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Abstract The aim of this review is to present the summarisation of the knowledge about 
biochemical and clinical changes that occur under the influence of asphyxia as 
well as about the treatment. Results of experimental works in animal models bring 
us the explanation about many postasphyxiated changes and help us to understand 
the pathophysiological changes and consequences of asphyxia. 
The authors present the most prominent consequences of neonatal asphyxia in 
clinical and experimental conditions.  
Asphyxia significantly contributes to neonatal morbidity and mortality and deter-
mines the prognosis of future development. New insights into the pathophysiology 
of birth asphyxia provide the opportunity how to prevent permanent damage by 
the activation of the fundamental molecular processes. Care of newborn asphyxia 
requires teamwork. Prognosis of the asphyxiated newborn is still dependent on 
developmental stage (gestational age), the length and intensity of asphyxia, on the 
level of medical care.

Abbreviations:
ALT - alanine aminotransferase
AS - Apgar scoring system
AST - aspartate aminotransferase
CNS - central nervous system
SMe1EC2 - 2-ethoxycarbonyl-8-methoxy-2,3,4,4a,5,9b-hexahydro-1 H-pyrido- [4,5b] indolinium chloride
GPX - glutathione peroxidase
HIE - hypoxic ischaemic encephalopathy
MDA - malondialdehyde
MoCoD - molybdenum deficiency factor
NO - nitric oxide
TAS - total antioxidant status
SOD - superoxide dismutase
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IntrodUctIon

It was known at the end of 19th century that short-
term interruption of the supply of nutrients does not 
affect the development of the foetus but the decrease 
of oxygen supply represented sudden and significant 
moment for the foetus (Lee 1897). Gradually have 
improved preventive measures, the monitoring of preg-
nant women, searching and detection of risk factors that 
threaten foetal development, also diagnostics have been 
improved, the new investigative methods and treatment 
of many diseases were developed. Great progress has 
been made in neonatal resuscitation, the technique for 
stimulation of the respiratory and cardiovascular sys-
tems as well as treatment were clarified.

In recent years, there is the effort to get the knowl-
edge about biochemical changes that occur under the 
influence of asphyxia. Results of experimental works 
in animal models bring us the explanation about many 
postasphyxiated changes. An unresolved issue is the 
finding of the most sensitive marker of asphyxia, which 
would determine the length and intensity of asphyxia, 
as well as of the indicator of the degree of damage and 
determining prognosis. Asphyxia is not a separate clini-
cal entity, not a symptom, but it is a syndrome, which 
significantly affects morbidity, mortality and deter-
mines the prognosis of future development.

ASPHYXIAtEd nEWBorn
Definition
Asphyxia, a term adapted from the Greek language 
expresses “pulseless” status, as opposed to the term of 
birth asphyxia, which is used more often and indicates 
the presence of a hypoxic-ischaemic event. Asphyxia 
is a condition in which the body is subjected to a time 
of foetal hypoxia and/or reduced tissue perfusion 
(ischaemia). When an imbalance between the total 
amount of antioxidants and free radicals is presented, 
the oxidative stress is activated (Griffioen et al. 2007; 
Brucknerová et al. 2005a,b; Tsukahara 2007). Recently 
the oxidative stress was re-defined as the state where 
redox regulation of cellar signaling and redox-sensitive 
control of cellular functions is disrupted. The common 
feature of hypoxic ischaemic injury is an insufficient 
oxygen supply to the central nervous system (CNS). 
Areas of cell injury in the brain are depended on the 
intensity and duration of hypoxic insult, vulnerability of 
nerve cells and of gestational age of newborn.

