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The effect of hypothermia treatment on white blood cell (WBC), neutrophil-to-lymphocyte
ratio (NLR), lymphocyte-to-monocyte ratio (LMR) and platelet-to-lymphocyte ratio (PLR)
values as an indicator of inflammation was evaluated in newborns with hypoxic ischemic
encephalopathy (HIE). The study was performed that the before-therapeutic hypothermia (TH)
and after-TH WBC, lymphocytes, neutrophils, monocytes and NLR, LMR and PLR values of
the complete blood cell count were retrospectively evaluated. The results of the patient group
were compared with the results of healthy newborns. A total of 78 patients who underwent TH
were evaluated in our study. Mean values before and after TH were NLR3.8/2.7, LMR 5.6/8.6,
and PLR 60.3/67.1 respectively. A statistical significance was present for NLR values before and
after TH in those with seizure in our study (4.154+2.95/3.01+2.54) but no statistical significance
was found for LMR or PLR. In neonates with HIE, effect of TH on complete blood cell count

and inflammatory mechanisms (mediated neutrophil and lymphocyte) may be minimal.
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INTRODUCTION

Hypoxic ischemic encephalopathy (HIE) is still an
important problem in Neonatal Intensive Care Units despite
advances in its diagnosis and treatment (Shankaran et al.,
1991). Although many of the events in its pathogenesis
have been explained, permanent complications are
common despite treatment, especially in severe cases.
The degree of hypoxia plays a major role on the mortality
rate and neurodevelopment (Nelson, 2002). Among term
infants, HIE due to perinatal asphyxia accounts for 20%
of perinatal deaths and there is a 30% chance of disability
among the survivors (Cheong et al., 2012).
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There is ample evidence that therapeutic hypothermia
(TH) decreases brain injury caused by asphyxia (Douglas-
Escobar, Weiss, 2015). Hypothermia decreases the
blood-brain barrier damage, release of excitatory
neurotransmitters, free radical production, and anti-
inflammatory cytokine levels (Joy, ef al., 2013). Several
studies and biochemical markers have been used to detect
the extent of multiple organ damage in infants with HIE
and to determine its relationship with mortality but no
definite conclusion could be reached about the prognosis
(Shankaran et al., 1991; Nelson, 2002; Cheong et al.,
2012; Douglas-Escobar, Weiss, 2015; Joy et al., 2013).
New studies are therefore required to evaluate the factors
affecting the HIE diagnosis and early stage prognosis.

Ratios of white blood cell (WBC) types have
been proposed as indicators of general inflammatory
responses (Naess et al., 2017). The neutrophil-to-
lymphocyte ratio (NLR), lymphocyte-to-monocyteratio
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(LMR), and platelet-to-lymphocyte ratio (PLR) have
been proposed as potential markers of inflammation for
predicting the survival of patients in various disorders
including retinopathy of prematurity, neonatal sepsis,
necrotizing enterocolitis, diabetic retinopathy, cancer,
renal disease,cardiovascular and malignant disease, and
also the mortality in patients with sepsis and chronic
obstructive pulmonary disease (Naess et al., 2017; Hu,
et al., 2017). The effect of TH on inflammation is already
known (Cheong et al., 2012). However, its effection NLR,
LMR and PLR in HIE patients has not been investigated
in the literature. The effect of hypothermia treatment on
WBC, NLR, LMR, and PLR values as an indicator of
inflammation was evaluated in this study.

MATERIAL AND METHODS

The study was conducted on newborns who had
received TH treatment for HIE at the tertiary care newborn
intensive care reference center Dr. Sami Ulus Maternity,
Children Health and Diseases Training Research Hospital.
The before-TH and after-TH WBC, lymphocytes,
neutrophils, monocytes and NLR, LMR and PLR values
of the complete blood cell count were retrospectively
evaluated. For complete blood cell counts, samples were
taken before the start of treatment with hypothermia and
within the first 24 hours after completion of the treatment
with hypothermia. The gestational week, birth weight,
gender, type of birth, HIE degree according to Sarnat
and Sarnat (1976) staging system, presence of seizures,
amplitude integrated electroencephalogram (aEEG)
monitorization results, mortality and hospitalization
durations of the patients were recorded. Approval was
obtained from the ethics committee of the hospital for the
study. Patients with chromosomal or congenital anomaly,
cyanotic congenital heart disease, early neonatal sepsis
(those who had growth in the first blood culture taken
from all patients right after admission (< first 7day) were
excluded from the study. The criteria in Table I were
used for to administer TH (Papile ef al., 2014). TH was
performed on patients with stage 2 or 3 HIE according
to Sarnat and Sarnat (1976) staging system.

