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Abstract

Background—An ancillary study to the High-Dose Erythropoietin for Asphyxia and
Encephalopathy (HEAL) trial of for neonates with hypoxic-ischemic encephalopathy (HIE) and
treated with therapeutic hypothermia examined the hypothesis that neonates randomized to receive
erythropoietin (Epo) would have a lower seizure risk and burden compared with neonates who
received placebo.

Methods—Electroencephalograms (EEGs) from 7/17 HEAL trial centers were reviewed. Seizure
presence was compared across treatment groups using a logistic regression model adjusting for
treatment, HIE severity, center, and seizure burden prior to first dose. Among neonates with
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seizures, differences across treatment groups in median maximal hourly seizure burden were
assessed using adjusted quantile regression models.

Results—Forty-six of 150 (31%) of neonates had EEG seizures (31% in Epo vs 30% in placebo,
p=0.96). Maximal hourly seizure burden after study drug was not significantly different between
groups (median 11.4 for Epo, IQR: 5.6, 18.1 vs median 9.7, IQR: 4.9, 21.0 minutes/hour for

placebo).

Conclusion—In neonates with HIE treated with hypothermia who were randomized to Epo
or placebo, we found no meaningful between-group difference in seizure risk or burden. These
findings are consistent with overall trial results, which do not support Epo use for neonates with
HIE undergoing therapeutic hypothermia.

Introduction

Methods

Neonatal encephalopathy due to hypoxia-ischemia, or hypoxic-ischemic encephalopathy
(HIE), is the most common cause of seizures in neonates.12 Erythropoietin (Epo), long been
known as a proerythropoietic agent, has more recently been explored as a neuroprotective
agent because of its nonhematopoietic functions including neurotrophic and neuroprotective
effects.3 Epo has also been shown to reduce the severity of both acute and late seizures in
animal models of HIE.*~7 Despite the anti-convulsant effect of Epo in pre-clinical models
of HIE,*~" the United States Food and Drug Administration (FDA) drug label information
for Epo warns of a possible pro-convulsant effect based on older trials in adults with renal
disease.8-10 |t is unclear whether this warning should apply to neonates, as human neonatal
studies were previously limited by small cohort sizes and lack of gold standard continuous
video-EEG monitoring (CEEG) to diagnose seizures.11:12

The recent High-Dose Erythropoietin for Asphyxia and Encephalopathy (HEAL)
multicenter, randomized trial of Epo vs. placebo for neuroprotection in neonates with
moderate/severe HIE who receive therapeutic hypothermia showed no meaningful difference
between groups in the rate of death or disability at age two to three years.13 However, the
primary study did not assess differences in timing and severity of electrographic seizure
burden between study groups.

We leveraged the HEAL trial to examine a sub-set of neonates who were evaluated with
cEEG throughout cooling and rewarming to examine the hypothesis that neonates who
receive Epo have a lower risk and burden of acute provoked seizures after study drug
administration as compared to neonates who receive placebo.

Study Design.

We conducted an ancillary study of the HEAL randomized trial of Epo vs. placebo

for neuroprotection in neonates with moderate/severe HIE who received therapeutic
hypothermia (NCT02811263)13 to study neurophysiology measures. Epo or placebo
treatment was allocated 1:1 and administered at five time points: within 24 hours of birth

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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(day 1), and at days 2, 3, 4, and 7 days after birth at the same time of day. Details of the
study protocol have been previously published.14

We included participants enrolled at the seven HEAL enrollment sites (Supplementary Table
1) that performed cEEG throughout cooling and rewarming according to American Clinical
Neurophysiology Society (ACNS) guidelines!® as part of routine clinical care. De-identified
EEG tracings were collected for central review and inclusion in this ancillary study called
HEAL-EEG. The HEAL trial and cEEG data collection were approved by the Institutional
Review Board at each participating site and neonates were studied after informed parental
consent.

Inclusion and Exclusion Criteria.