Hypoxic-ischaemic condition presents a hetero-
geneous group of clinical symptoms that formed the 
syndrome. There are many biochemical changes, but 
till this day there are not precisely defined markers 
which distinguish the perinatal asphyxia (Garcia-Alix 
et al. 1993; Carter et al. 1993; Koc et al. 1998; Bracci et 
al. 2006; Delivorias-Papadopoulos & Mishra 1998; Sau-
gstad 1998; Thornberg et al. 1995a; Siciarz et al. 2001; 
Arguelles et al. 2006). The presence of one pathological 

condition is not an indication of asphyxia. According 
to American College of Obstetrics and Gynecology and 
American Academy of Pediatrics essential criteria to 
define an acute intrapartum event sufficient to cause 
cerebral palsy (must meet all four) are (Hankins & 
Speer; 2003): 
• evidence of a metabolic acidosis in foetal umbilical 

cord arterial blood obtained at delivery (pH less than 
7 and base deficit of at least 12 mmol/l),

• early onset of severe or moderate neonatal encepha-
lopathy in infants born at 34 or more weeks of 
gestation,

• cerebral palsy of the spastic quadriplegic or dyski-
netic type,

• exclusion of other identifiable etiologies, such 
as  trauma, coagulation disorders, infectious condi-
tions, or genetic disorders.

Apgar scoring system
The Apgar scoring system (AS) as a simple method of 
investigation of the newborn during the first, fifth and 
tenth minute of life evaluating five basic signs was offi-
cially presented in 1952 (Brucknerová et al. 2012). By 
using this method we can classify the newborn as vital 
or asphyxiated. Physical investigation of the youngest 
child, particularly of the newborn just after delivery can 
have a predictive value for its future development. The 
“optimal” value of AS does not exclude the development 
of hypoxic-ischaemic encephalopathy, but the low level 
of AS together with the presence of risk factors leads 
to the formation of hypoxic-ischemic encephalopathy 
(Gardianová et al. 1996; Brucknerová et al. 2009, 2014; 
MacLennan; 1999).

 
Incidence of asphyxia
Perinatal asphyxia is also in the 21st century a serious 
threat to the newborn. It contributes to neonatal mor-
bidity and mortality. In ranking of the most important 
causes of infant mortality it is still on second place 
just after infection. At the same time it is also one of 
the major causes of acquired brain injury in neonates 
(Brucknerova & Benedeková 2000b; Bryce et al. 2006). 
According to Levene et al. (1985), Thornberg et al. 
(1995b), in industrialized countries, death or severe 
neurological damage due to perinatal asphyxia occurs 
in 0.5 to 1.0 per 1 000 live births. In developing coun-
tries, perinatal asphyxia occurs more frequently and 
is a major cause of perinatal mortality. According to 
data Airede (1991), Singh et al. (1991) and Oswyn et 
al. (2000), asphyxia occurs in up to 5–50 per 1000 live 
newborns. The aim in 1997 was that the incidence 
ranged from 0.1 to 0.2 per 1000 live births with a birth 
weight of 1 500 g (Wolf 2002).

The symposium Programme for global research in 
pediatrics (Programme for Global Paediatric Research) 
in 2005, which was dedicated to asphyxia, data on the 
number of neonatal deaths to perinatal asphyxia were 
published. The numbers were startling. Asphyxia is 
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still a serious global problem. Approximately one mil-
lion newborns die every year due to “birth asphyxia.” 
Although the overall mortality rate is falling, from the 
total number of children who died, newborns form 1/3. 
It represents 3.9 million newborns. In addition to total 
high incidence of neonatal mortality there is still very 
high incidence of stillborn foetuses on the one hand 
and on the other hand, children who survived have to 
contend with lifelong mental and physical disabilities. 
At the same time, it is estimated that about one mil-
lion children are monitored for neurological postas-
phyxiated “problems”. It is generally considered that the 
main causes of death include prematurity (28%), severe 
infections (26%) and asphyxia (23%) (Lawn et al. 2005, 
2011; Saugstad 2005).

Each year an estimated 814 000 children die of intra-
partum-related causes. Intrapartum-related neonatal 
deaths are the fifth most common cause of under-five 
child deaths after pneumonia, diarrhea, preterm birth 
complications, and neonatal infections (Black et al. 
2010).

