
Abstract. – OBJECTIVE: To observe the one-
year neurologic prognostic outcome of new-
borns with moderate and severe hypoxic-is-
chemic encephalopathy (HIE) who received re-
combinant human erythropoietin (rhuEPO) com-
bined with exogenous monosialotetrahexosyl-
ganglioside (GM1) treatment to provide new
guidelines for clinical treatment.

PATIENTS AND METHODS: Seventy-six new-
borns with moderate and severe HIE were se-
lected from February 2011 to February 2014 in
our hospital. This study received the informed
consent of our hospital’s Ethics Committee and
the newborns’ guardians. The newborns were di-
vided to an observation group (n = 34 cases) and
a control group (n = 42 cases). All newborns un-
derwent hypothermia and conventional treat-
ment for their conditions. The control group re-
ceived GMl treatment and observation group re-
ceived rhuEPO combined with GMl treatment.
The curative differences and neural behavior
from these two groups were compared.

RESULTS: The excellent, efficient proportion
and total effective rate of the newborns from the
observation group were higher than the control
group. The death rate, cerebral palsy and the in-
valid ratio of the newborns from the observation
group were lower than that of the control group.
Awareness, muscle tension, primitive reflex and
increased intracranial pressure recovery time of
the newborns in the observation group were less
than those of the control group. The Neonatal
Behavior Neurological Assessment (NBNA)
score of both groups after the treatment of 7, 14
and 28 days were significantly higher and in-
creased with time (p < 0.05). The MDI, PDI and
DQ score of newborns from the two groups all
increased after treatment of 3, 6 and 12 months
than those of before, which increased with time
(p < 0.05).

CONCLUSIONS: The rhuEPO + GMl treatment
in newborns with HIE improves short-term clini-
cal effects and long-term neurological symp-
toms.
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Introduction

Neonatal hypoxic-ischemic encephalopathy
(HIE), is a severe disease, featured with partial or
complete anoxia and decreased cerebral blood
flow caused by asphyxia in the perinatal period.
Neonatal HIE is a common severe complication
caused by newborns’ asphyxia and anoxia and is
an important reason leading to neurogenesis dis-
order or even death. Morbidity of HIE in our
country is very high, about 6.3-12.4%1. However,
current clinics cannot explain the pathogenesis of
this disease, which focuses on energy failure,
theory of oxygen radical and reperfusion injury,
theory of calcium overload, toxic effect of excita-
tory amino acid, and nerve cell apoptosis. Thus,
there is a lack of effective therapies2. Clinical
practice shows that recombinant human erythro-
poietin (rhuEPO) could reduce central nerve cell
apoptosis of the HIE, improving the function of
the nervous system. Monosialoganglioside, GMl

is one of the main species of mammalia ganglio-
sides, with the functions of repairing injured ner-
vous tissue, reducing the release of amino acid
and stabilizing cytomembrane4. The research
founds5 that the severity of the cerebral injury
was related to the low level of gangliosides, and
gangliosides are protective for ischemia-reperfu-
sion injury of brain development. How to im-
prove and enhance the prognosis of moderate and
severe HIE of newborns is the key point of edu-
cational circles to explore. Based on this, this
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work further analyzes the influence of one-year
neurologic outcome prognostic of moderate and
severe HIE by the treatment of rhuEPO com-
bined with ganglioside GM1, providing new
thinking for clinical treatment.

Patients and Methods

Patients
Seventy-six newborns with moderate and se-

vere HIE were chosen from February 2011 to
February 2014 in our hospital. Diagnostic criteria
and clinical grading of the HIE referred to mod-
erate-severe HIE diagnosis and classification cri-
terion made by the Subspecialty Group of
Neonatology, Pediatric Society, Chinese Medical
Association and new criteria revised by Chang-
sha “Session of National Newborns” in Novem-
ber 2004. This study obtained the informed con-
sent of our hospital’s Ethics Committee and the
newborns’ guardians. The exclusion criteria were
as follows: excessive intracranial bleeding; se-
vere anemia; serious infections and breathing dif-
ficulties; skull fracture; severe congenital malfor-
mations and patients who refused treatment. The
newborns were divided to form an observation
group (n = 34 cases) and a control group (n = 42
cases), according to a random number table
method. The difference from a comparison of
gender, gestational age, weight, HIE degree and
Apgar score of these two groups did not have any
statistical significance (p > 0.05), with compara-
bility (Table I).

