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Abstract

Objective—To determine a) whether early electroencephalographic (EEG) background features
were associated with survival and neurologic outcomes among children resuscitated from cardiac
arrest and not treated with therapeutic hypothermia and b) if addition of EEG background to
commonly used clinical criteria is more predictive of outcome than clinical criteria alone.

Design—Retrospective study.

Setting—Pediatric intensive care unit and Cardiac Intensive Care Units of a tertiary children’s
hospital.

Patients—Patients resuscitated from in-hospital or out-of-hospital cardiac arrest who underwent
clinically indicated EEG monitoring and were not treated with therapeutic hypothermia.

Interventions—None

Measurements and Main Results—One-hundred twenty-eight patients underwent EEG
monitoring within one day of return of spontaneous circulation (ROSC). Background category was
normal in 4 subjects (3%), slow-disorganized in 58 subjects (45%), discontinuous - burst-
suppression in 24 subjects (19%) and attenuated-flat in 42 subjects (33%). Forty-six subjects
(36%) had a reactive EEG. Twenty subjects (15%) had a seizure during EEG monitoring. Absence
of reactivity (p<0.001) and seizures (p=0.04) were associated with worse EEG background
category. After controlling for covariates, for each incrementally worse background score, the
odds of death was 3.63 (95% ClI: 2.18, 6.0, p<0.001) and the odds of unfavorable neurologic
outcome was 4.38 (95% ClI: 2.51, 7.17, p=0.001).

Conclusions—Worse EEG background early after resuscitation from both in-hospital and out-
of-hospital cardiac arrest is associated with increased odds of death and unfavorable neurologic
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outcomes at hospital discharge. These EEG background patterns may be used in addition to
clinical criteria to support prognostic decision making.
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Introduction

Methods

More than 10,000 children experience a cardiac arrest each year in the United States (1-4).
Survival rates are 10-44%, and many survivors have unfavorable neurologic outcomes that
impact quality of life (1-7). When children have initial return of spontaneous circulation
(ROSC) post-cardiac arrest, families and clinicians desire useful prognostic information to
guide appropriate care, yet neuroprognostication based on clinical findings in the first 24
hours is problematic. In addition, aggressive post-cardiac arrest supportive care and
innovative interventions have been proposed to impact outcomes. Accurate stratification of
severity of neurologic injury early after resuscitation is important for rigorous evaluation of
post-cardiac arrest care interventions (8-13).

Continuous electroencephalography (CEEG) is recommended to monitor patients following
cardiac arrest to identify non-convulsive seizures (14, 15). In heterogeneous cohorts of
critically ill children, longer durations of electrographic seizure exposures are common and
have been associated with worse outcomes (16-19). These data suggest that seizure
identification and management might mitigate secondary brain injury and improve
neurobehavioral outcomes. Furthermore, a number of small studies indicate EEG data may
provide prognostic information which can help guide management decisions (20-28).
Among neonates with hypoxic-ischemic brain injury, EEG data obtained using amplitude
integrated EEG (aEEG) are associated with 18 month neurologic outcome and have been
used to stratify severity of neurologic injury to guide treatment, but this type of brain injury
severity stratification has not been evaluated in non-neonatal children (29, 30).

We had two aims in this study of consecutive children resuscitated from cardiac arrest
managed without therapeutic hypothermia. First, we aimed to determine whether specific
EEG features were predictive of short term outcome. We hypothesized that children with
EEGs that were unreactive or abnormal (i.e., slow-disorganized, discontinuous-burst
suppression, attenuated-flat) would have unfavorable short-term outcomes compared to
those whose EEGs were reactive or normal. Second, we aimed to determine whether a
prediction model based on commonly used clinical data by intensivists that also incorporated
EEG data would have better predictive ability than a model using clinical data alone. We
hypothesized that incorporation of EEG data would allow better prognostication.

We performed a retrospective study of infants and children treated in the Pediatric Intensive
Care Unit (PICU) of a single tertiary care referral hospital between January 2010 and
September 2013 who underwent clinically indicated cEEG after resuscitation from in-
hospital cardiac arrest (IHCA) or out-of-hospital cardiac arrest (OHCA) and were not treated
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with therapeutic hypothermia. Our post cardiac arrest standard is to treat patient with
controlled normothermia. This study was approved by the Children’s Hospital of
Philadelphia Institutional Review Board.