Etiology
The causes of asphyxia are different. Generally they can 
be divided into 5 main groups:
1. mother’s disease associated with inadequate oxygen-

ation of blood,
2. reduction of blood flow from the placenta to the 

mother’s body (abnormal regulation of blood pres-
sure – hypotension, hypertension, maternal, placen-
tal pathologic contractions, status epilepticus),

3. inadequate blood flow from the placenta to the 
foetal body,

4. failure gas exchange in the placenta,
5. condition in the foetus associated with increased 

demands for oxygen (anaemia, infection, hydrops).

From these aetiologic factors in 90% of the causes 
of asphyxia occurs prenatally and during labour, and 
only the remaining 10% postnatally. The foetus can be 
exposed to acute or chronic hypoxia. In severe con-
ditions of acute asphyxia the death of the foetus may 
occur. The second type of asphyxia is chronic one. In 
contrast to acute hypoxia its intensity is modest. In 
many cases only clinical and neurological symptoms in 
the early neonatal period confirm the presence of peri-
natal asphyxia.

Evaluation of anamnestic data with respect to the 
presence of asphyxia, and especially actively detection 
for risk medical history data is a prerequisite for early 
detection of impending asphyxia.

Patogenesis
Decrease of the oxygen content in the blood (hypox-
aemia) and tissues (hypoxia) adversely affects on the 
entire body, but especially on the CNS (phase of pri-
mary damage). Attenuation of respiratory centers in the 
brain stem that regulate lung ventilation closes vicious 

circle, which, if not interrupted, can end up with neo-
natal death. 

If after the stage of hypoxaemia and tissue’s hypoxia, 
there is a reduction or complete interruption of blood 
flow, the phase of ischaemia will occur (phase of sec-
ondary damage). Currently, much attention is paid to 
the role of reperfusion injury, which involves mainly 
formation of free oxygen radicals, release of excitatory 
amino acids, etc. (phase of terciary damage). This fact 
was the basis for consideration, that asphyxia belongs 
among so-called free radical diseases. Mechanisms 
throught which free radicals pursue their influence 
on cell were the aim of many research works, but still 
are not yet completely clear (Saugstad 1998a, 2004; 
Ďuračková 1998; Ďuračková et al. 1999; Ohki et al. 
2001; Vento et al. 2001a, 2001b). Precisely identifica-
tion of mechanisms of participation and the impact of 
free radicals and reactive metabolites opens for us new 
opportunities for prevention, diagnosis and treatment, 
not only in experimental models but also in neonates as 
it is possible in adult cardiac surgical patients (Pecháň 
et al. 1996; Holomáň & Pecháň 2002; Milner 1998; Shoji 
& Koletzko 2007).

ModEl SItUAtIonS of ASPHYXIA In 
tHE EXPErIMEnt

The study of oxidative stress uses various biomodels, 
model situations in animals with which we identify and 
examine the basic pathomechanisms leading to damage 
of tissues and organs. Model situations are also used for 
evaluation of effects and mechanisms of action of vari-
ous natural or synthetic antioxidant active substances 
(Dubovický et al. 2008; Mach et al. 2009).

Developmental toxicology
The reliability and extent of the tests depend mainly 
on the choice of methods and experience of the labora-
tory where the test is conducted. Using currently avail-
able methods, which are based on the basic teratology 
research, is possible to identify most of the potential 
harmful substances, to identify the size (range) of the 
embryotoxic dose and to identify relationships between 
dose and its effects (Ujházy et al. 2005a, 2005c, 2008, 
2012, 2013).

