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ABSTRACT

Objective To examine the feasibility of early and
extended erythropoietin monotherapy after hypoxic
ischaemic encephalopathy (HIE).

Design Double-blind pilot randomised controlled trial.
Setting Eight neonatal units in South Asia.

Patients Neonates (=36 weeks) with moderate or severe
HIE admitted between 31 December 2022 and 3 May 2023.
Interventions Erythropoietin (500 U/kg daily) or to the
placebo (sham injections using a screen) within 6 hours
of birth and continued for 9 days. MRI at 2 weeks of age.
Main outcomes and measures Feasibility of
randomisation, drug administration and assessment of
brain injury using MRI.

Results Of the 154 neonates screened, 56 were
eligible; 6 declined consent and 50 were recruited; 43
(86%) were inborn. Mean (SD) age at first dose was

4.4 (1.2) hours in erythropoietin and 4.1 (1.0) hours

in placebo. Overall mortality at hospital discharge
occurred in 5 (19%) vs 11 (46%) (p=0.06), and 3 (13%)
vs 9 (40.9%) (p=0.04) among those with moderate
encephalopathy in the erythropoietin and placebo
groups. Moderate or severe injury to basal ganglia, white
matter and cortex occurred in 5 (25%) vs 5 (38.5%); 14
(70%) vs 11 (85%); and 6 (30%) vs 2 (15.4%) in the
erythropoietin and placebo group, respectively. Sinus
venous thrombosis was seen in two (10%) neonates in
the erythropoietin group and none in the control group.
Conclusions Brain injury and mortality after moderate
or severe HIE are high in South Asia. Evaluation of
erythropoietin monotherapy using MRI to examine
treatment effects is feasible in these settings.

22

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Five days of erythropoietin therapy starting
at 24 hours after birth is not neuroprotective
in neonates with moderate or severe
encephalopathy undergoing whole body
hypothermia.

WHAT THIS STUDY ADDS

= Nine days of erythropoietin monotherapy
starting within 6 hours of birth is feasible
and may be neuroprotective, particularly in
neonates with moderate encephalopathy.

= Cerebral sinus venous thrombosis was seen in
two neonates in the erythropoietin group, and
none in the control group. Intervention can be
effectively blinded using screens without actual
administration of a placebo drug.

= Audio-visual recording of consenting
procedures may help to improve the quality of
informed parental consent in low-income and
middle-income countries.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Safety and efficacy of early and extended
erythropoietin administration should be
explored in adequately powered randomised
controlled trials with careful assessment of
brain injury and adverse events using MRI.

F594  *RCPCH

Garegrat R, et al. Arch Dis Child fetal Neonatal £d 2024;109:F594-F601. doi:10.1136/archdischild-2024-327107

BM) Group

1ybuAdos
Aq pe10810.d 158NB Aq 7202 'T J8qWSAON U0 /W02 fwguy/:dny woy papeojumoq 20z AeN 0T U0 L0T.ZE-Y20Z-PIIYISIPY2Ie/9eTT 0T Se paysiignd sy :p3 [ereuos [eiad piyod sid Yyaiy


http://www.rcpch.ac.uk/
http://fn.bmj.com/
http://orcid.org/0000-0001-6879-4028
http://orcid.org/0000-0002-8212-2655
http://orcid.org/0000-0002-7789-1003
http://orcid.org/0000-0002-3912-5965
http://orcid.org/0000-0002-1472-6078
http://orcid.org/0000-0002-6034-7976
http://orcid.org/0000-0001-5512-9571
https://doi.org/10.1136/archdischild-2024-327107
https://doi.org/10.1136/archdischild-2024-327107
https://doi.org/10.1136/archdischild-2024-327107
http://crossmark.crossref.org/dialog/?doi=10.1136/fetalneonatal-2024-327107&domain=pdf&date_stamp=2024-010-17
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/
http://fn.bmj.com/

Original research

Trial registration number NCT05395195.

INTRODUCTION

Every year, approximately 1 million neonates die, and many more
sustain life-long disabilities due to hypoxic ischaemic encephalop-
athy (HIE) worldwide.! Several preclinical and early clinical studies
of hypoxia-ischaemia have reported neuroprotective effects of eryth-
ropoietin.” > Recently, a large multicentre randomised controlled
trial reported that erythropoietin did not reduce brain injury, death
or disability at 18 months in neonates undergoing whole body
hypothermia for moderate or severe HIE, but slightly increased
risk of major thrombotic events.*® Overlapping mechanisms of
hypothermia and erythropoietin, delayed administration and short
duration of therapy have been suggested as reasons for the lack of
neuroprotection.”’

Neonatal clinical trials in low and middle-income countries
(LMICs) recruiting underprivileged population are challenging and
require different approaches to high-income countries. In partic-
ular, parental consent rates of almost 100% in neonatal drug trials
in LMICs raise concerns about the quality of informed consent.'® !
The high consent rates may be related to a wide range of factors
including a genuine trust in treating clinicians,'" therapeutic miscon-
ception,'! lucrative financial incentives, especially in pharmaceu-
tical trials managed by contract research organisations,'> ' or even
complete unawareness about trial participation.’* Hence, careful
monitoring and transparent reporting of these issues are important
to enhance the credibility of clinical trials in LMICs.

We examined the feasibility of initiating erythropoietin administra-
tion within 6 hours of birth, continuing it for 9 days and assessment
of brain injury using MRI, in neonates with moderate or severe HIE
admitted to tertiary neonatal units in South Asia. We also examined

the feasibility of audio-visual recording of the parental consent to
enhance the quality of research consent.

METHODS

Erythropoietin Monotherapy in Neonatal Encephalopathy
in Low- and Middle-income Countries trial is an open-label,
multicountry, double-blinded, pilot randomised controlled trial
within the Collaboration for Neonatal Neuroprotection Trials
in South Asia (CONNECTIONS) consortium. We recruited
term neonates from eight large public sector tertiary neonatal
intensive care units in India (seven units) and Bangladesh (one
unit). All centres were regional neonatal intensive care units with
facilities for cardiorespiratory support (including ventilation
and inotropic support), neuromonitoring and MRI. Dedicated
neonatal research nurses were appointed at each participating
site. All recruiting sites had adequate facilities to ensure research
governance.

NEONATE SELECTION

Neonates born at or after 36 weeks of gestation with a birth
weight >1.8 kg and requiring resuscitation at birth were
screened for eligibility and recruited if they required continued
resuscitation at 5 min of age or had an Apgar score of less than
6 at 5 min of age or metabolic acidosis (pH <7.0; base deficit
>16 mmol/L) in cord or blood gas within 1 hour of birth, and
moderate or severe encephalopathy on modified Sarnat staging
(online supplemental table 1) by a certified examiner between
1 and 6 hours of age. The certification process involved an
in-person or virtual training by a central gold-standard examiner
(ST/RG) using three stage process: (1) presentation and discus-
sion of the neurological examination certification for HIE slides
developed by the National Institute of Child Health and Human

154 neonates (=36 weeks and >1.8 kg) requiring resuscitation at birth were assessed for eligibility

44 did not fulfil screening criteria

110 met the screening criteria for
neurclogical assessment

41 had no or mild encephalopathy
4 were migrant families

4 had congenital anomalies

4 were at risk of imminent death

1 was more than 6 hours of age

56 were eligible

’_ 6 parents declined consent

50 randomised

26 allocated to Erythropoietin
_ 26 received allocated intervention

¥
0 lost to follow up

26 clinical data analysed
20 MRI data analysed
(6 died before MRI)

Figure 1  Flow chart.

24 allocated to Placebo
24 received allocated intervention |

v

0 lost to follow up

24 clinical data analysed
13 MRI data analysed
(11 died before MRI)
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Table 1 Clinical data at baseline
Erythropoietin (N=26) Placebo (N=24)
n Summary n Summary
Maternal age, years 26 23.7+4.3 24 23.8+4.4
Primigravida 26 15 (58%) 24 12 (50%)
Maternal diabetes 26 0 (0% 24 0 (0%)
Hypertension 26 1 (3.8%) 24 8 (33.3%)
Anaemia 26 2 (7.7%) 24 1(4.2%)
Thyroid problems 26 2 (7.7%) 24 3 (12.5%)
Prolonged rupture of 26 2 (8%) 24 1 (4%)
membranes >24 hours
Reduced fetal 26 3(12%) 23 3(13%)
movements
Intrapartum sentinel 26 1 (4%) 24 4(9.5%)
events
Mode of delivery 26 24
Instrumental 2 (8%) 1 (4%)
delivery
Elective caesarean 1 (4%) 0 (0%)
delivery
Emergency 3 (12%) 7 (29%)
caesarean delivery
Place of delivery 26 24
Inborn 22 (85%) 21 (87%)
Outborn 4 (15%) 3(13%)
Cord blood or pH 7 6.91£0.29 9 6.96+0.07
within 1 hour of birth
Male sex 26 16 (62%) 24 21 (88%)
Apgar score at 5 min 23 5 (4-6) 24 5 (3-5)
Apgar score at 10 min 19 6 (5-6) 18 6 (5-6)
Birth weight, g 26 2766+471 24 2884+572
Birth weight <2 SD 26 7 (27%) 24 5(21%)
Gestation, weeks 26 38.9+1.1 24 385+1.4
Head circumference, 26 33.6+1.5 24 33.3+1.7
cm
Head circumference 26 2 (8%) 24 3 (13%)
<2 SD
Endotracheal 26 23 (88%) 24 21 (88%)
ventilation at birth
Age at admission to 26 25 (15-35) 24 25 (20-33)
NICU, min
Stage of 26 24
encephalopathy at
randomisation
Moderate 23 (88%) 22 (92%)
encephalopathy
Severe 3 (12%) 2 (8%)
encephalopathy
Seizures at 26 9 (34.6%) 24 8(33.3%)
randomisation®
Age at first dose of the 26 4.4+1.2 24 41£1.0

intervention (hours)

Summary statistics are mean+SD, median (IQR) or number (percentage).

