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Abstract. The effect of mild hypothermia on the expression
of interleukin (IL)-10 and IL-18 in neonates with hypoxic
ischemic encephalopathy was investigated. A retrospective
analysis was performed on 97 neonates with hypoxic-ischemic
encephalopathy (HIE) admitted to the neonatal intensive
care unit of Xuzhou Children's Hospital, Xuzhou Medical
University from September 2016 to August 2018. Of these
patients, 54 with mild hypothermia were included in the
experimental group (moderate + severe), and 43 patients who
received conventional therapy were included in the control
group (moderate + severe). The effect of mild hypothermia on
IL-10 and IL-18 expression levels was analyzed, and the rela-
tionship between IL-10, IL-18 and disease severity in children
with hypoxic ischemic encephalopathy was analyzed. The
concentration of IL-10 in the experimental group was signifi-
cantly lower than that in the control group at 1, 2, 3 and 5 days
(P<0.05). The concentration of IL-18 in the experimental
group was significantly lower than that in the control group at
the 2,3 and 5 days (P<0.05). NBNA scores of the experimental
group were significantly higher than those of the control group
at 14 and 28 days after birth (P<0.05). Before treatment, the
expression levels of IL-10 and IL-18 in severe children were
significantly higher than those in moderate children (P<0.05).
IL-10 was positively correlated with the severity of the disease
(r=0.521,P<0.05), and IL-18 was also positively correlated with
the severity of the disease (r=0.616 P<0.05). Mild hypothermia
treatment can effectively improve the neurological function of
children with HIE, reduce the expression of IL-10 and IL-18 in
serum, and inhibit the inflammatory response. Therefore, the
expression of IL-10 and IL-18 was positively correlated with
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the severity of disease in children with HIE, and could be used
as an indicator to judge the severity of HIE.

Introduction

Neonatal hypoxic-ischemic encephalopathy (HIE) is a
neonatal disease that is very common in perinatal period. HIE
is mainly due to neonatal brain damage caused by partial or
complete hypoxia in the brain under intrauterine distress. The
pathogenesis of the disease is still unknown, so there is no
effective treatment plan (1). Clinical studies have revealed that
approximately 20% of children with HIE die in the neonatal
period. Even if they survive, some patients will have severe
neurological dysfunction and other sequelae (2). The effective
treatment of HIE has been controversial for a long time, and
the efficacy and safety of most therapeutic drugs have yet to be
verified by further animal experiments (3).

Non-pharmaceutical hypothermia treatment is currently the
only safe treatment that has been proven to have a good effect
on neonatal HIE, and it is generally considered that the optimal
treatment time is 6 h after birth (4). However, recent studies (5)
have shown that children with HIE undergoing hypothermia
within 24 hours of birth can also reduce the risk of death
within 18 months. Some studies exploring the pathogenesis of
HIE have indicated that inflammatory response also plays an
important role in neonatal HIE (6). As an anti-inflammatory
cytokine, interleukin (IL)-10 has a certain protective effect on
hypoxic ischemic encephalopathy because of its anti-inflam-
matory properties (7). IL-18 also has both anti-inflammatory
and pro-inflammatory effects. It acts as an anti-inflammatory
factor to protect brain tissue. At the same time, it acts as a
pro-inflammatory factor and may induce IL-2, IL-1B and other
inflammatory factors to cause brain damage (8.,9).

However, studies on the effects of mild hypothermia on
IL-10 and IL-18 in children with HIE are rare. This study
explored the therapeutic effect of mild hypothermia on serum
IL-10 and IL-18 in children with HIE. The aim was to inves-
tigate the efficacy of hypothermia therapy in the treatment of
children with HIE.

Patients and methods

General information. A retrospective analysis of 97 children
with HIE admitted to Xuzhou Children's Hospital, Xuzhou
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Table I. Comparison of general data between two groups of children [n (%)].
Items Experimental group (n=54) Control group (n=43) t/y? value P-value
Sex 0.062 0.803
Male 29 (53.70) 22 (51.16)
Female 25 (46.30) 21 (48.84)
Gestational age (weeks) 0.029 0.866
<37 21 (38.89) 16 (37.21)
>37 33(61.11) 27 (62.79)
Weight (kg) 3.31+£0.79 3.30+0. 81 0.061 0.951
HIE level 0.000 0.986
Moderate 34 (62.96) 27 (62.79)
Severe 20 (37.04) 16 (37.21)

HIE, hypoxic-ischemic encephalopathy.