Consistent with recent guidelines (31) and consensus statements (14), clinical practice at our
institution is to perform cEEG in all patients with encephalopathy following resuscitation
from cardiac arrest to identify electrographic seizures. Encephalopathy post cardiac arrest
was defined as any patient who was not at their neurologic baseline with our without
continuous sedatives. Long-term monitoring was performed using a Grass-Telefactor video-
EEG system. Twenty-one gold-over-silver scalp surface electrodes were positioned
according to the international 10-20 system and affixed with collodion adhesive. EEG data
were acquired on a portable bedside computer networked to the hospital’s EEG server. EEG
monitoring is initiated urgently (24/7 coverage) with interpretation provided by the
encephalography service and management by the PICU and Neurology Consultation
services.

Clinical and cEEG data were collected by chart review using the institution’s electronic
medical record system. Clinical data consisted of prospectively defined demographic
variables, cardiac arrest characteristics, post-cardiac arrest care variables, EEG data and
outcomes. EEG reports were reviewed by one electroencephalographer to convert the text
reports into categorical data because large EEG files are not routinely stored after patient
discharge. The initial EEG background within the first 12 hours of EEG initiation was
categorized as normal, slow-disorganized, discontinuous-burst-suppression, or attenuated-
flat. Because some clinical electroencephalographers use the terms “flat” on cEEG and
attenuated interchangeably, we combined attenuated and flat into one category. Background
EEG features of continuous, discontinuous, burst suppression and flat have previously been
shown to have substantial agreement on a 30 minute EEG (32), but have not been evaluated
on longer segments of continuous EEG monitoring. Reports were then reviewed for changes
in background EEG features over the time the patient was monitored. Data were recorded as
EEG background pattern change versus no change. If there was a change from the initial 12
hours of background to final documented background, then patients were classified as
improved or worsened. The EEG was also scored regarding the presence or absence of
reactivity during the first 12 hours during periods without seizures based on EEG response
to bedside care or tactile stimulation. Finally, the entire EEG record was scored as no
seizures, electrographic seizures, or electrographic status epilepticus.

Standard treatment post arrest in our ICU does not include the use of prophylactic anti-
seizure medications. Both convulsive and non-convulsive seizures are treated with anti-
seizure medications based on recommendations with our ICU neurology consult service,
usually benzodiazepines, levetiracetam, phenytoin, and phenobarbital. Benzodiazepine
infusions are often used to treat seizures or for sedation for post arrest care.

Outcomes were mortality and unfavorable neurologic outcome assessed at hospital
discharge. Unfavorable neurologic outcome was defined as a Pediatric Cerebral Performance
Category (PCPC) score of 3, 4, 5, 6 or a change from baseline = 1 (9). The PCPC is a
validated six-point scale categorizing degrees of functional impairment. PCPC categories are
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1 =normal, 2 = mild disability, 3 = moderate disability, 4 = severe disability, 5 = coma and
vegetative state, and 6 = death (33). The pre-admission PCPC score was estimated based on
information in the medical record provided by parents/guardians or prior medical visits
included in the electronic medical record. The PCPC score at hospital discharge was
determined by chart review.

Summary statistics are reported as medians and interquartile ranges (IQR) for continuous
data and counts and proportions for categorical data. The association of each variable with
mortality or neurologic outcome was examined using chi-square or Fisher’s exact tests for
categorical variables and Wilcoxon’s rank-sum or Kruskal Wallis tests for continuous
variables.

Background category was found to have a linear association with log odds of the outcome
and therefore was evaluated as a continuous variable in the multivariable model. We present
the Lowess curve in Figure 1. Chi-squared analysis and multivariable logistic regression
were used to test the association between background category and outcomes. Variables with
p<0.2 in univariable analysis were eligible for inclusion in the final logistic regression
model. Doses of epinephrine and duration of CPR were a priori covariates included in the
model because of their known associations with outcomes. If the introduction of a variable
into the model did not change the association between background pattern and the outcome
by at least 10%, then the variable was determined not to be a confounder and was removed
from the model. Variables trialed in the model for death were seizure category, reactivity,
benzodiazepine infusion, and initial rhythm. Variables trialed in the model for neurologic
outcome were reactivity score, seizure category, arrest location, initial rhythm, and arrest
cause. Epinephrine doses was collinear with duration of CPR and therefore only epinephrine
doses was included in the model. Because only 43 patients had a documented serum lactate
level within the first 6 hours of resuscitation, lactate level was not included in the regression
model.