*Level 1 (definite), 2 (probable) or 3 seizures (possible) as per the updated
International League against Epilepsy neonatal seizure task force classification.?®
NICU, neonatal intensive care unit.

Development Neonatal Research Network; (2) discussions and
training using videos of neurological assessment of neonates
with HIE; (3) final concordance testing using either videos or
in-person joint neurological assessment with the gold-standard
examiner. All front-line clinical staff involved in recruitment
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Figure 2 (A) Evolution of encephalopathy in erythropoietin (Epo) and

placebo groups (Plc). (B) Survival up to 6 months among the Epo (blue)
and the Plc (red) groups.

were trained and certified in the assessment before their name
was added in the delegation log. To avoid calculation errors, the
stage of encephalopathy was auto-calculated in the randomisa-
tion program.

Exclusion criteria were (1) imminent death at the time of
recruitment, (2) born at home or admitted after 6 hours of
birth, (3) major life-threatening congenital malformations, (4)
head circumference of less than 30 cm or birth weight less than
1.8 kg, (5) those undergoing induced hypothermia, (6) sentinel
event occurred only after birth, or (7) parents were unable to
attend follow-up assessments or provide consent in their primary
language.

PARENTAL CONSENT

Parents of eligible neonates were initially shown an animated
video recording of the trial summary followed by a detailed
explanation of the trial by the treating physician alongside a
research nurse. An information leaflet in local language was
also provided. As an additional quality assurance measure, we
obtained an audio-visual recording of the entire consenting
process. Each recording was then reviewed by an independent
team under the supervision of a qualitative researcher and was
graded from 1 to § under three domains—empathy, information
and autonomy.
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Table 2 Complications during neonatal hospitalisation

Erythropoietin (N=26)  Placebo (N=24)

n Summary n Summary P value
Gastric bleeding 26 3(12%) 24 1 (4%) 0.6
Persistent 26 2 (8%) 24 3(13%) 0.4
hypotension
Pulmonary 26 1 (4%) 24 2 (8%) 0.6
haemorrhage

Persistent pulmonary 26 5(19%) 24 5(21%) 1.0

hypertension

Coagulopathy or 26 2 (8%) 24 2 (8%) 1.0
bleeding requiring
blood products
Polycythaemia 26 0 (0%) 22 1 (4.5%) 1.0
Culture-positive 26 3(12%) 24 3(12%) 0.6
early-onset sepsis
Severe 26 1 (4%) 24 2 (8%) 0.6
thrombocytopenia
Persistent metabolic 25 2 (8%) 23 7 (29%) 0.06
acidosis
Disseminated 26 1(3.8%) 24 1 (4.2%) 1.0
intravascular
coagulation
Renal failure 26 4 (15%) 24 1 (4%) 0.3
Pneumonia 26 1 (4%) 24 2 (8%) 0.6
Hospital stay, days 21 20 (15-28) 13 16 (11-17)
Normal neurological 25 17 (68%) 24 13 (54%)
examination at
discharge
Death before 26 5(19%) 24 11 (46%) 0.06
discharge

Among moderate 23 3(13%) 22 9(40.9%) 0.04

encephalopathy

Among severe 3 2 (66.7%) 2 2 (100%) 1

encephalopathy
Death before
discharge: causes*

Proven sepsis 3 3

Multiorgan failure 2 7

Pneumonia 1 1

Suspected sepsis 1 1

PPHN (meconium 1 1

aspiration)

Asphyxial brain 5 10

injuryt

PPHN (other) 3 2

Other causes 2

Discharge against 21 4 (19%) 13 0 (0%)

medical advicet

*Multiple causes may apply.

tClinical diagnosis of asphyxial brain injury. Polycythaemia indicates a haemoglobin
level >22 g/dL. Severe thrombocytopenia refers to a platelet count of less than 25
000/pL or less than 50 000/uL with active bleeding. Persistent metabolic acidosis
refers to a blood pH of less than 7.15 for more than 12 hours with a normal partial
pressure of carbon dioxide.

tThree of these neonates died subsequently.

PPHN, persistent pulmonary hypertension.

RANDOMISATION AND INTERVENTION

After parents provided written informed consent, neonates
were randomly assigned either to the group receiving erythro-
poietin or placebo (sham injections using a screen) along with
supportive intensive care using a centralised web-based program

(www.sealedenvelope.com). Randomisation was based on mini-
misation with balance on site, place of birth and encephalop-
athy severity. Erythropoietin, provided in prefilled syringes, was
administered at 500 U/kg per dose, intravenously or subcutane-
ously, if no intravenous cannula was present. The first drug dose
was given before 6 hours of birth, and the second dose was given
12-24 hours after the first dose. Subsequent doses (doses three
to nine) were given every 24 (=2 hours) hours from the second
dose until day 8 (total dose 4500 U/kg). For both groups, an
identical drug administration tray was prepared and taken to the
bedside by the research nurse. Erythropoietin or sham injections
(no actual injection given) were administered by the research
nurse over 5 min, while keeping screens around the neonate. All
clinical staff were requested to remain outside the screen during
this period to ensure allocation was blinded. Neonates without
an intravenous cannula had a band-aid applied in both sham and
erythropoietin cases to simulate an actual injection.
Erythropoietin, provided in prefilled syringes, was adminis-
tered at 500 U/kg per dose, intravenously or subcutaneously,
if no intravenous cannula was present. The first drug dose was
given before 6 hours of birth, and the second dose was given
12-24 hours after the first dose. Subsequent doses (doses three
to nine) were given every 24 (2 hours) hours from the second
dose until day 8 (total dose 4500 U/kg). For both groups, an
identical drug administration tray was prepared and taken to the
bedside by the research nurse. Erythropoietin or sham injections
(no actual injection given) were administered by the research
nurse over 5 min, while keeping screens around the neonate. All
clinical staff were requested to remain outside the screen during
this period to ensure allocation was blinded. Neonates without
an intravenous cannula had a band-aid applied in both sham and
erythropoietin cases to simulate an actual injection.

SHORT-TERM OUTCOMES AND SERIOUS ADVERSE EVENTS
Outcomes recorded during neonatal hospitalisation included
gastric bleeding, persistent pulmonary hypertension, coagulop-
athy or clinical bleeding requiring blood products, intracranial
haemorrhage, culture-proven neonatal sepsis, severe thrombocy-
topenia, polycythaemia, abnormal neurological examination at
discharge and death before hospital discharge.

The following serious adverse events during the study inter-
vention were also reported: systemic hypertension requiring
antihypertensive therapy, disseminated intravascular coagulation
(clinical bleeding/oozing from two or more sites requiring trans-
fusion of blood product), major venous or arterial thrombosis
not related to a central line, persistent pulmonary hypertension
defined as severe hypoxaemia disproportionate to the severity
of lung disease despite highest ventilatory care support available
occurring until completion of all doses of the trial drug, major
intracranial haemorrhage defined as a major parenchymal or
intraventricular bleed on cranial ultrasound or MRI until comple-
tion of all doses of the trial drug, and polycythaemia requiring
dilutional exchange transfusion. Adverse events occurring after
completion of the intervention were reported separately.

NEUROIMAGING

Brain MRI (1.5 T or 3.0 T) was performed for all neonates
between 9 and 14 days after birth, so that the treatment effects
of erythropoietin can be captured. All standard sequences
included three-dimensional T1-weighted and two-dimensional
T2-weighted images and diffusion tensor imaging."”” Three
central reviewers (EG, VR, FA), who were blinded to treatment
allocation and clinical data, independently reported brain MRI
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findings using a validated scoring system.'® Briefly, this involved
scoring brain injury in basal ganglia and thalamus, white matter
and cortex from 0 to 3 and posterior limb of internal capsule
from 0 to 2 on T1-weighted and T2-weighted images."”

STATISTICAL ANALYSIS

This was an external pilot study to assess the feasibility, adherence
to the trial protocol and collection of all secondary outcomes
for the main trial. Hence, 50 consecutive neonates meeting the
eligibility criteria were recruited without formal sample size
calculation.

RESULTS
A total of 154 neonates born at or after 36 weeks with a birth
weight of 1.8 kg or more and requiring resuscitation at birth
were screened for eligibility (figure 1). Of these, 56 met the eligi-
bility criteria; 6 (10.7%) declined consent and the remaining 50
(26 erythropoietin and 24 placebo) were recruited. Overall, 43
(86%) neonates were born at the recruiting centre (inborn) and
7 (14%) were born at another hospital (outborn). The median
age at admission to the neonatal intensive care unit was 25 min
among all infants. Mean (SD) age at first dose was 4.4 (1.2)
hours in erythropoietin and 4.1 (1.0) hours in placebo (table 1).
24 (48%) neonates were recruited between 08:00 and 19:00,
and 26 (52%) neonates were recruited between after 19:00 and
before 08:00 (online supplemental figure 1).

