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ABSTRACT 

Context: Hypoxic ischemic encephalopathy (HIE) is one of the leading causes of cerebral palsy (CP) and neonatal mortality in developing countries. 

Erythropoietin (Epo) is one of the newest neuroprotective therapies to prevent cerebral palsy. 

Aims: To analyze the effect of Epo as a neuroprotective agent to prevent CP. 

Methods: A randomized, double-blind, placebo-controlled trial was conducted between January and October 2022 in the neonatology ward at a tertiary 

hospital in Surakarta, Indonesia. Twenty-five infants born at 32 weeks or more of gestation with HIE based on Thompson’s criteria were determined to 

receive Epo or placebo treatments. After their birth, as well as at 2, 3, 4, and 5 days of age, saline placebo or Epo (1000 IU per kilogram of body weight) 

was administered intravenously within 24 hours. Hemoglobin, c-reactive protein (CRP), caspase-3, and tumor necrosing factor-' (TNF-α) levels were 

measured both pre- and post-treatment. Neurological examination was performed at 2, 4, and 6 months of age to assess the occurrence of CP. 

Results: Hemoglobin and caspase-3 levels displayed an effect of Epo administration, in contrast with no significant difference found on CRP and TNF- 

levels after the same treatment. However, the differences in the occurrence of cerebral palsy in the treatment group were statistically insignificant. 

Conclusion: Epo has significant neuroprotective effects on caspase-3 levels, but this is not enough to prevent CP. 
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INTRODUCTION 

Cerebral palsy (CP) is a cluster of non-
progressive postural and motoric developmental 
disorders that cause activity limitations due to 
brain damage that occurs when the brain does not 
reach maturity (Swaiman and Wu, 2017). CP has 
become the most frequent source of physical 
disability during a human’s early years. In 
developed countries, the occurrence of CP is quite 
high, around 1.5-2.5 out of every 1000 live births 
(Bax et al., 2007). 

Meanwhile, in developing countries, hypoxic-
ischemic encephalopathy (HIE) in developing 
countries becomes the major source of CP and 
neonatal mortality (Lai and Yang, 2011). Neonates 
with moderate HIE have a 10% mortality risk and 
30% disability risk. In neonates with severe HIE, 
mortality increases to nearly 50%, and almost all 
who survive have disabilities. Improved perinatal 

services in Indonesia will reduce neonatal mortality 
but increase the incidence of CP because the 
surviving babies will be disabled (Swaiman and 
Wu, 2017; Namusoke et al., 2018).  

Considering the magnitude of the problem 
mentioned above, CP must be detected as early as 
possible, especially before the first year of life. Early 
detection will continue with intervention programs 
that will affect the natural course of CP by 
preventing a child from entering the classification 
of severe CP, preventing complications, and 
improving CP children’s quality of life (Swaiman 
and Wu, 2017). 

In the last fifteen years, the focus of HIE research 
has shifted to the pathogenesis of tissue damage 
following hypoxic-ischemic states, biomarkers, and 
potential for prevention and therapy. 
Interventional therapy includes apoptosis, 
autophagy, and inflammation, followed by 
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oxidative stress in experimental translation studies 
(Zhao et al., 2016).  

Erythropoietin (Epo) is one of the newest 
neuroprotective therapies to prevent CP. The 
current study provides evidence showing that Epo 
has positive neuroprotective, neuro-regenerative, 
and anti-inflammatory effects on HIE. Several 
studies on human and animal models show 
improved neurological outcomes in HIE (Diao et 
al., 2019; Oorschot et al., 2020; Perrone et al., 2022). 

This research aimed to examine the effect of Epo 
as a neuroprotective agent to prevent CP by 
examining the levels of hemoglobin (Hb), c-reactive 
protein (CRP), caspase-3, and tumor necrosing 
factor-α (TNF-α). 

METHODOLOGY 

A randomized, double-blind, placebo-controlled trial 
was managed between January and October 2022 in the 
neonatology ward at a tertiary hospital in Surakarta, 
Indonesia. Twenty-five infants born at 32 weeks or more 
of gestation with HIE based on Thompson’s criteria were 
determined to receive Epo or placebo. After their birth, 
as well as at 2, 3, 4, and 5 days of age, saline placebo or 
Epo (1000 IU per kilogram of body weight) was 
administered intravenously within 24 hours. Before and 

after treatment, Hb, CRP, caspase-3, and TNF- levels 
were measured. Then, a neurological examination was 
performed at 2, 4, and 6 months of age to assess the 
occurrence of CP. 

Data were analyzed and statistically tested using 
SPSS 22.0. Differences in Hb, CRP, caspase-3, and TNF-α 
levels in the Epo and placebo groups were then further 
analyzed by applying a paired t-test if the data were 
normally distributed and a Wilcoxon test if the data 
distribution was not normal. Statistical test results were 
considered significant if the p-value <0.05. 

The research ethics, which included informed 
consent, confidentiality of identity, and ethical clearance, 
were all carried out at Dr. Moewardi Hospital. 

RESULTS AND DISCUSSION 

Twenty-five neonates, 16 boys, and 9 girls, with a 
diagnosis of hypoxic-ischemic encephalopathy (HIE), 
were included in this study. About 47.9% of subjects had 
moderate HIE. Table 1 shows that about 49.3% of the 

subjects needed invasive oxygen therapy. The basic 
characteristics of the subject can be seen in Table 1. 

