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Abstract

Keywords

Objective: Asphyxia is a major cause of disabilities in term-born infants. Here we have explored
the value in HIE (hypoxic-ischemic-encephalopathy) of using a combination of serum pro-
oxidant/antioxidant balance (PAB) assay for predicting the prognosis of asphyxia.

Method: Ninety term neonates with asphyxia were enrolled and followed up for two years.
Serum PAB, demographic/biochemical characteristics of mothers, and their neonates were
determined. The Denver Il test was used to assess outcomes.

Results: Of the 90 asphyxiated neonates, 47 (52.2%) had a normal outcome and 43 babies
(47.8%) had abnormal outcome. Serum PAB levels in neonates with normal and abnormal
outcomes were 17.1+9.23 and 48.27 +41.30 HK, respectively. A combination of HIE intensity
and PAB, compared to other indicators, had a higher predictive-value (95.2%) for outcomes in
asphyxiated babies.

Conclusion: We demonstrate that PAB in combination with HIE grade may have a better
predictive value for the prognosis of asphyxiated babies and predicting future neurologic
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problems in asphyxiated term infants.

Introduction

Perinatal asphyxia is associated with a lack of oxygen and
perfusion in several organs [1]. Asphyxia remains a major
clinical concern [2], although several investigations have been
carried out in the past decades. According to the World
Health Organization data, 3% of infants (3.6 million per
annum) suffer from moderate to severe asphyxia in develop-
ing countries; 23% of these infants (840 000 people) died, and
almost the same number of infants with asphyxia have serious
complications [3]. It has been reported that asphyxia,
associated with severe prematurity, is the second leading
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cause of neonatal mortality (20%) in Ghaem Hospital in
Mashhad [4]. The diagnosis of severe asphyxia is determined
by Apgar scores, arterial blood gases, and symptoms of
HIE (hypoxic ischemic encephalopathy) [3,5,6]. The inci-
dence of HIE in newborns with perinatal asphyxia is 50% to
60% [7].

Moderate to severe HIE is a major cause of mortality and
morbidity and permanent neurological disability in survived
newborns [8]. Perinatal asphyxia can cause severe hypoxic-
ischemic injury in the newborn organs and cause fatal or
serious long-term complications. Therefore determining the
prognosis of asphyxia in order to prevent and treat before its
complications develop is a priority objective in infants and
children [9]. There is no gold standard for the diagnosis of
HIE, but the following parameters are currently used to assess
it: Apgar score of 0-3 in the fifth minute after birth, excessive
umbilical artery acidemia, abnormal electronic fetal monitor-
ing during labor, measuring scalp pH along with the presence
of meconium in the amniotic fluid, multisystem involvement
within 72 h after delivery and early imaging evidence of acute
non-focal brain damage and encephalopathy [10].
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Currently, there are no biomarkers to effectively predict
outcome of perinatal asphyxia. A combination of different
methods is utilized in the diagnosis of perinatal asphyxia
[11]. It has been suggested that asphyxia is associated
with oxidative stress [12]. An increased in oxidants and
decreased in antioxidants is involved in the pathogenesis of
several diseases including neonatal asphyxia. Free radicals
(T0,, H;0,, OH", etc.) are produced by metabolic
processes or external sources, and these have the ability
to react with DNA and proteins. Antioxidants can offset
these effects [13]. The evaluation of the activity of oxidants
and antioxidants simultaneously by using tetramethyl ben-
zoyl (TMB) could provide a method for assessing the
balance [14]. Therefore the aim of present investigation was
to evaluate the predictive value of the serum PAB assay in
infants with asphyxia.

