
REVIEW ARTICLE OPEN

Erythropoietin monotherapy for neuroprotection after neonatal
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OBJECTIVE: We examined whether erythropoietin monotherapy improves neurodevelopmental outcomes in near-term and term
infants with neonatal encephalopathy (NE) in low-middle income countries (LMICs).
METHODS:We searched Pubmed, Embase, and Web of Science databases to identify studies that used erythropoietin (1500–12,500
units/kg/dose) or a derivative to treat NE.
RESULTS: Five studies, with a total of 348 infants in LMICs, were retrieved. However, only three of the five studies met the primary
outcome of death or neuro-disability at 18 months of age or later. Erythropoietin reduced the risk of death (during the neonatal
period and at follow-up) or neuro-disability at 18 months or later (p < 0.05). Death or neuro-disability occurred in 27.6% of the
erythropoietin group and 49.7% of the comparison group (risk ratio 0.56 (95% CI: 0.42–0.75)).
CONCLUSION: The pooled data suggest that erythropoietin monotherapy may improve outcomes after NE in LMICs where
therapeutic hypothermia is not available.

Journal of Perinatology (2021) 41:2134–2140; https://doi.org/10.1038/s41372-021-01132-4

INTRODUCTION
Neonatal encephalopathy (NE) occurs in 1–4 per 1000 live births in
high-income countries and is estimated to be as high as 26 per
1000 live births in low and middle-income countries (LMICs) [1, 2].
Of the annual 1 million neonatal deaths attributed to NE globally,
99% occur in LMICs [1, 3, 4].
Therapeutic hypothermia (TH) is the standard of care for newborn

babies with NE in high-income countries, with randomized-
controlled trials demonstrating the ability of TH to improve
outcomes for babies with NE in these settings [5]. However, the
safety and efficacy of cooling in LMIC populations are still unclear. A
systematic review of cooling trials in LMICs did not report any
significant benefit of cooling therapy for NE babies [6]. Furthermore,
cooling may lack applicability in LMICs due to a shortage of neonatal
intensive care units and the necessary transport needed to
administer the therapy within the 6-h window [7].
Given these challenges, an alternative neuroprotective approach

is vital in LMICs [8]. Although many novel neuroprotective strategies
have been investigated in pre-clinical models (melatonin, N-acetyl
cysteine, stem cells), erythropoietin is currently the most promising
agent due to its dual neuroprotective and regenerative properties,
and a wide therapeutic window of up to 24 h [9–11]. When used as
a monotherapy, erythropoietin promotes neuro-regeneration in
pre-clinical models of hypoxic-ischaemic encephalopathy [2, 12–14].
There are also a number of ongoing trials assessing the combined
effectiveness of erythropoietin alongside cooling therapy in infants

with moderate-severe encephalopathy in high-income countries
[2, 15]. However, these trials will not provide information regarding
the safety and efficacy of erythropoietin without adjunct cooling
therapy in LMICs.
Therefore, we systematically reviewed the published literature to

examine whether erythropoietin monotherapy improves neurodeve-
lopmental outcomes in near-term and term infants with NE in LMICs.

METHODS
Search strategy
We used the Cochrane Handbook of Systematic Review of
Interventions methodology for literature search, data extraction,
quality assessment, and meta-analysis [16]. We searched Pubmed,
Embase, and Web of Science from 1 January 1999 to 1 June 2020,
using the following MeSH terms: [hypoxic ischaemic encephalo-
pathy OR NE] AND [erythropoietin] AND [newborn] AND [clinical
trials]. We excluded abstracts for which the full text was unavailable
or in a language other than English. We also examined the
reference lists of the retrieved articles and review papers to identify
any studies missed by the initial search. No method restrictions
were set and only studies from LMICs were deemed eligible for
inclusion in the meta-analysis. LMICs were defined according to the
World Bank classifications by income level (2019–2020).
All titles and abstracts identified as potentially relevant were

assessed. Two reviewers (PI and AK) independently selected the
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studies to be included, extracted the data, and assessed the
quality based on allocation concealment, blinding of outcome
assessment, adherence to intention to treat analysis, and
completeness and quality of follow-up. Duplicated studies were
removed from search results. Discrepancies in reviewer selections
were resolved by a third reviewer (PM). The data for all included
studies was collected using a formatted spreadsheet according to
the “PICO” format (patient, intervention, comparison, and out-
come) of the published results.