All counts were determined from the same
automated blood sample measurement. The NLR, PLR,
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and LMR values were calculated as the ratios of the
neutrophils to lymphocytes, platelets to lymphocytes,
and lymphocytes to monocytes, respectively. And the
peripheral blood count results of the patient group were
compared with those of the control group created from
healthy newborns. Healty newborns >37 weeks and
younger than 5 days old (0-4 day) were included in the
study. The control group consisted of newborns who
presented to the outpatient department, with a whole
blood count result for any reason, but without any disease
on the history, physical examination or tests, and who
were accepted as normal/healthy.

TABLE | - Therapeutic Hypothermia initiation criteria

Therapeutic Hypothermia Initiation Criteria (19)

Gestational age >35 weeks and <6 hours of age

AND Apgar score <5 at 10 minutes after birth

OR Continued need for resuscitation
at 10 minutes after birth

OR pH<7.00 or base deficit >16 mmol/L or more with
an umbilical cord blood sample or an arterial or venous
blood sample obtained within 60 minutes of birth

AND Moderate or severe encephalopathy
on clinical examination

AND Moderately or severely abnormal background
of at least 20 minutes’ duration or seizure
activity on aEEG after one hour of age

Statistical method

Statistical data were evaluated with SPSS, version
17. The values were given as meantstandard deviation.
Conformance with a normal distribution was evaluated
with the Kolmogorov-Smirnov test. The non-parametric
and parametric tests, Wilcoxon and Paired T test were
used according to the distribution of the data on statistical
evaluations between the dependent variables. A p value
<0.05 was accepted as significant.

RESULTS

A total of 78 patients who underwent TH were
evaluated in our study. The demographic characteristics
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of the patients are presented in table II. Mean values
before and after TH were WBC 20.4/9.8 (x10°/L, p<0.05),
lymphocytes 5.0/2.6 (x10°/L, p<0.05),neutrophils
13.17/5.7 (x10° /L, p<0.05),monocytes 1.2/0.63 (x10°/L,
p<0.05),platelets 204/146 (x10°/L, p<0.05), NLR 3.8/2.7
(p<0.05),LMR 5.6/8.6 (p>0.05),and PLR 60.3/67.1
(p>0,05) respectively (Table III).

WBC, lymphocytes, neutrophils, monocytes, platelets,
NLR, LMR, and PLR values before and after TH are
presented in table 111, IV, V. In our study, it was found that
patients with HIE had high levels of WBC, lymphocyte and

TABLE Il - Demographic characteristics of the patients

neutrophil counts before TH, and these results were lower
than those of healthy newborns after TH. Only monocyte
and platelet caunts were lower than those of healthy
newborns both before and after TH. WBC, lymphocytes
and neutrophil increases were more important than those
without seizures, whereas platelet and monocytes were
significantly lower than those without seizures. Although
Stage 2 and 3 patients had similar results, stage 3 had only
lymphocyte increase, while WBC and neutrophil counts
were lower. Platelet and monocyte counts were lower in
stage 3 patients than in stage 2.

HIE group (n=78) Control group (n=38) P
Gender (n, %) Female: 30 (38.5) Female: 21 (55.3) *p=.065
Male: 48 (61.5) Male: 17 (44.7)
Form of birth (n, %) Normal vaginal route: 40 (51.3) Normal vaginal route: 19 (50) *p=.527
Cesarean section: 38 (48.7) Cesarean section: 19 (50)

