2 P E 5 RILHE R E Vol.7 No.2
H Chin J Contemp Pediatr Apr. 2005

B
alond
~E

- Original Article in English -

Erythropoietin levels in serum and cerebrospinal fluid
of neonates with hypoxic-ischemic encephalopathy

Ning CHEN, Jian MAO, Yue DU

Department of Pediatrics, Second Affiliated Hospital, China Medical University, Shenyang 110004, China

Abstract: Objective To observe the changes of erythropoietinerythrogenin ( Epo) in serum and cerebrospinal fluid
(CSF) in neonates with hypoxic-ischemic encephalopathy ( HIE) , and to study the relationship between Epo levels and
brain injury. Methods Serum Epo levels were measured by radioimmunoassay in 26 neonates with HIE ( HIE group, 8
mild, 10 moderate and 8 severe ) and 8 normal neonates ( Control group) at 0-24 hrs, 48-72 hrs and 7-10 days of their
lives. CSF Epo levels were measured at 48-72 hrs of their lives and brain MRI scans were taken 7-10 days after birth in the
HIE group. Results In the Control group, serum Epo levels decreased significantly within days after birth (P <0.05) ;
However, in the HIE group serum Epo levels increased during 1-3 days then decreased thereafter; Significantly decreased
levels were observed only in mild HIE neonates ( P <0.05). In every time period, the serum Epo concentration in severe
HIE neonates was significantly higher than in mild and moderate HIE neonates. It was also observed that CSF Epo levels in
severe HIE neonates were significantly higher than those of mild and moderate HIE neonates ( P <0.01). There was a
significant linear and positive correlation between serum and CSF Epo levels at 48-72 hrs in severe HIE neonates ( r =
0.76, P < 0.05), but not in mild and moderate HIE neonates. CSF Epo levels in neonates with severe cranial MRI
abnormalities were significantly higher than those of neonates with mild and moderate cranial MRI abnormalities ( P <
0.01). Conclusions The maintained and increased serum Epo levels may be a marker of severe hypoxic-ischemia in
neonates with HIE. CSF Epo levels can reflect the severity of cerebral hypoxia-ischemia; Impaired blood-brain barrier
might account for the increased CSF Epo levels. [ Chin J Contemp Pediatr, 2005, 7(2) ; 107-111 ]
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Hypoxic-ischemic encephalopathy ( HIE) is a death and sequelae such as cerebral palsy, epilepsy

common neonatal disease. Severe HIE may lead to and cognitive disablitiy in some survivors. Currently,
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no effective therapeutic methods have been reported.
It had been believed for a long time that erythro-
stimulating

But

recent studies have indicated that Epo and Epo-recep-

poietin ( Epo ) only exists in blood,

haematogenesis and differentiation processes.

tor expression can be detected in the central nervous
system ( CNS) (1,21
to the changes in blood, hypoxia increases the expres-

sion of Epo-mRNA in the CNS''*'.

reported that Epo and its neuron specific Epo receptor
[4-7]

Studies have shown that, similar
It has also been
have neuroprotective effects'™"'. In this study, serum
and CSF Epo levels of HIE neonates were measured

using radioimmunoassay ( RIA) in order to clarify the

relationship between Epo and brain injury.
Subjects and methods

Grouping of patients

Twenty-six HIE neonates (20 males, 6 females)
hospitalized in the Neonatal Division of the Second
Hospital of China Medical University from August 2000
to August 2001 were enrolled in this study ( HIE
group). The HIE group was subdivided into Mild HIE
(n=8), Moderate HIE (n =10) and Severe HIE
groups (n =10). The diagnosis and grading of HIE
met the criteria established by the 1996 Hangzhou

Conference®’

. The gestational age of the HIE group
was between 38 and 42 weeks and body weight was
between 2 500 and 4 000 g. Subjects with the following
conditions were excluded from the study: inherited
metabolic disease, hemolytic disease of the newborn,
anemia, polycythemia; neonates born from diabetic
mothers; neonates born from mothers with severe
cardio-pulmonary, and renal diseases. All neonates
with HIE were hospitalized within 24 hours after birth
and none of them had no hypoxia after admission
(Sa0, >96% ).
them. Cranial MRI scans were taken in 24 cases (7
mild, 10 moderate, and 7 severe) at 7-10th day after

Regular treatment was performed for

birth; scanning results were classified as mild, moder-

ate and severe MRI abnormalities®’.

The grading
principle of MRI changes was as follows: Mild: spot or
strip like high signals in cortex and subcortex region,
without subarachnoid

with or supra/sub-tentorium

hemorrhage; Moderate: symmetrical spot-like high
signals in deep white matter in bilateral frontal lobe
and strip-like high signals along walls of lateral
cerebral ventricle in addition to manifestations of mild

high

signals in basal nuclei, thalamus, along with relatively

grade with topical cerebral edema; Severe:

low signals in the posterior limb of internal capsule,
with subcortex cystic-form low signal necrosis region,
diffused cerebral edema, intraventricular hemorrhage
and enlargement of lateral ventricle of cerebrum in
addition to the Mild group findings. Among the 7 cases
of severe MRI changes, 6 were in the Severe HIE
group and 1 in the Moderate HIE group.

