ORIGINAL ARTICLE CopYRIGHT © 2020 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES INC.

Electroencephalography in Predicting
Short-Term Clinical Outcomes after
Cardiac Arrest

Yun Ho Choi, In-Uk Song, Sung-Woo Chung, Taewon Kim

ABSTRACT: Background: Early consciousness recovery after cardiac arrest (CA) is one of the most explicit and self-evident
prognostic factors for clinical outcomes. We aimed to evaluate the prognostic value of electroencephalography (EEG) phenotypes
according to the American Clinical Neurophysiology Society’s Critical Care EEG classification for predicting early recovery after CA.
Methods: Consecutive patients admitted to the ICU after CA were enrolled. We analyzed Glasgow Coma Scale (GCS) score within 10
days after CA and evaluated mortality within 28 days according to EEG pattern subtype. Results: Among the total of 71 patients, 9 had
periodic discharges (PDs) EEG pattern, 4 had rhythmic delta activity (RDA), 8 had spike-and-wave (SW), 22 had low voltage, 5 had burst
suppression, and 23 had other EEG patterns. Initial GCS scores, GCS scores 3 days after CA (or 3 days after targeted temperature
management [TTM]), and 10 days after CA (or 10 days after TTM) were significantly different among EEG subtypes (p < 0.001,
respectively) (Table 2). GCS scores were significantly higher in RDA and the other EEG group compared to the PDs, SW, low voltage,
and burst suppression groups (p < 0.001). Significant group X time interactions were observed for the follow-up period between EEG
phenotypes (p <0.001) demonstrating the most increase in the other EEG pattern group. Conclusions: Consciousness states were
significantly worse in the PDs, SW, burst suppression, and low-voltage groups compared to the RDA and the other EEG pattern within
10 days after CA. The degree of consciousness recovery differed significantly by EEG pattern subtype within 10 days.

RESUME : Recourir a la technique d’électroencéphalographie pour prédire I’évolution 2 court terme de I’état de patients
victimes d’un arrét cardiaque. Contexte : Le fait de reprendre connaissance rapidement a la suite d’un arrét cardiaque (AC) est I’un des
facteurs pronostiques auxquels on songe d’emblée quand il est question de 1’évolution de 1’état clinique de tels patients. Suivant la
classification des soins intensifs de la American Clinical Neurophysiology Society, nous avons ainsi cherché a déterminer la valeur
pronostique des patterns (ou phénotypes) révélés par électroencéphalographie (EEG) afin de prédire dans quelle mesure des patients
peuvent rapidement reprendre connaissance apres un AC. Méthodes : Ont été inclus dans cette étude des patients vus consécutivement
apres avoir été admis dans une unité des soins intensifs. Nous avons analysé€ leurs scores a I’échelle de coma de Glasgow (ECG) dans les
10 jours suivant leurs AC pour ensuite évaluer leurs taux de mortalité dans les 28 jours en tenant compte des différents patterns révélés par
EEG. Résultats : Sur les 71 patients inclus, 9 ont montré une activité renvoyant a des décharges périodiques (periodic discharges) ; 4 ont
montré une activité caractéristique des ondes delta ; 8 ont montré des motifs d’oscillation en pointes-ondes ; 22 ont montré une activité a
basse tension (low voltage) ; 5 ont montré un pattern de suppression des salves (burst-suppression) ; finalement, 23 autres patients ont
donné a voir d’autres patterns d’activité électrique. Les scores initiaux a I’ECG puis ceux obtenus 3 jours apres les AC (ou 3 jours apres
une intervention d’hypothermie thérapeutique) et 10 jours apres les AC (ou 10 jours apres une intervention d’hypothermie thérapeutique)
se sont avérés notablement différents selon les patterns d’activité électrique observés par EEG (p < 0,001, respectivement ; tableau 2).
Ainsi, les scores des patients montrant une activité caractéristique des ondes delta et les scores des 23 autres patients €taient sensiblement
plus €levés si on les compare a ceux des quatre autres groupes (p < 0,001). Enfin, soulignons qu’une association notable entre le facteur
temps et les scores des patients a été observée lors de la période de suivi effectuée par EEG (p < 0,001), I’augmentation la plus importante
étant dans le groupe des 23 patients. Conclusions : Dans les 10 jours suivant un AC, les états de conscience des patients montrant une
activité caractéristique des ondes delta et des 23 autres patients dont les patterns d’activité €lectrique étaient différents se sont révélés
nettement plus satisfaisants si on les compare a ceux des 44 patients des autres groupes. En somme, le degré de rétablissement apres avoir
perdu connaissance varie grandement selon le pattern d’activité €lectrique détecté par EEG au bout de 10 jours.
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INTRODUCTION

