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Abstract
Background—Electroencephalographic (EEG) features may provide objective data regarding
prognosis in children resuscitated from cardiac arrest (CA), but therapeutic hypothermia (TH) may
impact its predictive value. We aimed to determine whether specific EEG features were predictive
of short-term outcome in children treated with TH after CA, both during hypothermia and after
return to normothermia.

Methods—Thirty-five children managed with a standard clinical TH algorithm after CA were
prospectively enrolled. EEG recordings were scored in a standardized manner and categorized.
EEG category 1 consisted of continuous and reactive tracings. EEG category 2 consisted of
continuous but unreactive tracings. EEG category 3 included those with any degree of
discontinuity, burst suppression, or lack of cerebral activity. The primary outcome was
unfavorable short-term outcome defined as Pediatric Cerebral Performance Category score of 4–6
(severe disability, vegetative, death) at hospital discharge. Univariate analyses of the association
between EEG category and outcome was performed using logistic regression.

Results—For tracings obtained during hypothermia, patients with EEGs in categories 2 or 3
were far more likely to have poor outcome than those in category 1 (OR 10.7, P = 0.023 and OR
35, P = 0.004, respectively). Similarly, for tracings obtained during normothermia, patients with
EEGs in categories 2 or 3 were far more likely to have poor outcomes than those in category 1
(OR 27, P = 0.006 and OR 18, P = 0.02, respectively).

Conclusions—A simple EEG classification scheme has predictive value for short-term outcome
in children undergoing TH after CA.

Keywords
Therapeutic hypothermia; Outcome; Pediatric; Hypoxic ischemic encephalopathy; Heart arrest;
Prognosis

Introduction
Early prognostication in children after cardiac arrest (CA) is important for counseling
families and making management decisions. Multiple clinical, laboratory, imaging, and
neurophysiologic features may be useful in outcome prediction, but few have perfect
predictive value [1]. Utilization of electroencephalographic (EEG) features is appealing
since EEG can be performed non-invasively at the bedside and provides objective data about
the functional status of the brain following an acute insult when clinical data are unclear or
unknown. A recent practice parameter addressing outcome prediction in adults after CA
described that several EEG features were useful for prognosis. Myoclonic status epilepticus
on the first day best predicted unfavorable outcome, while diffuse voltage suppression under
20 μV, burst-suppression, and generalized periodic complexes were strongly but not
invariably associated with poor outcome [2]. Several EEG classification systems that group
EEG features into predictive categories have been developed in adults [3–5] and children
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[6], but recent studies suggest these categories may not be as sensitive for outcome
prediction as utilizing component features [7]. Further, a fundamental limitation of EEG-
based prognosis is the uncertain reproducibility of EEG interpretation in critically ill and
comatose patients [8–11]. However, we recently demonstrated that some EEG features in
children with hypoxic-ischemic brain injury have substantial inter-rater agreement [12].

Therapeutic hypothermia (TH) has been shown to improve outcome after CA in adults [13,
14] and hypoxic ischemic encephalopathy in neonates [15–18]. As a result, TH is now being
employed as a neuro-protective strategy in children after CA [19, 20], although efficacy has
not been established in this population. Deep hypothermia is known to profoundly affect
EEG patterns [21]. EEG patterns have also been shown to evolve during the course of
moderate TH [22, 23], possibly as a result of evolving brain injury, temperature modulation,
and sedative medications, or all three synergistically. Further, if TH is neuroprotective, then
EEG prognostic features identified in the era preceding TH utilization may no longer have
the same predictive significance. Prior studies in children who underwent continuous EEG
monitoring (cEEG) during and after TH have demonstrated that electrographic seizures and
electrographic status epilepticus are common [22], but have not addressed prognosis.

We aimed to prospectively determine whether specific EEG features known to have high
inter-rater agreement were predictive of short-term outcome in a consecutive cohort of
children treated with TH after CA, both during hypothermia and after rewarming to
normothermia. We hypothesized that patients whose EEGs lacked reactivity and featured
discontinuous backgrounds would have an unfavorable short-term prognosis compared to
those whose EEGs were reactive and continuous.