Neonates were eligible if they met all four study criteria: 1) born at >36 weeks’ gestation;

2) one or more signs of perinatal depression including Apgar score <5 at 10 minutes;
cardiorespiratory resuscitation received beyond 10 minutes of age; pH <7.00 or base deficit
>15 mmol/L in a cord or infant arterial or venous gas obtained within 60 minutes of age; 3)
moderate or severe encephalopathy defined as =3 of 6 modified Sarnat criteria present at 1
to 6 hours of age; and 4) passive or active therapeutic hypothermia started within 6 hours

of birth. Exclusion criteria were birthweight <1800 grams, head circumference <30 cm,
genetic or congenital condition affecting neurodevelopment, hematocrit >65.0%, considering
redirection of care, encephalopathy attributed to a postnatal event, guardian with diminished
capacity, or unlikely to be followed due to unstable social situation.13.14

Additional HEAL-EEG specific inclusion criteria were: 1) cEEG recorded without
interruption throughout cooling and rewarming (except for neonates who died during the
neonatal admission), and 2) EEG quality sufficient for interpretation by neurophysiologist
review.

Measurements.

Maternal and neonatal demographics and clinical characteristics were determined based on
medical chart review. Timing and dose of antiseizure medication (ASM) administration were
extracted from the medication administration record. Seizure treatment agent and timing
were determined by the treating physician(s). Encephalopathy was classified as moderate

or severe based on the number of abnormal Sarnat elements in the moderate and severe
categories; if equal numbers were present, severity classification was decided based on level
of consciousness category.14

EEG Acquisition and Interpretation.—Continuous EEG was recorded using a
minimum of 8 electrodes and 10-20 electrode placement modified for the neonate per

local clinical practice. Complete recordings were de-identified and stripped of video,

then collected for central review by two board-certified clinical neurophysiologists (ALN
and CJW). Files were reviewed in the order they were received for centralized review

using Persyst software with neurophysiologists able to adjust montages as desired for
interpretation. Neurophysiologists were blinded to treatment group, local interpretation,
and outcomes. Each neurophysiologist independently reviewed the files; discrepancies were

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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resolved by consensus. Kappa statistic was used to compare agreement in the observed rate
of neonates with EEG seizures or status epilepticus and Pearson correlation coefficient was
used to assess inter-rater reliability on total minutes of seizure burden. Inter-rater reliability
for seizure identification was almost perfect (Kappa=0.82) and for status epilepticus was
substantial (Kappa=0.78).16 Inter-rater reliability for overall minutes of seizure burden
among neonates with identified seizures was also very high (Pearson r=0.96).

Outcome Measures.

Analysis.

Seizures were defined as a sudden, abnormal EEG event with a repetitive and evolving
pattern with a minimum 2pV peak-to-peak voltage and duration of at least 10 seconds.1’
Status epilepticus was defined as the summed duration of seizures comprising =50% of
any 1-hour epoch of recording.1” Only electrographic seizures were considered; clinically-
detected seizures were not considered for this ancillary study.

Primary outcome.—EEG maximal hourly seizure burden (in minutes per hour) after

Epo administration among neonates with seizures. EEG maximal hourly seizure burden

was determined using a sliding one hour time window throughout the course of the EEG
recording.

Pre-specified secondary outcomes.—1) Response to initial dose of ASM with
complete response defined as no further seizures present >30 minutes after adequate loading
dose of an ASM (phenobarbital >20mg/kg, levetiracetam >40mg/kg, or fosphenytoin
>20mg/kg) until the end of the recording, 2) Overall seizure burden (minutes of seizure

per minutes of cEEG recording) 3) Seizure period (time from the onset of the first seizure to
the end of the last seizure), and 4) Presence of status epilepticus.