Eight (6 males, 2 females) normal full-term
newborns hospitalized within 24 hours after birth were
chosen as Control group. None of them had asphyxia,
CNS

system diseases.

symptoms, anemia or respiratory/circulatory

Population characteristics of both groups are

shown in Table 1.

Table 1 Population characteristics

Control HIE groups
group Mild Moderate Severe
n 8 8 10 8

Mother age( year) 27+4.5 26.8+3.7 26.1x4.3 25.4+7.1
Delivery routes
Vaginal delivery 5 6 7 6
Cesarean section 3 2 2 2
Gestational age(week) 39.4+0.8 39.8 +0.9 39.5+1.08 39.2 +1.46
Birth weight (kg) 3.24+0.13 3.26 £0.29 3.31 +0.48 3.33 +0.47

1- min Apgar score

4-7 0 5 6 0

<4 0 3 4 8
5- min Apgar score

>5 0 6 8 0

<5 2 8
MRI changes grading

Not done 8 1 0 1

Normal 3 0 0

Mild 3 4 0

Moderate 1 5 1

Severe 0 1 6
Methods

Collection of samples

A sample of 2 mL venous blood was collected in
the morning at 0-24 hours, 48-72 hours and 7-10 days
after birth in both groups. Serum was isolated by
centrifuging at 2 000 rpm for 15 minutes after full
clotting and kept at -70° C. CSF were collected by
lumbar puncture in the HIE group at 48-72 hours after
birth and were then stored at -70°C until assayed. CSF
samples with contaminated blood were excluded.
Measurement of Epo levels

Epo levels were assayed by the RIA. All measure-
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ments were performed by one person at one time. The
banlance method was applied in the experiment. The
inner batch CV was 5% and the inter one was 10%.
Statistical analysis

Values in the text were given as x + s. The one-
way ANOVA were used to analyze differences between
groups. A two-two comparison among multiple samples
was done by the ¢ test using SPSS 11. 5 software. The
linear regression between paired samples was used to
determine the correlation between CSF and serum Epo

levels.

Results

Serum and CSF Epo levels changes

In the Control group, serum Epo levels decreased
significantly within days after birth ( F = 4.04, P <
0.05). However, in the HIE groups serum Epo levels
increased during 1-3 days and then decreased, but
significant differences were observed only in the Mild
HIE group (F = 4. 88, P <0.05): serum Epo
concentration on the 3rd day was significantly higher
than that on the 7th day (¢ = 4.5, P<0.05). In
every time period, serum Epo concentration in the
Severe HIE group was significantly higher than that of
the Mild and Moderate HIE groups; no remarkable
ascending trend was noticed when comparing the Mild
and Moderate HIE groups with the Control group. CSF
Epo levels in the Severe HIE group were significantly
higher than in the Mild and Moderate HIE groups ( F
= 6.86, P<0.01). See Table 2.

Table 2 CSF and serum Epo levels (x s, ng/mL)
Blood CSF
Group n
0-24 hrs 4872 hrs  7-10 days 4872 hrs
Control 8 4.61% 0.95 4.39+1.23 3.22+0.96°
HIE
Mild 8 4.71£1.00 5.44+0.80" 4.00+0.96 2.34+0.44
Moderate 10 5.02 £1.39  5.44 £1.30 4.09 £0.89 2.65 +0.67°
Severe 8 6.69 +2.16%°7.54 +2.05"15.93 +1.87"13.40 +0. 68"
F 3.58 7.02 7.11 6. 86
P <0.05 <0.01 <0.01 <0.01

a vs the Control group P <0.05;b vs the Control group P <0.01 ;¢
vs the Mild group P <0.05;d vs the Mild group P <0.01; e vs the
paired serum group (0-24 hrs ) P <0.05; f vs the paired serum group
(7-10 days) P <0.05

Relationship between serum and CSF Epo levels
A linear correlation was observed between serum

and CSF Epo levels at 48-72 hours in the Severe HIE

group (r = 0.76, P < 0.05). However, no linear
relationship was noticed between them in the Mild and
Moderate HIE groups (r =0. 12, r =0. 09, P >
0.05).
Relationship between cranial MRI changes and
CSF Epo levels

CSF Epo levels in neonates with severe cranial
MRI changes were significantly higher than those of
neonates with mild and moderate cranial MRI changes

(F =8.56, P < 0.01). See Table 3.