Finally, in a separate analysis, we performed a classification analysis to compare the c-
statistics (area under the curve (AUC)) from the receiver operating characteristic curve
(ROC) analyses to evaluate whether the prognostic impact of cardiac arrest variables
commonly used by ICU clinicians (arrest location, number of doses of epinephrine
administered, witnessed status and initial rhythm) for outcomes was improved with the
addition of EEG background category. We report the c-statistic for each model as well as the
comparison of the c-statistics for these models to determine if the c-statistics differed
statistically between the models (34). These models are reported in a separate Table. All
statistics were performed on Stata 13.0 (College Station, TX).

One-hundred twenty-eight children were evaluated. Seventy eight patients (60%) had an

IHCA. The median age was 2.6 [0.4, 10.7] years. Fifty-two (40%) subjects were male. The
median PICU length of stay was 14 [5, 37] days and the median hospital length of stay was
20 [6, 49] days. Subject characteristics are provided in Table 1. Baseline PCPC scores were
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normal in 85 (66%), mild disability in 19 (15%), moderate disability in 7 (5%), severe
disability in 6 (4%).

All EEG recordings were initiated within one day of ROSC, and 65% were initiated on the
same day as ROSC. The median cEEG duration was 2 [1, 3] days. EEG characteristics are
provided in Table 1. The EEG background category was normal in 4 subjects (3%), slow-
disorganized in 58 subjects (45%), discontinuous - burst-suppression in 24 subjects (19%)
and attenuated-flat in 42 subjects (33%).

Twenty one patients (16%) had a change from their initial EEG background: 7 with an initial
slow-disorganized, 11 discontinuous-burst-suppression and 2 attenuated-flat. All patients
with a normal initial EEG background had no change. Of the 7 patients with an initial slow-
disorganized background, 5 improved to normal; 4 survived with a favorable neurologic
outcome and 1 survived with an unfavorable neurologic outcome. Two of the 7 patients had
worsening of their background: 1 to a discontinuous - burst-suppression pattern and 1 to
attenuated-flat; both survived with unfavorable neurologic outcome. Of the 11 patients who
had an initial discontinuous - burst-suppression background, 7 improved to slow-
disorganized; one died, 4 survived with a favorable neurologic outcome and 2 survived with
an unfavorable neurologic outcome. Four of the eleven worsened, became attenuated- flat
and all four died. Of the three patients who were initially attenuated-flat, all three improved
to slow-disorganized; two died and one survived with an unfavorable neurologic outcome.

Forty-six subjects (36%) had a reactive EEG. One-hundred and eight subjects (84%) did not
have an electrographic seizure while 20 subjects (16%) had a seizure. Of the 20 subjects
with a seizure, 16 (80%) had status epilepticus. Subjects who seized were more likely to
have a non-reactive EEG than those who did not seize: 2/20 (10%) vs 44/108 (41%), p
=0.01.

During the study 17 patients received phenytoin, 27 received phenobarbital, 22 received
levetiracetam, 1 received valproate and 1 received lacosamide. All 4 patients with seizures
and 15/16 were with status epilepticus treated with at least one anti-seizure medication and 1
patient with seizures and 15/16 with status epilepticus were maintained on a benzodiazepine
infusion. Eight patients had pre-existing epilepsy and 5 were treated with anti-seizure
medications in the post arrest period. Only 1 of them had seizures during this time. Table 1
summarizes clinical characteristics by EEG background categories. Longer duration of CPR,
unwitnessed arrests, OHCA location, cause of arrest, and administration of more doses of
epinephrine were associated with a worse initial EEG background patterns. Subjects with
worse EEG background patterns had higher initial lactate measurements and lower pH
measurements within the first 6 hours of ROSC.