At randomisation, three (12%) neonates in the erythropoietin
group and two (8%) in the placebo group had severe encepha-
lopathy. At discharge, 17 (68%) from the erythropoietin group

Table 3  Brain injury on neonatal MRI

Placebo
Area of injury Score Erythropoietin (n=20) (n=13)
Basal ganglia and thalami injury (BGT)
Normal (0) 8 (40.0%) 6 (46.2%)
Mild (1) 7 (35.0%) 2 (15.4%)
Moderate (2) 1 (5%) 5 (38.5%)
Severe (3) 4(20.0%) 0
Posterior limb of internal capsule (PLIC)
Normal (0) 9 (45%) 4 (30.8%)
Equivocal (1) 5 (25.0%) 3(23.1%)
Abnormal (2) 6 (30.0%) 6 (46.2%)
White matter (WM)
Normal (0) 4 (20.0%) 1(7.7%)
Mild (1) 2 (10%) 1(7.7%)
Moderate (2) 10 (50%) 10 (76.9%)
Severe (3) 4 (20.0%) 1(7.7%)
Cortex
Normal (0) 9 (45.0%) 9 (69.2%)
Mild (1) 5 (25.0%) 2 (15.4%)
Moderate (2) 1 (5%) 0
Severe (3) 5 (25%) 2 (15.4%)
Any area
BGT >0 or PLIC 18 (90%) 12 (92.3%)
>0 or WM >1 or
cortex >1
Cerebral bleeds 2 (10%)
Sinus venous 2 (10%)

thrombosis

No significant difference was noted between brain injury scores in erythropoietin
and placebo groups.

and 13 (54%) from the placebo group had a normal neurological
examination (figure 2A).

Protocol deviations were reported in five cases: three in the
erythropoietin group and two in the placebo group, all relating
to delays in drug administration for more than 2 hours from
expected schedule (online supplemental figures 2 and 3).

Short-term secondary outcomes between the erythropoietin
and placebo groups are given in table 2. Invasive ventilation was
required in 24 (92.3%) from the erythropoietin and 21 (87.5%)
from the placebo groups and inotropic support in 20 (76.9%)
from the erythropoietin and 19 (79.2%) from the placebo
groups. 17 (65.4%) neonates in the erythropoietin group and 14
(58.3%) in the placebo group received anti-seizure medications
(online supplemental tables 2-5).

Death before hospital discharge occurred in 5 (19%) neonates
in the erythropoietin group and 11 (46%) neonates in the
placebo group (figure 2B). None of the deaths were related to
the withdrawal of life support. Of the infants discharged against
medical advice, three neonates died by 6 months of age. Of the
seven neonates with an Apgar score of less than 5 at 10 min and
moderate HIE at randomisation, six (85.7%) died by 6 months.
All five neonates with severe HIE also died before 6 months.

12 serious adverse events during the intervention were
reported: 6 in the erythropoietin group (5 severe pulmonary
hypertension and 1 disseminated intravascular coagulation) and
6 in the control group (5 related to severe pulmonary hyperten-
sion and 1 related to disseminated intravascular coagulation).
No adverse events were considered causally related to the study
intervention.

MR OUTCOMES

Among the 34 neonates who survived to discharge, MR scanning
was performed in 33 (97.1%) neonates: 20 in erythropoietin and
13 in the placebo groups. The baby who did not have MR scan
died soon after discharge from hospital.

Moderate or severe injury to basal ganglia (score 2 or 3)
occurred in five (25.0%) neonates in the erythropoietin and five
(38.5%) in the placebo groups. Moderate or severe injury to
white matter (score 2 or 3) occurred in 14 (70%) neonates in the
erythropoietin and 11 (85%) in the placebo groups. Moderate or
severe injury to the cortex (score 2 or 3) occurred in six (30%)
neonates in the erythropoietin and two (15.4%) in the placebo
groups. Signal intensity in the posterior limb of the internal
capsule was equivocal or abnormal in 11 (55%) neonates in the
erythropoietin and 9 (69.2%) neonates in the placebo groups
(table 3). Sinus venous thrombosis was seen in two (10%)
neonates with moderate encephalopathy in the erythropoietin
group and none in the placebo group. No specific treatment was
given for sinus venous thrombosis apart from general supportive
care. Both neonates were neurologically normal at the time of
hospital discharge and at 6 months of age. One neonate had a
repeat MRI at 6 months which was normal (figure 3).

ANALYSIS OF AUDIO-VISUAL CONSENT RECORDINGS

A total of 50 audio-visual records of parental consent were
obtained in five different South Asian regional languages, of
which 42 were of adequate quality for analysis. Neonatal consul-
tants obtained consent in 36% of cases and junior doctors in
64% of cases, although this varied by the centre. Among these
clinicians obtaining consent, 84% were male and 16% were
female. Parents were briefed about key study information
including blinding, randomisation and key study procedures
in all cases (online supplemental figure 4). The information
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Figure 3 Neonate A: T1-weighted axial (A1, A2) and sagittal (A3) images and T2-weighted (A4, A5) axial MRIs of the brain at 10 days of age in
a term infant with moderate HIE who received erythropoietin. White arrows indicate extensive thrombosis in sagittal sinus, right transverse sinus
and cortical veins. Repeat MRI at 6 months showed normal T1-weighted axial (AR1, AR2) and sagittal MR scans (AR3), MR venography (AR4) and
T2-weighted axial scan (AR5). Neonate B: T1-weighted axial (B1, B2) and sagittal (B3) and maximal intensity projection (B4) and T2-weighted axial
(B5) MRIs of the brain at 20 days of age in a term infant with moderate HIE who received erythropoietin. White arrows denote expansion with T1
shortening and loss of the normal flow void at the level of the transverse sinuses (right greater than left) and inferior aspect of the torcula. Red
arrows indicate punctate white matter injury. HIE, hypoxic ischaemic encephalopathy.

that was not consistently discussed during the consent process
included potential adverse events, data confidentiality, regula-
tory approvals and additional blood tests, and the freedom to
withdraw from the study at any time without the clinical care
being affected.

DISCUSSION

In this multicentre double-blind placebo-controlled pilot trial of
erythropoietin in moderate or severe encephalopathy in South
Asia, we report the following observations. First, administration
of erythropoietin within few hours of birth is feasible, and the
blinding of the intervention can be effectively achieved using
screens around the neonate without actual placebo administra-
tion, thus minimising infection risk. Second, 90% of the eryth-
ropoietin and 92.3% of the placebo groups had brain injury on
MRI. The mortality at hospital discharge was 19% in the eryth-
ropoietin and 46% in the placebo groups, and these differences
were statistically significant among neonates with moderate
encephalopathy. However, three neonates in the erythropoietin
group died by 6 months'® suggesting unreliability of mortality at
discharge as an outcome measure in clinical trials. Finally, audio-
visual recording of the consenting process and semiqualitative
analysis of these data are feasible and may help to improve the
quality and credibility of the informed consent in time-critical
neonatal trials in LMICs. Safety and efficacy of early and
extended erythropoietin monotherapy in South Asia should be

explored in clinical trials adequately powered to examine neuro-
developmental outcomes at 18 months or more.

The HEAL trial used five doses of erythropoietin (1000 U/kg)
within 26 hours of birth (mean age 18 hours), while we used nine
doses (500 U/kg) within 6 hours (mean age 4.1 hours). Major
vessel thrombosis occurred in six (2.3%) neonates (two deep
medullary vein, two umbilical/portal vein, one peripheral vein,
one intracardiac) in the erythropoietin group and one (0.4%)
neonate in the placebo group (adjusted risk ratio 5.1; 95% CI
1.3 to 19.6) in the HEAL trial.® None had anticoagulation. Cere-
bral venous thrombosis was noted in two (7.7%) neonates in
our trial, both in the erythropoietin arm; both were asymptom-
atic at diagnosis and were not anticoagulated."”” Although the
development of both these neonates was normal at 6 months of
age, assessments at 18 months would be required to examine for
any major cognitive impairments. None of the neonates in our
trial were cooled as induced hypothermia has been reported to
increase mortality in these settings.?’>

Although rigorous training and audio-visual recording of the
consenting process were done to ensure most trial information
was provided to parents without coercion, there is a considerable
room for further improvement, particularly around risk-bene-
fits."! In-depth qualitative interviews are important to explore
these issues. Unlike adults,” no increased risk of thrombosis
with erythropoietin monotherapy has been reported in clinical
trials involving over 4300 premature babies** ** and over 340
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term neonates with HIE from LMICs,? and hence the potential
benefits (death or disability) need to be weighed against poten-
tial risks.

Placebo injections in LMIC settings may increase risk of infec-
tions and hence, our alternative blinding approach using a screen
is important. Nevertheless, our blinding approach increases the
trial complexity and introduces unique challenges as it required
the trial nurses to be available throughout so that the clinical and
remaining research teams remained blinded to the intervention.

There are several limitations of this trial. This was a pilot
randomised controlled trial intended to explore the feasibility
of early erythropoietin administration, particularly in an LMIC
setting, and was not powered for clinical outcomes. However,
these data will provide the foundation for a larger clinical trial
of early erythropoietin neuroprotection after HIE. Second, MRI
could be performed only in neonates who survived beyond first
week of birth resulting in a survival bias. Hence, the severity of
brain injury on imaging is likely to be underestimated.

In summary, early and extended erythropoietin monotherapy
is feasible in moderate or severe HIE in South Asia, although
the neonates should be monitored for thrombotic adverse effects
with MRI. Audio-visual recording and analysis of the consenting
process may help to improve the quality of informed consent in
LMICs.