Antioxidant treatment in rat models of asphyxia
One of the promising antioxidant is 2-ethoxycarbonyl-
8-methoxy-2,3,4,4a,5,9b-hexahydro-1H-pyrido-[4,5b]
indolinium chloride (SMe1EC2). It is a substance 
with proven cardioprotective, neuroprotective effects, 
of high antioxidant properties and with no embryo-
toxic and teratogenic capability (Sotnikova et al. 1998; 
Ujhazy et al. 2008). It was found that the administra-
tion of SMe1EC2 to pregnant rats may extent the foetal 
injury by oxidative stress, which has been induced 
during the administration of phenytoin during prenatal 
development. Antioxidant effect of melatonin did not 
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prevent the formation of teratogenic effect provoked by 
phenytoin (increased incidence of cervical spine ver-
tebral anomalies). Antioxidant influence of SMe1EC2 
had manifested by protective action on placental and 
foetal weight, by positive impact on reproductive char-
acteristics (increased number of surviving foetuses, 
reduced number of pre-implantation and post-implan-
tation losses and the number of resorptions). The pro-
tective effect on skeletal anomalies of SMe1EC2 (ribs, 
vertebrae, tail), although not statistically significant 
are shown in the total number of abnormalities of the 
cervical vertebrae. SMe1EC2 pretreatment significantly 
reduces the incidence of skeletal anomalies, increases 
the weight of the placenta and foetus, and partially 
reduces the number of visceral anomalies (Ujházy et al. 
2004, 2005b, 2006a, 2008; Dubovický et al. 2007).

Based on literature results, we can assume that the 
“pre-treatment” of pregnant rats with SMe1EC2 can 
prevent extent of expressions of embryo-foetal toxic-
ity, which is induced by chronic intrauterine hypoxia 
induced by phenytoin. Importance and significance of 
complex factors, which consists of protective effects of 
SMe1EC2 in combination with other antioxidant active 
ingredients, proper timing of initiation of therapy, the 
correct functioning of the placenta as well as the inter-
action between maternal and foetal metabolism will 
form a very important protective complex.

Final recommendations for the us of antioxidants 
in the prevention of oxidative stress during pregnancy, 
however, need further studies.

EffEct of ASPHYXIA on tHE fUnctIon 
of orgAnS And BodY SYStEMS In 
nEWBorn

The consequences of the impact of asphyxia on the 
newborn organism are different. The degree and nature 
of the damage depends mainly on the gestational age of 
the newborn, the intensity of asphyxia, and the site of 
action. The biggest problem is the accurate determina-
tion of the duration of asphyxia (Pourcyrous 1999). In 
many cases we are not able to detect the beginning of 
the onset of action of asphyxia insult, the duration, fre-
quency, severity, and to determine the precise temporal 
characteristics. In such cases, the severity of asphyxia is 
judged by the extent and severity of complications.

1. Central nervous system
The central nervous system is control and integral 
system of organism. The sensitivity of nervous cells 
to hypoxia changes during development, and thus the 
CNS’s consequences to asphyxia depend on the degree 
of maturity and differentiation of cells, and on the 
reference to glial cells. In a case of preterm newborns 
the most sensitive are cells of brain stem, because in 
cerebral cortex an anaerobic metabolism is dominant. 
Many works confirmed that the consumption of oxygen 
in cerebral cortex rises at the end of pregnancy. Due to 

this reason at the end of physiological pregnancy, in 
term newborn the most sensitive is the area of cerebral 
cortex. 

Perinatal brain damage in term neonates is caused 
by the reduction of blood flow in the umbilical cord 
or in uterus. To the lack of oxygen at the beginning of 
asphyxia foetus responds by activating of sympathetic 
adrenergic system without changes of cardiac output. 
In the body there is a regional selective vasoconstriction 
with a reduction in blood flow to organs and tissues, 
which has a lower intensity of metabolism (intestine, 
kidneys, muscles and skin). Foetal circulation ensures 
increased blood flow to vital organs (CNS, heart, adre-
nal gland). To the difference in damage of CNS cells may 
contribute the different density of sympathetic nerve 
endings. Asphyxia, a powerful stimulator of sympathetic 
adrenergic system can lead to greater vasoconstriction 
in the area of blood supply of anterior cerebral artery 
in comparison with the structures, which supplies the 
basilar artery (cerebellum, brainstem, part of the brain). 
However asphyxia persists, the foetus is no longer able 
to continue to maintain circulatory centralization. The 
cardiac output decreases as well as the size of the brain 
blood flow. After the failure of the self-regulatory abil-
ity of the brain the flow becomes dependent on blood 
pressure. During ischaemia many metabolic and cir-
culatory changes occur (decreased activity of oxidative 
phosphorylation, “calcium” overloading in cells, excit-
atory amino acids – glutamate, aspartate; nitric oxide). 
Theory of “calcium overload” in cells leads to increased 
amount of lipase, nitric oxide (NO) synthase, prote-
ases, and endonucleases. As a result of reduced blood 
flow in ischaemic tissue erythrocytes (agglutination), 
leukocytes (increased adhesion, increased reactive 
metabolites, increased reactive metabolites of nitrogen, 
increased peroxidases, and increased proteases) and 
platelets (aggregation) are activated. The consequence 
of these changes is the presence of increased viscosity 
of the blood. An uncontroled formation of free radi-
cals is then presented in the phase of reperfusion and 
reoxygenation. To damage of cells contributes also an 
accelerated timing cell death (apoptosis), ion imbalance 
and damage of cellular defensive mechanisms.