Similar univariable analyses were performed for clinical characteristics by EEG reactivity
(Supplemental Table 2). A reactive EEG was associated with a shorter duration of CPR, less
asystole/pulseless electrical activity (PEA) as a first documented rhythm, fewer administered
epinephrine doses, cause of arrest, a lower post-ROSC lactate and higher post-ROSC pH.
Seizures or status epilepticus were not associated with any arrest variable. Patients who were
in status epilepticus received more benzodiazepine infusion.
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Fifty-four patients (42%) died. Mortality was due to irreversible cessation of neurologic
function (36%), withdrawal of technological support due to severe neurologic injury (26%),
and withdrawal of technological support due to refractory respiratory or cardiovascular
failure (20%). None of these patients had an active Do Not Attempt Resuscitation order at
the time of the initial cardiac arrest. Of those subjects who survived, 55/75 (74%) had a
favorable neurologic outcome. Five patients had a favorable outcome despite an initial
attenuated-flat EEG background. Two of these five patients had severe neurologic
dysfunction pre-arrest, three were treated with benzodiazepine infusions and three required
CPR < 7 minutes. One had pre-existing head trauma and a brief bradycardic arrest. None
had post arrest seizures.

Univariable analyses of clinical and EEG variables and outcomes (mortality and neurologic
outcome) are shown in Table 3. Worse EEG background categories (p<0.001) and absence
of EEG reactivity (p<0.001) were associated with mortality and unfavorable neurologic
outcome. While seizure status was not associated with mortality, it was associated with
unfavorable discharge neurologic outcome.

After controlling for covariates, for each incrementally worse EEG background score, the
odds of death was 3.1 (95% ClI: 1.84, 5.22, p<0.001) and the odds of unfavorable neurologic
outcome was 4.24 (95% ClI: 2.51, 7.17, p=0.001) (Table 4).

Between IHCA and OHCA survivors, there was no difference in seizure prevalence:
10/78(13%) vs 10/50 (20%); p=0.3 or presence of a reactive EEG: 30/78 (38%) vs 16/59
(32%); p=0.57. Subjects who experienced an IHCA were more likely to have a slow and
disorganized background category (55% vs 30%, p= 0.003). There was no difference in
survival to discharge between subjects experiencing an IHCA versus an OHCA (59% vs
56%, p = 0.86); however, more IHCA survivors had a favorable neurologic outcome (50% vs
32%, p = 0.04).

We performed a separate classification analysis for mortality based on clinical variables used
by clinicians to determine outcome specifically including IHCA vs. OHCA location, initial
rhythm, number of epinephrine doses received and witnessed status. The c-statistic for death
was 0.70. The full regression models are presented in Table 5. When we added EEG
background category to the ROC model, the c-statistic for death significantly improved to
0.82 (p=0.004) (Figure 1). When examining neurologic outcome using the same variables,
we found that the same model without EEG background score had an AUC of 0.73 and was
improved with the addition of EEG background category to an AUC of 0.85 (p=0.004)
(Figure 2).

Discussion

This retrospective study of children resuscitated from cardiac arrest who underwent
continuous EEG evaluation showed that worse EEG background categories are associated
with progressively higher odds of death and unfavorable neurologic outcome at hospital
discharge. Furthermore, addition of EEG background data to clinical arrest characteristics
modestly improved the model’s ability to predict mortality and neurologic outcome.
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Interestingly, seizures were present in only 16% of these patients. Status epilepticus was
associated with unfavorable neurologic outcome.

Importantly, no patient with a normal background had an unfavorable outcome, but 5
patients with an initial attenuated-flat background and 7 with an initial discontinuous- burst
suppression background had a favorable outcome. Therefore, while worse EEG background
was associated with worse outcomes, EEG background alone was not a reliable predictor of
outcome.

Our study included a large cohort of consecutive patients with IHCA and OHCA not
managed with therapeutic hypothermia who underwent continuous EEG monitoring. We
evaluated EEG background patterns as progressively worse categories of severity
(continuous, slow-disorganized, discontinuous — burst suppression, and attenuated-flat). The
odds of death for patients increased with each progressively worse EEG background
category. Thus, a subject with a slow-disorganized pattern had 3.1 times higher odds of
mortality than a patient with a normal EEG pattern, whereas a patient with a discontinuous —
burst suppression background pattern had a 9.6 higher odds of death than a patient with a
normal background pattern.