Author affiliations

"Centre for Perinatal Neuroscience, Department of Brain Sciences, Imperial College
London, London, UK

“Government Medical College and Hospital Aurangabad, Aurangabad, Maharashtra,
India

*Neonatology, Lokmanya Tilak Municipal Medical College and General Hospital,
Mumbai, Maharashtra, India

*Pediatrics, Karnataka Institute of Medical Sciences, Hubli, Karnataka, India
*Bangalore Medical College and Research Institute, Bangalore, India

SPediatrics, Bangalore Medical College and Research Institute, Bangalore, Karnataka,
India

"Madras Medical College, Chennai, Tamil Nadu, India

ENeonatology, Indira Gandhi Institute of Child Health, Bangalore, India

%Indira Gandhi Institute of Child Health, Bangalore, Karnataka, India

10University College London, London, UK

"Perinatal Brain Research Centre, Hisar, India

"2 okmanya Tilak Municipal Medical College and General Hospital, Mumbai,
Maharashtra, India

"Karnataka Institute of Medical Sciences Hubballi, Hubli, Karnataka, India
"“Bangabandhu Sheikh Mujib Medical University, Dhaka, Dhaka District, Bangladesh
"International Institute of Health Management Research-New Delhi, New Delhi,
Delhi, India

"®Medicine and Radiology, Harvard University, Cambridge, Massachusetts, USA
"Imperial College Healthcare NHS Trust, London, UK

"University of Washington, Seattle, Washington, USA

"University of Birmingham, Birmingham, UK

2Great Ormond Street Hospital for Children NHS Foundation Trust, London, UK
“"Medicine, Statsconsultancy, Amersham, UK

Zpediatrics/Neonatology, University of Texas at Austin Dell Seton Medical Center,
Austin, Texas, USA

X Pavan Hapat @PavanHapat

Contributors RG assisted in protocol development, recruitment, trial management
and data analysis, and wrote the first draft of the manuscript. AL, SM, SF, LD, AJ,

SC, MK, SD, TE, KS, CK, AB, EK, DS, PB, NS, TK, ARJ, AV, GCP, BPS, PH, AD, IS, MKA,
MB, CM, EF, NT, IJ, MS, SMC and SKD assisted in recruitment at the participating
sites. AT and AA assisted in data monitoring and analysis. CB, ML, PMu, SP, MMM,
PMo and VK assisted in trial management. HV developed the trial database and

led the trial management. RP supervised seizure aspects. SBN and RB conducted
the process evaluation. VR, FA and EG reported MR data. MW and EDV optimised
the MRI protocols at the participating sites. PB analysed the data. SEJ assisted in
protocol development and data interpretation. SS assisted in protocol development,
data interpretation and manuscript development. ST conceived the idea, obtained
funding, developed the trial protocol, supervised all aspects of the trial and is the
guarantor of the work. ST and RG had had full access to all the data in the study and
take responsibility for the integrity of the data and the accuracy of the data analysis.

Funding This research was funded by the Thrasher Foundation (no: 15077) and the
National Institute for Health and Care Research (NIHR; 300118).

Disclaimer The views expressed in this publication are those of the author(s) and
not necessarily those of the NIHR or the UK government. The study funders had no
role in the study design, data collection, data analysis, data interpretation or writing
of the report. The corresponding author had full access to all the data in the study
and had final responsibility for the decision to submit the paper for publication.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the
Imperial College Research Ethics Committee (ICREC; 221C7793). Participants gave
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Author note Please check the funder - same funder repeated twice and | cant
delete

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Reema Garegrat http://orcid.org/0000-0001-6879-4028
Prathik Bandiya http://orcid.org/0000-0002-8212-2655
Constance Burgod http://orcid.org/0000-0002-7789-1003
Stuti Pant http://orcid.org/0000-0002-3912-5965

Maria Moreno Morales http://orcid.org/0000-0002-1472-6078
Paolo Montaldo http://orcid.org/0000-0002-6034-7976
Seetha Shankaran http://orcid.org/0000-0001-5512-9571

REFERENCES

1 Lee ACC, Kozuki N, Blencowe H, et al. Intrapartum-related neonatal encephalopathy
incidence and impairment at regional and global levels for 2010 with trends from
1990. Pediatr Res 2013;74 Suppl 1:50-72.

2 Ivain P, Montaldo P, Khan A, et al. Erythropoietin monotherapy for Neuroprotection
after neonatal encephalopathy in low-to-middle income countries: a systematic
review and meta-analysis. J Perinatol 2021;41:2134-40.

3 Oorschot DE, Sizemore RJ, Amer AR. Treatment of neonatal hypoxic-ischemic
encephalopathy with erythropoietin alone, and erythropoietin combined with
hypothermia: history. Int J Mol Sci 2020;21.

4 Wu YW, Comstock BA, Gonzalez FF, et a/. Trial of erythropoietin for hypoxic-ischemic
encephalopathy in newborns. N Engl J Med 2022;387:148-59.

5 Glass HC, Wusthoff CJ, Comstock BA, et al. Risk of seizures in neonates with hypoxic-
ischemic encephalopathy receiving hypothermia plus erythropoietin or placebo.
Pediatr Res 2023;94:252-9.

6 Juul SE, Comstock BA, Cornet M-C, et al. Safety of high dose erythropoietin used with
therapeutic hypothermia as treatment for newborn hypoxic-ischemic encephalopathy:
secondary analysis of the HEAL randomized controlled trial. / Pediiatr 2023;258.

7 Juul SE, Voldal E, Comstock BA, et al. Association of high-dose erythropoietin with
circulating biomarkers and neurodevelopmental outcomes among neonates with
hypoxic ischemic encephalopathy: A secondary analysis of the HEAL randomized
clinical trial. JAMA Netw Open 2023;6:€2322131.

8 Wisnowski JL, Monsell SE, Bluml S, et al. Brain injury outcomes after adjuvant
erythropoietin Neuroprotection for moderate or severe neonatal hypoxic-ischemic
encephalopathy: A report from the HEAL trial. Dev Neurosci 2023.

9 Wassink G, Davidson JO, Fraser M, et al. Non-additive effects of adjunct erythropoietin
therapy with therapeutic hypothermia after global cerebral ischaemia in near-term
fetal sheep. J Physiol 2020;598:999-1015.

10 Patterson JK, Pant S, Jones DF. et al. Informed consent rates for neonatal randomized
controlled trials in Low- and lower middle-income versus high-income countries: A
systematic review. PLoS One 2021;16:e0248263.

F600

Garegrat R, et al. Arch Dis Child Fetal Neonatal Ed 2024;109:F594-F601. doi:10.1136/archdischild-2024-327107

1ybuAdoo
Aq pa1oar01d 1senb Aq 20z ‘T 18quanoN uo jwod fwg uy/:dny woly papeojumod 20z AelN 0T UO L0T.ZE-720Z-PIIYoSIpyY2Ie/9STT 0T Se paysiignd 1sii ;p3 [eJeuosN [e194 pliyd sig Yoy


https://x.com/PavanHapat
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6879-4028
http://orcid.org/0000-0002-8212-2655
http://orcid.org/0000-0002-7789-1003
http://orcid.org/0000-0002-3912-5965
http://orcid.org/0000-0002-1472-6078
http://orcid.org/0000-0002-6034-7976
http://orcid.org/0000-0001-5512-9571
http://dx.doi.org/10.1038/pr.2013.206
http://dx.doi.org/10.1038/s41372-021-01132-4
http://dx.doi.org/10.3390/ijms21041487
http://dx.doi.org/10.1056/NEJMoa2119660
http://dx.doi.org/10.1038/s41390-022-02398-w
http://dx.doi.org/10.1016/j.jpeds.2023.113400
http://dx.doi.org/10.1001/jamanetworkopen.2023.22131
http://dx.doi.org/10.1159/000534618
http://dx.doi.org/10.1113/JP279131
http://dx.doi.org/10.1371/journal.pone.0248263
http://fn.bmj.com/

Pant S, Elias MA, Woolfall K, et al. Parental and professional perceptions of informed
consent and participation in a time-critical neonatal trial: a mixed-methods study in
India, Sri Lanka and Bangladesh. BMJ Glob Health 2021,6:005757.

Urooj M, Husain GM, Khan MA, et al. Compensation to clinical trial participants in
India: A gap analysis. Int J Pharm Investig 2017;7.41-6.

Yee A. Regulation failing to keep up with India's trials boom. Lancet 2012;379:397-8.
Bhuyan A. India begins COVID-19 vaccination amid trial allegations. Lancet 2021;397.

Lally PJ, Montaldo P, Oliveira V, et al. Magnetic resonance spectroscopy assessment of
brain injury after moderate hypothermia in neonatal encephalopathy: a prospective
Multicentre cohort study. Lancet Neurol 2019;18:35-45.

Rutherford M, Ramenghi LA, Edwards AD, et al. Assessment of brain tissue injury after
moderate hypothermia in neonates with hypoxic—ischaemic encephalopathy: a nested
Substudy of a randomised controlled trial. Lancet Neurol 2010;9:39-45.

Rutherford M, Ramenghi LA, Edwards AD, et al. Assessment of brain tissue injury after
moderate hypothermia in neonates with hypoxic-ischaemic encephalopathy: a nested
Substudy of a randomised controlled trial. Lancet Neurol 2010;9:39-45.

Pant S. Ethical issues around death and withdrawal of life support in neonatal
intensive care. Indian J Pedliatr 2022;89:274-8.

Rossor T, Arichi T, Bhate S, et al. Anticoagulation in the management of neonatal
cerebral Sinovenous thrombosis: a systematic review and meta-analysis. Dev Med
Child Neurol 2018;60:884-91.

20

21

22

23

24

25

26

Original research

Montaldo P, Burgod C, Herberg JA, et al. Whole-blood gene expression profile after
hypoxic-ischemic encephalopathy. JAMA Netw Open 2024;7:62354433.

Burgod C, Mazlan M, Pant S, et a/. Duration of birth depression and
neurodevelopmental outcomes after whole-body hypothermia for hypoxic ischemic
encephalopathy in India, Sri Lanka and Bangladesh. The Lancet Regional Health -
Southeast Asia 2024:20:100284.

Thayyil S, Montaldo P, Krishnan V, et al. Whole-body hypothermia, cerebral
magnetic resonance biomarkers, and outcomes in neonates with moderate or
severe hypoxic-ischemic encephalopathy born at tertiary care centers vs other
facilities: A nested study within a randomized clinical trial. JAMA Netw Open
2023;6:€2312152.

Lippi G, Franchini M, Favaloro EJ. Thrombotic complications of Erythropoiesis-
stimulating agents. Semin Thromb Hemost 2010;36:537-49.

