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Therapeutic hypothermia can
cause non-infective C-reactive
protein elevating

Xiaohong Wang, Liping Shi, Chenhong Wang and Xiaolu Ma*

Department of Neonatology, Children’s Hospital, Zhejiang University School of Medicine, National Clinical
Research Center for Child Health, Hangzhou, China

Objective: To analyze the relationship between therapeutic hypothermia (TH) and
whole blood high-sensitivity C-reactive protein (hs-CRP) in neonates with
hypoxic-ischemic encephalopathy (HIE).

Method: Retrospective analysis was made on the clinical data of hospitalized
infants diagnosed with asphyxia in our neonatal intensive care unit from January
2014 to June 2021. According to whether TH was performed, they were divided
into two groups, the control group (missed the time in other hospitals and did
not receive TH) and the treatment group (TH group). In their first ten days,
analysis was made on the hs-CRP, white blood cell (WBC) count, neutrophil
percentage, platelet count (PLT), and brain MRI. The correlation analysis was
carried out based on the severity of brain injury displayed by the brain MRI and
the time of hs-CRP elevation to summarize the relationship between TH and
the time of hs-CRP elevation and the severity of HIE.

Results: 83 infants were included, 28 in the control group and 55 in the TH group.
After birth, 33 infants (60.0%) in the TH group and 2 patients (7.1%) in the control
group had elevated hs-CRP, which was statistically significant (P < 0.05). The time
window for CRP elevation after TH was 72-96 h after the end of treatment; The
results of the brain MRI showed 23 in the TH group and 11in the control group
with moderate and severe HIE. 21 infants (all in the TH group) had elevated
hs-CRP. MRI showed that the number of infants with mild injury or regular
infants whose hs-CRP raised in the TH group was 12, and the rate of hs-CRP
elevation was 37.5%; in the control group, the rate was 11.8%. The difference
was significant. TH can decrease PLT and WBC, but no significance in the two
groups. Blood and sputum cultures were negative in all infants, and there were
no signs of infection.

Conclusions: TH can increase the blood hs-CRP of HIE neonates, and the
probability of its occurrence is related to the severity of HIE. The heavier the
HIE, the higher the risk of hs-CRP elevation after TH; The hs-CRP elevation has
little to do with infection, and it doesn’t recommend using antibiotics actively.

KEYWORDS

therapeutic hypothermia(TH), hypoxic-ischemic encephalopathy (HIE), c-Reactive protein,
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1. Introduction

C-reactive protein (CRP) is an acute-phase protein produced predominantly by
hepatocytes. Serum CRP is elevated in response to acute infection, inflammatory
conditions and trauma and increases with age (1). In clinical practice, standard and high-
sensitivity CRP (hs-CRP) assays can determine serum CRP levels. However, the standard
assays are insufficiently sensitive to measure the low grade CRP, especially in newborns,
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because their liver and immune system are underdevelopment. By
contrast, measurement of hs-CRP levels can accurately detect low-
grade inflammatory states.

Hypoxic-ischaemic encephalopathy (HIE) is a type of neonatal
encephalopathy caused by systemic hypoxemia and/or reduced
cerebral blood flow resulting from an acute peripartum or
intrapartum event (2). It can be a clinical consequence of
perinatal, birth and/or neonatal asphyxia. In developed countries,
the incidence rate of moderate to severe neonatal HIE is about
1 %o to 3 %o, of which about 15% of the children die in the
neonatal period (3, 4). About 30% of the surviving children left
long-term complications and sequelae of different types and
degrees, such as cognitive impairment, motor development
backwardness, and even cerebral palsy (5). Clinical studies in the
past decades have shown that therapeutic hypothermia (TH:
target temperature 33-34°C) significantly protects hypoxic-
ischemic brain nerves and organs and can enormously improve
the survival rate and disability rate of full-term neonates with
moderate to severe HIE (6). The follow-up found that the
prognosis of HIE patients who were treated with TH was
significantly improved compared to untreated asphyxia children
(7). Presently, TH of neonatal HIE has been widely used in our
country and abroad. However, TH often produces adverse effects,
such as abnormal coagulation function, hypotension, pulmonary
hypertension, thrombocytopenia, hyperlactatemia, arrhythmia,
infection, etc. (8). These may even lead to the death of the
treated children in severe cases. Due to the more common and
apparent complications, such as blood hyperviscosity syndrome,
thrombocytopenia, and hyperlactatemia caused by TH in
children, they are generally treated promptly and effectively.
However, there are few studies on the hs-CRP level of infants
caused by TH. Many hospitals and doctors give antibiotics to
children after their blood hs-CRP rises, which is inappropriate
(9). So we need to effectively judge the risk of infection in
children treated with mild hypothermia and take reasonable
measures according to the evaluation results for the hs-CRP
increase in the TH. On the one hand, it can avoid unreasonable
use of antibiotics and reduce the adverse side effects of children’s
use of antibiotics; on the other hand, it can shorten the hospital
stay and reduce the burden on families and society. Given the
above reasons, we analyzed the clinical data of children
hospitalized in our NICU from January 2014 to June 2021
diagnosed with neonatal asphyxia and eligible for mild
hypothermia treatment to find the relationship between TH of
neonatal HIE and whole blood hs-CRP.