Medical University (Xuzhou, China) from September 2016
to August 2018 was conducted. There were 51 male patients
and 46 female patients with an average gestational age
of 37.95+1.73 weeks. Among them, 54 patients with mild
hypothermia were included in the experimental group
(moderate + severe), and 43 patients who received conventional
therapy were included in the control group (moderate + severe).
There were no significant differences in sex and gestational
age between the two groups (P>0.05; Table I). Inclusion
criteria: Clinical diagnosis of neonatal hypoxic ischemic
encephalopathy, in line with the diagnostic criteria of the
4th edition of Practical Neonatology, 2011, with moderate to
severe degree, hospitalized within 24 h after birth. Exclusion
criteria: children with complex congenital heart disease; chil-
dren with congenital diaphragmatics; children with refractory
pneumothorax; active bleeding, grade II and IV intracranial
hemorrhage, platelet <100x10%/1 and children with bleeding
tendency; parents who gave up treatment during treatment.
Family members of all the children agreed to participate and
signed the informed consent. This experiment was approved
by the Ethics Committee of Xuzhou Children's Hospital,
Xuzhou Medical University.

Treatment. Children in the control group were treated
routinely after birth, including maintaining airway patency,
maintaining ambient temperature, keeping blood pressure and
blood glucose at a normal level, sedation treatment, intracra-
nial pressure reduction, anticonvulsant treatment, improving
ventilation and brain function protection. In the experimental
group, the ALLon hypothermia thermoregulatory system
(MTRE, Israel) was used for systemic hypothermia treat-
ment. Anus temperature of the child was tested, and the core
temperature was maintained at 34.0+0.4°C for 72 h, then the
treatment was stopped and the child was rewarmed.

Detection of serum IL-10 and IL-18 concentrations in the
two groups of children. Peripheral venous blood (2 ml) was
taken at O h, 1, 2, 3 and 5 days after hypothermia treatment
in the experimental group and after admission in the control
group. Blood was centrifuged at 3,000 x g for 5 min at 4°C

to collect serum and the serum was stored at -80°C before
use. Concentrations of IL-10 and IL-18 were determined by
enzyme linked immunosorbent assay (ELISA).

Observation indicators. i) Concentrations of IL-10 and
IL-18 at 0 h, 1, 2, 3 and 5 days after treatment were tested
and compared. ii) Neonatal behavioral neurological score
(NB-NA) (10) was calculated at 7, 14, and 28 days after birth.
iii) Severity of disease was analyzed and its correlation with
IL-10 and IL-18 was explored.

Statistical analysis. In this study, SPSS18.0 [Bizinsight
(Beijing) Information Technology Co., Ltd.] was used for
statistical analyses. Chi-square test was used for comparisons
of enumeration data, and measurement data were expressed
as mean + standard deviation. Comparison between the two
groups was analyzed by t-test, and comparison among multiple
groups was analyzed by ANOVA with Dunnett's post hoc
test. Comparison of different time-points was performed by
repeated measures ANOVA. Pearson's correlation analysis test
was used for correlation between IL-8, IL-10 and severity of
the disease. P<0.05 was considered to indicate a statistically
significant difference.

Results

IL-10 and IL-18 concentrations at different time-points
after treatment in both groups. No significant difference
was observed in the concentration of IL-10 between the two
groups at 0 h (P>0.05), and IL-10 in the groups decreased
gradually after treatment, but the concentration of IL-10 in the
experimental group was lower than that of the control group
atdays 1,2, 3 and 5 (P<0.05). There was no significant differ-
ence in the concentration of IL-18 between the two groups at
0 h (P>0.05). The concentration of IL-18 in the experimental
group began to decrease at day 1, and was significantly lower
than that in the control group at days 2, 3 and 5, the differ-
ence was statistically significant (P<0.05). The concentration
of IL-18 in the control group gradually increased at days 1, 2
and 3, and peaked at day 3, then gradually decreased, and the
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Table II. Changes in IL-10 concentration at different time-points
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Table V. Expression levels of serum IL-10 and IL-18 in chil-