Materials and methods
Population

The current prospective, observational study was conducted
between January 2008 and May 2015, in Ghaem Hospital,
as a tertiary referral hospital, in which approximately 3000
child are born annually. The inclusion Criteria were: (1)
those with fetal distress (late deceleration, lack of heart rate
variability, FHR <100); (2) those associated with thick
meconial amniotic fluid plus hypotonia, bradycardia, or
respiratory distress; (3) neonates with an Apgar score <4
within the first minute or an Apgar score <7 within the
first Sminutes; (4) neonates requiring cardiopulmonary
resuscitation more than I minute using oxygen and IPPV
(intermittent positive pressure ventilation); (5) Blood
pH<7.2 and base deficit (BD) < —12.

Initially 98 neonates were eligible for the study but 8 of
these were excluded due to incomplete data. The exclusion
criteria included: Congenital malformations, metabolic dis-
turbances, congenital or perinatal infections, or maternal
chorioamnionitis.

According to the criteria of Sarnat, HIE was classified as
mild (Grade I) if the neonate was hyperalert, hyperexcitable,
with normal muscle tone and no seizures; as moderate (Grade
II) if the infant was hypotonic with decreased movements and
often seizures; and severe (Grade III) if the infant was
stuporous, flaccid without primitive reflexes and usually with
seizures.

Informed parental consent was obtained. The study
protocol was approved by the Ethics Committee of
Mashhad University of Medical Sciences.

Biochemical analysis and anthropometric
measurements

Anthropometric parameters were recorded for all individuals.
Blood samples were collected from all asphyxiated infants
immediately after delivery. The PAB assay, pH, BD, PCO,,
PO,, O, saturation measurement were carried out for all the
subjects. A comprehensive clinical examination was used to
evaluate all subjects at the day of their born, 3 and 7 days.
Neurologic  examination was performed by same
neonatologists.
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Pro-oxidant/antioxidant balance (PAB) assay

The pro-oxidant/antioxidant balance (PAB) assay was per-
formed, as previously described [12]. Briefly, 400 pL. of TMB
(3,3',5,5 -tetramethylbenzidine, Fluka), which was prepared
in DMSP, was added in 20mL of acetate buffer [0.05 M
buffer, pH 4.5]. 70puL of fresh chloramine T (100 mM)
solution was added in the mix followed by incubation for 2 h.
for standard control, different proportions of 250 uM hydro-
gen peroxide (Darmstadt, Germany) were prepared by mixing
with 3mM uric acid (in 10mM NaOH). The mix was
transferred to a 96-well plate. Then 100 pL of 2 N HCI was
added and measured in an ELISA plate reader at 450 nm with
a reference wavelength of 620nm. A standard curve was
constructed from the values derived using standard samples.
The values of the serum PAB were expressed in arbitrary HK
units, which represent the percentage of hydrogen peroxide in
standard solution.

Denver Developmental Screening Test

Infants were followed up at 6, 12, 18, 24 months for
assessment of developmental assessment. The Denver
Developmental Screening Test (DDST), is known as the
Denver Scale, which is used for screening cognitive and
behavioral problems in preschool children.

The tests cover four general functions: personal social
(such as smiling), fine motor adaptive (such as grasping and
drawing), language, and gross motor. A child fails a Denver
screen if he or she has a delay in any of the above domains. If
the child has a delay in one or two domains, he/she will be
considered as a mild or moderate developmental, respectively.
If he/she has a problem in 3 or more domains, he/she will be
considered as severe developmental delay [15].

Statistical analysis

Data were analyzed using SPSS-20 software (IBM, Chicago,
IL). The values were expressed as mean =+ SD. Student’s #-test,
Kruskal-Wallis test, and Mann—Whitney U test were used.
Parametric and non-parametric correlations were assessed
using Pearson’s correlation coefficients and Spearman’s
correlation coefficients, respectively. For determining the
predictive value of method, regression models were applied.
Moreover, we drew the receiver-operating characteristic
(ROC) curve to evaluate the sensitivity and specificity of
HIE, PAB, and other indicators for determining outcomes in
asphyxiated babies. p value < 0.05 was considered statistic-
ally significant.