Given this was a select sub study population the baseline characteristics and measurements
were first compared between treatment groups using Chi-square tests for categorical
variables and Wilcoxon rank sum tests for continuous variables. The maximum hourly
seizure burden was defined as the maximum number of seizure minutes over any 60-minute
window within time periods (Tj) for j = 0 (before study drug dose 1), j=1 (between study
drug doses 1 and 2), or j=2 (between study drug doses 2 and 3). Baseline seizures rates were
expected to be similar due to randomization, therefore statistical inference focused on the
first and second dose time periods. To estimate the adjusted relative risk (aRR) of seizure
burden between groups, we used a Poisson regression model with robust standard errors

to allow for overdispersion. The regression model adjusted for sex, recruitment site, HIE
severity (moderate or severe), maximum hourly seizure burden observed prior to the first
study drug dose, and a log offset log(Tj) to account for variable lengths of cEEG observation
time overall or between study drug doses. For secondary binary outcomes measures (any
seizures, complete response to initial loading dose of ASM, status epilepticus), we used

a log-logistic regression model to calculate relative risks comparing treatment groups
adjusting for sex, recruitment site, HIE severity, and any seizure observed prior to the first
study drug dose.

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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Seizure period was defined as the median hours from the first to the last observed seizure
and median percentage of total cEEG time with observed seizures were compared between
treatment groups using quantile regression (R “quantreg” package). Group differences in
medians and 95% confidence intervals (Cl) were adjusted for HIE severity and log cCEEG
observation time.

All analyses were conducted using R software version 4.0.2 (Vienna, Austria).18

Power and Sample Size.—To test the hypothesis that Epo reduces both the proportion of
neonates with seizures and seizure burden, we assumed a priori that approximately 50% of
placebo-treated neonates would have seizures at a median burden of 4.0 minutes/hour (IQR:
2.0-7.0).1920 We used simulations to generate data under various scenarios and to assess
power for each outcome assuming that Tj is approximately 24 hours. To mimic seizure

data, we used a zero inflated model composed of two parts: the probability of no seizures
and the seizure burden among those with seizures. For simulation analyses (h=10,000
replications) we used a generalized linear model regression Wald test with alpha=0.05 based
on a generalized linear model function assuming a log link and quasi-Poisson family and
considered a variety of over-dispersion parameters.

We sought to evaluate n=150 neonates with cEEG, as a sample size of 70 subjects/group
provided at least 80% power to detect a treatment effect under three scenarios: 1) a test of
whether treatment reduces both the probability of any seizures and the burden of seizures by
25% (a common rate ratio of 0.75), 2) treatment effect associated only with a relative risk
of 0.53 for the presence of any seizures, but no reduction in burden among subjects with
seizures, and 3) no treatment effect on the percent of subjects with seizures, but the seizure
burden is reduced by 40% (rate ratio 0.60) among subjects with seizures.

Of 500 neonates included in the modified intention to treat analysis of the HEAL trial,
born between January 25, 2017 and October 9, 2019, 235 (47%) participants were enrolled
at one of the seven HEAL-EEG centers (Supplementary Table 1). One hundred and eighty-
five of 235 (79%) of cEEGs were reviewed for background and seizure burden, to reach
the prespecified sample size of 150 recordings with adequate quality for inclusion (37
were excluded for low quality tracing, 15 from the Epo and 22 from the placebo group
Figure 1). Twenty-three cEEGs were not reviewed as there were sufficient high-quality
tracings to achieve the pre-specified sample size. There were no meaningful differences in
characteristics between infants selected for cEEG review compared to those that were not
reviewed (Supplemental Table 2). The first dose of Epo was administered at a median 18.5
(IQR 13.1-22.3) hours. Twenty of 150 neonates (13%) died, six of whom had the cEEG
removed prior to completing the 72-hour monitoring period.

Table 1 describes baseline characteristics of neonates who received Epo (n=83) and
placebo (n=67). There were no significant differences between groups in maternal

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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characteristics, pregnancy and delivery complications, infant characteristics (including
severity of encephalopathy), or EEG monitoring.