Gestational week (weeks) 38.7+1.6 (35-42) 38.7+1.04 (36-41) 4p=.807
(Mean+SD) (Min.-Max.)
Birth weight (grams) 3058+584 (1850-4300) 3083+493 (2470-4080) p=103
(Mean+SD) (Min.-Max.)
Age (postnatal day) 0 2.05+1.4 (0-4) 4p=.000
Hospitalization duration (days) 22.0+£30.3 (3-240) 0
(Mean+SD) (Min.-Max.)
HIE Stage (n, %) Stage 2: 59 (75.6) 0
(According to Sarnat) Stage 3: 19 (24.4)
Presence of seizures (n, %) Yes: 39 (50) 0

No: 39 (50)
Mortality (n, %) Yes: 4 (5.1) 0

No: 74 (94.9)

*:Chi-square test, &:Mann-Whitney U test, #: Independent t test, HIE:Hypoxic ischemic encephalopathy
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TABLE Il - The effect of Therapeutic Hypothermia on complete blood cell count in patients with HIE

Before-TH After-TH Control
n=78 n=78 value n=38 value
MeanSD Mean+SD P Mean+SD P
(Min.-max.) (Min.-max.) (Min.-max.)
20.48+6.99 9.80+4.55 14.46+6.44 &p=000
9 s
WBC (<107L) (7.26-42.70) (3.55-33.52) p*<0.001 (4.70-30.0) &p=000
5.04+3.52 2.66+1.74 4.37+1.55 &p=687
9 %
Lymphocytes (<10°/L) (1.22-18.86) (0.93-12.52) p*<0.001 (1.06-8.11) &p=000
. 13.175.55 573+4.15 7.85+5.30 &p=000
9 *
Neutrophils (<10°/L) (2.21-30.13) (0.61-29.15) p*<0.001 (1.93-20.20) =035
1.20 £ 0.59 0.63+0.44 1.61£0.76 &p=002
9 *
Monocytes (<10°/L) (0.19-3.58) (0.04-2.34) p*<0.001 (0.46-4.06) &p=000
204.73+74.37 146.48+66.76 303.5+92.72 &p=000
9 K3k
Platelets (-10°/L) (30-492) (12:293) p*=<0.001 (163-518) £p=000
3.8242.67 27842 44 . 1.96:+1.44 &p=000
NLR (0.26-15.22) (0.09-14.22) p*<0.001 (0.29-6.99) #p=.060
5.62+6.59 8.66:+18.67 . 2.9741.07 &p=066
LMR (0.72-47.0) (0.92-132.25) p*=0.069 (0.88-5.74) &p=000
60.35+:44.04 67.14+36.56 o 79.88:44.32 =009
PLR (4.16-246.04) (3.67-189.34) PREOI80 o 104434)  Fp=104

(*:Wilcoxon test, **:Paired T test, #: Independent t test, &: Mann-Whitney test, TH:Therapeutic Hypothermia, HIE:Hypoxic ischemic
encephalopathy, WBC:White blood cell, NLR:Neutrophil-to-lymphocyte ratio, LMR:Lymphocyte-to-monocyte ratio, PLR:Platelet-to-

lymphocyte ratio)

TABLE IV - The effect of seizure status on complete blood cell count in patients who underwent Therapeutic Hypothermia

Before-TH (n=78) After-TH (n=78) Control
. Seizure . Seizure
No seizure resent No seizure resent Healthy newborn alue p value
=39 pn=3 ) =39 pn= o n=38 Né’sveizu . Seizure
Mean+SD Mean+SD Mean+SD " present
(Min.-max.) Mean£SD (Min.-max.) Mean+SD (Min.-max.) control control
' 7 (Min.-max.) ' 7 (Min.-max.) ' ’
p**<0.001 (no
WBC 19.39+5.49  21.58+8.14 9.26+3.76 10.34+5.22 14.46+6.44 4p=.000 4p=.000
(x10°/L) 8.76-33.06 7.26-42.7) 4.3-18.67 (3.55-33.52 *#<0.001 4.70-30.0) 4p=.000 4p=.002
p p p
(seizure present)
p**<0.001 (no
Lymphocytes  5.15+3.38 4.93+3.70 2.57+1.06 2.76+2.24 4.37£1.55 “p=.201 “p=.389
(x10°/L) (1.22-14.28)  (1.33-18.86) (1.13-5.81)  (0.93-12.52) p*<0.001 (no (1.06-8.11) 4p=.000 4p=.000
p**<0.001 (no
Neutrophils  12.29+4.59  14.05+6.31 5434351 6.04+4.73 7.85+5.30 4p=.000 4p=.000
(x10° /L) (4.17-25.25)  (2.21-30.13)  (0.61-16.82)  (0.70-29.15) p**<0.001(seizure  (1.93-20.20) “p=.021 “p=.119
(continues on the next page...)
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Before-TH (n=78) After-TH (n=78) Control