2. Method
2.1. Data method

Infants diagnosed with neonatal asphyxia in our NICU
department from January 2014 to June 2021 and eligible for TH
were selected (including those who were suitable for TH for
postnatal asphyxia but did not receive treatment locally and
missed the treatment time in our hospital). The TH criteria are
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as follows: the baby is >35 weeks, and >1,800 grams, and less
than 6h old and presents with evidence of acute perinatal/
intrapartum hypoxia-ischemia as suggested by at least one of the
following: (A) Apgar score <5 at 10 min, (B) Blood gas (cord/
arterial/venous/capillary) within 60 min of birth includes either a:
pH < 7.0, or Base excess equal to or worse than minus 12 mmol/L,
(C) Ongoing resuscitation for >10 min (10). Exclusion criteria:
infant with high-risk factors of perinatal infection (such as
premature rupture of membranes more than 18 h, infection of
the mother, mother having a fever or other signs of infection),
congenital malformation, and death within three days after birth.
A total of 83 eligible infants were included, including 42 girls
and 41 boys. The selected infants were divided into the control
and TH groups according to whether they had TH. There were
55 patients in the TH group (rectal temperature 33°C-34°C) and
28 in the control group (Figure 1). We used the online
epidemiological calculation website established by Ausvet Animal
Health Service, funded by the Australian Cooperative Research
Center for Biosafety, to verify our sample size, the power (1—f)
is greater than 0.8, so we think our sample size is appropriate
(https://epitools.ausvet.com.au/). The TH group infants were
(Blanketrol II.
Cincinnati Sub-Zero Inc. OH, USA.), whole-body cooling was

cooled using a commercially made device

chosen to induce TH, with core temperature (rectal) maintained
around 33-34°C for 72 h. After 72 h of cooling, rewarm the baby
at a rate not exceeding 0.5°C every 2h, and the target rectal
temperature is 37°C. Collect the primary data of the two groups,
including the factors that may affect hs-CRP, such as patient’s
sex, birth weight, birth gestational age, Apgar score, amniotic
fluid(AF),
neutrophil percentage, platelet count, duration of antibiotic use,
the hs-CRP value within ten days after birth, and brain Cranial
magnetic resonance imaging(MRI) data within 4-8 days after

ventilator use or not, blood leukocyte count,

delivery. We chose 3 days as the cut-off of the ventilator based
on a previous study (11). In the control group, the blood data
were collected from their birth hospital in the first or second
days. According to the literature, the hs-CRP >10 mg/L is
considered to be increased (12). Since the lower limit of the
laboratory monitoring of the hs-CRP is <0.5 mg/L, <0.5 mg/L wa
calculated as 0.5 mg/L in statistics and mapping analysis. The
BC-7500 Auto Hematology and CRP analyzer and supporting
calibrators (Shenzhen Mindray Corporation, Shenzhen, China.)
were used to measure CBC and hs-CRP. We used the latex
particle-enhanced immunonephelometry method to measure
hs-CRP. EDTA-K2 anti-coagulated whole blood samples were
collected from both groups. High sensitivity C-Reaction Protein
(hs-CRP) reagent mixed with the lysed sample, and the
antibody-marked latex microcell in the latex reagent undergoes
agglutination reaction with the hs-CRP. The reaction will
increase the solution’s turbidity. The turbidity of the solution
increased, and thus the hs-CRP concentration was gained by the
turbidity analysis (13). MRI was classified as mild, moderate, and
severe according to the Barkovich score (14).

1.2 According to a previous report, infection was defined as
meeting one of the following criteria: (1) septicemia, (2) septic
shock, or (3) administration of antibiotics for >10 days (15).
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93 infants with asphyxia were admitted to our
department during the study period

10 excluded
with initial elevated CRP (Within 6 hours
after birth) n=4

v

\4

Death or giving up treatment within one
week after birth n=4
Stop TH halfway due to complications n=2

83 eligible infants were included

A 4

A4

The treatment group (TH group)

The control group n=28

n=55

FIGURE 1
Flowchart of included patients.