Seizures and seizure treatment.

Electrographic seizures occurred in 46/150 (31%, Table 2). There was no significant
difference in the percentage of neonates experiencing seizures between the Epo and placebo
groups (26/83, 31% vs. 20/67, 30%; aRR = 1.04; 95% CI = 0.60 — 1.80). Among the 140
neonates who received the first study drug dose after the start of cEEG monitoring, 30
(21%) had seizures before study drug administration, with similar rates comparing the Epo
(23%) and placebo (20%) groups. The percentage of neonates with seizures after study drug
dosing was also similar across treatment groups. Thirty-four of 150 neonates (27%) had
seizures between the first and second doses of study drug, with a similar rate for the Epo
(19/83, 23%) and placebo (15/67, 22%) groups, and 16/150 (11%) had seizures after the
second dose of study drug, with similar rates across the Epo (11/83, 13%) and placebo (5/67,
7.5%) groups. Anti-seizure medications were administered to 30/83 (36%) of neonates who
received Epo and 36/67 (54%) neonates who received placebo (aRR=0.60, 95% CI = 0.40—
0.89; p=0.01).

Primary outcome.

Among neonates with seizures, there was no meaningful difference in the median maximal
hourly seizure burden after administration of the first dose of study drug between study
groups (Epo: 11.4, IQR 5.6, 18.1 minutes per hour compared with placebo: 9.7, IQR 4.9,
21.0 minutes per hour; adjusted difference= —0.2; 95% Cl= -6.3 — 5.6; Table 3). Seizure
timing by treatment group is presented in Figure 2. In a sensitivity analysis excluding the six
children who died and had incomplete cEEG data, median maximal hourly seizure burden
was unchanged (median 11.6, IQR 5.6, 17.4 minutes per hour in the Epo group and median
10.4, IQR 4.9, 21.5 minutes per hour in the placebo group).

Secondary outcomes.

Among the 43 (29%) of neonates that received a loading dose of ASM, 13 (30%) had a
complete response. A lower complete response was observed in neonates treated with Epo
(5/24, 21%) compared to placebo (8/19, 42%), but the difference was not significant after
adjustment for HIE severity and baseline seizure burden prior to first study drug dose (aRR
0.78, 95% CI 0.27 — 2.26).

Among the 46 neonates with seizures, total minutes of observed seizure burden was

higher in the Epo group (median=63.8; IQR= 28.5, 146.5) compared to the placebo group
(median=31.5; IQR=23.4, 77.1; adjusted difference=34.0; 95% Cl= 2.81 — 67.4; Table 3).
However, when considering the total cEEG recording time, the percentage of time with
seizures was not significantly different between the Epo group (median=1.2%; IQR= 0.5%,
3.5%) and placebo group (median=0.6%; IQR= 0.4%, 1.3%; adjusted difference= 0.2%;
95% Cl=-0.4% - 0.8%). In a sensitivity analysis excluding the six children who died and
had incomplete EEG data, the observed seizure burden was similar (median 63.2, IQR 25.5,
81.2) minutes for the Epo group and (median 32.5, IQR 25.5, 81.2) minutes for the placebo

group.

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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The median period over which a neonate had seizures was 16.3 hours (IQR 6.2, 25.2) and
was not significantly different between groups (median 20.2 hours, IQR 8.4, 33.1 hours for
Epo and median 14.9 hours, IQR=3.9, 21.0 hours for placebo; adjusted difference = 2.5;
95% Cl=-3.3-11.6).

Status epilepticus was present in 10/46 (22%) of neonates with seizures and occurred more
frequently among neonates treated with Epo (9/26, 35%) compared to those treated with
placebo (1/20, 5.0%), but was not significantly different after adjustment for pre-treatment
seizure burden and HIE severity (aRR = 2.84; 95% CI = 0.56 — 14.39).