Ohlsson A, Aher SM. Early Erythropoiesis-stimulating agents in Preterm or low birth
weight infants. Cochrane Database Syst Rev 2020;2.

Juul SE, Comstock BA, Wadhawan R, et al. A randomized trial of erythropoietin for
Neuroprotection in Preterm infants. N Engl J Med 2020;382:233-43.

Mizrahi EM, Pressler RM, Task Force on Neonatal Seizures, Commission on
Classification and Terminology, International League Against Epilepsy (ILAE). The
International League against epilepsy new classification of neonatal seizures.
Pedliatrics 2022:150:2022058114.

Garegrat R, et al. Arch Dis Child fetal Neonatal Ed 2024;109:F594-F601. doi:10.1136/archdischild-2024-327107

F601

1ybuAdoo

Aq payatoid 1sanb Ag 20z ‘T J8qWIBAON U0 /wod*[ig uy//:dny woly papeojumod 20z AeIN 0T U0 L0T/ZE-720Z-PIIYdSIpY2Ie/9eTT 0T St paysiiand 1siy :p3 [ereuoaN [e1ed piyd sia Yyoly


http://dx.doi.org/10.1136/bmjgh-2021-005757
http://dx.doi.org/10.4103/jphi.JPHI_31_17
http://dx.doi.org/10.1016/s0140-6736(12)60172-x
http://dx.doi.org/10.1016/S0140-6736(21)00145-8
http://dx.doi.org/10.1016/S1474-4422(18)30325-9
http://dx.doi.org/10.1016/S1474-4422(09)70295-9
http://dx.doi.org/10.1016/S1474-4422(09)70295-9
http://dx.doi.org/10.1007/s12098-021-03810-9
http://dx.doi.org/10.1111/dmcn.13760
http://dx.doi.org/10.1111/dmcn.13760
http://dx.doi.org/10.1001/jamanetworkopen.2023.54433
http://dx.doi.org/10.1016/j.lansea.2023.100284
http://dx.doi.org/10.1016/j.lansea.2023.100284
http://dx.doi.org/10.1001/jamanetworkopen.2023.12152
http://dx.doi.org/10.1055/s-0030-1255448
http://dx.doi.org/10.1002/14651858.CD004863.pub6
http://dx.doi.org/10.1056/NEJMoa1907423
http://dx.doi.org/10.1542/peds.2022-058114
http://fn.bmj.com/

BMJ Publishing G imited (BMJ) disclaims all liability and ibility arising f eli
R S S blameta meiial Which he Becr Sipplved by the suorg Y e 1ance Arch Dis Child Fetal Neonatal Ed

Supplemental material

Supplementary figure 1. Time of randomisation demonstrating recruitment occurring round the clock without any
systematic bias.
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Supplementary figure 2. Scheduled and actual time of intervention amongst erythropoietin (blue) and placebo groups
(orange). 0 indicates that the intervention was administered exactly at the scheduled time, plus numbers indicates intervention was
given later than the scheduled time and minus indicate intervention was given earlier than the scheduled time. Red star (1 in
erythropoietin and 2 in placebo) indicate if it was given outside +2 hours of the scheduled time (protocol deviations). In addition,
one neonate had the fourth dose omitted and another had the fifth dose omitted due to nursing staff unavailability (not shown in the
plot below). Both were in the erythropoietin group. An additional dose was given on day 10 so that the neonates received a total
cumulative dose of 4500U/kg.

Time difference
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Supplementary figure 3. Age at intervention. Violin plots display median and range of age at the time of erythropoietin (blue) and
placebo (orange) groups.
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Supplementary figure 4. Analysis of the audio-visual records of informed consent. Likert scores under the empathy,
information and autonomy domains for each participating site is color coded.

Site 1

Site 2 Site 3 Site 4 Site 5 Site 6 Site 7

EMPATHY
Showed empathy and respect to the parents
Avoided medical jargon

INFORMATION

Explained why the baby has been selected
Explained the purpose of the study
Explained about masking using screen
Explained all the study procedures
Explained blood tests

Explained MRI scan

Explained follow up at 18 months
Explained randomisation

Explained the potential benefits
Explained the potential risks

Explained how the research costs
Explained that participation was voluntary
Explained parents could withdraw
Explained confidentiality

Explained regulatory approvals
AUTONOMY

Encouraged questions

Parents asked questions

- Strongly Disagree

- Disagree

- Neutral

I Agree S| strongly Agree
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Supplementary table 1. Expanded modified Sarnat Staging and certification process.

CATEGORIES | SIGNS OF NEONATAL ENCEPHALOPATHY (NE) IN EACH CATEGORY
(TOTAL 6)

NORMAL MILD NE MODERATE NE SEVERE NE
1. Level of consciousness

Alert, Responsive to Hyper-alert, has a stare, | Lethargic Stupor/coma

external stimuli (state
dependent, eg. post
feeds)

jitteriness, high-pitched
cry, exaggerated
responds to minimal
stimuli, inconsolable

2. Spontaneous ac

tivity

Changes position when
awake

Normal or decreased

Decreased activity

No activity

3. Posture
Predominantly flexed Mild flexion of distal Moderate flexion of Decerebrate
when quiet joints (fingers, wrist distal joint, Complete
usually) extension
4. Tone
Strong flexor tone in all Normal or slightly Hypotonia (focal or Flaccid
extremities + strong increased peripheral general) or
flexor hip tone tone Hypertonia Rigid
5. Primitive reflexes (Circle only the highest level in each sign; The maximum score is only one in any one
category)
Suck Strong, easily elicited Weak, poor Weak but has a bite Absent
Moro Complete Partial response, Low Incomplete Absent

threshold to elicited

6. Autonomic system (Circle only the highest level in each sign; The max

imum score is only one in any one

category)
Pupils In dark: 2.5-4.5 mm. Mydriasis Constricted Deviation/
In light: 1.5-2.5 mm. dilated/ non-
reactive to
light
Heart rate 100-160 bpm Tachycardia (HR > Bradycardia (HR < Variable HR
160) 100)
Respiration Regular respirations Hyperventilation (RR > | Periodic breathing Apnea or
60/min) requires
ventilator
TOTAL
SCORE

The level of encephalopathy will be assigned based on which level of signs (moderate or severe) predominates
among the 6 categories. If moderate and severe signs are equally distributed, the designation is then based on
the highest level in Category #1: The level of consciousness. Infant who has seizure will be Moderate or Severe
NE depending on the neurologic exam. Seizure with normal or mild NE or moderate NE on neurologic exam
will be “Moderate NE . Seizure with severe NE will be “Severe NE”.
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Supplementary table 2. Laboratory parameters and clinical support on day 1

Erythropoietin (N=26) Placebo (N=24)
n Summary n Summary
Haemoglobin, g per L 8 158 +23 8 169 + 32
Hb <120 per L 8 1 (13%) 8 0(0%)
Hb >220¢g per L 8 0 (0%) 8 0 (0%)
White blood cells per uLL 8 22311 + 9807 8 21343 £9294
WBC <5000 or >15,000 8 5 (63%) 8 7 (88%)
Platelets, 10° per L 8 201 + 81 8 210+ 50
Platelets <100 x10° per L 8 1 (13%) 8 0 (0%)
CRP >10 mg per L 2 0 (0%) 2 0(0%)
pH 10 7.36+£0.14 8 7.13+£0.18
pCO2, mm of Hg 9 18.8 [14.4, 27.6] 8 32.5[20.7, 67.9]
Base excess (mEq/L) 10 -109+44 8 -14.8+£6.3
Lowest blood sugar, mg per dL 11 84 [73, 102] 7 82 [64, 96]
Lowest Blood sugar <40 mg / dl 11 0 (0%) 7 0 (0%)
Highest blood sugar, mg per dL 13 98 [90, 149] 12 93 [86, 103]
Highest blood sugar >125 mg / dL. 13 4 (31%) 12 1 (8%)
Prothrombin time, seconds 1 16.3+0.0 0 -
Activated partial thromboplastin time, s 1 28.5+0.0 0 -
International normalised ratio (INR) 1 1.3+0.0 0 -
INR > 1-2 1 1 (100%) 0 -
Inotropes (any) 26 17 (65%) 24 16 (67%)
Dobutamine 26 14 (54%) 24 13 (54%)
Dopamine 26 0 (0%) 24 2 (8%)
Adrenaline 26 5 (19%) 24 4 (17%)
Noradrenaline 26 0 (0%) 24 2 (8%)
Hydrocortisone 26 0 (0%) 24 1 (4%)
Other 26 2 (8%) 24 1 (4%)
Breathing support
None 26 0 (0%) 24 0(0%)
Oxygen 26 0 (0%) 24 0 (0%)
CPAP 26 4 (15%) 24 4 (17%)
Invasive ventilation 26 23 (88%) 24 20 (83%)
Sedation (any) 26 2 (8%) 24 2 (8%)
Chloral hydrate 26 0 (0%) 24 0 (0%)
Fentanyl 26 1 (4%) 24 1 (4%)
Morphine 26 1 (4%) 24 0 (0%)
Melatonin 26 0 (0%) 24 0 (0%)
Other 26 0 (0%) 24 1 (4%)
Anticonvulsants (any) 26 13 (50%) 24 10 (42%)
Phenobarbitone 26 11 (42%) 24 9 (38%)
Phenytoin 26 2 (8%) 24 2 (8%)
Levetiracetam 26 3 (12%) 24 4 (17%)
Clonazepam 26 0 (0%) 24 0(0%)
Midazolam 26 3 (12%) 24 1 (4%)
Others 26 0 (0%) 24 0(0%)
Sedation and/or anti-convulsant (any) 26 14 (54%) 24 11 (46%)
Clinical seizures 26 9 (35%) 24 8 (33%)
Antibiotics 26 22 (85%) 24 22 (92%)
Fluids therapy
IVF 26 25 (96%) 24 23 (96%)
IVF and NG feeds 26 1 (4%) 24 0 (0%)
NG feeds 26 0 (0%) 24 1 (4%)
Other 26 3 (12%) 24 1 (4%)

