Annals of Medical Research
DOI: 10.5455/annalsmedres.2019.12.790

Original Article
2020;27(1):92-6

An investigation of the relationship between base deficit
and CRP in asphytic infants

Huseyin Gumus, Halil Kazanasmaz, Abdullah Solmaz, Halil Aslan
Harran University Faculty of Medicine, Department of Pediatrics, Sanliurfa, Turkey

Copyright © 2020 by authors and Annals of Medical Research Publishing Inc.

Abstract

Aim: To investigate the relationship between base deficit (BD) and C-reactive protein (CRP) findings evaluated during diagnosis of
infants followed up for a diagnosis of perinatal asphyxia (PA).

Material and Methods: This prospective observational study included 66 cases as 33 cases treated and followed up for a diagnosis
of PA in the Neonatal Intensive Care Unit of Harran University Medical Faculty Hospital, and a control group of 33 healthy infants.
Using a syringe washed with heparin, a fetal blood sample of 2ml was taken from the umbilical artery of the neonates thought to have
PA, and blood gases were examined in an anaerobic environment. CRP values were obtained from spectrophotometric biochemical
analysis of the 2ml blood sample using an Architect C16000 device (Abbott Diagnostics, Abbott Park, IL, USA).

Results: Evaluation was made of 33 infants with a diagnosis of PA hospitalised in NICU and a control group of 33 healthy infants.
All the cases were statistically similar in respect of gestational week at birth (GW), birthweight (BW), and gender. In the blood gas
examinations of the cord blood, pH value was determined as mean 6.9 (range, 6.50-7.06), mean BD as 17mmol/L (range, 12-28
mmol/L), and CRP values as 0.2-57 mg/dl. The CRP values of the PA cases on days 2 and 3 were determined to be significantly
higher than those of the control group (p<0.001). As the BD value at the time of diagnosis increased, so there was determined to be
a significant increase in CRP value, and this was confirmed by the Spearman correlation test (r1:0.423, p1:0.014) (r2:0.342, p2:0.05)
(r3:0.451, p3:0.009). No statistically significant relationship was determined between the pH value in blood gas and the CRP level
(p:0.18).

Conclusion: The results of this study demonstrated that the CRP level was statistically significantly higher in cases that developed
asphyxia than in the control group. A positive correlation was determined between BD at diagnosis and CRP level. A high CRP level
during treatment and follow-up can be considered for use as a supportive finding showing the severity of hypoxia.
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INTRODUCTION

Perinatal asphyxia (PA) is the most significant cause of
neurological morbidity which can develop later in term
and premature infants (1).

Anaerobic metabolism secondary to hypoxia is used to be
able to maintain normal functions in the neonatal brain.
Anaerobic metabolism leads to an increase in the level
of lactic acid, disruption of normal metabolic activity and
metabolic acidosis (2). pH and BD values show metabolic
acidosis. In the blood gases examined from the fetal
cord, a pH value of <7.00 mmol/L suggests significant
fetal acidemia, BD of 12-16 mmol/L that the infant had a
hypoxic birth and BD >16 mmol/L that the infant remained
in severe hypoxia (3). Increased BD (> 20-25) is associated

with poor prognosis (4). As the severity of asphyxia in the
infant increases, so the prognosis worsens and morbidity
and mortality rates increase (5).

Severe and long-term ischaemia or hypoxia of any
organ causes cell death and tissue damage. In addition
to infection, CRP in newborns can be elevated in non-
infectious conditions (asphyxia, respiratory distress
syndrome, intracranial hemorrhage, meconium aspiration
pneumonia, and pre-eclampsia) which cause inflammation
or tissue damage. CRP does not pass from the placenta
or passes at a minimal level. Therefore, CRP elevation in
the fetus or newborn is not of maternal origin. CRP is not
affected by the degree of prematurity or gestational age

(6).
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The aim of this study was to investigate the relationship
between BD, which shows hypoxic birth, and CRP level,
in infants followed up for a diagnosis of PA, through
evaluation of BD and CRP findings at the time of diagnosis.