Several cardiac arrest clinical characteristics were associated with worse EEG background
categories. OHCA subjects had worse EEG background patterns such as discontinuous —
burst-suppression and attenuation. This is consistent with OHCA patients who often have
more unwitnessed arrests and longer no-flow times prior to the initiation of CPR which may
lead to more severe brain injury. Worse EEG background patterns occurred in patients who
received longer durations of CPR, received more intra-arrest doses of epinephrine, had
higher rates of asystole and PEA, had higher serum lactate levels and had lower serum pH
levels. These data support that these markers of longer no-flow and low-flow durations as
well more severe end organ ischemic injury were associated with more severe neurologic
injury.

Because clinician prognostication is often multifactorial, including cardiac arrest
characteristics, clinical examination signs, neuroimaging, and EEG data, we performed a
separate classification analysis evaluating prediction models using key arrest characteristics
with outcome (including arrest location, initial rhythm, witnessed status and number of
doses of epinephrine) with models that additively incorporated EEG data. For prediction of
mortality there was a clinically modest statistically significant increase in the AUC from
0.70 (without EEG background category) to 0.82 (with EEG background category). For the
prediction of unfavorable neurologic outcome there was also a clinically modest statistically
significant increase in the AUC 0.73 (without EEG background category) to 0.85 (with
background EEG category). These data indicate that incorporation of EEG data into
prediction models may yield more accurate mortality and discharge neurologic outcome
predictions.

The rate of electrographic seizures in our study was approximately 16% (20/129), and 16/20
subjects (80%) with seizures had electrographic status epilepticus. These data differ from
our previous study evaluating a small cohort of children treated with a standardized
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therapeutic hypothermia protocol and continuous EEG monitoring (15). In that study, the
rate of electrographic seizures was 47% (9/19) of which 67% (6/19) developed
electrographic status epilepticus. It is unlikely that hypothermia caused these seizures, but
more likely the lower prevalence in this current study reflects the more inclusive
standardized cEEG monitoring program for all encephalopathic cardiac arrest patients, thus
removing selection bias. Furthermore, it is possible that standardization and advances in
post-resuscitation care may have decreased secondary neurologic insults and thus decreased
the incidence of seizures. Importantly, electrographic status epilepticus occurred in the
majority of seizing patients. Status epilepticus was associated with worse short-term
neurologic outcome, but seizures and status epilepticus were not independently associated
with mortality.

A previous study of 200 critically ill children managed in our PICU showed that both short-
term and long-term outcomes were worse in the presence of electrographic status epilepticus
but not electrographic seizures (16, 17, 35). A study by Payne et al indicated that increasing
seizure burden was associated with worse short-term neurologic outcomes (19). It remains
uncertain whether electrographic seizure identification and management improves outcomes,
but based on the outcome data discussed above, recent consensus statements recommend
EEG monitoring to identify and manage electrographic status epilepticus (14, 31).

In this study EEG reactivity was highly associated with EEG background category. Notably,
there was a decrease in rates of EEG reactivity with worse EEG background categories.
Furthermore, absence of reactivity was associated with both mortality and worse neurologic
outcome. Similarly, lack of electrographic reactivity to stimulation predicts poor prognosis
in adults treated with therapeutic hypothermia (36—39). Of note, in one of the largest series
involving 111 adults treated with therapeutic hypothermia after cardiac arrest, an unreactive
EEG background was a more sensitive predictor of neurologic recovery than clinical signs
such as motor responsiveness (37) Furthermore, in adults treated with therapeutic
hypothermia after cardiac arrest, bispectral index monitoring scores of zero (reflecting a low
amplitude, featureless, unreactive EEG) predict unfavorable outcome or death (40-42).
However, it is unclear whether this factor is best used alone as a predictor or combined with
other EEG features such as voltage suppression, burst suppression patterns, or generalized
epileptiform discharges in a composite “malignant EEG” categorization (36, 39).

We did not specifically evaluate the impact of evolving background EEG patterns over time
on outcome. While our primary aim was to evaluate the predictive value of early background
EEG, 21 patients did have a change in background over time. Of patients who had an
initially normal background (n=4) or improvement to a normal background (n=5), all but 1
survived with a favorable neurologic outcome. Some patients with initial burst suppression
who had improvement in their background to slow-disorganized had favorable outcomes,
while patients who started off as attenuated-flat and improved all had unfavorable outcomes.