2.2. Statistical methods

IBM SPSS Statistics 23 statistical software was used for data
analysis. T-test was used to compare the mean between the two
groups, the > test was used to compare the rates between the
two groups, and logistic regression analysis was used to analyze
the risk factors related to hs-CRP increase, inspection level
a=0.05.

3. Result

There were 83 patients in the two groups, including 28 in the
control group and 55 in the treatment group. The general data of
the patient’s sex, gestational age, birth weight, Apgar score,
delivering pattern, premature rupture of membranes, etc., were
shown in Table 1. There was no significant difference in sex
ratio, gestational age at birth, birth weightbirth Apgar score,
delivering pattern, and premature rupture of membranes between
the two groups. All enrolled children’s sputum and blood

cultures were negative, with no fever or other abnormalities. The
2

X
pollution at birth between the control and TH groups, which was

35.7% and 40%, respectively, X?=0.144, P=0.7 (Table 2A).
There was also no significant difference between the two groups

test showed no significant difference in the II-III °AF

in the proportion of patients who had used a ventilator for more
than three days, 39.3% and 38.2%, respectively, X*>=0.01, P=
0.92 (Table 2B). The total number of patients with elevated hs-
CRP in the two groups was 35, including 2 in the control group;
the soaring rate of hs-CRP was 60.0%. In the treatment group,
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TABLE 1 Baseline characteristics and clinical data of patients for entire
study group.

Variable Control | Treatment P
(n=28) (h=55) | Value
Sex (man/woman) 15/13 26/29 .
Gestation weeks(mean + SD) 389+1.73 39.2+1.39 0.447
Birth weight g(mean + SD) 3040.1 £579.02 | 3172 +454.24 | 0.2709
Delivering pattern (n) (spontaneous 8/20 27/28 0.12
delivery/cesarean section)
Premature rupture of membranes (1) 6 12 0.60
Ventilator <3 days/> 3 days (n)* 17/11 34/21 0.92
Amniotic fluid clear-1°/II-11I° (n) 18/10 33/22 0.7
Apgar score(median)
1 min 3 (0-6) 2 (0-8) 0.4657
5 min 5 (0-9) 5 (0-9) 0.9757
10 min 7 (1-10) 6 (1-9) 0.2690

*We chose 3 days as the cut-off of the ventilator based on a previous study (11).

TABLE 2 Comparison of high-risk factors between the two groups.

(A). Comparison of amniotic fluid between the two groups

AF clear-I° )G
n (%)
18 (64.3)

33 (60)

AF 2-llI°
n (%)
10 (35.7)
22 (40)

Variable | Total
n

Control

Treatment

(B). Comparison of the duration of ventilator use between the
two groups

Variable ' Total | NO/Ventilator | Ventilator>3D | X> | P
n <3D n (%) n (%)

Control 28 17 (60.7) 11 (39.3) 0.01 | 0.92

| Treatment | 55 34 (61.8) 21 (3822)
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the number of patients with elevated hs-CRP was 33, and the
high rate of CRP was 60.0%, which was statistically significant,
X?=21.56, P<0.001 (Table 3A). The results of head MR
showed that there were 34 patients with moderate and severe
HIE, of which 21 patients (all children in the treatment group)
had elevated hs-CRP, and the incidence of moderate and severe
HIE elevated hs-CRP was 61.76%. In the treatment group, the
increased rate of hs-CRP in children with moderate to severe
HIE and normal or mild HIE was 91.3% and 37.5%, respectively,
with a statistical difference, X*=16.14, P<0.001 (Table 3B). In
the control group, there was no statistical difference in the
increased rate of hs-CRP between children with moderate to
severe HIE and those with normal or mild HIE. Fisher’s exact
test showed that P=0.51 (see Table 3C). The multivariate
logistic regression equation was constructed by amniotic fluid,
head MR, mild hypothermia treatment, and duration of
ventilator use. The results showed that the influence of amniotic
fluid turbidity on hs-CRP was statistically significant (OR =3.89,
95% CI 1.11-13.65, P=0.034). The risk of hs-CRP increase in
children with amniotic fluid II-III° turbidity was nearly 2.89
times higher than those with amniotic fluid clear or I° turbidity;
The severity of head MR in HIE children had a significant
impact on hs-CRP (OR=5.0, 95% CI: 1.39-17.9, P=0.014). The
risk of hs-CRP elevation in children with moderate to severe
head MR abnormalities was four times higher than in children
with normal or slightly abnormal head MRI. TH significantly
impacted hs-CRP (OR=40.54, 95% CI: 6.15-267.39, P <0.001).
The risk of hs-CRP increase in children with mild hypothermia
treatment was nearly 39.54 times higher than in children without
treatment. TH was the leading risk factor for hs-CRP growth.
There was no significant difference in hs-CRP elevation between
children who did not use a respirator or used a respirator <3
days and those who used it more than three days (OR=3.24
95% CI: 0.87-12.07, P=0.08) (Table 4).