Patients and Methods
Children treated in the pediatric intensive care unit (PICU) of the Children's Hospital of
Philadelphia (CHOP) with TH after CA were eligible for enrollment. A standard clinical TH
protocol in which children were surface cooled by a cooling blanket to 34°C for 24 h, and
then slowly re-warmed over 12–24 h [19], was employed. Based on measurements taken
every half hour, subjects were within target temperature range 78% of the time, and were
below target range 15% of the time and were above target range 8% of the time [19]. In
accordance with our clinical pathway, all patients treated with TH underwent continuous
video EEG monitoring during hypothermia (24 h), during re-warming (about 24 h), and
during the 24 h period that followed return to normothermia. The primary aim of EEG
monitoring was to detect electrographic seizures which are common in these children [22].
Continuous EEG monitoring was initiated as soon as the patient was stabilized in the PICU
and was performed by on-call registered EEG technologists. EEG was recorded using a
Grass-Telefactor (West Warwick, RI) 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 networked portable bedside
monitor. The EEG findings were reported to the clinical teams, who were continually
reminded that these EEG findings should not be used for prognosis since little is known
about the potentially additive effects of hypoxic ischemic brain injury, hypothermia, and
sedatives on the EEG.

The parents/guardians of all eligible subjects were approached for consent to allow
subsequent review of EEG and clinical data, and patients were enrolled consecutively to
minimize selection bias. This study was approved by the hospital's Institutional Review
Board.

Kessler et al. Page 3

Neurocrit Care. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



After clinical interpretation during the acute hospitalization, EEG recordings were re-
interpreted in a standardized manner by three neurophysiologists blind to outcome and
clinical information, except for patient age. Inter-rater reliability between these 3
interpretations was high and any disagreements were resolved by consensus reading [12].
For each patient, interpretation was performed on two 30 min epochs. The first epoch was
obtained at the onset of EEG monitoring, as soon as possible after the initiation of
hypothermia. This time-point was chosen because of its potential clinical utility—EEG
features which are predictive at this early time-point may influence early management
decisions or may be used in future studies to stratify patients based on initial brain injury
severity upon enrollment. The second epoch was obtained upon return to normothermia.
This time-point was chosen since it was the earliest time EEG features could be assessed
without any potential influence of moderate therapeutic hypothermia. EEG interpretation
included documentation of the dominant frequency, fastest frequency, representative
voltage, anterior to posterior organization, sleep architecture, reactivity, and continuity.
Separate from the characterization of the background, the tracings were judged for non-
specific focal features, epileptiform discharges, benzodiazepine-induced beta activity,
seizure occurrence, and electrographic seizure morphology and distribution.

The EEG features of continuity and reactivity were chosen a priori to create three EEG
categories. EEG category 1 consisted of continuous and reactive tracings. EEG category 2
consisted of continuous but unreactive tracings. Category 3 consisted of tracings with
discontinuity, burst suppression, or suppressed, low voltage records.

Short-term outcome was determined by a pediatric intensivist (AT) blinded to the EEG data
and not involved in patients’ clinical care at the time that outcome was assessed. Outcome
was determined on discharge from the intensive care unit based on mortality and Pediatric
Cerebral Performance Category score (PCPC) [24]. The PCPC is a validated six-point scale
categorizing degrees of functional impairment. PCPC scores and categories are 1 = normal,
2 = mild disability, 3 = moderate disability, 4 = severe disability, 5 = coma and vegetative
state, and 6 = death. The primary outcome was unfavorable short-term outcome defined as
PCPC score of 4–6.

Descriptive statistics, including means and standard deviations, and medians and ranges, as
appropriate, were used to describe baseline characteristics of the cohort. Univariate analyses
of the association between EEG categories and outcome was performed using logistic
regression. This study was not adequately powered for multivariable regression analyses;
however, the presence of confounding by concomitant medication use was investigated
using multivariable logistic regression. Positive predictive values (PPV) and area under the
receiver operating characteristic (ROC) curve for each EEG category at both time-points are
presented. To evaluate whether there were differences in the predictive ability of EEG
during hypothermic and normothermic conditions, the areas under the ROC curves were
compared using the DeLong method for comparison of two correlated ROC curves [25].
Statistical analyses were performed using STATA Release 10.1 (StataCorp, LP, College
Station, TX).