Cardiac arrest (CA) often leads to devastating outcomes with
patient failure to regain consciousness mainly attributed to post-
anoxic encephalopathy.' However, some patients regain con-
sciousness in the first few days while others recover after several
months of persistent vegetative state (VS) periods; therefore,
predicting clinical outcomes in the acute phase of postanoxic
encephalopathy is a difficult but important task. For this purpose,
many assessment tools including electroencephalography (EEG),
P300s, and somatosensory evoked potentials, or magnetic reso-
nance imaging (MRI) have been used to inform consciousness
recovery prognoses. EEG has been widely used due to its
portability and availability in the ICU and its ability to measure
brain activity to determine prognosis in postanoxic patients.
Various electroencephalographic patterns including isoelectric,
low voltage, myoclonus with an EEG correlate, a nonreactive
background, or burst suppression have been shown to correlate
with poor prognosis.®™'! Other patterns, such as diffuse slow-
wave activity, were correlated with a better prognosis.'”

Early recovery of consciousness in the first few days after CA
is one of the most explicit and self-evident prognostic factors for
long-term and ultimate clinical outcomes; the failure to regain
consciousness often forces physicians to stand at the crossroads
and decide if the probability of consciousness recovery is favor-
able or not and then determine what therapeutic interventions are
necessary in a patient’s best interests.”'*~!> Despite the impor-
tance of early consciousness recovery, the majority of post-
cardiac resuscitation procedure (CPR) studies have evaluated
long-term prognostic outcomes on the scale of months.

The aim of this retrospective cohort study was to evaluate
the role and clinical implications of EEG for predicting early
recovery of consciousness after CA. The American Clinical
Neurophysiology Society’s (ACNS) Standardized Critical Care
EEG Terminology criteria have been widely used in the critical
care field and it is regarded as the standard EEG classification for
the critically ill patients.'® To this end, we evaluated the associa-
tions between initial EEG patterns and level of consciousness
cross-sectionally. We then evaluated specific EEG patterns with
respect to consciousness state trajectories longitudinally.

MATERIAL AND METHODS
Ethical Approval

All aspects of this study were approved by our Institutional
Review Board, and informed consent was waived because of
minimal risk to subjects.

Subjects and Study Protocol

We examined a cohort of consecutive patients resuscitated
following CA from April 2015 to November 2017 in the intensive
care unit of our tertiary medical center. We excluded those with
arrest due to traumatic brain injury, neurodegenerative disease,
or exsanguination and those transferred to our institution more
than 24 hours after return of spontaneous circulation (ROSC).
Patients were treated with standardized protocols based on their
specific clinical situations. At our institution, all comatose
patients after CA are admitted to the ICU and undergo EEG
upon ICU arrival at an average of 6 hours after ROSC. If clinical
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seizures are suspected or there are subclinical electrographic
seizures on EEG study, EEG monitoring is maintained for several
days for seizure treatment. If initial EEG shows non-epileptiform
discharges or patients do not manifest clinical seizures, we
perform EEG daily for 30 minutes, but this may convert to
continuous EEG anytime if seizures are identified during follow-up.

Patients placed on targeted temperature management (TTM)
are infused with iced saline to obtain a 33°C core body tempera-
ture. Cooling is maintained for 24 hours with a target temperature of
33°C after which we perform rewarming at 0.3°C/h.

Clinical information on age, sex, history of hypertension,
diabetes mellitus, ischemic heart disease, congestive heart failure,
chronic kidney disease, hepatic disease, strokes of any type, and
use of TTM were obtained. In our institution, detailed clinical
evaluations including neurological examination, Glasgow Coma
Scale (GCS) scores, the presence of convulsive seizures, and vital
signs are documented every 2 hours in the ICU.