Research Method
All newborns adopted routine treatment such

as antispasmodic, correct acidosis, reduce in-
tracranial pressure, sedation, and oxygen uptake,
according to the corresponding guidelines of
Chinese Medical Association, combined with
mild hypothermia treatment. The specific imple-
mentation steps are as follows: inform guardians

of the operation necessity and steps and possible
complications. Use temperature lowering instru-
ment using the cooling method of semiconductor
circulating water (produced by radio factory of
Hengyang, Hunan), a special ice cap on the head,
temperature sensors in the nasopharynx with the
temperature of ice cap adjusted automatically
among 5-20°C according to the temperature of
nasopharynx. The nasopharynx temperature
should be maintained at (34.0 ± 0.2)°C, the rectal
temperature should remain above 34.5°C for
more 72 hours. Also, newborns in the control
group were given rhuEPO treatment, which was
provided by Beijing Sihuan Bioengineering. A
quantity of 200 u rhuEPO was added to the glu-
cose solution with a concentration of 10% for in-
travenous drip once on alternate days, three times
a week and four weeks as a period of treatment.
Observation group was treated by rhuEPO and
ganglioside GMl, 20 mg/d GMl was added to glu-
cose injection with concentration of 5% for intra-
venous drip of two hours, once a day and four
weeks as a period of treatment.

Evaluation Indexes
Routine blood, reticulocyte, liver function, re-

nal function, electrolyte, blood sugar and blood
pressure were checked before and after treat-
ment. The treatment effect of newborns forms
two groups were assessed to excellent, effective
and invalid. Excellent: clear consciousness with-
in five-day treatment, muscle tone restored nor-
mal; effective: clear consciousness within seven-
day treatment, muscle tone improved and
breathed smoothly; invalid: each index did not
improve after treatment. The total effective rate is
(excellent+ effective) / total number × 100%.

Neonatal behavior neurological assessment
score (NBNA score) was used to evaluate two
groups of children’s neurological behavior, in
room temperature of 22-27°C, quiet and half
dark environment to execute the neurological be-
havior. There are 20 items including behavior
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Degree Apgar score
Weight Gestational

Groups Case M/F (kg) age (week) M S 1 min 5 min

Observation group 34 20/14 3.2 ± 0 .7 39.2 ± 3.5 15 19 3.4 ± 1.1 4.6 ± 1.3
Control group 42 25/17 3.1 ± 0.8 39.4 ± 3.3 17 25 3.2 ± 1.2 4.5 ± 1.4
χ2/t – 0.946 0.524 0.231 0.117 0.684 0.291
p – 0.402 0.326 0.817 0.731 0.493 0.772

Table I. Comparison of general data of two groups.
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Results

Clinical Efficacy Comparison of
Two Groups of Newborns

The end point had four cases off, among
which, 33 cases in the observation group and 39
cases in the control group. In the observation
group, one case died, two cases had cerebral pal-
sy, and in the control group, three cases died, and
five had cerebral palsy. The excellent, effective
proportion and total effective rate of the new-
borns from the observation group were higher
than that of the control group, and the differences
had statistical significance (p < 0.05). The death
rate, rate of cerebral palsy and the invalid ratio of
the newborns from the observation group were
lower than that of the control group. They were
defined by the evaluation value of Bailey Scale
total score, and the poor prognosis differences of
both groups had statistical significance (p < 0.05)
(Table II).

Early Symptoms and Recovery Time
Comparison of Two Groups of Newborns

Awareness, muscle tension, primitive reflex
and increased intracranial pressure recovery time
of the newborns from the observation group in
the early stage after treatment were less than
those of the control group, and the differences
had statistical significance (p < 0.05) (Table III).

NBNA Score Comparison of Two Groups
of Newborns

The Neonatal Behavior Neurological Asses-
sment (NBNA) score comparison of both two

ability, active and passive muscle tone and so on,
with a total score 40 points, checked by fixed
physicians after the treatment of 7d, 14d and 28d
respectively.

The Bayley Scale of infant development (Chi-
na urban revision of Hunan Medical University)
was used to evaluate the psychomotor develop-
ment of newborns. The results were expressed by
the mental development index (MDI) and the
psychomotor development index (PDI), among
which, the development index < 70 means that
the prognosis is poor, 70-80 is at the limit and ≥
80 stands for normal with good prognosis.

The psychomotor developmental inspection
was as follows: the newborns enrolled into
groups were at the Neonatal Unit of our hospital
for a follow-up visit after 3, 6, and 12 months (±
7d) since birth. The Children Development Scale
used was revised by the Capital Institute of Pedi-
atrics and finished by a child health care physi-
cian in our hospital’s Inspection Room by blind
trial. A score of Developmental Quotient (DQ) <
80 points means neurological abnormality symp-
toms, such as early cerebral palsy and epilepsy,
which belong to poor prognosis.