Results
Patient and Cardiac Arrest Characteristics

Between June 2007 and July 2009, 35 consecutive children underwent TH after CA,
including 20 males and 15 females, with a median age 1.02 years (range 0.18–16.6 years).
Prior to CA, 21 were normal, 9 had a chronic static encephalopathy or other developmental
problem, and 5 had pre-existing medical conditions but were considered
neurodevelopmentally normal. Six (17%) suffered an in-hospital cardiac arrest and 29 (83%)
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suffered an out-of-hospital cardiac arrest. Four (11%) had initial ventricular fibrillation or
pulseless ventricular tachycardia. Duration of cardio-pulmonary resuscitation was unknown
for 12 subjects. For the other 23, the median duration of CPR was 15 min [interquartile
range 6, 21]. Arrest etiologies were asphyxia/ respiratory in 16, drowning in 8, cardiac in 5,
and other in 4 (2 near-SIDS, 1 anaphylaxis, 1 unknown). For 24 subjects with detailed
timing data available, the mean duration between return of spontaneous circulation and
hypothermia (temperature < 34°C) was 7.3 ± 0.2 h and the mean duration between return of
spontaneous circulation and the onset of EEG monitoring (the initial EEG epoch) was 9.3 ±
0.3 h. Twenty-one (60%) survived to hospital discharge.

Eleven subjects with clinically apparent or electrographic seizures were treated with
antiepileptic medications during hypothermia, and an additional four patients received anti-
epileptic medication during normothermia. Medication levels at the time of EEG were not
available in all subjects. No independent association of unfavorable outcome and presence
or absence of antiepileptic medications was found. The majority of patients received
sedating medications for pain: during hypothermia, 26 received fentanyl and 20 received
midazolam; during normothermia, 29 received fentanyl and 23 received midazolam. During
hypothermia, the proportion of patients receiving either of these medications did not differ
between EEG score groups 1, 2, and 3 (Fisher's exact test, P = 0.6 for midazolam and P =
0.07 for fentanyl). During normothermia, significant differences were found, with
midazolam use in 85% of the EEG score 1 group, 54% of the EEG score 2 group, and 22%
of the EEG score 3 group (P = 0.01). However, no independent association of unfavorable
outcome and use of midazolam or fentanyl was found, and in an adjusted model, the
presence of these medications did not appear to be a confounding factor.

EEG Findings
During hypothermia, EEG tracings were reactive in 11, continuous in 21, discontinuous in
10, and attenuated/featureless in 4. Of the 10 discontinuous tracings, 6 had a pattern of burst
suppression. During normothermia, EEG tracings were reactive in 14, continuous in 26,
discontinuous in 5, and attenuated/featureless in 4. Of the 5 discontinuous tracings, 3 were
burst suppression. EEG categories and the proportion of subjects in each category with
unfavorable outcome are shown in Table 1.