TABLE 3 Comparison of hs-CPR in different and within the groups.

(A). Comparison of hs-CRP elevation rate between the two
groups

Variable Total | CRP elevated ' CRP Normal | X> | P
n n (%) n (%)
2(7.1) 26 (92.9)

33 (60.0%) 22 (40.0%)

Control

Treatment

(B). Comparison of hs-CRP elevation rate with different
degrees of brain injury in the TH group

CRP elevated | CRP Normal = X> | P
n (%)

Total
n n (%)

21 (91.3)

12 (37.5)

Brain Injury

Moderate or severe

Normal or mild

(C). Comparison of hs-CRP elevation rate with different
degrees of brain injury in the Control group

Brain Injury Total | CRP elevated A CRP Normal

n n (%) n (%)
Moderate or severe 11 0 (0.0) 11 (100) 0.51
Normal or mild 17 2 (11.8) 15(88.2)
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TABLE 4 Multivariate logistic regression analysis results*.

Variable B S.E. | Wald P OR | OR (95%Cl)

Intercept —4.76 1.16 16.72 .000 0.01

AF 1.36 0.64 4.52 0.034 3.89 1.11-13.65
Brain MRI 1.61 0.65 6.08 0.014 4.99 1.39-17.90
TH 3.70 0.96 14.80 .000 40.54 6.15-267.39
Ventilation 1.18 0.67 3.07 0.08 3.24 0.87-12.07

*Cl, confidence interval; OR, odds ratio.

The white blood cell count (WBC) of all children decreased
slowly with the increase of age and tended to be stable after 96 h
of birth. There was no significant difference in the WBC between
the two groups (Figure 2A). The percentage of neutrophils in
the THgroup was higher than the control group within the
observation time (10 days), t=5.75, P<0.001, 95% CI: 7.135-
16.39 (Figure 2B). Compared to control group, the hs-CRP value
of 60% of children in the TH group began to rise within 48 h
after birth. It first peaked at 72-96 h (18.83 + 3.86 mg/L). On the
6th postnatal day (144h), the hs-CRP began to decline. It
remained slightly higher than 12.5 +2.05 mg/L, with a significant
difference between the two groups (P <0.05) (Figure 2C). The
increase of hs-CRP caused by mild hypothermia can last for 10
days, and some can last for almost 2 weeks before falling to
normal. The platelet levels in the THgroup and the control
group within 72 h after birth were (208.47 +19.56) x 10°/L and
(224.35+ 14.36) x 10°/L,, respectively. The two groups had no
significant difference, t=-0.665, P=0.511, 95% CI (—64.67 to
32.90). After 72h, PLT in the treatment group was generally
lower than in the control group, with a statistical significance of
P <0.05 (Figure 2D). Blood and sputum cultures were negative
in all infants, and there were no signs of infection in all
infants.Due to high-risk factors such as premature rupture of
membranes and turbid amniotic fluid in some infants, penicillin
or third-generation cephalosporins were empirically used upon
admission. The number of patients in the TH group using
antibiotics was 48, while the number in the control group was
23. The (449+2.35) and
(4.39 £2.63), respectively, no significant difference, see Figure 3.

days of antibiotic use were

4. Discussion

HIE is a severe disease of neonatal that occurs in 2.5 per 1,000
live term births. It can be a clinical consequence of perinatal and
birth neonatal asphyxia (3). It is a condition which can cause
significant mortality and long-term morbidity, negatively
impacting the patient’s quality of life and resulting in a
substantial financial burden (16). Currently, the therapies for
these patients include good supportive care such as assisted
ventilation,  cardiovascular  support, and  erythropoietin
application (17). But TH is the only proven treatment for
moderate and severe HIE that improves mortality and long-term
outcomes for babies at present (18).