Following neonatal hypoxic ischemic encephalopathy, a normal EEG background at 6 hours
was highly predictive of normal outcomes (43). However, many neonates had improvement
in their background, therefore by 48 hours a normal EEG was less predictive of a normal

outcome, while a persistent abnormal EEG background at 48 hours was highly predictive of
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unfavorable outcomes. Our cohort differs from this neonatal cohort in that mechanisms of
injury are different and timing of injury is known, but the time to the first EEG background
recording was variable. Interestingly, less than 20% of our patients had a change in
background over time, a substantial difference when compared to the neonatal cohort in
whom the background was much more likely to change over time. Our study was further
limited by the retrospective methodology and therefore non-standardized timing of EEG, as
well as the less robust neurological outcome assessments.

The EEG background scoring system we utilized is simple and contained only four
categories. Though patients in this study underwent EEG monitoring, the EEG background
categories used could be obtained in a routine EEG, making this method accessible to
centers without the capacity for continuous EEG monitoring.

Previous studies suggest that clinical, laboratory, imaging, and neurophysiologic data may
be useful prognostically, but none have perfect positive or negative predictive value (44).
Among adults resuscitated from cardiac arrest, several EEG classification systems have been
developed (36, 39, 45, 46) and an American Academy of Neurology report has concluded
that diffuse voltage suppression under 20 microvolts, burst-suppression, and generalized
periodic complexes are strongly but not invariably associated with poor outcome (47).
Furthermore, neonatal data supports the use of EEG background patterns determined on
aEEG within the first 6 hours after delivery to stratify severity of brain injury for both long
term outcome assessment and management (30, 48, 49).

Fewer data are available in children (20, 21). In a small study of 35 children managed with
therapeutic hypothermia after cardiac arrest, we demonstrated that those with backgrounds
scored as unreactive, discontinuous-burst suppression, or lack of discernable cerebral
activity were associated with unfavorable outcomes, both during hypothermia and after
return to normothermia (20). However, in that study we evaluated only children managed
with therapeutic hypothermia and did not account for clinical cardiac arrest characteristics in
assessing outcome.

This study has several limitations. First, we measured only short-term outcome using
mortality and a simple outcome assessment tool (PCPC), and these outcomes may not reflect
long-term neurodevelopmental status. Studies utilizing longer-term and more detailed
neurodevelopmental outcome assessments are needed. Second, all data were collected by
chart review. The initial PCPCs were assessed retrospectively using data from medical
records provided by the children's parents/guardians and discharge PCPCs were assigned by
chart review using available information. EEG data were obtained by review of EEG reports
and not by re-review of EEG tracings, potentially resulting in low inter-rater reliability due
to a large number of EEG readers. The categories we used are broad and commonly applied
by pediatric electroencephalographers, however, inter-rater reliability of these background
categories and EEG reactivity derived from clinical reports is unknown. Despite the “noise”
of inter-rater reliability issues inherent with this observational design, it is remarkable that
progressively worse background EEG patterns were robustly associated with progressively
worse outcomes. Third, we aimed to create a simple interpretation system using only EEG
features available from a standard (i.e., 20-30 minute) EEG recording. However, this
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strategy may have led us to discount important EEG features that might have improved
prediction. Finally, EEG results were known to the clinical teams providing care which may
have influenced decisions to withdraw technological support based on their perceptions of
the association between EEG background abnormalities and the high likelihood of a poor
outcome. To minimize the impact of this problem, unfavorable outcome was defined as a
PCPC of 3, 4, 5, 6 or a change in PCPC = 1 and not only death (PCPC 6) so individual
decisions to withdraw technological support would be less likely to influence outcome
categorization. Whether a family chose to withdraw support or continue support of a child
with severe neurologic injury, the child’s outcome would have been scored as unfavorable.

Conclusions

Worse EEG background, specifically slow-disorganized, discontinuous-burst suppression,
and attenuated-flat, early after resuscitation from both IHCA and OHCA are associated with
increased odds of death and unfavorable neurologic outcomes. These EEG background
patterns may be used in addition to clinical criteria to support prognostic decision making
and appropriate risk stratification.
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Figure 1.
LOWESS curve showing the linear association between background category and log odds
of mortality.
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Figure 2.