EEG Categories and Short-Term Outcome
Tables 2 and 3 summarize the predictive value of the EEG scores for a poor outcome (PCPC
score of 4, 5, or 6) at the time of hospital discharge. For EEG tracings during hypothermia,
patients with a score of 2 were 10.7 times more likely to have a poor outcome than those
with a score of 1 (P = 0.023), and patients with a score of 3 were 35 times more likely to
have a poor outcome than those with a score of 1 (P = 0.004). Similarly, for tracings
obtained during normothermia, patients with a score of 2 were 27 times more likely to have
a poor outcome than those with a score of 1 (P = 0.006), and patients with a score of 3 were
18 times more likely to have a poor outcome than those with a score of 1 (P = 0.018). Only
one patient with a score of 3 during hypothermia and normothermia had a good outcome
according to our outcome definition, but this individual had a PCPC score of 1 at baseline
and 3 after cardiac arrest. The PPV for a poor outcome of a score of 2 or 3 during
hypothermia was 88% (95% CI 77–98%) and the PPV for a poor outcome of a score of 2 or
3 during normothermia was 91% (95% CI 81–100%). The areas under the ROC curve for
scores of 2 or 3 versus a score of 1 on hypothermia and normothermia tracings were
comparable and there was no statistically significant difference between them (0.84 vs 0.82,
P = 0.6), indicating that the predictive value of EEG scores during these two conditions are
similar.
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Differences in outcome between patients in the three EEG groups were also seen when the
outcome was death at hospital discharge. None of the eleven patients who had reactive and
continuous EEGs during hypothermia died prior to discharge; four (40%) of those with
reactive and discontinuous EEG tracings died; and 10(71%) of those with EEGs in the worst
category died (P = 0.001). Similarly, during normothermia, none of the 13 patients with an
EEG score of 1 died; 7(54%) with an EEG score of 2 died; and 7 (78%) with an EEG score
of 3 died (P < 0.001). Because an EEG score of 1 perfectly predicted survival, odds ratios
describing the relationship between EEG score and death were inestimable.

Five patients in this cohort had PCPC scores of 4 at baseline, and thus were in the
unfavorable outcome category prior to cardiac arrest. Of these, three subjects had no change
in PCPC score after CA and two did not survive to discharge (PCPC score of 6). To
understand the impact on our prediction model of the three subjects whose PCPC scores
remained at 4, we repeated our analyses with these individuals excluded. The odds ratios for
unfavorable outcome were larger. During hypothermia, for subjects with EEG score 2, OR
(95% CI) was 14 (1.5–127, P = 0.02) and for subjects with EEG score 3, OR (95% CI) was
48 (3.7–622, P = 0.003). During normothermia, for subjects with EEG score 2, OR (95% CI)
was 33 (2.9–374, P = 0.005), and for subjects with EEG score 3, OR (95% CI) was 21 (1.7–
248, P = 0.016). The difference in odds ratios indicates that any bias introduced by including
subjects with a baseline PCPC score of 4 did not exaggerate, but diminished our estimates.

Twenty-seven patients (77%) did not change EEG categories between the hypothermia and
normothermia assessments. One patient's score worsened from hypothermia to
normothermia, and seven improved. Five of the seven moved from a score of 3 to a score of
2, one moved from a score of 2 to a score of 1, and one moved from a score of 3 to a score
of 1. All but one (the patient with a score of 2 on hypothermia and 1 on normothermia) had
unfavorable outcomes. No statistically significant association between improvement on EEG
score and outcome was found.

Discussion
This prospective study of consecutive children treated with TH after CA establishes that
EEG discontinuity and lack of reactivity predict unfavorable short-term outcome by PCPC
score compared to EEGs that are continuous and reactive. The scoring system devised for
this study has several key advantages. The system is simple, containing only three
categories. Further, the features which define each category, reactivity and continuity, can
be easily assessed at the bedside and continuity interpretation has substantial inter-rater
reliability [12]. Though all patients in this study underwent 24 h EEG monitoring, we
applied this scoring system to 30 min epochs, essentially replicating two routine EEGs,
making this method accessible to centers without the capacity for continuous EEG
monitoring.

In acutely ill patients not treated with TH, EEG background features are known to have
prognostic significance in adults [2, 26] and children [6, 27–33]. Lack of electro-graphic
reactivity to stimulation, the feature which distinguished a score of 1 from 2 in our schema,
also predicts poor prognosis in adults treated with TH [3, 7, 34, 35]. Of note, in one of the
largest series involving 111 adults treated with TH after CA, an unreactive EEG background
was a more sensitive predictor of neurologic recovery than clinical signs such as motor
responsiveness [34]. Similarly, in adults treated with TH after CA, bi-spectral index
monitoring scores of zero (reflecting a low amplitude, featureless, unreactive EEG) predict
unfavorable outcome or death [36–38]. In our study, lack of reactivity (a score of 2 in the
categorization scheme) was highly associated with a poor prognosis, with essentially no
difference between assessments made during hypothermia or normothermia. However, it is
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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 [3, 7].