Study design and inclusion criteria
We included randomized-control trials as well as all non-
randomized and case-control studies in which parenteral (intra-
venous or subcutaneous) erythropoietin or one of its analogues
was administered within one week of postnatal life and compared
with placebo or usual care in patients with NE. The study
population included only neonates born at ≥36 weeks gestation.
The definition of asphyxia used in high-income countries includes
investigations that are not widely available in LMICs (such as
amplitude-integrated electroencephalogram).
Furthermore, Apgar scores are often not available or not

collected beyond 5min of birth, especially when babies are born
at home. Therefore, we decided to use the same definition of
asphyxia as in the hypothermia for encephalopathy in low- and
middle-income countries (HELIX) Trial [7]. Asphyxia was consid-
ered if at least one of the following criteria was met: (i) Apgar
score ≤5 at 5 min, (ii) cord or arterial blood pH ≤ 7.0, (iii) base
deficit >12mmol/L within the first hour after birth, or (iv) ongoing
resuscitation or mechanical ventilation at 5 min of life. NE was
defined using a detailed neurological examination performed
prior to enrolment which was assessed against objective criteria.

Outcome measures
The primary outcome was a composite measure of mortality or
neuro-disability at 18 months of age or later. The secondary
outcome measures were mortality, cerebral palsy, brain injury on

conventional magnetic resonance imaging, moderate-to-severe
cognitive impairment, and any adverse outcomes as a result of
erythropoietin administration.
Adverse outcomes included: persistent hypotension, grade IV

intraventricular haemorrhage on ultrasound, pulmonary haemor-
rhage, persistent pulmonary hypertension, systematic hyperten-
sion, major venous or arterial thrombosis, prolonged blood
coagulation, polycythaemia, culture-proven sepsis, necrotising
enterocolitis, cardiac arrhythmia requiring therapy, severe throm-
bocytopenia (platelet count <25,000 per mL), persistent metabolic
acidosis lasting over 12 h after birth, renal failure (anuria > 48 h
with azotaemia), pneumonia, subcutaneous fat necrosis, and
neurological examination at discharge.

Analysis and quality assessment
We used a random-effects model for the meta-analysis (RevMan
Version 5.4, Cochrane Collaboration, 2014). Risk ratios were also
calculated for available primary and secondary outcomes and
reported with 95% confidence intervals (CI). Statistical hetero-
geneity was examined using the I2 index.
The risk of bias for each study was determined based on statements

relating to random sequence generation, allocation concealment,
blinding of participants and personnel, outcome assessment,
incomplete outcome data, and selective reporting. Each property
was ranked as “low risk”, “unclear risk”, or “high risk” according to the
quality assessment of diagnostic accuracy studies (QUADAS 2) tool
and is presented visually as a graph and summary figure.

RESULTS
Our search strategy yielded a total of 74 potentially relevant
studies. Eleven studies met the initial search criteria, of which five
were selected for inclusion (shown in Fig. 1, Table 1) [17–21]. The
excluded studies are listed in Table 2 [22–27].
All five studies included in our analysis were performed in

hospitals within LMICs and reported post-natal neurodevelopmental

Fig. 1 Flow chart of the literature search. The diagram shows the different phases of the systematic review.
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outcomes. Data were extracted for a total of 348 babies with NE
from four different countries. Three studies compared erythropoietin
to routine neonatal intensive care and one study compared it to a
placebo. Another study compared erythropoietin to both routine
care and TH, although the babies who received TH were not
included in our analysis to allow for comparison with the other
included studies. Furthermore, no adverse effects specific to
erythropoietin administration were found.
Three of the five included studies reported outcome at