Discussion

Among neonates who received cEEG monitoring within the HEAL randomized, controlled
trial of erythropoietin (Epo) vs placebo plus hypothermia for moderate or severe
encephalopathy presumed due to hypoxic-ischemic encephalopathy (HIE), 31% had
electrographic seizures and there was no significant difference between study groups.
Maximal hourly seizure burden, overall timing and duration of seizures, as well as response
to antiseizure medication treatment were not significantly different after receiving Epo as
compared with placebo.

These findings are not consistent with preclinical studies, where Epo has been shown

to reduce the severity of acute and late seizures in animal models of HIE.4-7

Proposed mechanisms for the anti-seizure effects of Epo include microglial activation,
reduced inflammation, decreased neuronal death and ectopic granule cell generation,

as well as enhanced hippocampal Epo receptor expression (especially following status
epilepticus).*~721-24 |n a study of kainic acid and hypoxia-induced seizures, the latency to
seizure onset doubled and duration of seizures dropped by 50% in the Epo-treated animals.®

There are several possible reasons why our data are not aligned with results from animal
research. In the HEAL trial, Epo was delivered in combination with hypothermia, while

in animal models, it was delivered without cooling. Both Epo and hypothermia may act
through similar mechanisms and target similar points in the injury cascade, including
reduced apoptotic, inflammatory, and excitotoxic injury.2> Epo may not confer additional
benefit beyond hypothermia when used in combination. However, the results of the current
study do not exclude the possibility that Epo alone could have anti-seizure properties. Other
explanations for our negative findings could include suboptimal timing of administration
(specifically administration of Epo early in the injury cascade), or suboptimal dosing of
Epo. FDA labeling for Epo warns of a possible pro-convulsant effect based on older trials
in adults with renal disease and hypertension,8-10 but there is limited active research in
neonates at risk for seizures.

Although we found no significant increase in seizure risk after Epo administration, several
important measures indicated potentially worse seizures in the Epo group (e.g., total seizure
duration, overall maximal hourly seizure burden, seizure period, and status epilepticus),
and the overall gestalt of the swimmer plots is one of higher seizure burden in the

Epo group. Possible explanations for worse seizures in the Epo group include chance

Pediatr Res. Author manuscript; available in PMC 2023 July 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Glass et al.

Page 9

(i.e., failure to randomize into two groups with equal likelihood of seizures), less robust
ASM treatment in the Epo group, or a true increase in seizure burden related to Epo or

its side effects. Importantly, there was no apparent pro-convulsant effect of Epo among
neonates with HIE who were treated with hypothermia: differences by treatment group
were not significant after adjusting for pre-treatment seizure burden. Prior studies highlight
the importance of pre-treatment seizure burden on apparent efficacy of a study drug. For
instance, a randomized, controlled trial of bumetanide for acute provoked neonatal seizures
had an important imbalance in pre-treatment seizure burden, which limited the study’s
ability to detect a treatment effect and led the study authors and an international working
group to recommend that future trials of ASMs should take measures to balance baseline
seizure severity between the study groups.28:27 Finally, we cannot exclude small differences
between groups.

Although we present data from a large, randomized controlled, double-blind trial of Epo vs
placebo for neonates with HIE with central review of cEEG recorded throughout cooling
and rewarming, our data are not without limitations. First, the rate of EEG-detected
seizures (31%) was lower than anticipated and lower than most previously published
studies (34% - 65%)20:28.29 The lower seizure rate could have limited the power to detect
significant differences between groups. The reason for lower seizure frequency may be
related to improved obstetric care and resuscitation, rapid onset of hypothermia, or other
neuroprotective measures to prevent secondary brain injury and overall lower frequency of
severe encephalopathy at treating sites. Second, seizure identification and treatment were
at the discretion of the local care team; the study was not designed to address interactions
between Epo treatment and ASM. It is, therefore, possible that the lack of Epo effects were
related to unknown confounding interactions.