Summary statistics are: mean + standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 3. Laboratory parameters and clinical support on day 2

Erythropoietin (N=26) Placebo (N=24)
n Summary n Summary
Haemoglobin, g per L 8 148 +29 8 143 +31
Hb <120g per L 8 1 (13%) 8 1 (13%)
Hb >220g per L 8 0 (0%) 8 0 (0%)
White blood cells per uL 8 18018 + 9538 8 19998 + 4540
WBC <5000 or >15,000 8 5 (63%) 8 6 (75%)
Platelets, 10” per L 8 178 £53 8 107 £46
Platelets <100 x10° per L 8 0 (0%) 8 5 (63%)
CRP >10 mg per L 4 2 (50%) 3 2 (67%)
pH 6 7.25+0.25 7 7.17 +£0.24
pCO2, mm of Hg 6 26.1[21.9, 35.2] 7 40.3 [30.0, 70.6]
Base excess (mEq/L) 10 -12.0+4.5 7 -8.4+10.8
Lowest blood sugar, mg per dL 10 90 [78, 94] 9 79 [74, 94]
Lowest Blood sugar <40 mg / dl 10 0 (0%) 9 0 (0%)
Highest blood sugar, mg per dL. 11 100 [88, 150] 9 98 192, 102]
Highest blood sugar >125 mg / dL. 11 4 (36%) 9 1 (11%)
Prothrombin time, seconds 1 43.0+0.0 1 22.8+0.0
Activated partial thromboplastin time, seconds 0 - 0 -
International normalised ratio (INR) 1 3.3+0.0 1 1.7+0.0
INR > 1-2 1 1 (100%) 1 1 (100%)
Inotropes (any) 26 18 (69%) 24 15 (63%)
Dobutamine 26 15 (58%) 24 12 (50%)
Dopamine 26 3 (12%) 24 4 (17%)
Adrenaline 26 7 (27%) 24 7 (29%)
Noradrenaline 26 1 (4%) 24 1 (4%)
Hydrocortisone 26 0 (0%) 24 2 (8%)
Other 26 2 (8%) 24 2 (8%)
Breathing support
None 26 0 (0%) 24 2 (8%)
Oxygen 26 2 (8%) 24 3 (13%)
CPAP 26 3 (12%) 24 3 (13%)
Invasive ventilation 26 21 (81%) 24 16 (67%)
Sedation (any) 26 2 (8%) 24 2 (8%)
Chloral hydrate 26 0 (0%) 24 0 (0%)
Fentanyl 26 1 (4%) 24 1 (4%)
Morphine 26 1 (4%) 24 0 (0%)
Melatonin 26 0 (0%) 24 0 (0%)
Other 26 0 (0%) 24 1 (4%)
Anticonvulsants (any) 26 14 (54%) 24 11 (46%)
Phenobarbitone 26 12 (46%) 24 10 (42%)
Phenytoin 26 3 (12%) 24 2 (8%)
Levetiracetam 26 5 (19%) 24 5 (21%)
Clonazepam 26 0 (0%) 24 0 (0%)
Midazolam 26 4 (15%) 24 1 (4%)
Others 26 0 (0%) 24 0 (0%)
Sedation and/or anti-convulsant (any) 26 15 (58%) 24 12 (50%)
Clinical seizures 26 4 (15%) 24 521%)
Antibiotics 26 25 (96%) 24 23 (96%)
Fluids therapy
IVF 26 18 (69%) 24 13 (54%)
IVF and NG feeds 26 7 (27%) 24 9 (38%)
NG feeds 26 1 (4%) 24 2 (8%)
Other 26 2 (8%) 24 1 (4%)

Summary statistics are: mean + standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 4. Laboratory parameters and clinical support on day 3

Erythropoietin (N=25) Placebo (N=21)
n Summary n Summary
Haemoglobin, g per L 8 165 £ 21 7 161 +48
Hb <120g per L 8 0 (0%) 7 1 (14%)
Hb >220g per L 8 0 (0%) 7 1 (14%)
White blood cells per uL 8 14018 + 5873 6 7854 + 4377
WBC <5000 or >15,000 8 3 (38%) 6 1 (17%)
Platelets, 10° per L 8 191 £72 7 132 + 88
Platelets <100 x10° per L 8 1 (13%) 7 0 (0%)
CRP >10 mg per L 4 2 (50%) 7 4 (57%)
pH 6 7.35+£0.19 5 7.34 £0.16
pCO2, mm of Hg 5 29.0 [23.6, 47.0] 5 28.6 [27.8, 32.3]
Base excess (mEq/L) 5 -8.5+5.6 5 -7.5+7.8
Lowest blood sugar, mg per dL 7 83 [68, 92] 4 83 [79, 97]
Lowest Blood sugar <40 mg / dl 7 1 (14%) 4 0 (0%)
Highest blood sugar, mg per dL 9 106 [102, 124] 6 99 [84, 104]
Highest blood sugar >125 mg / dL 9 2 (22%) 6 1 (17%)
Prothrombin time, seconds 1 9.8 +0.0 1 18.6 £0.0
Activated partial thromboplastin time, seconds 1 273+0.0 0 -
International normalised ratio (INR) 1 0.9+0.0 1 1.5+0.0
INR > 1.2 1 0 (0%) 0 1 (100%)
Inotropes (any) 25 17 (68%) 21 12 (57%)
Dobutamine 25 14 (56%) 21 11 (52%)
Dopamine 25 2 (8%) 21 4 (19%)
Adrenaline 25 9 (36%) 21 2 (10%)
Noradrenaline 25 1 (4%) 21 5 (24%)
Hydrocortisone 25 3 (12%) 21 1 (5%)
Other 25 1 (4%) 21 1 (5%)
Breathing support
None 25 1 (4%) 21 3 (14%)
Oxygen 25 1 (4%) 21 2 (10%)
CPAP 25 4 (16%) 21 3 (14%)
Invasive ventilation 25 19 (76%) 21 13 (62%)
Sedation (any) 25 1 (4%) 21 1 (5%)
Chloral hydrate 25 0 (0%) 21 0 (0%)
Fentanyl 25 1 (4%) 21 1 (5%)
Morphine 25 0 (0%) 21 0 (0%)
Melatonin 25 0 (0%) 21 0 (0%)
Other 25 0 (0%) 21 0 (0%)
Anticonvulsants (any) 25 13 (52%) 21 11 (52%)
Phenobarbitone 25 13 (52%) 21 10 (48%)
Phenytoin 25 3 (12%) 21 3 (14%)
Levetiracetam 25 5 (20%) 21 5 (24%)
Clonazepam 25 0 (0%) 21 0 (0%)
Midazolam 25 1 (4%) 21 0 (0%)
Others 25 0 (0%) 21 0 (0%)
Sedation and/or anti-convulsant (any) 25 14 (56%) 21 12 (57%)
Clinical seizures 25 1 (4%) 21 2 (10%)
Antibiotics 25 24 (96%) 21 20 (95%)
Fluids therapy
IVF 25 15 (60%) 21 11 (52%)
IVF and NG feeds 25 8 (32%) 21 9 (43%)
NG feeds 25 1 (4%) 21 1 (5%)
Other 25 2 (8%) 21 2 (10%)

Summary statistics are: mean + standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 5. Laboratory parameters and clinical support on day 4.

Erythropoietin (N=25) Placebo (N=17)
n Summary n Summary
Haemoglobin, g per L 3 139 +£29 3 159 £ 27
Hb <120g per L 3 1 (33%) 3 0 (0%)
Hb >220g per L 3 0 (0%) 3 0 (0%)
White blood cells per uL 3 9257 + 4409 3 15467 + 5859
WBC <5000 or >15,000 3 1 (33%) 3 1 (33%)
Platelets, 10° per L 3 149 + 134 3 142 + 108
Platelets <100 x 10° per L 3 1 (33%) 3 1 (33%)
CRP >10 mg per L 3 1 (33%) 1 0 (0%)
pH 4 7.45+0.14 2 7.42 +0.15
pCO2, mm of Hg 4 24.5[16.7, 36.3] 2 27.7[17.9, 37.4]
Base excess (mEq/L) 3 4.1+1.1 2 -6.3+0.9
Lowest blood sugar, mg per dL 7 72 [68, 89] 4 76 [71, 95]
Lowest Blood sugar <40 mg / dl 7 1 (14%) 4 0 (0%)
Highest blood sugar, mg per dL. 10 97 [72, 98] 5 91 [88, 94]
Highest blood sugar >125 mg / dL. 10 1 (10%) 5 0 (0%)
Prothrombin time, seconds 2 262 +18.1 0 -
Activated partial thromboplastin time, seconds 0 - 0 -
International normalised ratio (INR) 1 1.0+ 0.0 0 -
INR > 1.2 1 1 (100%) 0 -
Inotropes (any) 25 14 (56%) 17 6 (35%)
Dobutamine 25 11 (44%) 17 6 (35%)
Dopamine 25 1 (4%) 17 1 (6%)
Adrenaline 25 5 (20%) 17 2 (12%)
Noradrenaline 25 1 (4%) 17 2 (12%)
Hydrocortisone 25 3 (12%) 17 0 (0%)
Other 25 2 (8%) 17 0 (0%)
Breathing support
None 25 2 (8%) 17 3 (18%)
Oxygen 25 4 (16%) 17 1 (6%)
CPAP 25 3 (12%) 17 5 (29%)
Invasive ventilation 25 16 (64%) 17 8 (47%)
Sedation (any) 25 1 (4%) 17 0 (0%)
Chloral hydrate 25 0 (0%) 17 0 (0%)
Fentanyl 25 1 (4%) 17 0 (0%)
Morphine 25 0 (0%) 17 0 (0%)
Melatonin 25 0 (0%) 17 0 (0%)
Other 25 0 (0%) 17 0 (0%)
Anticonvulsants (any) 25 14 (56%) 17 7 (41%)
Phenobarbitone 25 14 (56%) 17 7 (41%)
Phenytoin 25 3 (12%) 17 1 (6%)
Levetiracetam 25 4 (16%) 17 3 (18%)
Clonazepam 25 0 (0%) 17 0 (0%)
Midazolam 25 0 (0%) 17 0 (0%)
Others 25 0 (0%) 17 0 (0%)
Sedation and/or anti-convulsant (any) 25 15 (60%) 17 7 (41%)
Clinical seizures 25 1 (4%) 17 1 (6%)
Antibiotics 25 22 (88%) 17 15 (88%)
Fluids therapy
IVF 25 11 (44%) 17 6 (35%)
IVF and NG feeds 25 9 (36%) 17 10 (59%)
NG feeds 25 2 (8%) 17 1 (6%)
Other 25 5 (20%) 17 3 (18%)