MATERIAL and METHODS

The study included a total of 66 cases, comprising 33
infants admitted to the tertiary level Neonatal Intensive
Care Unit (NICU) with a diagnosis of PA and treated with
hypothermia between January and December 2019, and a
control group of 33 healthy newborns. Before the study,
written informed consent was obtained from the parents
of the patients who participated in this study. This study
conformed to the principles of the 2008 Declaration of
Helsinki and was approved by the ethics committee of
Harran University School of Medicine (Approval date:
07.01.2019, Session 1, Number: 19.01.03). The patients
included were those with gestational age = 36 weeks, and
pH <7.00 or BD = 16mmol/L in cord blood gas at <6 hours
or within the first hour postnatal, a 10-min Apgar score
<5 or a continued need for resuscitation, and findings of
moderate or severe encephalopathy in clinical evaluation.
In addition to these criteria, both diagnostic and follow-up
aEEG findings were added (7,8).

Exclusion criteria were defined as birthweight <2000
gr, those with congenital metabolic disease, sibling
history, other diseases seen with energy deficiency and
early encephalopathy, severe or widespread -cranial
parenchymal bleeding, life-threatening coagulopathy,
a history of maternal chorioamnionitis, blood-culture
positivity, trisomy, or multiple organ anomalies (7, 8).

A total of 33 patients had undergone therapeutic
hypothermia. Patients underwent therapeutic hypothermia
with whole body cooling system. Therapeutic hypothermia
was applied with Arctic Sun® 5000 Temperature
Management System as servo-controlled whole body
cooling with a rectal temperature probe targeting a
rectal temperature of 33.5°C. After 72 hours of cooling
period, 7 hours of rewarming period occurred (maximum
temperature rise of 0.5°C/hour) and the session was
finished when the body temperature reached 36.5°C. In
the control group, blood samples were obtained from
infants who were given to their mothers after birth and
whose physical examination was normal.

Blood Sampling and Analyses

Using a syringe washed with heparin, a 2cc fetal blood
sample was taken from the umbilical artery for blood gas
examination in an anaerobic environment. After taking the
sample, the needle tip was bent and covered with a plastic
cover, preventing oxygen from coming into contact with
the fetal blood. The blood gas parameters were examined
within the first 30 minutes in cold chain conditions. Blood
samples are taken from PA patients on the 1st, 2nd, 3rd,
4th, and 7th day to assess CRP levels and blood cultures
are obtained from all of the PA patients on admission to
NICU and when CRP levels were found to be elevated.
Blood samples were taken from healthy participants in the
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control group between 48-72 hours. The CRP values were
obtained using the Architect C16000 spectrophotometric
chemical analysis device (Abbott Diagnostics, Abbott
Park, USA).

Statistical Analyses

Data obtained in the study were analysed statistically
using SPSS vn 24.0 software (SPSS Inc. Chicago,
IL, USA). Descriptive statistics were summarised as
number, percentage, mean and standard deviation (SD)
values. Conformity of the data to normal distribution
was assessed with visual (histogram, probability tables)
and analytical (Kolmogorov-Smirnov) methods. Analysis
of data with normal distribution was made with the
Independent Samples t-test, and the Mann Whitney U-test
was applied to data not showing normal distribution. In
the comparison of qualitative data between groups, the
Chi-square test was applied. For the comparisons of
repeated continuous measurements, Friedman analysis
was applied to non-parametric data and variance analysis
to parametric data. CRP variations during hospitalisation
were evaluated with the Wilcoxon Signed Rank test. To
analyse the relationships between variables, Pearson
correlation was used for parametric variables and
Spearman correlation for non-parametric variables. A
value of p<0.05 was accepted as statistically significant
in all the analyses.

RESULTS

The study included 66 cases admitted to the NICU of a
university medical faculty hospital, as 33 (50%) cases in
the PA group and 33 (50%) in the control group. The PA
group comprised 69.7% males and 30.3% females, and
the control group, 54.5% males and 45.5% females. No
significant difference was determined between the groups
in respect of gender distribution. The mean gestional week
was 38.75+1.32 weeks in the PA group and 38.24+1.09
weeks in the control group, with no significant difference
determined between the groups. Birthweight was mean
3270.751444.08 gr in the PA group and 3218.48+404.82
gr in the control group with no significant difference
determined between the groups. In the PA group, CRP
positivity was determined in 6.1% of patients on Day 1,
in 39.4% on Day 2 and in 72.7% on Day 3. The change in
CRP levels showed a pattern of increasing from the lowest
level on Day 1 to the highest level on Day 3 (p<0.0001)
(Figure 1, Table 1).