In adult studies of EEG predictors of outcome after TH, continuity had predictive value [3–
5, 7, 23, 39]. However, while most of the studies described burst-suppression as a predictive
feature, they did not address discontinuity that was not regular and unreactive, and thus not
fully developed burst suppression. Whether the presence of discontinuity during TH is as
reliable a predictor of outcome as discontinuity after rewarming is still unclear, with at least
one study using amplitude integrated EEG showing that patients with initially flat EEGs
may develop continuous tracings during normothermia, and subsequently regain
consciousness [23]. In our study, category 3 defined as lack of continuity on EEG (including
discontinuity and formal burst suppression) during hypothermia or during normothermia,
was highly predictive of poor outcome. While several patients with discontinuity during
hypothermia achieved continuous tracings during normothermia, none had a favorable
outcome.

There is often uncertainty regarding the meaning of EEG features such as discontinuity
during hypothermia, since body temperature is known to impact EEG features. At extremely
low temperatures such as used in deep hypothermic circulatory arrest, the EEG develops a
discontinuous and then isoelectric pattern, but these severe EEG abnormalities are not
reported with the moderate hypothermia temperatures used in TH [21]. We found that using
this categorization system, EEG features were equally predictive during hypothermia and
normothermia. This finding suggests that EEG features predicting unfavorable outcome
have predictive value even during moderate therapeutic hypothermia, and a discontinuous or
unreactive EEG cannot be attributed solely to reduced body temperature.

The current study has several limitations. First, we aimed to create a simple interpretation
system using only features expected to have good inter-reader agreement which could be
assessed during a 30 min recording. However, this strategy may have led us to discount
important EEG features that might have improved prediction. For example, seizures, which
may influence outcome, were not included in the categorization system because their
absence during a 30 min recording may not adequately reflect their absence over a longer
time periods. In a study of 51 comatose adults after CA, 10% of patients had electrographic
status epilepticus, all of whom died [40]. In contrast, another series of six adults with
postanoxic status epilepticus reported that a favorable outcome was possible if they had
preserved brainstem reactions, somatosensory evoked potentials, and EEG reactivity [35].
Thus, seizure occurrence may only have predictive value when used in a multi-modal model
that includes physical examination signs and evoked potentials. The second major constraint
on the current study was the small sample size, which restricted our ability to develop a
more comprehensive prediction model with multiple EEG variables. In addition, our small
sample limited our ability to adjust for factors such as the presence of anticonvulsants or
sedating medications in estimating the association between EEG characteristics and
outcome. However, identifying key EEG features which have significant associations with
outcome is an important first step for planning larger prospective studies, where a greater
number of factors can be incorporated into a predictive model. Changes in critical care
management are likely to occur every several years, and given that CA is rare in children,
multi-center studies are needed to enroll patients quickly enough to avoid the confounding
impact of substantive management changes on outcome. A third limitation was the provision
of clinical care without masking of the EEG results. Despite our admonitions, EEG results
may have influenced caregiver decisions to withdraw care based on their perceptions about
the association between EEG background abnormalities and the high likelihood of a poor
outcome. To minimize the influence of decisions to withdraw technological support, the
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primary outcome encompassed not only death but also severe disability (a PCPC score of 4,
5, or 6). 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.
Finally, we examined only short-term outcomes. Future studies evaluating long-term
outcomes of death, neurologic disability, and significant co-morbidities such as epilepsy will
be important in providing a more comprehensive picture of the clinical course of children
with CA treated with TH.

In summary, our findings represent an important first step in identifying predictors of
outcome which can be reliably measured during hypothermia after cardiac arrest. Our data
indicate that a simple scheme for categorizing EEGs based on reactivity and continuity is
highly associated with short-term outcome in children with CA treated with TH, both during
hypothermia and normothermia. Further validation of these results is needed, along with
larger prospective studies to build more comprehensive predictive models.