Results

During the follow-up period, 90 asphyxiated newborns were
enrolled, in which 47 of cases (52.2%) had normal outcomes
and 43 (47.8%) had abnormal outcomes. As shown in Table 1,
the statistically significant differences were detected between
two groups with respect to PAB (p<0.0001), fifth minute
Apgar score (p<0.0001), white blood cell count of the
neonate (p =0.033), duration of ventilation (p =0.017), and
pH at the first hour after birth (»p<0.0001). However no
significant differences were identified with respect to birth
weight, first minute Apgar score, neutrophils, lymphocytes,
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Table 1. Clinical characteristics of asphyxiated newborns with normal and abnormal outcome.

Asphyxiated newborns

Asphyxiated newborns

with normal outcomes with abnormal outcomes p value
Group variables (n=47, 52.2%) (n=43, 47.8%) (t-test)
PAB (HK) 9.23+17.11 41.30+48.27 p<0.0001
Birth weight (gram) 499.04 +2796.81 684.05 +2818.13 0.869
First minute Apgar score 1.81+5.10 1.58 +4.54 0.125
Fifth minute Apgar score 1.61+7.71 1.68 +6.38 p<0.0001
Duration of IPPV (hour) 85.09 +54.85 63.03 +76.06 0.017
WBC 5435.30 + 11 402.64 19 142.73 + 18 792.09 0.033
Neutrophils (percentage) 18.47+52.35 17.80+51.15 0.78
Lymphocytes (percentage) 18.16 +45.20 32.14 +£52.39 0.237
PLT** 62116.39 +182583.33 139778.37£227017.64 0.258
pHI* 0.08+7.24 0.11+7.13 p<0.0001
BE1* 5.10+—10.41 6.88+—11.62 0.399
HCO3a* 2.23+17.00 5.03+14.26 0.101

Data are presented as mean + SD. PAB: pro-oxidant to antioxidant; IPPV: intermittent positive pressure ventilation; WBC: white

blood cell; PLT: platelet.
*Samples were taken within the first hour of life.
**Samples were obtained 24 h after birth.

Table 2. Comparison of maternal and neonatal parameters between the two groups of asphyxiated infants with normal and

abnormal outcomes unite: n (%).

Asphyxiated newborns

Asphyxiated newborns

with normal outcomes with abnormal outcomes p value
Group variables (n=417, 52.2%) (n=43, 47.8%) (chi-square)
Degree of HIE p<0.0001
Without HIE 13(32.5) 1(2.38)
HIE Grade 1 24 (60) 7 (16.66)
HIE Grade II 3 (7.5) 23 (54.76)
HIE Grade III 0 (0) 11 (26.19)
Developmental delay severity p<0.0001
Normal 47 (100) 0 (0)
Mild developmental delay 0 (0) 13 (14.4)
Moderate developmental delay 0 (0) 7 (7.8)
Severe developmental delay 0 (0) 11 (12.2)
Death 0 (0) 12 (13.3)
Sex
Male 25 (54.34) 27 (65.85) 0.275
Female 21 (45.65) 14 (34.14)
Method of delivery
Vaginal 12 (26.66) 16 (41.02) 0.164
Cesarean 33(73.33) 23 (58.97)

platelet count, first hour base excess (BE), and first hour
HCO; ™ (Table 1).

Additionally, the final outcome of newborns after 6, 12,
18, and 24 months was also studied. This analysis showed
that 52.2% of cases had normal outcomes and 47.8% had
abnormal outcomes. The degree of HIE was significantly
related to prognosis, and with an increased severity of HIE.
Infants without HIE had no cases of mild to severe
developmental delay and neonatal mortality was observed
in 1 case. In infants with HIE Grade I, 3 cases (42%) had
mild developmental delay, 2 cases (28%) had moderate
developmental delay, 1 had (14%) severe developmental
delay, and 1 baby (14%) died. In infants with HIE Grade II,
9 baby (33%) had mild developmental delay, 4 babies (14%)
had moderate developmental delay, 5 babies (18%) had
severe developmental delay, and 5 babies (18%) died. In
infants with HIE III, 1 baby (4%) had mild developmental
delay, 1 baby (4%) had moderate developmental delay, 5

babies (2%) had severe developmental delay, and 17 babies
(70%) were died.