The CRP levels of the patients diagnosed with PA were
similar to those of the control group on Day 1, and were
higher on Days 2 and 3. The CRP levels of the PA patients
showed a statistically significant change over time (Table
2).

In the cases diagnosed with PA, the pH value in the blood
gas examination of the cord blood taken in the first hour
postnatal was mean 6.87+0.12 (median 6.9, range 6.50-
7.06). The BD value in the blood gas examination of the
cord blood taken in the first hour postnatal was mean
18.18+4.31Tmmol/L (range, 12-28 mmol/L). A positive
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correlation was determined between the mean BD at the
time of diagnosis and the CRP values on Days 1, 2, and 3
(Table3).

Table 1. The change in CRP levels in the patients diagnosed with PA

No statistically significant relationship was determined
between the pH value in the blood gas and CRP level
(p:0.18).

N Minimum
C-CRP 33 0.2
CRP1 33 .20
CRP2 33 55
CRP3 33 1.39

Maximum Median p
5.3 0.76
7.00 1.00 0.000
30.00 3.78
57.00 9.62

C-CRP: control group, CRP1: CRP on Day 1, CRP2: CRP on Day 2, CRP3: CRP on Day 3 *Friedman Test

Table 2. Evaluation of the PA and Control groups in respect of CRP

C.CRP- CRP1 C.CRP- CRP2 C.CRP- CRP3 CRP1- CRP2 CRP1- CRP3 CRP2- CRP3
Z -.954 -4.315 -4.941 -4.816 -5.012 -4.994
Px .340 .000 .000 .000 .000 .000

* Wilcoxon Signed Rank Test, C-reactive protein(CRP ), C-CRP: control group, CRP1: CRP on Day 1, CRP2: CRP on Day 2, CRP3: CRP on Day 3

Table 3. Evaluation of the PA and Control groups in respect of CRP

Min-Max(Md)
BD( mmol/L) 12-28(17)
CRP1(mg/l) 0.2-7(1)
CRP2(mg/l) 0.55-30(3.8)
CRP3(mg/l) 1.39-57(9.62)

by ap
423 0.014+
.342 0.05
451 0.009**

C-CRP: control group, CRP1: CRP on Day 1, CRP2: CRP on Day 2, CRP3: CRP on Day 3, BD: Base Deficit, Min: Minimum, Max: Maximum, Md:

Median, a,Spearman correlation test, b correlation coefficient, *. Correlation is significant at the level of 0.05, *+ Correlation is significant at the
level of 0.01

20,00

15,00

CRP(mgldL)

10,00+

5,00

Figure 1. Change in CRP level during therapeutic hypothermia
treatment
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DISCUSSION

Perinatal asphyxia is a condition that results in the
development of arterial hypoxemia, hypercarbia and
acidosis, because of deterioration in pulmonary ventilation
caused by insufficient gas exchange in the placenta or
postnatal events (9,10). Hypothermia is the most effective
treatment used to reduce morbidity and mortality in
patients who develop asphyxia. The appropriate criteria
for hypothermia treatment are pH<7.0 or BD=16 mmol/L
in the blood sample or umbilical cord blood in the first
postnatal hour, history of an acute perinatal event, a
10-min Apgar score <5, and neurological examination
findings showing moderate to severe encephalopathy
(11). The current study included patients diagnosed
with PA and applied with hypothermia treatment. The pH
values in the blood gas examined from the cord blood were
in 6.87+0.12. The BD in the blood gas examined from
the cord blood was in 18.18+4.31 mmol/L. Findings of
moderate to severe encephalopathy were seen according
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to the Sarnat criteria.