18 months of age or later. Erythropoietin significantly reduced
the risk of death or neuro-disability in these three studies (p <
0.05). Death or neuro-disability occurred in 27.6% of the
erythropoietin group and 49.7% of the comparison group (risk
ratio 0.56 (95% CI: 0.42–0.75)) (shown in Fig. 2a).
The secondary outcome of cerebral palsy was reported in two of

the five included studies. Erythropoietin administration also
significantly reduced the risk of cerebral palsy (p < 0.05). Cerebral
palsy was reported in 13.4% of the erythropoietin group and
22.8% of the control group (risk ratio 0.47 (95% CI: 0.28–0.80))
(shown in Fig. 2b). However, the pooled data showed no
difference in neonatal mortality or death reported at follow-up
between three and 19 months of age between the erythropoietin
and comparison group infants (p= 0.41). The death occurred in
11.2% of the erythropoietin group and 14.0% of the comparison
group (risk ratio 0.84 (95% CI: 0.56–1.27)) (shown in Fig. 2c). Meta-
analyses were not conducted for the other secondary outcomes as
they were either infrequently reported or, or in the case of brain
injury, the scoring system was not specified.
The included studies showed no evidence of statistical

heterogeneity (I2= 0%; p > 0.05). This is most likely due to the
included studies having a relatively small sample size. A funnel
plot was not conducted due to the low number of included
studies.
Each individual study was also assessed for risk of bias (shown

in Fig. 3). Follow-up varied greatly between studies, with a range
between three and 19 months of age. All but one study failed to
state whether participants and personnel were blinded to a
treatment group or outcome [19]. Regardless, clinical and

assessment data from all participants were reported at follow-up
in all studies.

DISCUSSION
In this systematic review and meta-analysis, we assessed five
studies that reported the role of erythropoietin as a neuroprotective
agent in term infants with NE in LMIC settings. Our analysis shows
that erythropoietin significantly reduced the risk of death or neuro-
disability and cerebral palsy in the three studies with outcome
reported at 18 months of age. However, erythropoietin did not
reduce the risk of neonatal mortality or death reported at follow-up
between three and 19 months of age. Furthermore, there were no
adverse effects specific to erythropoietin administration.
Our results are in accordance with previous meta-analyses of

erythropoietin efficacy for infants with NE [28, 29]. One meta-
analysis assessed six randomised-controlled trials, the other
examined 15 studies comparing five interventions. Both reported
that erythropoietin decreased the risk of mortality and neurode-
velopmental delay at 18 months. However, these meta-analyses
included studies from both LMIC and high-income countries and
therefore did not account for efficacy and mechanistic differences
between these populations [6]. In fact, the HELIX feasibility study,
which examined the effectiveness of a servo-controlled cooling
device in India, has highlighted significant differences in infants
with NE in LMICs including lower birth weight and a high
incidence of gastric bleeding [30].
The effectiveness of erythropoietin as a neuroprotective agent

is hypothesised to be related to its anti-excitatory, anti-
inflammatory and anti-oxidant properties [31]. One of the main
actions of erythropoietin is to reduce free iron accumulation that
occurs following secondary brain injury in NE [32]. By inducing
erythropoiesis, erythropoietin, in turn, promotes neurogenesis and
other regenerative processes [9, 14, 33, 34]. The compelling
evidence from pre-clinical studies and trials in both low-middle
and high-income countries suggests that erythropoietin mono-
therapy may be useful in LMIC clinical settings where TH is not
compatible [2, 15].

Fig. 2 Forest plot of the observed effect of erythropoietin in the included studies. Effect of erythropoietin on (A) death (neonatal period
and at follow-up) or neuro-disability at 18 months of age or later, (B) cerebral palsy, and (C) death during the neonatal period and at follow-up
(between three and 19 months of age) in infants with NE.