Receiver Operating Characteristic Curves for multivariable model association of mortality
with clinical variables: arrest location, initial rhythm, number of epinephrine doses,
witnessed status (1A) and the same model with the addition of early EEG background
category (1B).
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Figure 3.

Receiver Operating Characteristic Curves for multivariable model association of unfavorable
neurologic outcome with clinical variables: arrest location, initial rhythm, number of
epinephrine doses, witnessed status (2A) and the same model with the addition of early EEG
background category (2B).
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Table 4

Multivariable logistic regression for mortality and poor neurologic outcome by Decline in one EEG
Background Category. All variables analyzed in the final model are represented in the table below. CI:
confidence interval; CPR: cardiopulmonary resuscitation, EEG: electroencephalogram; OR: odds ratio

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Mortality OR (95% ClI) p-value
Decline by One EEG Background 3.63 (2.18, 6.0) <0.001
Category
Doses of Epinephrine
0 Reference
1 4.81 (0.9, 25.9) 0.07
2 4.36 (0.79, 23.9) 0.09
>=3 4.89 (1.07,22.2) 0.04
Unknown 8.6 (0.50, 148.7) 0.14
Unfavorable Neurologic Outcome OR (95% CI) p-value
Decline by One EEG Background 4.38 (2.51,7.17) 0.001
Category
Doses of Epinephrine
0 Reference
1 2.36 (0.55, 10.1) 0.25
2 2.43(0.53,11.1) 0.25
>=3 1.78 (0.47,6.7) 0.39
Unknown 8.2 (0.56, 119.2) 0.12
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Table 5

Classification analysis of clinical cardiac arrest variables used by ICU clinicians to predict outcome compared
to those variables with the addition of EEG background. Multivariable logistic regression models for mortality
and unfavorable neurologic outcome with and without EEG Background Category including AUC for each
model. All variables analyzed in the final model are represented in the table below. Cl: confidence interval;
CPR: cardiopulmonary resuscitation, EEG: electroencephalogram; OR: odds ratio

Mortality | OR (95% CI) | p-value | OR (95% CI) | p-value
Out of Hospital Arrest | 0.97 (0.34, 2.7) | 0.96 | 0.68 (0.2, 2.3) | 0.53
Initial rhythm
VFIVT Reference Reference
Bradycardia 1.42(0.28,7.3) 0.67 1.89 (0.31, 11.6) 0.49
PEA/Asystole 3.3(0.75,14.1) 0.12 2.7 (0.54,13.3) 0.23
Unknown 1.6 (0.33,7.9) 0.56 1.1(0.19, 6.5) 0.90
Number of epinephrine
doses
0 Reference Reference
1 3.5(0.73,17.7) 0.11 4.3(0.73, 16) 0.11
2 42(0.87.20.4) | 0.07 4.5(0.73, 28.0) 0.11
>=3 55(1.3,23.3) 0.02 3.9(0.77,19.7) 0.1
Witnessed | 0.52 (0.14, 1.9) | 0.31 | 0.61 (0.2, 2.3) | 0.5
Decline by one EEG 3.7(2.1,6.6) <0.001
background category
AUC (c-statistic) | 0.70 | | 0.82 |
Unfavorable OR (95% CI) | p-value OR (95% CI) p-value
Neurologic Outcome
Out of Hospital Arrest | 2.0(0.71,5.9) | 0.19 | 2.0(0.58,7.4) | 0.27
Initial rhythm
VFENT Reference Reference
Bradycardia 24(05,11.7) 0.8 4.1 (0.68, 25) 0.13
PEA/Asystole 4.7 (1.1,20.2) 0.04 4.8 (0.9, 15.0) 0.06
Unknown 2.7 (0.58, 12.3) 0.2 3.1(0.5, 18.6) 0.22
Number of epinephrine
doses
0 Reference Reference
1 3.7(0.9,15.4) 0.07 3.9(0.73, 20.5) 0.11
2 3.9(0.9,16.1) 0.05 3.0 (0.60, 15.5) 0.18
>=3 43(1.2,15.3) 0.3 2.3(0.52,10.3) 0.27
Witnessed 0.4 (0.09, 1.5) | 0.18 | 0.34 (0.06, 1.9) 0.23
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Decline by one EEG 4.3(2.4,7.6) <0.001
background category
AUC (c-statistic) | 0.73 | | 0.85 |
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