Statistical Analysis
The SPSS19.0 statistical software (SPSS Inc.,

Chicago, IL, USA) was used to process the data,
mean ± standard deviation (± s) standing for
measurement data, with T to detect between
groups’ comparison, cases or percentage express-
ing counting data, with χ2 to detect between
groups’ comparison; (p < 0.05) meant difference
was of statistically significant.

Groups n Excellent Effective Invalid Total effective rate (%)

Observation group 33 11 (33.33) 17 (51.52) 5 (15.15) 84.85
Control group 39 8 (20.51) 19 (48.72) 12 (30.77) 69.23
χ2 – 3.268 2.657 3.947 4.264
p – 0.026 0.034 0.013 0.001

Based on the boundary of Bailey scale less than 80 points (please examine) to divide to abnormal children and normal
children, the comparison of abnormal children and normal children.

Groups n Dec. normal prognosis Poor prognosis

Observation group 33 11 (33.33) 17 (51.52)
Control group 39 8 (20.51) 19 (48.72)
χ2 2.345 1.938
p 0.026 0.034

Table II. Clinical efficacy comparison of two groups of newborns [n (%)].
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groups of newborns before treatment did not
have any statistical significance (p > 0.05). After
the treatment of 7, 14 and 28 days, the NBNA
scores were significantly higher than that of be-
fore, and the score increased with time (p <
0.05). At the same time, the NBNA score of the
observation group was higher than that of the
control group after the treatment of 7, 14, and 28
days. The differences had statistical significance
(p < 0.05) (Table IV).

Bayley Scale Index Comparison of
Two Groups of Newborns

The comparison of the Bailey Scale Infant De-
velopment Index (MDI, PDI, and DQ) before the
treatment did not have any statistical significance
(p > 0.05). The scores of the above index of the
newborns from the two groups all increased after
treatment of 3, 6 and 12 months than those of be-
fore, which increased gradually with time (p <
0.05). The increase in MDI, PDI, and DQ scores
of the observation group were more obvious than
those of the control group after treatment for 3, 6
and 12 months. The differences had statistical
significance (p < 0.05) (Table V).

Comparison of rheEP0 Adverse Reactions
A comparison of the two groups of newborns’

blood pressure, liver and kidney function and ab-
normal electrolyte level before and after the
treatment was made. The difference had no sta-
tistical significance (p > 0.05). The two groups of
newborns did not have any adverse reactions,
such as severe rash, fever, and thrombosis. The
hemoglobin and reticulocyte percentage of the

two groups of newborns after treatment were
higher than those of before. After the comparison
between these two groups, the difference had no
statistical significance (p > 0.05). Platelet levels
before and after treatment in both groups had no
significant change.

Discussion

Neonatal HIE is the most common nervous
system disease of perinatal infants in our country.
This can lead to severe disorder of nervous sys-
tem development, such as hypophrenia, cerebral
palsy, spams, and dystaxia. Poor long-term and
short-term prognosis is also an important disease
of neonatal death6. However, there is no funda-
mental and effective prevention and control mea-
sures in the clinic, mostly from the trophic nerve,
encephaledema prevention, hypothermia and
complication treatment pointing to symptoms.
The serious neurological sequel may bring heavy
mental and economic burden to the children,
their families, and society.

With the continuous research, we find that he-
mopoietin and gangliosides can improve the clin-
ical effect of newborns with HIE and long-term
prognosis. Wang et al7 showed that after 6 hours
of different dose of rhuEPO injections in rats the
rhuEPO was found in the rat plasma, cere-
brospinal fluid and brain parenchyma, which
suggested that EPO can pass through injured
blood-brain barrier. The EPO of cerebrospinal
fluid and serum of newborns with severe HIE is
higher than normal newborns and newborns with
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Increased
Groups Awareness Muscle tension Primitive reflex intracranial pressure

Observation group 3.2 ± 1.3 6.3 ± 1.1 6.3 ± 1.2 5.6 ± 1.4
Control group 5.6 ± 2.3 8.9 ± 2.5 8.4 ± 2.1 9.3 ± 1.5
t 3.097 3.356 3.871 3.526
p 0.027 0.025 0.019 0.021

Table III. Symptoms and recovery time comparison of two groups of newborns with HIE in early treatment (x– ± s, day).