Table 3 Relationship between brain MRI changes and CSF

Epo levels (x £s, ng/mL)
MRI changes n Epo levels
Mild 7 2.24 +0.51*
Moderate 2.76 £0.50*
Severe 7 3.38 £0.57
F 8.56
P <0.01

a vs neonates with severe cranial MRI changes P < 0.01
Discussion

Up until the present the erythroid lineage has been
thought to be a sole physiological target of Epo. In the
fetal stage, Epo is produced in the liver where erythro-
poiesis takes place. In adults, Epo produced by the
kidneys travels in the circulation to reach erythropoietic
tissues, bone marrow, and spleen (in rat, mouse,
etc. ). Synthesis of Epo is regulated by oxygen, and
hypoxia may up-regulate the Epo gene expression. This
study indicated that serum Epo levels in each HIE
group and each time period were higher than in normal
controls. Significant differences were observed between
the Severe HIE group and Mild and Moderate HIE
groups as well as the Control group, while no remarka-
ble ascending trend was noticed when comparing the
Mild and Moderate HIE groups with the Control group.
These results indicated that serum Epo levels might
reflect the severity of hypoxic-ischemia, which is

10] : Increased serum Epo

consistent with Rolf’s report'
levels were correlated with pH and base excess ( BE) .
Results of this study also indicated that: in the Control
group serum Epo levels decreased significantly within
days after birth; in the HIE group serum Epo levels
increased during 1-3 days then decreased thereafter;
Significantly decreased levels were observed in the
Mild HIE group, the 3rd day’s serum Epo level was
significantly different from that of 7th day; however,
the decreased level in the Moderate and Severe HIE

groups was not significant. It is speculated that the
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maintained increased levels of serum Epo in the Severe
HIE group might be related to the secondary kidney
hypoxic-ischemic injury induced by severe asphyxia.
Juul"" reported that Epo could be detected in
CSF of both full-term and premature infants. Serum
and CSF Epo levels increase in neonates with asphyxi-
a'™'. As no CSF data of normal controls were available
in this study, changes of CSF Epo concentrations in the
HIE group compared with the Control group were un-
known. But it was found that CSF Epo levels were sig-
nificantly increased in the Severe HIE group compared
with other HIE groups. It was also noticed that CSF
Epo levels were considerately increased in HIE neo-
nates with severe MRI changes. These findings indica-
ted that the CSF Epo concentration could reflect the
severity of cerebral hypoxia-ischemia; Significantly
increased the CSF Epo levels indicate severe brain
injury and poor prognosis. It is speculated that the
compensatory increase of Epo synthesis may occur after
asphyxia in brain tissues in order to protect neurons
against injury by excitatory amino acids and reduce

71 but in severe hypoxia status,

neural cell apoptosis
neural cells injury induced by hypoxia is beyond of the
protective effect of increased endogenous Epo, therefore
decompensatory changes occur and manifest clinically as
severe HIE symptoms as well as cranial MRI changes.
Juul'"""*) reported that Epo could be detected in
the CSF of premature and full-term neonates, and
serum/CSF Epo concentrations increased significantly
during asphyxia. They also reported that no differences
could be observed between CSF Epo levels in normal
premature neonates treated with rEpo or not, and CSF
Epo was not linearly correlated with serum Epo; This
confirmed that Epo could not pass the integral blood-
brain barrier (BBB). It was speculated that the close
correlation between serum and CSF Epo levels during
0 - 48 hours after birth in neonates with asphyxia was
caused by the increased permeability or increased
peripheral and CNS Epo synthesis induced by hypo-
xia'?'. In this study, it was found that the linear
correlation between serum and CSF Epo levels only
existed in severe HIE neonates, while not in mild and
moderate HIE neonates. These different results from
Juul’ reports may be caused by: (1) Different methods
for choosing study subjects: neonates who 1-min Apgar
score indicated asphyxia and had clinical neural system
symptoms were eligible to this study, while in Juul’s
study subjects were chosen as (Dneonates with intrau-
terine distress, fetal heart abnormality and placental
abruption; @1-min Apgar score < 2, 5-min < 5; 3

convulsion within 12 hours of life associated with fetal
distress as noted above; and (@) postnatal cord blood
lactic acid concentration > 8mmol/L. (2) Different
Epo measurement methods: Juul used ELISA method,
while RIA for this study. (3) Different time of CSF
samples collection; 48 - 72 hours after birth vs 0 - 48
hours after birth. This study indicated that hypoxia and
ischemia may increase the CSF Epo level; the
increased CSF Epo level in HIE neonates may be relat-
ed to the brain origin Epo synthesis induced by topical

cerebral hypoxia. Intracranial simultaneous acidosis

caused by severe asphyxia may exist in severe HIE
neonates, which increases the permeability of cerebral
vessels and damages BBB. Thereafter peripheral Epo
passes through the BBB and increases the CSF Epo
concentration. Whether the increased CSF Epo level
observed after asphyxia is related to the injury of BBB
needs further clarification. Studies are also needed to

answer whether peripheral rEpo treatment could

increase CSF Epo level and enhance its neural protec-

tive effect in HIE neonates.
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