p**<0.001 (no
Monocytes 1.04+0.48 1.36+0.65 0.64+0.49 0.62+0.39 seizure) 1.61+0.76 4p=.000 “p=.131
(x10°/L) (0.21-2.74)  (0.19-3.58) (0.04-2.34)  (0.13-1.82) p**<0.001 (0.46-4.06) 4p=.000 4p=.000

(seizure present)

p**<0.001 (no
Platelets 215.71£78.36  193.74+69.42 164.92+64.20 128.05+64.89 seizure) 303.5+£92.72 4p=.000 4p=.000
(x10°/L) (45.0-492.0)  (30.0-342.0)  (52.0-293.0)  (12.0-280.0) p**<0.001 (163-518) 4p=.000 4p=.000

(seizure present)

p**=0.073
NLR 3.49+2.34 4.15+2.95 2.55+£2.34 3.01+£2.54 (no seizure) 1.96+1.44 4p=.001 4p=.000
(0.39-10.5)  (0.26-15.22)  (0.10-13.79)  (0.09-14.22) p**=0.048 (0.29-6.99) p=.191 p=.030

(seizure present)

p*=0.426 (no
LMR 6.57+£7.98 4.68+4.73 9.30+21.2 8.01£16.0 seizure) 2.97+1.07 “p=.004 “p=.034
(078-47.0)  (0.72-20.73)  (0.92-132.25 (1.47-96.31) p*=0.072 (scizure  (0.88-5.74) &p=.000 =006

present)

p**=0.216 (no
PLR 62.20+42.16  58.49+46.32  72.57+35.18  61.71+37.54 seizure) 79.88+44.32 p=.077 4p=.005
(4.16-199.18) (5.25-246.04) (8.89-189.34) (3.67-171.78) p**=0.581 (32.11-244.34) "p=425 p=.056

(seizure present)

(*:Wilcoxon test, **:Paired T test, #: Independent t test, &: Mann-Whitney test, TH:Therapeutic Hypothermia, WBC:White blood cell,
NLR:Neutrophil-to-lymphocyte ratio, LMR:Lymphocyte-to-monocyte ratio, PLR:Platelet-to-lymphocyte ratio)

TABLE V - The effect of Therapeutic Hypothermia on complete blood cell count according to the HIE stage

Before-TH After-TH Control
Stage 2 HIE Stage 3 HIE Stage 2 HIE Stage 3 HIE Healthy
. ~ . ~ newborn pvalue  pvalue
n=59 n=19 n=59 n=19 | =38 St Sta
Mean+SD MeantSD  Mean+SD  Mean+SD b vaiue ase £e
(Min-max) (Min-max) (Min-max) (Min-max) Mean+SD  2-control 3-control
.-max. .-max. .-max. ~-max. (Min.-max.)
P**<0.001
WBC (<10°/L) 19.92+5.36  22.25£10.58  9.91+4.51 9.47+4.80 (stage 2) 1446+6.44  %p=000 *p=.007
(8.40-33.06)  (7.26-42.7)  4.3-33.52)  (3.55-18.46)  P**<0.001 (4.70-30.0)  “p=.000 “p=.003
(stage 3)
P*<0.001
Lymphocytes 4424275 6.96+4.86 2.52+0.95 3.09+3.13 (stage 2) 4.37+1.55 =198 *p=.035
(x10°/L) (1.22-13.63)  (1.33-18.86)  (0.93-5.81)  (1.06-12.52) p<0.001 (1.06-8.11)  *p=.000 “p=.000
(stage 3)
P**<0.001
Neutrophils 13.544.60 12.10+7.89  5.96+4.35 5.054£3.45 (stage 2) 7.85+5.30 4p=.000 *p=.019
(x10° /L) (4.17-25.25)  (2.21-30.13)  (0.61-29.15)  (1.15-13.09)  P**<0.001 (1.93-20.20)  *p=070 *p=.020
(stage 3)
P**<0.001
Monocytes 1.17+0.54 1.30+0.73 0.67£0.46  0.50+0.34 (stage 2) 1.61+0.76 &p=.002 *p=.154
(x10°/L) (0.19-2.78)  (0.44-3.58)  (0.04-2.34)  (0.13-1.16)  P**<0.001 (0.46-4.06)  4p=.000 4p=.000
(stage 3)
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Before-TH After-TH Control