P. Ivain et al.

2137

Journal of Perinatology (2021) 41:2134 – 2140



One of the studies included in our analysis, El Shimi et al.,
compared erythropoietin with both supportive care and TH [18].
The study described individual statistics favouring TH for
neuroprotection, but these were not statistically significant. As
follow-up was only at three months of age, a later neurological
assessment may provide considerably more information regarding
neuroprotective differences between erythropoietin and TH use in
NE babies. Overall, there is still a lack of evaluative data comparing
varying dosages of erythropoietin with and without TH in LMIC
settings, underpinning the need for more robust and definitive
trials.
All the studies included in our meta-analysis used erythropoie-

tin as monotherapy. However, different dosage regimens, routes
of administration (intravenous or subcutaneous), and timings were
used across the individual studies. Although a therapeutic dose in
term newborns has yet to be determined, 300 and 500 IU/kg/dose
has been shown to be most effective when administered over a
longer period in preterm infants [35, 36]. Whereas the study by
Malla et al. used a singular dose at 500 IU/kg on days 1, 3, and 5
[19], making it difficult to derive the true neuroprotective effect of
erythropoietin in this instance. While randomised controlled trials
using a dose of 1000 IU/kg/dose are ongoing in high-income
countries, there is no such trial occurring in LMICs [15]. Therefore,
forthcoming clinical trials examining erythropoietin use for
neuroprotection in LMICs should focus on optimizing protocols
using a higher dosage in larger study populations.
We also found significant heterogeneity in the patient

populations of the included studies with regard to national
economic status, inclusion criteria, and NE definitions. This reflects
an extreme heterogeneity in the study design and a possible
introduction of biases. An example of this being the use of Sarnat

staging to classify NE in all but one of the included studies,
whereas a different NE severity was set as an entry criterion [17].
Two studies included infants with moderate-to-severe NE [19, 21],
while another only included infants with mild-to-moderate NE
[20]. The other two studies used perinatal asphyxia as the entry
criterion [17, 18].
The length of study duration also varied widely among the

included studies (ranging from six to 41 months of patient
recruitment), which may signify differences in clinical manage-
ment over a longer period of time. In addition, a lack of secondary
outcome data was noted, as only two studies reported results for
cerebral palsy. Furthermore, only three of the studies reported
outcome at 18 months or later, indicating inadequate follow-up of
NE patients. Longer recruitment timescales which yield small
sample sizes and limited follow-up data suggest a lack of available
resources for both study design and management in those clinical
settings.
While the data reported in this meta-analysis shows the

beneficial effect of erythropoietin, there are some limitations.
Firstly, the cumulative sample sizes of all included studies were
small, with one study, not randomising recruits and four
studies not blinded. Secondly, there was a great amount of
heterogeneity among the included studies, which was
accounted for by using a random effects model. Also, the age
interval at the time of neurodevelopmental outcome was wide,
with the earliest reported outcome at three months of age and
the latest at 19 months. Despite this variation in age at follow-
up, three of the five studies reported outcomes at greater than
18 months of age and used the same neurological examination
(Bayley Scales of Infant Development Volume III) to evaluate
participants.

Fig. 3 Risk of bias assessment. (A) Risk of bias graph and (B) risk of bias summary.

P. Ivain et al.

2138

Journal of Perinatology (2021) 41:2134 – 2140



CONCLUSION
The pooled data from these small clinical trials suggest that
erythropoietin may improve neurodevelopmental outcomes in
neonates who have sustained NE within LMICs. Erythropoietin
has shown a beneficial effect when used as a monotherapy and
demonstrated safety and efficacy when used at a variety of
doses, with no adverse events. Further evaluation of erythro-
poietin in adequately powered clinical trials is necessary. In
future trials, it will be crucial for researchers and clinicians in
LMICs to collaborate with experts and form interest groups to
clearly define appropriate guidelines, primary, and secondary
outcomes for erythropoietin usage. Thus far, erythropoietin has
shown promise as a neuroprotective agent and future imple-
mentation may greatly improve outcomes for NE infants with
brain injury in LMICs.
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