EEG Recordings and Analyses

We acquired standard EEG recordings with pad electrodes
according to the International 10-20 system for electrode place-
ment with additional subtemporal electrodes (T1/T2). The mini-
mal EEG duration was 30 minutes. Visual EEG analysis was
performed on blinded data by two experienced specialists (IUS
and SWC). Predominant EEG patterns obtained at 3 days after
CA (or at 3 days after TTM) were classified according to the
ACNS Standardized Critical Care EEG Terminology criteria,'®
into periodic discharges (PDs), thythmic delta activity (RDA),
spike-and-wave or sharp-and-wave (SW), low voltage (<20 uV;
including suppressed voltage <10 uV), and burst suppression. If
EEG patterns did not conform to any of the above patterns
including diffuse slow-wave activity or background delta or theta
slow activity, it was classified as other patterns. EEG patterns
which were present in >50% of the record or epoch that included
the pattern were considered predominant (“abundant” and/or
“continuous”) for the purposes of EEG pattern classification.
Because EEG activity may be disturbed or suppressed within
24 hours after CA, even in patients with a good outcome,&m’ls’”’] 8
we analyzed the EEG findings at 3 days after CA (or at 3 days after
TTM) to clear the potential sedation effect.

Assessment of Consciousness Status

Our primary outcome of interest was early recovery of
consciousness documented by repeated clinical examinations
using GCS scores, and our secondary outcome was mortality
within 28 days. (During the period of this study, the active
withdrawal of life-sustaining measures was not allowed in this
country. !9 The law of the withdrawal of life support practices had
been only recently enacted in the year of 2018.) Before perform-
ing assessments of consciousness status in our institution,
we attempt to increase arousals as maximally as possible to
reduce diagnostic error and gain best performance GCS score.
Among the GCS scores documented every 2 hours, we analyzed
the highest GCS scores per day at the day of CA, 3 days after CA
(or at 3 days after TTM), and at 10 days after CA (or at 10 days
after TTM) to evaluate early recovery of consciousness. Clinical
assessments of functional outcomes were performed at 1 month
using modified Rankin scale (mRS scores ranging from 0
[no symptoms] to 6 [death]).zo
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Table 1: Baseline characteristics by EEG subtypes

Low voltage Burst
Total (N=71) PDs (N=9) RDA (N=4) SW (N=8) <20uV suppression Others (N =23) p value
(N=22) (N=5)
Past medical history
Age Mean (SD) 64.1+13.1 68.0 +£14.7 62.3+24.0 60.4+£13.9 61.7+142 66.2+8.8 66.0 £10.2 0.734
Asystole duration (minutes) 17.0+£11.3 16.0£10.2 3.0+£0.0 11.0£11.8 17.5+10.8 224+17.0 17.8 £10.9 0.529
Female Sex 31 (43.7) 6 (66.7) 2 (50) 5(62.5) 11 (50) 1 (20) 6 (26.1) 0.183
Hypertension 27 (38) 1(11.1) 2 (50) 3 (37.5) 9 (40.9) 3 (60) 9 (39.1) 0.532
Diabetes mellitus 18 (25.4) 2(22.2) 2 (50) 0 5(22.7) 3 (60) 6 (26.1) 0.199
Ischemic heart disease 6 (9) 0 1(33.3) 1(12.5) 2(9.5) 1 (20) 14.3) 0.500
Congestive heart failure 5(7.5) 0 0 (0) 0 29.5) 0 3 (13) 0.697
Chronic kidney disease or on 8 (11.3) 1 (11.1) 1 (25) 1 (12.5) 209.1) 0 3 (13) 0.904
dialysis
Hepatic disease 34.2) 0 0 (0) 0 1 (4.5) 0 2 (8.7) 0.808
Stroke of any type 11 (16.7) 1(14.3) 0 (0) 1 (12.5) 6 (30) 1 (20) 2 (8.7) 0.496
Clinical manifestations during admission