Groups Before treatment 7d 14d 28d

Observation group 26.7 ± 2.3 33.5 ± 1.7 36.2 ± 1.4 39.3 ± 1.5
Control group 27.1 ± 1.9 28.4 ± 1.5 31.2 ± 1.6 33.2 ± 1.3
t 0.347 2.393 2.638 3.257
p 0.902 0.028 0.024 < 0.001

Table IV. NBNA score comparison of two groups of newborns (x– ± s, d).



mild HIE. This proves that EPO can pass through
the injured blood-brain barrier, provide nerve
protection and reduce apoptosis8,9. Hemopoietin
is a kind of protein generated by kidney secretion
and erythrocyte adjustment, is also factor to pro-
mote hemocyte, which combine with receptor of
hemopoietin on red cell membrane to play the
function of red blood cell proliferation and dif-
ferentiation10,11. This is a conventional drug to
cure neonatal and renal anemia, without any sig-
nificant adverse reactions. As nerve protection
factor, EPO can interdict toxic effect of excitato-
ry amino acid, antiapoptotic effect, antibiosis, an-
tioxidation and angiogenesis induction, promote
nerve protective effect, reduce the parenchymal
damage and brain edema to protect the nerve.
With the deeper studies EPO will become an im-
portant protective agent for treating cerebral is-
chemia injury12-15.

GMl is a significant ganglioside in mammalian
nervous tissue, which can pass through blood-
brain barrier and play an important function for
the growth, differentiation, and regeneration of
neuron cell. At the same time, it can also protect
the hypoxic-ischemic brain damage16. The GMl

can stabilize the nerve cell membrane, prevent
the nerve cell from apoptosis, and inhibit toxicity
reaction of excitatory amino acids nerve.
Ramirez et al6 showed that hippocampus endoge-
nous GMl of newborn rats significantly reduces
through hypoxia-ischemia injury, and the reduc-
tion can promote virus and other harmful sub-
stances from invading the spinal cord. Therefore,
exogenous GMl can release the hypoxic-ischemic
brain damage17,18. The treatment of EPO com-
bined with GMI to cure HIE is a new clinical
mode in recent years, which achieved fruitful re-
sults. The combination of these two drugs is ben-

eficial for the recovery of the injured brain cells
and tissues and protect the nervous system19,20.
Through this study, we discovered that the excel-
lent, effective proportion and total effective rate
of newborns from the observation group were
higher than that of the control group. The differ-
ences had statistical significance. The death rate,
rate of cerebral palsy and the invalid ratio of
newborns from the observation group were lower
than that of the control group. The differences
had statistical significance. Awareness, muscle
tension, primitive reflex and increased intracra-
nial pressure recovery time of the newborns from
the observation group in the early stage after
treatment were less than those of the control
group. The differences had statistical signifi-
cance. The NBNA score of both groups of new-
borns after treatment of 7, 14 and 28 days were
higher, and the scores increased with time. At the
same time, the NBNA score of the observation
group was higher than those of the control group
after the treatment of 7, 14, and 28 days. The dif-
ferences had statistical significance. The MDI,
PDI and DQ score of the newborns from the two
groups increased after treatment for 3, 6 and 12
months compared to those of before, which in-
creased gradually with time (p < 0.05). Mean-
while, the increase of MDI, PDI, and DQ scores
of the observation group were more obvious than
those of the control group after treatment for 3, 6
and 12 months. The differences had statistical
significance.

Conclusions

The treatment of rhuEPO combined with
GMl on newborns with moderate and severe
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Groups Observation group Control group t p

Before treatment MDI 72.3 ± 4.3 73.2 ± 5.3 0.632 0.414
PDI 73.8 ± 5.2 74.1 ± 4.5 0.325 0.925
DQ 71.5 ± 6.6 72.2 ± 5.2 0.367 0.631

After 3 months MDI 79.2 ± 7.1 75.4 ± 4.6 1.638 0.038
PDI 80.2 ± 3.8 77.4 ± 4.6 1.526 0.041
DQ 76.6 ± 4.9 74.9 ± 6.1 1.785 0.036

After 6 months MDI 81.7 ± 5.5 77.6 ± 9.2 2.301 0.032
PDI 81.3 ± 5.4 79.6 ± 5.8 2.015 0.034
DQ 78.5 ± 9.3 76.6 ± 7.2 2.634 0.028

After 12 months MDI 82.5 ± 3.2 79.8 ± 4.2 2.948 0.026
PDI 82.5 ± 6.4 79.5 ± 4.8 2.745 0.028
DQ 79.9 ± 5.4 77.5 ± 4.2 3.124 0.019

Table V. Bayley scale score comparison of two groups of newborns with HI (x– ± s, month).
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HIE has some efficacy in improving short-term
clinical effects and long-term neurological
symptoms. This mode is safe and easy to oper-
ate and might become an ideal treatment for
newborns with HIE.
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