P**<0.001
Platelets (x10°/L) 199.98+68.02 219.47+91.91 155.84+65.27 117.42+64.48  (stage 2) 303.5£92.72  4p=000 “p=.001
(30.0-342)  (89.0-492.0) (12.0-280.0) (43.0-293.0) P**<0.001 (163-518) &p=.000 4p=.000

(stage 3)

P*<0.001
NLR 4.21+2.69 2.60+2.23  2.80+2.57 2.70£2.05 (stage 2) 1.96+1.44 &p=.000 “p=.196
(0.39-15.22)  (0.26-9.12)  (0.10-14.22)  (0.09-6.63)  P**=0.840 (0.29-6.99)  "p=069 p=.174

(stage 3)

P*=0.051
LMR 5.27+6.78 6.72£596  7.60+17.38  11.93+22.40 (stage 2) 2.97£1.07 p=.188 4p=.023
(0.72-47.0)  (1.67-20.73) (0.92-132.25) (1.91-96.31) p*=0.717 (0.88-5.74)  4p=001 *p=.286

(stage 3)

p=0.384
PLR 63.51+45.17  50.52+39.84 68.84+35.72 61.88+39.59 (stage 2) 79.88+44.32  4p=041 &p=.004
(4.16-246.04) (5.25-139.85) (5.72-189.34) (3.67-189.34) p=0.197 (32.11-244.34)  *p=.180 “p=.140

(stage 3)

(*:Wilcoxon test, **:Paired T test, #:

Independent t test, &: Mann-Whitney test, TH:Therapeutic Hypothermia, HIE:Hypoxic ischemic encephalopathy, WBC:White blood cell,
NLR:Neutrophil-to-lymphocyte ratio, LMR:Lymphocyte-to-monocyte ratio, PLR:Platelet-to-lymphocyte ratio)