Summary statistics are: mean + standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary figure 1. Time of randomisation demonstrating recruitment occurring round the clock without any
systematic bias.
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Supplementary figure 2. Scheduled and actual time of intervention amongst erythropoietin (blue) and placebo groups
(orange). 0 indicates that the intervention was administered exactly at the scheduled time, plus numbers indicates intervention was
given later than the scheduled time and minus indicate intervention was given earlier than the scheduled time. Red star (1 in
erythropoietin and 2 in placebo) indicate if it was given outside +2 hours of the scheduled time (protocol deviations). In addition,
one neonate had the fourth dose omitted and another had the fifth dose omitted due to nursing staff unavailability (not shown in the
plot below). Both were in the erythropoietin group. An additional dose was given on day 10 so that the neonates received a total
cumulative dose of 4500U/kg.

Time difference
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Supplementary figure 3. Age at intervention. Violin plots display median and range of age at the time of erythropoietin (blue) and
placebo (orange) groups.
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Supplementary figure 4. Analysis of the audio-visual records of informed consent. Likert scores under the empathy,
information and autonomy domains for each participating site is color coded.

Site 1

Site 2 Site 3 Site 4 Site § Site 6 Site 7

EMPATHY

Showed em pathy and respect to the parents

Avoided medical jargon

INFORMATION

Explained why the baby has been selected

Explained the purpose of the study

Explained about masking using screen

Explained all the study procedures

Explained blood tests

Explained MR scan

Explained follow up at 18 months

Explained random isation

Explained the potential benefits

Explained the potential risks

Explained how the research costs

Explained that participation was voluntary

Explained parents could withdraw

Explained confidentiality

Explained regulatory approvals

AUTONOMY

Encouraged questions

Parents asked questions

-Strongly Disagree -Disagree

-Neutral -Agree -StronegAgree
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Supplementary table 1. Expanded modified Sarnat Staging and certification process.

CATEGORIES | SIGNS OF NEONATAL ENCEPHALOPATHY (NE) IN EACH CATEGORY
(TOTAL 6)

NORMAL | MILD NE | MODERATE NE SEVERE NE
1. Level of consciousness

Alert, Responsive to Hyper-alert, has a stare, | Lethargic Stupor/coma

external stimuli (state
dependent, eg. post
feeds)

jitteriness, high-pitched
cry, exaggerated
responds to minimal
stimuli, inconsolable

2. Spontaneous activity

Changes position when
awake

Normal or decreased

Decreased activity

No activity

3. Posture
Predominantly flexed Mild flexion of distal Moderate flexion of Decerebrate
when quiet joints (fingers, wrist distal joint, Complete
usually) extension
4. Tone
Strong flexor tone in all Normal or slightly Hypotonia (focal or Flaccid
extremities + strong increased peripheral general) or
flexor hip tone tone Hypertonia Rigid
5. Primitive reflexes (Circle only the highest level in each sign; The maximum score is only one in any one
category)
Suck Strong, easily elicited Weak, poor Weak but has a bite Absent
Moro Complete Partial response, Low Incomplete Absent
threshold to elicited
6. Autonomic system (Circle only the highest level in each sign; The maximum score is only one in any one
category)
Pupils In dark: 2.5-4.5 mm. Mydriasis Constricted Deviation/
In light: 1.5-2.5 mm. dilated/ non-
reactive to
light
Heart rate 100-160 bpm Tachycardia (HR > Bradycardia (HR < Variable HR
160) 100)
Respiration Regular respirations Hyperventilation (RR > | Periodic breathing Apnea or
60/min) requires
ventilator
TOTAL
SCORE

The level of encephalopathy will be assigned based on which level of signs (moderate or severe) predominates
among the 6 categories. If moderate and severe signs are equally distributed, the designation is then based on
the highest level in Category #1: The level of consciousness. Infant who has seizure will be Moderate or Severe
NE depending on the neurologic exam. Seizure with normal or mild NE or moderate NE on neurologic exam
will be “Moderate NE”. Seizure with severe NE will be “Severe NE”.
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Supplementary table 2. Laboratory parameters and clinical support on day 1

Erythropoietin (N=26) Placebo (N=24)
n Summary n Summary
Haemoglobin, g per L 8 158 £23 8 169 + 32
Hb <120 per L 8 1 (13%) 8 0 (0%)
Hb >220g per L 8 0 (0%) 8 0 (0%)
White blood cells per uL. 8 22311 9807 8 21343 £9294
WBC <5000 or >15,000 8 5 (63%) 8 7 (88%)
Platelets, 10° per L 8 201 =81 8 210 +£50
Platelets <100 x10° per L 8 1 (13%) 8 0 (0%)
CRP >10 mg per L 2 0 (0%) 2 0 (0%)
pH 10 7.36 £0.14 8 7.13£0.18
pCO2, mm of Hg 9 18.8 [14.4, 27.6] 8 32.5[20.7, 67.9]
Base excess (mEq/L) 10 -109+44 8 -148+£6.3
Lowest blood sugar, mg per dL 11 84 [73, 102] 7 82 [64, 96]
Lowest Blood sugar <40 mg / dl 11 0 (0%) 7 0 (0%)
Highest blood sugar, mg per dL 13 98 [90, 149] 12 93 [86, 103]
Highest blood sugar >125 mg / dL 13 4 (31%) 12 1 (8%)
Prothrombin time, seconds 1 16.3+0.0 0 -
Activated partial thromboplastin time, s 1 28.5+£0.0 0 -
International normalised ratio (INR) 1 1.3+0.0 0 -
INR > 1-2 1 1 (100%) 0 -
Inotropes (any) 26 17 (65%) 24 16 (67%)
Dopamine 26 14 (54%) 24 13 (54%)
Dobutamine 26 0 (0%) 24 2 (8%)
Adrenaline 26 5 (19%) 24 4 (17%)
Noradrenaline 26 0 (0%) 24 2 (8%)
Hydrocortisone 26 0 (0%) 24 1 (4%)
Other 26 2 (8%) 24 1 (4%)
Breathing support
None 26 0 (0%) 24 0 (0%)
Oxygen 26 0 (0%) 24 0 (0%)
CPAP 26 4 (15%) 24 4 (17%)
Invasive ventilation 26 23 (88%) 24 20 (83%)
Sedation (any) 26 2 (8%) 24 2 (8%)
Chloral hydrate 26 0 (0%) 24 0 (0%)
Fentanyl 26 1 (4%) 24 1 (4%)
Morphine 26 1 (4%) 24 0 (0%)
Melatonin 26 0 (0%) 24 0 (0%)
Other 26 0 (0%) 24 1 (4%)
Anticonvulsants (any) 26 13 (50%) 24 10 (42%)
Phenobarbitone 26 11 (42%) 24 9 (38%)
Phenytoin 26 2 (8%) 24 2 (8%)
Levetiracetam 26 3 (12%) 24 4 (17%)
Clonazepam 26 0 (0%) 24 0 (0%)
Midazolam 26 3 (12%) 24 1 (4%)
Others 26 0 (0%) 24 0 (0%)
Sedation and/or anti-convulsant (any) 26 14 (54%) 24 11 (46%)
Clinical seizures 26 9 (35%) 24 8 (33%)
Antibiotics 26 22 (85%) 24 22 (92%)
Fluids therapy
IVF 26 25 (96%) 24 23 (96%)
IVF and NG feeds 26 1 (4%) 24 0 (0%)
NG feeds 26 0 (0%) 24 1 (4%)
Other 26 3 (12%) 24 1 (4%)

Summary statistics are: mean + standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 3. Laboratory parameters and clinical support on day 2