Targeted temperature 27 (38) 4 (44.4) 0 (0) 3(37.5) 8 (36.4) 3 (60) 9 (39.1) 0.597
management (TTM)
Convulsive seizure 27 (38) 5 (55.6) 2 (50) 7 (87.5) 6 (27.3) 4 (80) 6 (26.1) 0.199
EEG reactivity to external 21 (29.6) 2(22.2) 2 (50) 3 (37.5) 2(9.1) 0 12 (52.2) 0.020*
stimuli
Lowest mean arterial BP at 65.8+19.1 74.8 101 72.0+20.8 60.9 +14.2 67.1 £16.0 67.0+75 62.7+26.2 0.789
EEG in days
Continuous sedative agents’ 14 (19.7) 1 (11.1) 0 3 (37.5%) 1(4.5) 3 (60) 6 (26.1) 0.036*
Anti-seizure medications* 26 (36.6) 4 (44.4) 0 7 (87.5) 7 (31.8) 3 (60) 5(21.7) 0.010*

Values are mean +standard deviation, median with IQR (interquartile range), and the number of patients (%).
Chi-square test was used for categorical variables and analysis of variance (ANOVA) for continuous variables.
Sedative agents included fentanyl, remifentanil, dexmedetomidine, and propofol.

*Anti-seizure medications included valproate, levetiracetam, topiramate, and phenobarbital.

Statistical Analyses

All statistical analyses were performed using SPSS for
Windows version 13.0 (SPSS Inc., Chicago, IL, USA). Indepen-
dent t-tests were used to compare continuous variables. Pearson’s
chi-squared tests were used to compare categorical variables.
Kruskal-Wallis H test was used to compare ordinal variables.
Values are expressed as means + standard deviations or median
with interquartile range. To assess longitudinal changes in
GCS scores based on specific EEG patterns, repeated measures
analysis of variance (ANOV A) was performed at each time point.
Variables were entered into our models as covariates when
significance levels in univariate analysis were p < 0.20. Statistical
significance was assumed at p < 0.05.

RESuLTS
Baseline Characteristics

A total of 71 consecutive patients after CA were enrolled.
Table 1 shows the clinical and demographic characteristics of the
entire study population and by EEG patterns. The study population
included 31 (43.7%) women, and the mean age was 64.1 +
13.1 years. Hypertension (n =27, 38%) was the most frequent past
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medical history, followed by diabetes mellitus (n=18, 25.4%),
stroke (n = 11, 16.7%), chronic kidney disease or on dialysis (n = 8,
11.3%), ischemic heart disease (n = 6, 9%), congestive heart failure
(n=35, 7.5%), and hepatic disease (n =3, 4.2%).

Among the total of 71 patients, with the analysis of the EEG
findings at 3 days after CA (or at three days after TTM), 9 were
grouped as having a predominant EEG pattern of PDs, 4 were
RDA, eight were SW, 22 were low voltage, 5 were burst
suppression, and 23 were other EEG patterns. In the other EEG
pattern group with 23 subjects, 17 had diffuse delta or theta slow-
wave activity and 6 had background slow activity. The mean
duration of asystole time was 17.0 + 11.3 minutes, and 27 (38%)
patients manifested convulsive seizure for 10 days of follow-up
yet there were no significant differences between all EEG patterns
groups. TTM was applied in 27 (38%) patients, but there were
also no significant differences between each group. However, the
continuous infusion of sedative agents and the use of anti-seizure
medications differed significantly between the EEG patterns
groups. The sedative agents that were used included fentanyl,
remifentanil, dexmedetomidine, and propofol, while continuous
intravenous benzodiazepines were not used in all EEG patterns
groups. The administration of sedative agents was significantly
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Table 2: GCS scores for 10 days follow-up and functional outcome and mortality within 28 days by EEG subtype