CRP is expressed by the liver in response to various
inflammatory cytokines. Therefore, CRP measurement is
widely used to monitor various inflammatory conditions
(12). Inflammatory markers are commonly elevated
in neonatal encephalopathy even without coexistent
infection (13). In a study by Aibiki M et al. (14) they found
that therapeutic hypothermia reduced inflammation. In a
study by ChakkarapaniE etal. (15) therapeutic hypothermia
has been reported to delay CRP response in infants. The
degree of cerebral injury following a hypoxic-ischaemic
event and the repair mechanism of irreversible damage
such as neuronal necrosis or permanant inflammation
are associated with the balance of acute phase response,
healing and neuronal repair (16). Bonestroo HJC et al (17)
reported that hypoxia-ischaemia-reperfusion damage in
the central nervous system (CNS) activated a chain of
pro-inflammatory events. Wassink G et al (18) determined
that most cytokines of inflammatory reactions in the CNS
mediated neuronal apoptosis modulation in particular.
In a study by Okumus et al. (19), 82.5% of therapeutic
hypothermia patients had positive CRP on day 4 despite
negative culture results. They found that the change in
CRP level during therapeutic hypothermia was lowest
on day 1 and highest on day 3. in the current study, CRP
positivity was determined in 6.1% of the PA patients on
Day 1, in 39.4% on Day 2 and in 72.7% on Day 3. While
the CRP values were similar to those of the control group
on Day 1, despite the negative blood culture results and
absence of signs of clinical septicemia, the CRP levels of
the PA patients were higher after the first day. On Days 2
and 3, the CRP levels of the PA patients were statistically
significantly higher than those of the control group
(p<0.001). Ina study by Okumus et al. (19) they thought that
elevated CRP levels were due to therapeutic hypothermia
treatment. However, Chakkarapani E et al. (15) found that
therapeutic hypothermia suppressed inflammation and
delayed CRP response in infants. Inflammatory markers
are increasing in neonatal encephalopathy. CRP levels
increase in response to increased inflammatory markers
secondary to brain damage (12,13). We think that CRP
levels increase in response to increased inflammatory
markers secondary to brain injury. CRP levels gradually
increased to reach the highest level on the third day of TH
treatment. We think TH is due to reducing inflammation
and delaying CRP response.

Hypoxic birth asphyxia is a serious condition with
mortality rates as high as 35% (20-22). The inclusion of
active respiration and neurological treatment in modern
intensive care plays an important role in predicting the
prognosis of asphytic infants and the decisions of whether
to continue or withdraw care (23). In a study by Papile LA et
al (24), it was reported that BD of 12-16 mmol/L indicates
hypoxic birth of the infant, and >16mmol/L suggests that
the infant remained in severe hypoxia. Increased BD >
20-25 mmol/L is associated with poor prognosis(4). In a
study by Chile F et al (25) of a limited number of cases,
it was emphasized that high CRP levels in PA patients
were not related to infection, but no clear relationship
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was determined between high CRP levels and the severity
of asphyxia. Okumus N et al (19) considered the high
CRP levels to be related to the therapeutic hypothermia
treatment. In the current study, the CRP level increased
despite the negative blood culture results and absence of
signs of clinical septicemia, and the increase in CRP level
was related to BD, which is a sign of hypoxic birth, and it
was determined that in cases with high BD at diagnosis,
CRP levels were higher. In contrast to similar studies in
literature, this suggested that the increase in CRP levels
was related to the severity of PA rather than therapeutic
hypothermia.

A limitation of this study was that magnetic resonance
imaging (MRI) was not applied to all patients and so the
elevation in CRP could not be related to brain damage on
MRI. There is a need for further, multi-centre, randomised,
controlled studies conducted on selected patient groups
to confirm the effects of PA on infection markers.

CONCLUSION

The results of this study demonstrated that the CRP level
in cases that developed asphyxia was significantly higher
than that of the control group. A positive correlation was
determined between BD at the time of diagnosis and
CRP levels in PA cases. It can be considered that despite
the effects of therapeutic hypothermia suppressing the
immune response, high CRP levels can be used to support
the diagnosis of PA and as findings supporting the severity
of hypoxia.
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