However, randomization and adjustment for site in our analysis should have mitigated
potential confounding. The reasons for differences in ASM use between groups is not known
and may relate to treatment of clinically suspected versus electrographic only seizures.
Third, we reached our a priori sample size of 150 before reviewing all available cEEGs

and before achieving a sample size of 70 in each group. Finally, the parent study excluded
families with an unstable social situation, which may limit the generalizability of study
results.

Conclusions

In this large cohort of neonates with encephalopathy due to HIE who were randomized to
Epo or placebo plus hypothermia and who received cEEG monitoring per ACNS guidelines
throughout cooling and rewarming, we found no meaningful differences in key measures
of seizure burden or response to treatment in the Epo group. These findings are consistent
with overall trial results, which do not support adjunct use of Epo for neonates with HIE
undergoing therapeutic hypothermia. The overall proportion of children with seizures was
lower that prior studies.

Although Epo combined with hyothermia showed no benefit in seizure reduction, this
study provides new important information about the contemporary risk of seizures during
hypothermia. We also add to the literature about seizure timing and burden in neonates

Pediatr Res. Author manuscript; available in PMC 2023 July 22.
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with HIE. Future studies will address EEG background activity for long-term prognosis in
neonates with HIE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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proposed specific questions or analysis plans and sign a data use agreement according to
NINDS guidelines. “Supervised” indicates that individual requests are reviewed to protect
the intellectual property rights of the project investigative team by restricting external
development of manuscripts using the study data that substantially overlap with those that
are already in development by study investigators.
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Impact:

In the HEAL trial of erythropoietin (Epo) vs placebo for neonates with
encephalopathy presumed due to hypoxic-ischemic encephalopathy (HIE)
who were also treated with therapeutic hypothermia, electrographic seizures
were detected in 31%, which is lower than most prior studies.

Epo did not reduce the proportion of neonates with acute provoked seizures
(31% in Epo vs 30% in placebo) or maximal hourly seizure burden after study
drug (median Epo: 11.4, IQR 5.6, 18.1 for Epo vs median 9.7, IQR 4.9, 21.0
minutes/hour for placebo).

There was no anti- or pro-convulsant effect of Epo when combined with
therapeutic hypothermia for HIE.
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h 4

235 Underwent randomization
and received study drug
182 Moderate HIE

53 Severe HIE

A 4

349 Were not randomized
225 Were excluded
107 Mild HIE
28 Birth or genetic exclusion
27 Other exclusion
24 Unlikely to be followed
20 Redirection of care
19 No perinatal depression

124 Eligible, but did not consent

.

119 Were assigned to and treated
with erythropoietin

11 (9%) cEEG files unavailable

116 Were assigned to and treated
with placebo

16 (14%) cEEG files unavailable

A 4

108 cEEG Available
sample size

96 Reviewed
13 Excluded (low quality)
8 Too much artifact
3 EEG pruned
2 Other exclusion

83 Reviewed and included
64 (77%) Moderate HIE
19 (23%) Severe HIE

12 Not reviewed due to sufficient

100 cEEG Available
11 Not reviewed due to sufficient
sample size

89 Reviewed
22 Excluded (low quality)
15 Too much artifact
4 EEG pruned
3 Other exclusion

67 Reviewed and included
53 (79%) Moderate HIE
14 (21%) Severe HIE

Figure 1.

CONSORT diagram for seven sites participating in the HEAL-EEG ancillary study.
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Figure 2.

Swimmer plot of 46 neonates with seizures with hypoxic-ischemic encephalopathy (HIE)
undergoing therapeutic hypothermia and treated with erythropoietin (Epo, panel A) or
placebo (panel B) who received continuous video-EEG throughout hypothermia and
rewarming. Vertical lines indicate that a seizure was observed. Panel C: Density plot of
neonates with seizure in the previous hour of EEG recording.
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Baseline clinical and electroencephalogram (EEG) characteristic of 150 neonates with hypoxic-ischemic
encephalopathy (HIE) undergoing therapeutic hypothermia and treated with erythropoietin or placebo who
received continuous video-EEG throughout hypothermia and rewarming.