DISCUSSION

The main causes of HIE pathogenesis are
decreased brain blood flow and hypoxia (Nakajima,
et al., 2000). The hypoxic ischemic event induces an
inflammatory response that plays an important role in
secondary neuronal injury in the brain parenchyma
and in the peripheral immune system (Algra, et al.,
2013). Inflammatory mediators play a critical role in
the etiopathogenesis of HIE in both the process of injury
and repair. It induces peripheral immune cells; activation
of granulocytes, monocytes and macrophages (Li, ef al.,
2017). We therefore evaluated the inflammatory response
using WBC, lymphocytes, neutrophils, monocytes,
platelets and NLR, LMR and PLR in complete blood
cell count in patients who were administered TH for
HIE. We also investigated the relationship between the
severity of the disease and complete blood cell count
results. A decrease was observed in complete blood
cell count results after TH in HIE patients in our study.
Hudome et al. (1997) reported in their experimental
neonatal rat study that neutrophils were seen in the
circulation within a few hours after hypoxia-ischemia
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but do not pass into the brain parenchyma during the first
42 hours. By contrast, Benjelloun et al. (1999) revealed
that neutrophil infiltration started the first 24 hours and
peaked at 72-96 hours after hypoxic-ischemic injury.
Although the studies are variable, the data suggest that
neutrophil infiltration in neonatal brain is in a much less
than in adults after hypoxia-ischemia (Li, et al., 2017).
Hypoxia increases the number of WBC and neutrophils
in the circulation. Increased cytokine and intracellular
adhesion molecules accelerate local inflammatory
reactions and leukocyte migration (Morkos, et al., 2007).
Palmer et al reported that elevated number of neutrophil
may induce damage to the vessel walls, microvascular
dysfunction and poor brain damage by reducing red
cell flow and oxygen delivery and subsquent leading
to deterioration of energy metabolism during and after
ischemia (Palmer, Roberts, Young, 2004). Palmer et a/
reported that neutropenia occurring prior to hypoxic
ischemic insult reduced brain edema and also long-term
brain injury (Palmer, Roberts, Young, 2004). However,
neutropenia was reported that it was not protective when
it had induced after hypoxia-ischemia (Palmer, Roberts,
Young, 2004). Morkos et al reported that elevated number
of peripheral neutrophil counts in the first 96 hours of
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life were associated with poor neurodevelopmental
outcomes in term babies with HIE (Morkos et al., 2007).
Naeye et al reported that antenatal bradycardia was
correlated with lymphocytosis and increased lymphocyte
count as the duration of bradycardia increased (Naeye,
Shaffer, 2005). Recently, Doycheva et al suggests that
coadministration granulocyte colony stimulating factor
with anti-neutrophil antibodies has neuroprotective
effects and prevented brain atrophy and significantly
improves neurological functions by decreasing blood
neutrophil caunts (Doycheva, et al., 2014). Therefore,
neutrophils contribute to the exacerbation of neonatal
brain damage, even though they do not immediately
accumulate in the developing brain after hypoxia-
ischemia (Li et al., 2017; Liu, McCullough, 2013). In
our study, neutrophil counts were higher than those
of healthy control group before hypothermia. The
number of neutrophils decreased compared to the
control group after TH. In our study, the highest the
number of neutrophils was found in the group with
seizures. According to the HIE stage and seizure status,
neutrophils were found to be low compared to the control
group after TH before the control group.

In adult stroke models, infiltration of T cells into
the injured brain has been showed as early as a few
hours and persists days after ischemia (Brait, et al.,
2010). However, in neonatal HIE models, infiltration of
CD4 + and CD8 + T cells into the brain occurs in the
late period and in the third phase of HIE. Infiltration of
lymphocytes usually start after 24 hours and with a peak
1-2 weeks after hypoxic ischemic injury (Winerdal, et
al., 2012). Winerdal et al demonstrated that activation
of T lymphocytes is in the late period of the neonatal
hypoxia-ischemia and is effective in chronic inflammation
(Winerdal, et al., 2012). The low expression of the surface
markers of peripheral mononuclear cells in neonates
shows that they are relatively undifferentiated status
(Wang, Lu,, 2008). Therefore, delayed infiltration of T
lymphocytes into the injured brain of newborns may
be due to the immature lymphoid cells. Inflammatory
processes between neonates with HIE and adult strokes
are different (Li, et al., 2017; Liu, McCullough, 2013). In
adult animal studies, the neurotoxic effect of T cells is
known in models with acute ischemic brain injury. It is

Braz. J. Pharm. Sci. 2022;58: ¢181053

also reported that decreased T cell count and infiltration
in adult hypoxia ischemia models reduce post ischemia
infarcts (Hurn, et al., 2007). However, the effects of
lymphocytes in the acute period of neonatal HIE have
been reported in a small number of studies. In neonatal
HIE models, it is reported that T cells may play a more
important role in chronic inflammation (Li, et al., 2017).
B cells are also in the process of maturation in newborns
(Winerdal, et al., 2012). Winerdal et al showed that B
lymphocytes were effective in chronic inflammation
in neonatal hypoxia-ischemic models and especially a
decrease in B lymphocyte activation and frequency was
associated with larger infarctions (Winerdal, et al., 2016).
Therefore, B cells may play a critical role in reducing
inflammation and tissue repair in neonatal hypoxic brain
injury. In the literature, lack of B cells leads to larger
infarct volumes in adult stroke and increases the numbers
of microglia, monocytes, and activated T cells in the
ischemic brain (Hurn, ef al., 2007; Winerdal, et al., 2016).
Therefore, it may be considered that B cell protection
against neonatal brain injury is most likely mediated
through anti-inflammatory/immunomodulatory cytokine
(Li, et al., 2017).