The most serious complication of asphyxia is brain 
involvement: hypoxic-ischaemic encephalopathy, 
oedema of the brain, and atrophic hydrocephalus. The 
clinical picture of asphyxia in term neonates may expe-
rience following symptoms: seizure activity, changes in 
muscular tension, bleeding, apnoea, and brain death 
(Lackman & Tollner 1995; Hagberg et al. 1998; Ikeda et 
al. 1999; Brucknerova & Benedeková, 2000; Inanc et al. 
2005; Perlman 2006).

The presence of seizure activity during the first hours 
of life is one of the typical manifestations of CNS damage 
due to asphyxia. For convulsion activity may hide early 
form of molybdenum deficiency factor (MoCoD). The 
presence of molybdenum is essential for the function 
of xanthine oxidase, aldehyde oxidase and sulfite oxi-
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dase. Deficit of MoCoD with subsequent accumulation 
of toxic sulfite in the brain causes the seizure activity 
refractory to treatment and severe rapidly progressing 
encephalopathy of metabolic origin (Brucknerová et al. 
2010). Another cause of seizure activity and marks of 
“toxic” encephalopathy are organic acidurias (Bzdúch 
et al. 2005, 2007). 

2. Cardiovascular system
The heart begins to work since the end of the third 
gestational week. Heart activity provides and maintains 
the circulation of the foetus and of the foetal placental 
circulation. Cardiovascular system, along with other 
body systems ensures smooth adaptation to extrauter-
ine life changes. Disability of cardiovascular system 
under the influence of asphyxia can manifest as prena-
tal and/or postnatal arrhythmias, myocardial dysfunc-
tion syndrome and transient myocardial ischemia with 
insufficiency of tricuspid valve (Pollin & Fox 1992a, b; 
Barberi et al. 1999; Brucknerová & Benedeková 2000; 
Illíková et al. 2013).

Rhythm disorder in the foetus is a manifestation of a 
serious threat. Foetal heart rate is an indirect indicator of 
foetal CNS activity, oxygenation and acid-base balance. 
Baseline foetal heart rate is among 110–160 beats/min. 
Normal variability is 5–10 beats/min. One of the causes 
of reversible intrauterine and postnatal paroxysmal 
tachycardia can be acute asphyxia and adnate infection 
(Brucknerová et al. 1996). In some cases, the clinical 
manifestations in unrecognized paroxysms of tachy-
cardia during intrauterine development may overlap or 
enhance the appearance of acute asphyxia. Most often 
reentry tachycardia is occured, with various forms of 
Wolff-Parkinson-White syndrome (Allan et al. 1984; 
Azancot-Benistry et al. 1992; Parilla et al. 1996; Stras-
burger 2000; Brucknerová et al. 2009). Intrauterine bra-
dycardia (less than 100 beats/min. for 1–2 minutes) has 
been a reflection of prolonged distress, direct injury to 
the myocardium, or systemic disease maternal (Bruck-
nerová et al. 2007). Congenital anomaly of excitomotor 
system of the heart or congenital heart disease can also 
cause intrauterine arrhythmias.