Low voltage Burst p Valueby Time (T) effect,
Total _ RDA _ . Others Kruskal- | p value of repeated
~N=71) |PPSON=9f N_y4 |[|SWE=Y (<N2°_ ;;; s“‘glgrfsss;‘m (N=23) | Wallis H | measures ANOVA
B B test of GCS scores
GCS by EEG subtypes
Initial 3 (3-5) 3 (3-3) 7 (4-10) 4 (3-7) 3(3-3) 3 (3-4) 5 (3-6) <0.0017%%* <0.001%*
3 days after CA 3 (3-8) 3 (3-8) 8 (5-14) 3 (3-6) 3(3-3) 3(3-3) 9 (6-14) <0.001%#*
(or 3 days after TTM)
10 days after CA 5 (3-11) 3 (3-3) 10 (5-15) 4 (3-7) 3 (3-5) 3 (3-4) 11 (7-14) <0.001%*
(or 10 days after TTM)
Interval changes for 10 days 1 (0-5) 0 (0-5) 3 (1-6) 0 (-2-4) 0 (0-2) 0 (0-1) 6 (3-9) <0.001%*
Group (G) effect, p value <0.001%** <0.001**(G X T
of repeated measures ANOVA interaction, p value)
of GCS scores
Early mortality and functional outcome by EEG subtypes
Death within 28 days, n (%) 21 (29.6) 2 (22.2) 0 (0) 2 (25) 10 (45.5) 2 (40) 5(2L.7) 0.348
mRS 4 5 (3-6) 5(2-5) 5 (1-6) 5 (0-6) 5 (5-6) 4 (0-6)

Values are mean +standard deviation, median with IQR (interquartile range), and the number of patients (%).

Chi-square test was used for categorical variables and analysis of variance (ANOVA) for continuous variables.

Group (G) effect, Time (T) effect, and G X T interaction were analyzed by repeated measures ANOVA (gray-colored columns and rows) adjusted by the
cofounding covariates: EEG reactivity to external stimuli and the use of sedative and anti-seizure medications.

prevalent in the burst suppression group (n =3, 60%). The anti-
seizure medications that were administered were valproate, leve-
tiracetam, topiramate, and phenobarbital and were used most
frequently in the SW group (87.5%). There was also a significant
difference in the reactivity to external stimuli on EEG between
the EEG patterns groups. The reactivity was most frequently
observed in the other EEG groups (52.2%).

In laboratory tests, the mean values for white blood cell count
(13.8 £ 6.1 x 103/ul), C-reactive protein (124.5 + 53.6 mg/1), blood
urea nitrogen (33.5 +24.3 mg/dl), creatinine (1.5 + 1.3 mg/dl),
aspartate aminotransferase (143.7 +259.5 U/l), and alanine amino-
transferase (113.9 + 188.5 U/l) were elevated above the normal
reference ranges, yet these did not differ significantly between each
EEG pattern group.

Association between Initial EEG Patterns and GCS Scores by
Kruskal-Wallis H test

Initial GCS scores, GCS scores 3 days after CA (or 3 days
after TTM), and 10 days after CA (or 10 days after TTM) were
significantly different among EEG subtypes (p < 0.001, respec-
tively) (Table 2). Initial GCS scores were significantly higher
in RDA and the other EEG group compared to the PDs, SW,
low voltage, and burst suppression groups (p < 0.001), and these
differences maintained throughout the 10-day follow-up
(p<0.001). The interval change of the GCS scores during
the 10-day follow-up was highest in the other EEG group
(p <0.001). Figure 1 and Supplementary table show the changes
of GCS scores and the daily GCS scores within 10 days after
CA by each specific EEG patterns.
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Group and Time Effect of EEG Patterns on GCS Scores by
Repeated Measures ANOVA and Evolution of EEG Patterns

Gray-colored columns and rows in Table 2 show the effects by
each specific EEG pattern group (the intergroup effect), time
(from 3 days after CA to 10 days after CA: the intra-group effect),
and the group X time interactions (reflecting whether there was a
significant influence of specific EEG patterns on temporal
changes in GCS scores) adjusted by the confounding covariates
including EEG reactivity to external stimuli and the use of
sedative and anti-seizure medications.

Significant group X time interactions were observed for the
follow-up period (p < 0.001), suggesting that there was signifi-
cant impact of specific EEG patterns on temporal changes in GCS
scores for 10 days. The GCS scores increased the most in the
other EEG pattern group and the least in the PDs, low voltage,
burst suppression, and SW EEG pattern groups (p < 0.001 by
Kruskal-Wallis H test). There were also significant group and
time effects of EEG pattern (p < 0.001).