Total N=150 Erythropoietin N=83 | Placebo N=67 | p-value”
Maternal Characteristics, n (%0)
Race 0.59
White 104 (69%) 58 (70%) 46 (69%)
Black 18 (12%) 8 (9.6%) 10 (15%)
Asian 15 (10%) 8 (9.6%) 7 (10%)
Other 13 (8.7%) 9 (11%) 4 (6.0%)
Hispanic ethnicity 33 (22%) 16 (19%) 17 (25%) 0.37
Age (years), mean (SD) 30.1 (6.6) 30.8 (6.9) 29.3(6.3) 0.16
Education, high school or less 58 (39%) 33 (40%) 25 (37%) 0.76
Parity = 1 (including subject) 91 (61%) 52 (63%) 39 (58%) 0.58
Pregnancy and Delivery Complications, n (%)
Maternal chorioamnionitis or fever 28 (19%) 15 (18%) 13 (19%) 0.84
Maternal pre-eclampsia or eclampsia 16 (11%) 8 (10%) 8 (12%) 0.65
Gestational diabetes 14 (9.3%) 6 (7.2%) 8 (12%) 0.32
Maternal obesity (BMI >30) 25 (17%) 15 (18%) 10 (15%) 0.61
Sentinel event? 48 (32%) 26 (31%) 22 (33%) 0.85
Cesarean section delivery 99 (66%) 57 (69%) 42 (63%) 0.33
Infant Characteristics
Female, n (%) 65 (43%) 33 (40%) 32 (48%) 0.44
Birth weight (grams), mean (SD) 3411 (558) 3354 (542) 3481 (573) 0.14
Gestational age (weeks), mean (SD) 39.2 (1.5) 39.1 (1.4) 39.3(1.4) 0.26
5-minute Apgar score, median (IQR) 3(2,4) 3(2,4) 4(2,5) 0.26
Lowest pHZ, mean (SD) 6.9(0.2) 6.9(0.2) 6.9 (0.2) 0.79
Worst base deficit?, mean (SD) 17.6 (6.1) 17.1 (5.6) 18.2 (6.6) 0.54
Severe encephalopathy, n (%) 33 (22%) 19 (23%) 14 (21%) 0.77
cEEG Monitoring
CEEG starting hour after birth, median (IQR) 8.4 (6.4, 10.3) 7.9(6.5,9.7) 9.0 (6.3,10.7) 0.26
Hours of cEEG, median (IQR) 89.3 (79.7, 98.0) 89.7 (77.9, 98.1) 88.6 (80.5, 97.9) 0.98
Initial CEEG background pattern
Normal 70 (47%) 35 (42%) 35 (52%) 0.36
Excessively discontinuous 43 (29%) 25 (30%) 18 (27%)
Severely abnormal 36 (24%) 23 (28%) 13 (19%)
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Total N=150 Erythropoietin N=83 Placebo N=67 p-value*
Cannot determine (excess artifact at onset of recording) 1(0.7%) 0 (0%) 1(1.5%)
EEG seizures observed prior to 1%t dose of study drug, n (%) 30/140 (21%) 18/79 (23%) 12/61 (20%) 0.66

SD standard deviation; BMI body mass index; IQR interquartile range; cEEG continuous video electroencephalogram

*
P values calculated using Chi-square tests for categorical variables and Wilcoxon rank sum tests for continuous variables.

a. . . . .
Sentinel event = placental abruption, shoulder dystocia, uterine rupture, or prolapsed cord.

b - . . .
Lowest pH and worst base deficit among cord arterial, cord venous, and arterial blood gas samples taken before 60 minutes of age.

DSevere encephalopathy as defined by modified Sarnat score.
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