Acknowledgments
This work is supported by the NINDS Neurological Sciences Academic Development Award (NSADA) NS049453
to Drs. Abend and Kessler, the Penn Alliance for Therapeutic Hypothermia (University of Pennsylvania
Comprehensive Neuroscience Center) to Drs. Abend, Topjian, Clancy, Dlugos, Nadkarni, and Ichord, and by the
University of Pennsylvania Clinical Translational Research Center Grant (UL1-RR-024134) to Drs. Topjian and
Nadkarni.

References
1. Abend NS, Licht DJ. Predicting outcome in children with hypoxic ischemic encephalopathy. Pediatr

Crit Care Med. 2008; 9:32–9. [PubMed: 18477911]
2. Wijdicks EF, Hijdra A, Young GB, Bassetti CL, Wiebe S. Practice parameter: prediction of

outcome in comatose survivors after cardiopulmonary resuscitation (an evidence-based review):
report of the Quality Standards Subcommittee of the American Academy of Neurology. Neurology.
2006; 67:203–10. [PubMed: 16864809]

3. Roest A, van Bets B, Jorens PG, Baar I, Weyler J, Mercelis R. The prognostic value of the EEG in
postanoxic coma. Neurocrit Care. 2009; 10:318–25. [PubMed: 19130310]

4. Synek VM. Prognostically important EEG coma patterns in diffuse anoxic and traumatic
encephalopathies in adults. J Clin Neurophysiol. 1988; 5:161–74. [PubMed: 3074973]

5. Young GB, McLachlan RS, Kreeft JH, Demelo JD. An electroencephalographic classification for
coma. Can J Neurol Sci. 1997; 24:320–5. [PubMed: 9398979]

6. Nishisaki A, Sullivan J 3rd, Steger B, et al. Retrospective analysis of the prognostic value of
electroencephalography patterns obtained in pediatric in-hospital cardiac arrest survivors during
three years. Pediatr Crit Care Med. 2007; 8:10–7. [PubMed: 17251876]

7. Thenayan EA, Savard M, Sharpe MD, Norton L, Young B. Electroencephalogram for prognosis
after cardiac arrest. J Crit Care. 2010; 25:300–4. [PubMed: 19781908]

8. Husain AM. Electroencephalographic assessment of coma. J Clin Neurophysiol. 2006; 23:208–20.
[PubMed: 16751721]

9. Gerber PA, Chapman KE, Chung SS, et al. Interobserver agreement in the interpretation of EEG
patterns in critically ill adults. J Clin Neurophysiol. 2008; 25:241–9. [PubMed: 18791475]

10. Hirsch LJ, Brenner RP, Drislane FW, et al. The ACNS subcommittee on research terminology for
continuous EEG monitoring: proposed standardized terminology for rhythmic and periodic EEG
patterns encountered in critically ill patients. J Clin Neurophysiol. 2005; 22:128–35. [PubMed:
15805813]

11. Ronner HE, Ponten SC, Stam CJ, Uitdehaag BM. Inter-observer variability of the EEG diagnosis
of seizures in comatose patients. Seizure. 2009; 18:257–63. [PubMed: 19046902]

12. Abend NS, Gutierrez-Colina AM, Zhao H, et al. Interobserver reproducibility of
electroencephalogram interpretation in critically ill children. J Clin Neurophysiol. in press.

Kessler et al. Page 8

Neurocrit Care. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



13. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of out-of-hospital cardiac
arrest with induced hypothermia. N Engl J Med. 2002; 346:557–63. [PubMed: 11856794]

14. HACAS Group. Mild therapeutic hypothermia to improve the neurologic outcome after cardiac
arrest. N Engl J Med. 2002; 346:549–56. [PubMed: 11856793]

15. Jacobs S, Hunt R, Tarnow-Mordi W, Inder T, Davis P. Cooling for newborns with hypoxic
ischaemic encephalopathy. Cochrane Database Syst Rev. 2007:CD003311. [PubMed: 17943788]

16. Shankaran S, Laptook AR, Ehrenkranz RA, et al. Whole-body hypothermia for neonates with
hypoxic-ischemic encephalopathy. N Engl J Med. 2005; 353:1574–84. [PubMed: 16221780]