During the follow-up period, other EEG patterns different
from the initial predominant EEG patterns were observed in
26 (33.8%) patients. The PDs group had been accompanied by
SW and/or RDA patterns subsequently (n =3, 33.8%). The SW
group had been accompanied by RDA and PDs (n =3, 37.5%).
Five (22.7%) patients in the low-voltage group had RDA
concomitantly. The burst suppression group had been accom-
panied by EEG seizure (polyspike and wave complex in
2 Hz frequency) in one (20%) patient. Fourteen (60.9%) patients
in the other EEG pattern group had a concomitant RDA
pattern.
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Figure 1: Changes in GCS within 10 days after CA by each EEG subtype.

Early Mortality and Functional Outcomes at One Month by
EEG Subtype

A total of 21 (29.6%) patients died within 28 days after CA
(Table 2). This early mortality was highest in the low-voltage group
(45.5%) followed by the burst suppression (40%), SW (25%), PDs
(22.2%), others (21.7%), and RDA (0%) groups. However, there
were no statistically significant differences among groups. All groups
had severe disability (mRS 4-5) at 1 month.

DiscussioN

In this study, we showed the significant impact of specific
EEG patterns on temporal changes in GCS scores for 10 days
(group X time interactions). Initially, specific EEG patterns were
independently associated with an early consciousness state within
10days (group effect). This significant association mainly
resulted from the findings that the PDs, SW, low voltage, and
burst suppression EEG pattern groups showed a significantly
decreased initial consciousness state compared to the RDA and
the other EEG pattern groups. Most of the early recovery of
consciousness occurred within 3 days after CA and afterward
recovery was modest. This suggests that EEG patterns may
predict both an early consciousness state and the extent of the
recovery degree within 10 days.

Most studies investigating post-CPR have evaluated long-
term outcomes such as neurologic outcome at several months or
survival to hospital discharge.>®*' This study focused on early
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recovery of consciousness within 10 days, and in this regard,
we evaluated the validity of EEG’s potential usefulness for
predicting early recovery using widely accepted EEG classifica-
tions (the ACNS’s Standardized Critical Care EEG Terminology
criteria) in the ICU for critically ill patients.

Our findings in this study with regard to the association
between EEG patterns and clinical outcomes are consistent with
those of previous studies. Despite their evaluating longer-term
clinical outcomes than were evaluated in this study, our study
also demonstrated that PDs, low voltage, and burst suppression
were associated with worse consciousness state within 10 days
of CA.&810:11:2123 Thege results suggest that the poor prognosis
in patients with PDs, low voltage and burst suppression EEG
patterns can be applied to the early acute phase after CA. The
mortality within 28 days was also highest in the low voltage and
burst suppression groups in our study, although not statistically
significant.

Our study has several limitations. Our cohort size was insuf-
ficient to allow a conclusive result. Furthermore, the observa-
tional study design (which was inevitable due to the characteristic
clinical situations of CA) as well as ICU care (where an enormous
number of confounding factors may occur and influence clinical
outcomes) combines to make the power of this study weak.
For instance, there were large variances in the standard deviations
of the GCS scores in several groups. However, we could not
identify other factors resulting in the outliers beyond the variables
that were used in the analysis of this study. In addition, the use of
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GCS is one of the limitations of this study. Although GCS is the
most widely used and was developed to describe the level of
consciousness in the ICU, there are significant limitations asso-
ciated with use of this scale,>*?> and recently, many other coma
scales such as the Coma Recovery Scale — Revised (CRS-R)
have been developed to assess level of consciousness with better
test—retest reliability, intra/inter-rater reliability, as well as con-
current validity.®*” Future large sophisticated studies are needed
to confirm these results and help clinicians make more accurate
neurological prognostications.

In conclusion, consciousness states were significantly worse
in PDs, SW, burst suppression, and low-voltage EEG pattern
groups compared to the RDA and the other EEG pattern group
including diffuse slow-wave activity and background delta or
theta slow activity within 10 days after CA. There was also a
significant impact of specific EEG patterns on temporal changes
in GCS scores for 10 days. The GCS scores increased the most in
the other EEG pattern group and the least in the PDs, SW, burst
suppression, and low-voltage EEG pattern groups. Most of
the early recovery of consciousness occurred within 3 days after
CA and afterward recovery was modest.
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