Rhythm disorder in a newborn asphyxia belongs 
among the indirect signs of previous asphyxia. It can 
be manifested by a decrease, respectively by reductions 
of heart rate below the lower limit of normal. Decrease 
in the value   below 80 beats/minute is typical for severe 
asphyxia (Brucknerová et al. 2009). In the most severe 
cases we can find the picture of severe heart failure, as 
presented in the case of a patient with neonatal form 
of carnitine palmitoyltransferase II deficiency, which is 
considered to be invariably fatal (Demaugre et al. 1991; 
DiMauro et al. 1973; Smeets et al. 2003; Vekemans et al. 
2003; Brucknerová et al. 2008a).

Myocardial dysfunction syndrome – syndrome of 
low systemic perfusion occurs in premature and mature 
newborns. Myocardial dysfunction leads to a reduction 
in muscle contractility of the left ventricle, to increasing 

of end-diastolic pressure and acute reduction of cardiac 
output (systemic hypoperfusion). Reduction in sys-
temic blood flow leads to the development of metabolic 
acidosis. In addition to the above mentioned changes 
atrioventricular valvular insufficiency may be present. 
It occurs mainly in cases of severe asphyxia.

Transient myocardial ischaemia with tricuspid 
insufficiency is another consequence of asphyxia due to 
damage of papillary muscles, leading to valvular insuf-
ficiency (Pollin & Fox 1992b).

3. Respiratory system
Respiratory system provides many vital functions; 
the most important function is the transport and 
the exchange of respiratory gases. During intrauter-
ine development the placenta is a place of blood gas 
exchange. First signs of respiratory activity we can 
detect at the 14th gestational week. There are active and 
rhythmic contractions of the respiratory muscles, par-
ticularly of the diaphragm, which are associated with 
movements of the thoracic and abdominal wall of the 
foetus. The influemce of asphyxia on respiratory system 
may manifest as a syndrome of persistent pulmonary 
hypertension, pulmonary atelectasis or emphysema, 
pneumothorax, pulmonary oedema, pulmonary haem-
orrhage, meconium aspiration, surfactant deficiency 
and apnoea (Lackman 1996).

Under the picture of respiratory insufficiency after 
exclusion of primary pulmonary cause and asphyxia 
it is necessary for the differential diagnosis to exclude 
congenital heart disease, sepsis, metabolic disease or 
birth trauma.

4. Gastrointestinal system
Activity of the digestive system is presented from 
16th–20th gestational week. The main functions of the 
digestive system are secretory, motor and resorption. 
The adequate flow of oxygenated blood affects growth, 
development and function of individual parts of the 
digestive system. To the wide range of digestive com-
plications of asphyxia belong: necrotising enterocolitis, 
acute necrosis of the stomach and/or bowel perforation, 
acute stomach and/or intestines, hypoxic liver damage. 
In the case of inflammatory bowel necrosis asphyxia is 
the second leading cause of it. 

From a biochemical point of view, it is valuable to 
analyze the hypoxic damage of liver cells by examination 
of values of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and by setting the value of the 
quotient DeRitis (AST/ALT) to determine the degree 
of damage to liver cells. In liver cells, 60% of AST is 
located in the cytoplasm and 40% in the mitochondria. 
ALT has the highest activity in the liver cell; where in 
the cytoplasm a concentration is of 10 000 times higher 
than in plasma. In addition, ALT is located in the heart 
and skeletal muscle, and kidney (Ferenčík et al. 2000; 
Tarcan et al. 2007). Examination of both enzymes is 
particularly useful in situations where we expect the 
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current disability of liver and heart, in cardiogenic 
shock and in severe hepatic impairment (Brucknerová 
et al. 2005a, 2005b, 2010; Gupte et al. 2011).

5. Urinary system
Individual sections of the urinary tract take part in 
maintaining homeostasis, regulate the volume and com-
position of body fluids and are involved in the removal 
of various metabolites, and blood pressure regulation. 
Newborn kidneys are functionally and morphologically 
immature; the stage of maturity depends on the gesta-
tional age. These differences are due to the reduction 
in blood flow of the kidney, morphological immaturity 
of the nephron and due to disproportion in glomerulo-
tubular relations. Hypoxia, shock state, hypovolemia, 
hyperviscosity affect the function of kidneys (Gupta et 
al. 2005; Aggarwal et al. 2005; Tekin et al. 2007).