Erythropoietin (N=26) Placebo (N=24)
n Summary n Summary
Haemoglobin, g per L 8 148 +29 8 143 +31
Hb <120g per L 8 1 (13%) 8 1 (13%)
Hb >220g per L 8 0 (0%) 8 0 (0%)
White blood cells per uL. 8 18018 + 9538 8 19998 + 4540
WBC <5000 or >15,000 8 5 (63%) 8 6 (75%)
Platelets, 10° per L 8 178 +£53 8 107 £ 46
Platelets <100 x10° per L 8 0 (0%) 8 5 (63%)
CRP >10 mg per L 4 2 (50%) 3 2 (67%)
pH 6 7.25 +0.25 7 7.17+£0.24
pCO2, mm of Hg 6 26.1[21.9, 35.2] 7 40.3 [30.0, 70.6]
Base excess (mEq/L) 10 -12.0+4.5 7 -8.4+£10.8
Lowest blood sugar, mg per dL 10 90 [78, 94] 9 79 [74, 94]
Lowest Blood sugar <40 mg / dl 10 0 (0%) 9 0 (0%)
Highest blood sugar, mg per dL 11 100 [88, 150] 9 98 [92, 102]
Highest blood sugar >125 mg / dL 11 4 (36%) 9 1 (11%)
Prothrombin time, seconds 1 43.0+0.0 1 22.8+0.0
Activated partial thromboplastin time, seconds 0 - 0 -
International normalised ratio (INR) 1 3.3+0.0 1 1.7+0.0
INR > 1-2 1 1 (100%) 1 1 (100%)
Inotropes (any) 26 18 (69%) 24 15 (63%)
Dopamine 26 15 (58%) 24 12 (50%)
Dobutamine 26 3 (12%) 24 4 (17%)
Adrenaline 26 7 (27%) 24 7 (29%)
Noradrenaline 26 1 (4%) 24 1 (4%)
Hydrocortisone 26 0 (0%) 24 2 (8%)
Other 26 2 (8%) 24 2 (8%)
Breathing support
None 26 0 (0%) 24 2 (8%)
Oxygen 26 2 (8%) 24 3 (13%)
CPAP 26 3 (12%) 24 3 (13%)
Invasive ventilation 26 21 (81%) 24 16 (67%)
Sedation (any) 26 2 (8%) 24 2 (8%)
Chloral hydrate 26 0 (0%) 24 0 (0%)
Fentanyl 26 1 (4%) 24 1 (4%)
Morphine 26 1 (4%) 24 0 (0%)
Melatonin 26 0 (0%) 24 0 (0%)
Other 26 0 (0%) 24 1 (4%)
Anticonvulsants (any) 26 14 (54%) 24 11 (46%)
Phenobarbitone 26 12 (46%) 24 10 (42%)
Phenytoin 26 3 (12%) 24 2 (8%)
Levetiracetam 26 5 (19%) 24 5 (21%)
Clonazepam 26 0 (0%) 24 0 (0%)
Midazolam 26 4 (15%) 24 1 (4%)
Others 26 0 (0%) 24 0 (0%)
Sedation and/or anti-convulsant (any) 26 15 (58%) 24 12 (50%)
Clinical seizures 26 4 (15%) 24 5 (21%)
Antibiotics 26 25 (96%) 24 23 (96%)
Fluids therapy
IVF 26 18 (69%) 24 13 (54%)
IVF and NG feeds 26 7 (27%) 24 9 (38%)
NG feeds 26 1 (4%) 24 2 (8%)
Other 26 2 (8%) 24 1 (4%)

Summary statistics are: mean * standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 4. Laboratory parameters and clinical support on day 3

Erythropoietin (N=25) Placebo (N=21)
n Summary n Summary
Haemoglobin, g per L 8 165 +21 7 161 +48
Hb <120g per L 8 0 (0%) 7 1 (14%)
Hb >220g per L 8 0 (0%) 7 1 (14%)
White blood cells per uL. 8 14018 + 5873 6 7854 +4377
WBC <5000 or >15,000 8 3 (38%) 6 1 (17%)
Platelets, 10° per L 8 191 £72 7 132 + 88
Platelets <100 x10° per L 8 1 (13%) 7 0 (0%)
CRP >10 mg per L 4 2 (50%) 7 4 (57%)
pH 6 7.35+£0.19 5 7.34£0.16
pCO2, mm of Hg 5 29.0 [23.6, 47.0] 5 28.6 [27.8, 32.3]
Base excess (mEq/L) 5 -85+£5.6 5 -71.5+7.8
Lowest blood sugar, mg per dL 7 83 [68, 92] 4 83 (79, 97]
Lowest Blood sugar <40 mg / dl 7 1 (14%) 4 0 (0%)
Highest blood sugar, mg per dL 9 106 [102, 124] 6 99 [84, 104]
Highest blood sugar >125 mg / dL 9 2 (22%) 6 1 (17%)
Prothrombin time, seconds 1 9.8+0.0 1 18.6 £0.0
Activated partial thromboplastin time, seconds 1 273+£0.0 0 -
International normalised ratio (INR) 1 0.9+0.0 1 1.5+0.0
INR > 1-2 1 0 (0%) 0 1 (100%)
Inotropes (any) 25 17 (68%) 21 12 (57%)
Dopamine 25 14 (56%) 21 11 (52%)
Dobutamine 25 2 (8%) 21 4 (19%)
Adrenaline 25 9 (36%) 21 2 (10%)
Noradrenaline 25 1 (4%) 21 5 (24%)
Hydrocortisone 25 3 (12%) 21 1 (5%)
Other 25 1 (4%) 21 1 (5%)
Breathing support
None 25 1 (4%) 21 3 (14%)
Oxygen 25 1 (4%) 21 2 (10%)
CPAP 25 4 (16%) 21 3 (14%)
Invasive ventilation 25 19 (76%) 21 13 (62%)
Sedation (any) 25 1 (4%) 21 1 (5%)
Chloral hydrate 25 0 (0%) 21 0 (0%)
Fentanyl 25 1 (4%) 21 1 (5%)
Morphine 25 0 (0%) 21 0 (0%)
Melatonin 25 0 (0%) 21 0 (0%)
Other 25 0 (0%) 21 0 (0%)
Anticonvulsants (any) 25 13 (52%) 21 11 (52%)
Phenobarbitone 25 13 (52%) 21 10 (48%)
Phenytoin 25 3 (12%) 21 3 (14%)
Levetiracetam 25 5 (20%) 21 5 (24%)
Clonazepam 25 0 (0%) 21 0 (0%)
Midazolam 25 1 (4%) 21 0 (0%)
Others 25 0 (0%) 21 0 (0%)
Sedation and/or anti-convulsant (any) 25 14 (56%) 21 12 (57%)
Clinical seizures 25 1 (4%) 21 2 (10%)
Antibiotics 25 24 (96%) 21 20 (95%)
Fluids therapy
IVF 25 15 (60%) 21 11 (52%)
IVF and NG feeds 25 8 (32%) 21 9 (43%)
NG feeds 25 1 (4%) 21 1 (5%)
Other 25 2 (8%) 21 2 (10%)

Summary statistics are: mean * standard deviation, median [inter-quartile range] or number (percentage)
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Supplementary table 5. Laboratory parameters and clinical support on day 4.

Erythropoietin (N=25) Placebo (N=17)
n Summary n Summary
Haemoglobin, g per L 3 139 £29 3 159 +27
Hb <120g per L 3 1 (33%) 3 0(0%)
Hb >220g per L 3 0 (0%) 3 0(0%)
White blood cells per uL. 3 9257 + 4409 3 15467 + 5859
WBC <5000 or >15,000 3 1 (33%) 3 1 (33%)
Platelets, 10° per L 3 149 + 134 3 142 + 108
Platelets <100 x 10° per L 3 1 (33%) 3 1 (33%)
CRP >10 mg per L 3 1 (33%) 1 0(0%)
pH 4 7.45+0.14 2 7.42 +£0.15
pCO2, mm of Hg 4 24.5[16.7, 36.3] 2 27.7[17.9, 37.4]
Base excess (mEq/L) 3 4.1+1.1 2 -6.3+0.9
Lowest blood sugar, mg per dL 7 72 (68, 89] 4 76 [71, 95]
Lowest Blood sugar <40 mg / dl 7 1 (14%) 4 0 (0%)
Highest blood sugar, mg per dL 10 97 [72, 98] 5 91 [88, 94]
Highest blood sugar >125 mg / dL 10 1 (10%) 5 0 (0%)
Prothrombin time, seconds 2 262 +18.1 0 -
Activated partial thromboplastin time, seconds 0 - 0 -
International normalised ratio (INR) 1 1.0+0.0 0 -
INR > 1-2 1 1 (100%) 0 -
Inotropes (any) 25 14 (56%) 17 6 (35%)
Dopamine 25 11 (44%) 17 6 (35%)
Dobutamine 25 1 (4%) 17 1 (6%)
Adrenaline 25 5 (20%) 17 2 (12%)
Noradrenaline 25 1 (4%) 17 2 (12%)
Hydrocortisone 25 3 (12%) 17 0 (0%)
Other 25 2 (8%) 17 0 (0%)
Breathing support
None 25 2 (8%) 17 3 (18%)
Oxygen 25 4 (16%) 17 1 (6%)
CPAP 25 3 (12%) 17 5 (29%)
Invasive ventilation 25 16 (64%) 17 8 (47%)
Sedation (any) 25 1 (4%) 17 0 (0%)
Chloral hydrate 25 0 (0%) 17 0 (0%)
Fentanyl 25 1 (4%) 17 0 (0%)
Morphine 25 0 (0%) 17 0 (0%)
Melatonin 25 0 (0%) 17 0 (0%)
Other 25 0 (0%) 17 0 (0%)
Anticonvulsants (any) 25 14 (56%) 17 7 (41%)
Phenobarbitone 25 14 (56%) 17 7 (41%)
Phenytoin 25 3 (12%) 17 1 (6%)
Levetiracetam 25 4 (16%) 17 3 (18%)
Clonazepam 25 0 (0%) 17 0(0%)
Midazolam 25 0 (0%) 17 0 (0%)
Others 25 0 (0%) 17 0 (0%)
Sedation and/or anti-convulsant (any) 25 15 (60%) 17 7 (41%)
Clinical seizures 25 1 (4%) 17 1 (6%)
Antibiotics 25 22 (88%) 17 15 (88%)
Fluids therapy
IVF 25 11 (44%) 17 6 (35%)
IVF and NG feeds 25 9 (36%) 17 10 (59%)
NG feeds 25 2 (8%) 17 1 (6%)
Other 25 5 (20%) 17 3 (18%)

Summary statistics are: mean * standard deviation, median [inter-quartile range] or number (percentage)
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