However, TH has many adverse effects, such as hypotension,

apnoea, thrombocytopenia, and infections (19). In previous
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Changes of blood routine indexes and hs-CPR in children from birth to 10 days in life. (A) The white blood cell count decreased slowly with the increase of
age and tended to be stable after 96 h of birth in both groups, with no significant difference between them. (B) The percentage of neutrophils changed
similarly in both groups, but it was slightly higher in the treatment group within the observation time (10 days). (C) The hs-CRP rises sharply within 48 h
after birth in the treatment group. It first peaked at 72-96 h. On the 6th postnatal day (144 h), the hs-CRP began to decline. (D) Platelet in the treatment
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studies, immunosuppression has been demonstrated in babies
receiving TH (20). Elevated CRP is considered as an essential
indicator of infection, including bacterial and viral infection and
chronic inflammation. In recent years, the role of CRP as a
medium for tissue damage has received increasing attention,

Control group

TH group

Days

FIGURE 3
The use of antibiotics in the two groups. The duration was (4.49 + 2.35)
and (4.39 + 2.63) days, respectively, P> 0.05.
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there is strong evidence for this in some animal species and
human being for a long time (21-23). In the present study, we
analyzed the relationship between the elevated hs-CRP and
infection in HIE infants. We found a significant increase in hs-
CRP and a decrease in platelet in HIE infants treated with TH.
The rise in hs-CRP in the first four days of life is consistent with
a previous report (24), But our research shows that hs-CRP
drops once on day sixth; it is still higher than the control group
at the same time point, we think this decrease is likely related to
sample size. No other signs of infection were found. Those with
elevated hs-CRP infants did not meet the criteria of infection; no
one used antibiotics for more than ten days or had a shock. As
we all know, CRP is synthesized in hepatocytes (25), and it is
partly regulated by a self-mediated protease released from
neutrophils promoting auto-gradation. Its main immunological
functions are the opsonization of biological particles (bacteria
and dead or dying cells) for their clearance by macrophages and
the activation of the classical complement pathway. This helps to
eliminate pathogens and dead cells (26, 27). In clinical work, we
are used to linking the increase of CRP with inflammation,
which can result in prolonged antibiotic exposure. But in recent
years, our understanding of what can elicit inflammation has
expanded considerably. We have learned that the innate immune
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system responds to metabolic stress with chronic low-grade
inflammation (“metaflammation”) without the classic signs of
acute inflammation (28). One molecular mechanism that can
trigger low-grade inflammation and CRP induction in response
to metabolic stress that has been well-studied is the unfolded
protein response (29). Barrett TD, et al. found that CRP is
associated with an increase in myocardial infarct size after
ischemia/reperfusion (30). Mild hypothermia can lead to a rise in
blood lactic acid, which has a specific toxic effect on myocardial
In addition,

inhibitory effect on enzymes such as proteases might account for

cells and may increase CRP. hypothermia’s
CRP’s longevity, which may also cause CRP to be higher than
usual (31). Previous studies have shown that CRP can promote
atherosclerosis, blood stagnation, and plaque formation. TH can
lead to blood hyperviscosity syndrome, so the increase in CRP
may be related to this reason (32, 33). According to the brain
MR results and the elevated CRP in both groups in our research,
we believe that the heavier the HIE, the higher the risk of hs-
CRP This

phenomenon may be due to the more severe HIE, the more

elevation after mild hypothermia treatment.
damaged cells, and the more powerful the stress response.
Therefore, CRP is higher (34). Our research found that TH led
to an increase in hs-CRP, but these newborns showed no other
signs of infection. They had no fever, apnea, or positive
etiological findings. This subclinical inflammation occurs in
many conditions with minor degrees of metabolic dysfunction
and stress state (28, 29, 35). There is no evidence that antibiotics
must be used in this kind of baby. Platelet count was lower in
severely asphyxiated children. TH can lead to an increase in the
proportion of neutrophils, which may be related to stress.

The limitation of this study may include the following aspects.
Firstly, this is a retrospective study in nature, and the sample of the
study is relatively small. Secondly, some variables were not
evaluated in the study, such as IL-6 and TNF-a. Thus, a
prospective study with large samples is warranted in the future.
Nonetheless, to our knowledge, the present study is precious in
confirming infection or not in HIE with TH. This information
could help guide the use of antibiotics.
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changes indicate infection. Elevated hs-CRP can affect the
evaluation of infection, leading to inappropriate antibiotic use or
prolonged courses of antibiotics. Our study provides information
to inform antibiotic stewardship practice in this population.
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