Renal damage belongs among most frequent com-
plications of asphyxia. Currently, we distinguish the 
following clinical entities: acute renal insufficiency, syn-
drome of inappropriate antidiuretic hormone secretion, 
acute renal tubular or cortex necrosis, acute necrosis of 
renal medull and haematuria (Vachvanichsanong et al. 
2012).

6. Retina
Extent of postasphyxiated changes of newborn adds 
retinal vascular involvement. Although retinopathy is 
more frequent complication in newborns born prema-
turely, it also occurs in term infants who have experi-
enced a significant degree of asphyxia. An incomplete 
vascularization of retina explains the occurrence of 
retinopathy in term neonates.

Risk factors for retinopathy include not only prema-
turity, but also high or low oxygen concentration, status 
after resuscitation, sepsis, repeated administration of 
blood derivatives, artificial pulmonary ventilation, vari-
ations in concentrations of minerals in blood, repeated 
decreasing in oxygen saturation, acidosis, arrhythmias, 
pressure imbalance, etc.  Of these risk factors, especially 
changes in the amount of oxygen are considered to be a 
key moment in the pathogenesis of retinopathy (Yasuto 
et al. 2000; Brucknerova & Benedeková 2000).

7. Haematopoietic system
Complications of asphyxia in the newborn also include 
the involvement of blood elements. Asphyxia can 
change the biophysical properties of blood and can 
cause changes in properties, structure and functions of 
red blood cells and platelets (Fahnenstich et al. 1995; 
Phelan et al. 1995; Pollak et al. 2001; Curtin et al. 2002; 
Braci et al. 2006; Tomar et al. 2011). Haematologic 
changes after birth can indicate the approximate dura-
tion of hypoxemia (acute vs. chronic) (Brucknerová et 
al. 2008b). In case of asphyxia increased number of leu-
kocytes within the first 96 hours of life is associated with 
an increased risk development of pathology (Morkos et 
al. 2007). Phelan et al. (2007), indicate that thrombocy-

topenia is not typical for acute asphyxia, and it is not a 
sensitive marker for mild degree of acute asphyxia.

Presentation of asphyxia and acute blood loss has 
some common symptoms. In the foreground they are 
accompanied by tachycardia, fluctuations in blood 
pressure and peripheral cyanosis. Additional features 
include signs of respiratory insufficiency in the form of 
rapid and shallow breathing, and severe anaemia con-
firmed by low haemoglobin and red blood cells. Hae-
molytic disease of the newborn confirms unconjugated 
hyperbilirubinaemia, enlargement of the liver, in some 
cases enlargement of the spleen and positive Coombs 
test in process of isoimunisation.

8. Internal environment

Effect of asphyxia on some parametres of oxidative stress (malondialdehyde, MDA)

To damage of biological membranes may contribute free 
radicals and reactive metabolites (Kaya et al. 2000). The 
process of lipid peroxidation leads to oxidative damage 
of polyunsaturated fatty acids. A result of the process of 
peroxidation of lipids is the formation of hydroxyper-
oxides and a full range of secondary metabolites (alde-
hydes, ketones). Among the most important we include 
MDA, aldehydes, hexanal and 4-hydroxynonenal. MDA 
is considered to be the end product of lipid peroxida-
tion (Singh et al. 1999; Basu et al. 1999; Yigit et al. 2000; 
Mihailovic et al. 2000; Wardle et al. 2002; Bebernitz & 
Schuster 2002; Bouhafs et al. 2000).

In accordance with the findings from world litera-
ture the determination of degradation products of lipid 
peroxidation in the venous blood, MDA, we can include 
among the biochemical methods for diagnosis of peri-
natal asphyxia (Brucknerová et al. 2004, 2006).