17. Gluckman PD, Wyatt JS, Azzopardi D, et al. Selective head cooling with mild systemic
hypothermia after neonatal encephalopathy: multicentre randomised trial. Lancet. 2005; 365:663–
70. [PubMed: 15721471]

18. Azzopardi DV, Strohm B, Edwards AD, et al. Moderate hypothermia to treat perinatal asphyxial
encephalopathy. N Engl J Med. 2009; 361:1349–58. [PubMed: 19797281]

19. Topjian A, Hutchins L, Diliberto M, et al. Induction and maintenance of therapeutic hypothermia
after pediatric cardiac arrest: efficacy of a surface cooling protocol. Pediatr Crit Care Med. doi:
10.1097/PCC.0b013e3181e28717.

20. Fink EL, Clark RS, Kochanek PM, Bell MJ, Watson RS. A tertiary care center's experience with
therapeutic hypothermia after pediatric cardiac arrest. Pediatr Crit Care Med. 2010; 11:66–74.
[PubMed: 19935440]

21. Stecker MM, Cheung AT, Pochettino A, et al. Deep hypothermic circulatory arrest: I. Effects of
cooling on electroencephalogram and evoked potentials. Ann Thorac Surg. 2001; 71:14–21.
[PubMed: 11216734]

22. Abend NS, Topjian A, Ichord R, et al. Electroencephalographic monitoring during hypothermia
after pediatric cardiac arrest. Neurology. 2009; 72:1931–40. [PubMed: 19487651]

23. Rundgren M, Rosen I, Friberg H. Amplitude-integrated EEG (aEEG) predicts outcome after
cardiac arrest and induced hypothermia. Intensive Care Med. 2006; 32:836–42. [PubMed:
16715325]

24. Fiser DH, Long N, Roberson PK, Hefley G, Zolten K, Brodie-Fowler M. Relationship of pediatric
overall performance category and pediatric cerebral performance category scores at pediatric
intensive care unit discharge with outcome measures collected at hospital discharge and 1- and 6-
month follow-up assessments. Crit Care Med. 2000; 28:2616–20. [PubMed: 10921604]

25. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated
receiver operating characteristic curves: a nonparametric approach. Biometrics. 1988; 44:837–45.
[PubMed: 3203132]

26. Young GB. The EEG in coma. J Clin Neurophysiol. 2000; 17:473–85. [PubMed: 11085551]
27. Pampiglione G, Harden A. Resuscitation after cardiocirculatory arrest. Prognostic evaluation of

early electroencephalographic findings. Lancet. 1968; 1:1261–5. [PubMed: 4172132]
28. Tasker RC, Boyd S, Harden A, Matthew DJ. Monitoring in non-traumatic coma. Part II:

electroencephalography. Arch Dis Child. 1988; 63:895–9. [PubMed: 3415324]
29. Cheliout-Heraut F, Sale-Franque F, Hubert P, Bataille J. Cerebral anoxia in near-drowning of

children. The prognostic value of EEG. Neurophysiol Clin. 1991; 21:121–32. [PubMed: 1921939]
30. Ramachandrannair R, Sharma R, Weiss SK, Cortez MA. Reactive EEG patterns in pediatric coma.

Pediatr Neurol. 2005; 33:345–9. [PubMed: 16243222]
31. Mandel R, Martinot A, Delepoulle F, et al. Prediction of outcome after hypoxic-ischemic

encephalopathy: a prospective clinical and electrophysiologic study. J Pediatr. 2002; 141:45–50.
[PubMed: 12091850]

32. Pampiglione G, Chaloner J, Harden A, O'Brien J. Transitory ischemia/anoxia in young children
and the prediction of quality of survival. Ann N Y Acad Sci. 1978; 315:281–92. [PubMed:
284740]

33. Evans BM, Bartlett JR. Prediction of outcome in severe head injury based on recognition of sleep
related activity in the polygraphic electroencephalogram. J Neurol Neurosurg Psychiatry. 1995;
59:17–25. [PubMed: 7608703]

34. Rossetti AO, Oddo M, Logroscino G, Kaplan PW. Prognostication after cardiac arrest and
hypothermia: a prospective study. Ann Neurol. 2010; 67:301–7. [PubMed: 20373341]