Since 2005, TH has been considered the standard
of care for a highly selected population of near-term
and term infants suffering HIE (Douglas-Escobar,
Weiss, 2015; Joy, et al., 2013). In the literature, it has
been suggest that TH, in addition to directly preventing
neurons from oxidative damage and apoptosis, animal
and clinical studies reported that TH can regulate
inflammatory responses and have immunosuppressive
effects on neonatal HI brain injury (Douglas-Escobar,
Weiss, 2015; Joy, et al., 2013). However, effect of TH
on inflammation is not known (Cheong, et al., 2012).
The effect of TH is probably related to between the
severity of HIE and the balance of endogenous repair
mechanisms (Rocha-Ferreira, Hristova et al., 2016).
In a randomized controlled study by Jenkins et al.,
hypothermia in neonatal HIE has revealed associated
with markedly lower counts of WBC, as well as with
lower counts of neutrophils and lymphocytes lower than
in patients with normothermia. Especially after treatment
with hypothermia at 24-36. hours reported that WBC
and ANC decreases were more pronounced and there
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was no significant change in WBC and ANC numbers
during rewarming. They showed that monocyte counts
were significantly reduced by hypothermia treatment.
Lymphocyte counts were also reported to decrease in
WBC, ANC in the hypothermia group (Jenkins, ef al.,
2013). In the study of Jenkins et al., the low WBC count
after hypothermia treatment was associated with poor
neurodevelopmental disorders in the 12 th month. In
addition, in the evaluation according to the stage of
HIE in neonates with HIE, it reported that TH had no
effect on the, number of WBC, neutrophils, monocytes
and lymphocytes (Jenkins, et al., 2013). These results
strongly suggest that TH regulates peripheral immune
responses in neonates with HIE. In our study, it was
concluded that total white blood cell count, neutrophil
and monocyte counts were affected from TH treatment in
the acute period. These results show that TH is effective
on peripheral blood count and decreases to lower values
than healthy neonates. In our study, peripheral blood
results were higher in newborns with HIE compared
to healthy newborns before TH, but were lower than
those in the control group after TH. In our study, the
lymphocyte count was similar to the control group before
hypothermia. However, there was a marked suppression
of the lymphocyte count after TH. It was remarkable that
the lymphocyte count was higher in stage 3 compared
to stage 2 HIE neonates. Neutrophil and monocyte
counts are low in patients with stage 2 after TH, which
can be considered favorable in neonates with HIE. In
addition, the number of neutrophils and monocytes was
significantly higher in patients with seizures. Therefore, it
may be suggested that neutrophils may be more important
in the acute phase of HIE in the etiopathogenesis of HIE.
Physiological changes occur in peripheral blood cells
in newborns in the first days of life (Lambert, 2009).
Normally, neutrophil count increases in the first days and
decreases in the following days (Lambert, 2009). The
decrease in the number of neutrophils may be related to
the result of normal physiological response or in other
diseases (such as infection). In our study, newborns other
than HIE were excluded from the study and the results
were compared with the control group. However, in the
neonatal period, proportional evaluations may be more
useful and reliable in the interpretation of the results
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because the peripheral blood results are affected by
many different conditions such as postnatal week, age,
sex, type of delivery or physiological changes. LMR
and PLR ratios that were not statistically significant
with the exception of NLR. NLR was higher in stage 2
patients than in stage 3 patients. Patients with stage 3
HIE had a lower NLR ratio, but the highest NLR values
were in patients with stage 3 HIE compared to the other
groups. NLR, LMR NLR was statistically significant
before hypothermia. High NLR levels may be considered
as poor prognosis in patients with seizures. Low NLR
may be considered as a good prognosis after TH. This
shows that the lymphocyte increase was slower in the
early period than neutrophils. However, after TH, the
fact that patients with seizures or stage 3 HIE have
higher lymphocyte counts compared to other groups
may be important in assessing the negative results for
the chronic period. However, further studies are needed
on this subject. As a result, the effect of TH on complete
blood cell count in the early period of neonates with
HIE may be minimal. However, the effect of TH on
peripheral blood cell may have a significant effect on
the long-term prognosis of patients with HIE. Further
studies are required to clarify this matter.
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