(pg/ml). dren with different severity before treatment.
Experimental Control Moderate Severe
Time group group Factors (n=61) (n=36) tvalue P-value
points (n=54) (n=43) tvalue P-value
IL-10 256.15+33.92  357.23£23.65 15.75 <0.001
Oh 316.53+45.67 317.19+46.23  0.070 0944  T1L-18 95.23+1449 129.55+19.73 9.829 <0.001
1 day 22143+£2936 305.21£31.67 1348 <0.001 . .
2days  18542+26.18 275.19+2933 1590 <0001 IL.interleukin.
3days  14331£16.79 246.27+25.82 23.69 <0.001
5 days 132.11£1347 1933142135 1721 <0.001
F value 3732 130.5 - - 450 =
P-value <0.001 <0.001 - - - r=0.521 P<0.05
—
IL, interleukin. = 400+
e
[=]
c
2 3504
Table I1I. Changes in IL-18 concentration at different time-points @
(pg/ml). s
a5 300+
Experimental Control J
Time group group
points (n=54) (n=43) t value P-value 250 v T ' ' !
200 220 240 260 280 300
1 day 126.39+23.11 131.65+27.35  1.026 0.307
2 days 81.54+18.23 154.49+33.79 13.96 <0.001 Figure 1. Correlation analysis between severity of disease and expression
o e ’ ’ of IL-10 in serum. IL-10 was positively correlated with the severity of HIE
3 days 69.51£24.35 181.47x42.36 16.84 <0.001 (r=0.521, P<0.05). IL, interleukin; HIE, hypoxic-ischemic encephalopathy.
5 days 61.19£15.72  78.40+1895 4889  <0.001
F value 1059 123.8 - -
P-value <0.001 <0.001 - - 200 =
r=0.616 P<0.05
IL, interleukin. © 180+
A
=
« 160+
o
Table IV. NBNA scores of two groups at different time-points g 140 -
after birth. ®
8 1204
Experimental Control =
Time group group w 1004 .
points (n=54) (n=43) tvalue  P-value 80
7days 3294121  3302+1.19 0326  0.745 0 50 100 150
14 days  38.14x1.33  3495+131 1181  <0.001 Severity of the disease
28 days 39.57+1.29 36.11£1.13 13.85 <0.001 - 5 Correlat Ivsis bet o of di d .
1gure 2. Correlation analysis between severity o 1sease and expression
F value 402.7 71.28 - - of IL-18 in serum. IL-18 was positively correlated with the severity of HIE
P-value <0.001 <0.001 - - (r=0.616, P<0.05). IL, interleukin; HIE, hypoxic-ischemic encephalopathy.

concentration of IL-18 at day 5 was significantly lower than
that at O h and days 1, 2 and 3, the difference was statistically
significant (P<0.05) (Tables II and III).

NBNA scores of the two groups at different time-points
after birth. No significant difference in NBNA scores was
observed between the two groups at 7 days (P>0.05). With

the prolongation of birth time, the NBNA score of children
increased gradually, but the NBNA scores of the experimental
group were significantly higher than those of the control
group at 14 and 28 days after birth, and the difference was
statistically significant (P<0.05) (Table IV).

Correlation between severity of disease and expression of
IL-10 and IL-18 in the two groups. Before treatment, the
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Figure 3. Correlation analysis between IL-10 and IL-18 in serum of children
with HIE. There was no significant correlation between IL-10 and IL-18
(P>0.05). IL, interleukin; HIE, hypoxic-ischemic encephalopathy.

expression levels of IL-10 and IL-18 were significantly higher
in severe children than in moderate children, the difference
was statistically significant (P<0.05). IL-10 was positively
correlated with the severity of the disease (r=0.521, P<0.05),
and IL-18 was also positively correlated with the severity of
the disease (r=0.616, P<0.05), but there was no significant
correlation between IL-10 and IL-18 (P>0.05) (Table V and
Figs. 1-3).

