Finally, the wide 
confidence interval around the point estimate 
for the between-group difference in the primary 
outcome cannot rule out benefit or harm of ag-
gressive antiseizure treatment in these patients.

In comatose patients after cardiac arrest with 
rhythmic and periodic EEG activity, intensive 
antiseizure treatment over a period of at least 
48 hours did not improve neurologic outcomes 
at 3 months, but the wide confidence interval for 
the primary outcome may not rule out modest 
benefit or harm.
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