Kessler et al. Page 9

Neurocrit Care. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



35. Rossetti AO, Oddo M, Liaudet L, Kaplan PW. Predictors of awakening from postanoxic status
epilepticus after therapeutic hypothermia. Neurology. 2009; 72:744–9. [PubMed: 19237704]

36. Leary M, Fried DA, Gaieski DF, et al. Neurologic prognostication and bispectral index monitoring
after resuscitation from cardiac arrest. Resuscitation. 2010; 81:1133–7. [PubMed: 20598422]

37. Stammet P, Werer C, Mertens L, Lorang C, Hemmer M. Bi-spectral index (BIS) helps predicting
bad neurological outcome in comatose survivors after cardiac arrest and induced therapeutic
hypothermia. Resuscitation. 2009; 80:437–42. [PubMed: 19217198]

38. Seder DB, Fraser GL, Robbins T, Libby L, Riker RR. The bi-spectral index and suppression ratio
are very early predictors of neurological outcome during therapeutic hypothermia after cardiac
arrest. Intensive Care Med. 2010; 36:281–8. [PubMed: 19847399]

39. Wennervirta JE, Ermes MJ, Tiainen SM, et al. Hypothermia-treated cardiac arrest patients with
good neurological outcome differ early in quantitative variables of EEG suppression and
epileptiform activity. Crit Care Med. 2009; 37:2427–35. [PubMed: 19487928]

40. Legriel S, Bruneel F, Sediri H, et al. Early EEG monitoring for detecting postanoxic status
epilepticus during therapeutic hypothermia: a pilot study. Neurocrit Care. 2009; 11:338–44.
[PubMed: 19588273]

Kessler et al. Page 10

Neurocrit Care. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kessler et al. Page 11

Table 1

EEG categories and unfavorable outcome

EEG category N Outcome N (%)

Unfavorable
(PCPC 4, 5, 6)

Death

Same EEG category during hypothermia and normothermia (N =
27)

Continuous and reactive 11 3 (27) 0 (0)

Continuous and unreactive 8 7 (88) 3 (37.5)

Discontinuous and/or suppressed 8 7 (88) 6 (75)

Change in EEG category from hypothermia to normothermia (N =
8)

Continuous and unreactive
↓
Continuous and reactive

1 0 (0) 0 (0)

Discontinuous and/or suppressed
↓
Continuous and reactive

1 1 (100) 0 (0)

Discontinuous and/or suppressed
↓
Continuous and unreactive

5 5 (100) 4 (80)

Continuous and unreactive
↓
Discontinuous and/or suppressed

1 1 (100) 0 (0)

Category 1 = continuous and reactive tracings

Category 2 = continuous but unreactive tracings

Category 3 = tracings with discontinuity, burst suppression, or suppressed low voltage records
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Table 2

Odds ratios for unfavorable outcome based on EEG category and EEG epoch

EEG categories compared Epoch Odds ratio P

Continuous and unreactive vs continuous and reactive Hypothermia 10.7 0.02

Continuous and unreactive vs continuous and reactive Normothermia 27 0.006

Discontinuous and/or suppressed vs continuous and reactive Hypothermia 34.6 0.004

Discontinuous and/or suppressed vs continuous and reactive Normothermia 18 0.018

Continuous and unreactive or discontinuous and/or suppressed vs continuous and reactive Hypothermia 18.6 0.008

Continuous and unreactive or discontinuous and/or Suppressed vs continuous and reactive Normothermia 22.5 0.0004
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Table 3

Positive predictive values for EEG categories for unfavorable outcome when scored during hypothermia and
normothermia

EEG category PPV for unfavorable outcome (95% CI)

Hypothermic Normothermic

Continuous and reactive 27% (12–42%) 31% (15–46%)

Continuous and unreactive 80% (67–93%) 92% (83–100%)

Discontinuous and/or suppressed 93% (84–100%) 89% (78–99%)

Continuous and unreactive or discontinuous and/or suppressed 88% (77–98%) 91% (81–100%)

PPV positive predictive value, CI confidence interval
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