Discussion

HIE is a neonatal brain injury disease characterized by
changes in muscle tone or hypotension, convulsions and other
clinical symptoms, and serious illness can lead to death in
children (11). As one of the most effective methods for the
treatment of HIE, sub-hypothermia treatment reduces the
temperature of the body by 2-5°C, thereby reducing the level of
adenosine triphosphate (ATP) in the brain cells and reducing
lactic acid accumulation, which in turn reduces the levels of
excitatory neurotransmitters, inflammatory mediators and
other cytotoxins, so as to protect the nerves (12). Studies have
shown that the inflammatory response plays a very important
role in the pathological process of HIE (13).

In our study, levels of IL-10 and IL-18 at different
time-points after treatment were first tested. The results
showed no significant difference in concentration of IL-10
between the two groups at 0 h (P>0.05), but the concentration
of IL-10 in the experimental group was lower than that of the
control group at 1, 2, 3 and 5 days (P<0.05). The concentra-
tion of IL-18 in the experimental group began to decrease
at 1 day, and the concentration of IL-18 in the experimental
group at the 2, 3 and 5 days was significantly lower than that
in the control group (P<0.05). The concentration of IL-18 in
the control group gradually increased at 1, 2 and 3 days, and
the peak was reached at 3 days, then gradually decreased, and
the concentration of IL-18 at 5 days was significantly lower
than that at O h and 1, 2 and 3 days (P<0.05). The data suggest
that hypothermia treatment can inhibit the inflammatory
response in children with HIE. Studies have shown that IL-18
is an inflammatory factor with diverse biological activities, it
is not only involved in the body's immune response, but also
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participates in the development of anti-allergic diseases (14).
Some studies have revealed that IL-18 is elevated at 12 h after
cerebral hypoxia-reperfusion injury in neonatal mice, which is
due to the body's immune response to ischemia and hypoxia
injury (15). Some studies (16) have shown that hypothermia
treatment can inhibit the excessive initiation of IL-18 after
trauma in children with HIE, and regulate the inflammatory
response of the body, thus avoiding further aggravation of
brain damage, which is consistent with some of our results.
However, to the best of our knowledge, there is no relevant
study on the effect of hypothermia therapy on the expression
of serum IL-10 in children with HIE, but some studies (17)
indicate that IL-10 is highly expressed in HIE rats, which is
also consistent with our data.

NBNA score is a sensitive indicator of early brain injury
in children with HIE (18), so we also compared the NBNA
scores at different time-points after birth in the two groups.
No significant difference in NBNA scores was observed
between the two groups at 7 days (P>0.05). With the prolon-
gation of birth time, the NBNA score of children increased
gradually, but NBNA scores were significantly higher in the
experimental group than in the control group at 14 and 28 days
after birth (P<0.05). These data suggest that hypothermia
therapy can effectively protect the child's nerves and promote
brain function recovery in children. Some studies (19) have
also shown that the NBNA score of the treatment group was
significantly higher than that of the control group when inves-
tigating the efficacy of hypothermia therapy in the treatment
of children with HIE, which also confirmed our conclusion.
Finally, we also analyzed the correlation between the severity
of the disease and the expression of IL-10 and IL-18 in the
two groups. It was observed that expression levels of IL-10
and IL-18 were significantly higher in severe children than
in moderate children before treatment (P<0.05). IL-10 and
IL-18 were both positively correlated with the severity of the
disease. These data indicate that IL-10 and IL-18 gradually
increase with the severity of HIE, suggesting that IL-10 and
IL-18 can be used as indicators of early clinical judgement of
the severity of HIE children. Previous studies (20) have shown
that serum IL-10 levels increase with the severity of HIE. A
previous study (16) also indicated that the expression level of
IL-18 in the serum of children with moderate to severe HIE
was significantly higher than that of children with mild HIE.
The above studies were consistent with our conclusions.

In summary, mild hypothermia treatment can effectively
improve the neurological function of children with HIE, reduce
the expression of IL-10 and IL-18 in the serum of children, and
inhibit inflammatory response. The expression of IL-10 and
IL-18 was positively correlated with the severity of the disease
in children with HIE, and could be used as a clinical indicator
for judging the severity of HIE children.
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