Chi-square test showed that there was a significant
difference between two groups about the degree of HIE
(»<0.0001) and the need for mechanical ventilation
(p<0.0001). The values of these variables were higher in
asphyxiated babies with abnormal outcome. Interestingly,
no significant differences were observed for sex and method
of delivery (Table 2).

Moreover, PAB, degree of HIE, fifth-minute Apgar
score, and first hour pH were the most important
determinants of prognosis for infants with asphyxia, as
detected by regression models and ROC curve (Table 3,
Supplementary Figure S1). As shown in Figure 1 and Table
3, the combination of PAB and severity of HIE had more
than 95% predictive value, compared to other indicators, for
determine the prognosis of birth asphyxia (Table 3;
Supplementary Figure S1).
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Table 3. Comparison the combination of PAB, severity of HIE, first hour pH, and fifth minute Apgar score in order to determine

the prognosis of developmental delay.

Predicted
Diagnostic methods —2 log likelihood Cox & Snell R? Nagelkerke R* percentage correct
PAB + HIE grade + fifth minute Apgar 21.541 0.663 0.884 94.4
PAB +HIE grade 23.151 0.668 0.891 95.2
HIE grade + fifth minute Apgar 39.117 0.57 0.759 88.9
PAB + pH + fifth minute Apgar 39.676 0.587 0.784 88.8
HIE grade + fifth minute Apgar 60.991 0.459 0.612 87.2
PAB + fifth minute Apgar 55.92 0.527 0.669 83.9
PAB 68.77 0.462 0.617 81.1
HIE grade 58.91 0.487 0.649 86.6
Figure 1. ROC curve for HIE, PAB, and other ROC Curve
indicators for determining outcomes in 1.0 S fth
asphyxiated babies. ouaﬁwoe the
— HEgrade
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Discussion

To the best of our knowledge, this is the first study evaluating
and testing a simple, rapid, and cheap method to measure the
balance between pro-oxidant and antioxidant simultaneously
for assessing the prognosis of birth asphyxia. We found that
PAB, fifth minute Apgar score, and first hour pH are
important determinants for the prognosis of asphyxiated
infants and the serum PAB assay may be used for evaluating
the prognosis of birth asphyxia. Moreover, we observed that
asphyxiated babies with abnormal outcomes had an increased
in serum PAB and lower fifth minute Apgar score and pH,
which is in line with our observation [2]. In particular, Bijari
et al. show that pH and bicarbonate levels of neonatal Apgar
score at five minutes in neonatal asphyxia were less than
healthy babies [16]. Furthermore, there was a difference for
duration of ventilation between groups. This could suggest
that a longer time was needed for mechanical ventilation in
asphyxiated neonatal was related to unusual consequences.

Diagonal segments are produced by ties.

Withdrawal of gas exchange in placenta or lungs is the main
cause of hypoxemia, hypercapnia, and perinatal asphyxia.
Thus, the current therapeutic strategies, including supportive
procedures, such as oxygen therapy and mechanical ventila-
tion, blood pressure regulations, keeping normoglycemia,
hydrotherapy, and induced hypothermia are required to reduce
neurological problems [17].