Before and after treatment, hemoglobin, c-reactive 

protein (CRP), caspase-3, and TNF- levels were 
measured. Hb and caspase-3 levels displayed an effect of 
Epo administration. However, no significant difference 

was shown in CRP and TNF- levels in the same 
treatment. 

Table 1. Characteristics of study participants. 

Variables N = 25 

Gestational age (week)* 37.5 ± 1.2 

Birth weight (g)* 2351.2 ± 366.0 

Head circumference (cm)* 31.9 ± 1.2 

Birth weight†  

Low birth weight 7 (28%) 

Normal 17 (68%) 

Macrosomia 1 (4%) 

Head circumference†  

Microcephaly 1 (4%) 

Normocephaly 24 (96%) 

Macrocephaly 0 

HIE†  

Mild HIE (score 1-10) 8 (32%) 

Moderate HIE (score 11-14) 13 (52%) 

Severe HIE (score 15-22) 4 (16%) 

Oxygen therapy†  

Non-invasive 9 (36%) 

Invasive 13 (52%) 

Without oxygen therapy 3 (12%) 

*Mean (standard deviation). † Number (%). 

Neurological examinations carried out at the ages of 
2, 4, and 6 months were monitored. Seven (70%) subjects 
in the control group had CP, and five (50%) subjects had 
CP in the treatment group. However, no significant 
difference was revealed in the incidence of CP between 
the control and treatment groups (p=0.727). 

This study found that the occurrence of severe, 
moderate, and mild HIE, respectively, was at 16, 52, and 
32%. In a study conducted in Tanzania, the prevalence of 
severe, moderate, and mild HIE was 10.2, 39, and 50.8%, 
respectively (Simiyu et al., 2017). While in a study in 
Uganda, 43.5% had mild HIE, 34.8% moderate, and 
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21.7% experienced severe HIE (Namusoke et al., 2018). 
The results of this study were fewer mild HIE than the 
results of studies in Tanzania and Uganda, possibly 
because the hospital where the study was conducted was 
a tertiary hospital, while mild type HIE could be 
managed in either primary or secondary hospitals. 
However, this could also be due to the not good enough 
referral system, thus, patients arriving at the hospital 
with a higher type are too late to be treated. Furthermore, 
research in Cape Town, South Africa, showed the 
occurrence of severe, moderate, and mild HIE was at 35, 
45, and 20%, respectively (Horn et al., 2013). 

The effect of Epo on red blood cell production has 
long been commonly used to cure anemia of prematurity 
since 1990. The need of transfusions in preterm infants 
has been reduced by the use of Epo. In crossing the 
blood-brain barrier, Epo must be used at a dose of 1000 
to 5000 IU/kg BW. In this study, the administration of 
Epo showed that a difference in Hb levels before and 
after treatment was significant. This is in accordance 
with previous research (Ohlsson and Asher, 2020). 

Meanwhile, CRP is an acute-phase protein released 
by the liver. Interleukin-6 and other proinflammatory 
cytokines, such as IL-1, will trigger the release of CRP 
from the liver. The sensitivity of CRP is low in the early 
stages of infection; therefore, serial examinations are 
needed to see the infection process (Bersani et al., 2015). 
In this study, the difference in CRP levels before and 
after treatment was insignificant. This happens because 
there are several factors that affect CRP levels, such as 
gestational age, and after the first three days of life, 
physiologically, CRP levels will increase (Bersani et al., 
2015). 

There was a significant difference in caspase-3 levels 
before and after treatment. Convincing clinical evidence 
and preclinical research show that EPO can enhance the 
inhibition of inflammation, decrease the activation of 
caspase-3, scavenge the oxygen free radicals, increase the 
expression of anti-apoptotic genes compared to pro-
apoptotic genes, and heighten neurogenesis in response 
to HIE (Deng et al., 2019; Zhao et al., 2016). 

Furthermore, TNF- is a proinflammatory cytokine 
produced by the placenta and can penetrate the blood-

brain barrier. An increased TNF- is often associated 
with the occurrence of HIE (Graham et al., 2016). In this 

study, the difference in the levels of TNF- pre- and post-
treatment was insignificant. Comparatively, a similar 
result also occurred in a small cohort study conducted in 
Washington (Massaro et al., 2018). 

From the monitoring of neurological examinations 
carried out at the age of 2, 4, and 6 months, it was found 
that 7 (70%) subjects had CP in the control group, and 5 
(50%) subjects had CP in the treatment group. However, 
no significant difference between the control and 
treatment groups was found in the incidence of CP. 
Inconsistent with previous research, further studies 
along with wider subjects need to be further explored 
(Tataranno et al., 2015; Zhao et al., 2016). 

This was the first study to examine the effect of Epo 
on the prevention of CP in infants with HIE in Indonesia. 
The study's limitation was the small number of subjects. 

CONCLUSION 

Epo has significant neuroprotective effects on 
caspase-3 levels, but this is not enough to prevent CP. 
The effect of Epo in the relation between brain injury and 
biomarkers in HIE needs further study.  
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