WBC count was statistically different between our studied
groups. In particular, an increase in the number of peripheral
leukocytes in the first 96h of life indicates abnormal
neuromotor outcome in asphyxia [18]. Our data showed that
the number of neutrophils, lymphocytes, and platelets at the
first day of life did not change. It has been shown that blood
biophysical profile changes, such as changes in the structure
and function of erythrocytes, leukocytes and thrombocytes
may occur due to asphyxia [19,20]. Thrombocytopenia may
be present at the second day of life but at the tenth day of life
it will become normal. Brucknerova et al. [21] and Phelan
et al. [22] demonstrated that thrombocytopenia was not
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associated with acute asphyxia at birth and was not a sensitive
marker for mild acute asphyxia. The study of Brucknerova
et al. reported that the number of leukocytes was not different
between healthy term infants and asphyxiated newborns [21].
This discrepancy can be explained at least in part by
population: the comparison in the Brucknerova study was
between healthy and asphyxiated newborns, while in our
study all of newborns were asphyxiated. Also, it is possible
that WBC in newborn with bad prognosis is higher than
normal prognosis. Furthermore, our findings suggested that
BE and bicarbonate levels in the first hour of life were not
different between two groups. Portman and colleagues revealed
that the score made from a combination of factors including
cardiotocography impairment, umbilical artery BE, and low
Apgar score at five minutes were a predictor of outcomes of
asphyxia [23]. Another study by Carter et al. showed positive
predictive value of these combined factors [24].

Moreover, we observed a statistically significant correl-
ation between the severity of HIE and long-term prognosis of
these children. In the group of asphyxiated newborns with
normal outcome, 32.5% of cases were without HIE, 60% were
HIE Grade 1, 7.5% were HIE Grade II. In asphyxiated
newborns with abnormal outcomes 16.66%, 54.76%, and
26.19% of cases were Grade I, Grade II, and Grade III,
respectively. Additionally, babies without HIE did not have
developmental delay. In particular, 42%, 28%, and 14% of
cases with Grade I were mild, moderate, and severe devel-
opmental delay respectively. Nine Infants with HIE Grade II
had mild developmental delay, 4 babies had moderate
developmental delay, 5 babies had severe developmental
delay, and 5 babies died. Regarding cases with HIE Grade III,
1 baby had mild developmental delay, 1 baby had moderate
developmental delay, 5 babies had severe developmental
delay, and 17 babies died. George et al. evaluated the state of
mental and motor development in 48 term newborns with
HIE. Among 41 babies with HIE Grade I babies, 15 infants
(36%) had normal development and only 4 baby (9.8%) had
mental retardation. Among other 7 babies with HIE Grade II
or III, 2 babies had shown mental retardation, 3 babies had
average intelligence, and 2 children had low intelligence. The
most common mental health problems at all stages of HIE
were hyperactivity (23%) and physical disorders (17%). The
vision disorders, cerebral palsy and mental problems were
seen in children with HIE Grade II and III [25]. Also HIE
grade, and need for ventilation had a significant differences
between two groups of asphyxiated newborns with normal
and abnormal outcomes. Consistent with the findings of other
studies, severe developmental delay was related to cerebral
abnormalities during prenatal and HIE grade [26,27].
Moreover, gender and mode of delivery were different with
respect to outcome of both normal and abnormal groups,
which is in agreement with previous studies [28]. Our team
was previously showed that gestational age and modes of
delivery were not significantly different between two groups
of asphyxiated and healthy babies [3]. A retrospective study
(1999-2000) in Thailand examined the risk factors for
neonatal HIE in 17706 hospitalized newborns. The results
showed 84 infants were born with birth asphyxia, and first and
fifth minute Apgar, male gender, cord prolapse, post-term
delivery, and delivery with instruments were the major risk

J Matern Fetal Neonatal Med, 2017; 30(13): 1556-1561

factors for HIE, but only fifth-minute Apgar score had
significant relation with HIE [29].

In conclusion, we demonstrated that PAB ratio, fifth
minute Apgar score, WBC count, and pH during the first hour
of life were significantly different between asphyxiated
newborns with normal versus abnormal outcome. PAB,
HIE, fifth-minute Apgar score, and first hour pH were the
most important determinants to predict the prognosis of birth
asphyxia. A combination of PAB and HIE degrees had more
predictive value in compare to other indexes for prognosis of
asphyxia. Further studies are needed to confirm the emerging
data and value of PAB assay for identification of high-risk
infants and assess the asphyxiated term infants as a predictive
method.
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