Effect of asphyxia on the antioxidant system

Antioxidant protective system is the set of all active 
antioxidant substances in the body (total antioxidant 
status, TAS). TAS can operate on several levels: pre-
vents the formation of free radicals, scavenges free radi-
cals, inhibits the re-conversion to reactive metabolites, 
converts reactive forms to less reactive forms, removes 
free radicals and helps to remove damaged molecules 
(Batra et al. 2000; Molicky et al. 2001; Brucknerová et al. 
2004, 2006, Minghetti et al. 2011; Upadhyaya et al. 2005; 
Rokyta et al. 2008).

To the TAS belong also two intracellular antioxi-
dants: superoxide dismutase (SOD) and glutathione 
peroxidase (GPX). SOD is metaloenzyme with a pro-
tective effect on the body. In the red blood cells SOD 
is a part of the primary antioxidant protection system, 
and also operates in haemoglobin autooxidation during 
which generates superoxide radical. GPX catalyzes 
the reaction with the hydrogen peroxide and organic 
peroxides. There are two types of GPX in relation to 
selenium. GPX has significant antioxidant effect just by 
changing the hydrogen peroxide to water and prevents 
formation of dangerous hydroxyl radical.
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Effect of asphyxia on blood glucose   and ionized calcium

From changes in the internal environment of the new-
born hypoglycaemia, hypocalcaemia, hyponatraemia, 
acidosis and hypoxaemia are most common. Hypoxia 
and ischaemia triggers the cascade of biochemical 
reactions. One of the changes is the cell membrane 
depolarization with transcellular ion pump failure, 
accumulation of calcium ions in the cell cytosol. Due 
to energetic failure of cells, acidosis, free oxygen radi-
cals, lipid peroxidation of cell’s membrane and accu-
mulation of calcium disrupting of cell structure to her 
death can happened (Brucknerová & Benedeková, 
2000). 

tHErAPY

The main aim of the treatment in asphyxiated new-
born is the neuroprotection therapy. During last years 
many studies were published about therapeutic hypo-
thermia, its advantages and disadvantages. Strong 
hypoxic-ischaemic insult can cause the development 
of hypoxic ischaemic encephalopathy (HIE). Clinical 
management of HIE consists of therapeutic hypother-
mia (indications: ≥36 completed weeks of gestation 
and less than 6 hours of life; and one of the follow-
ing findings: Apgar score of ≤5 at 10 minutes after 
birth or continued need for resuscitation, including 
endotracheal or mask ventilation, at 10 minutes after 
birth or acidosis – pH ≤7.00 in umbilical cord or any 
blood sample within 60 minutes of birth or base defi-
cit ≥16 mmol/l in umbilical cord or any blood sample; 
and seizures or altered state with reduced or absent 
response to stimulation plus abnormal reflexes plus 
focal or general hypotonia) and supportive manage-
ment (cardiovascular – dopamine, dobutamine and 
respiratory support; anticonvulsant therapy – phe-
nobarbital loading dose 20 mg/kg; followed by 1.5–
2.5 mg/kg every 12 hours; prevention of infection; 
analgesic and sedative therapy; fluid management). 
A  part of therapy in a  case of persistent pulmonary 
hypertension can be also inhaled NO. Cooling is not 
appropriate if the newborn is likely to require surgery 
during the first 3 days after birth or there are other 
abnormalities indicative of poor long term outcome. 
There is a  lack of data about the use of cooling for 
neuroprotection in infants of lower gestational age or 
for other conditions as well as in newborns beyond 12 
hours of life (Guidelines for Management of Infants 
with Suspected Hypoxic Ischaemic Encephalopathy, 
2011; Cavallaro et al. 2013).

The newborn during whole body hypothermia fol-
lowing analysis must be monitored: body temperature 
(skin temperature, rectal/oesophageal probe), heart 
frequency, respiratory rate, oxygen saturation, blood 
pressure (noninvasive/invasive), urine production, and 
electrocardiogram and electroencephalogram. Neuro-
imaging methods can help us to detect the structural 
changes (ultrasonography, magnetic resonance imaging).

PrEvEntIon of nEonAtAl ASPHYXIA

Despite the continuous improvement of the medi-
cal care and high technology innovations which have 
been developed to manage and improve the outcomes 
of asphyxiated newborns in the last decade we are still 
talking about the absence of a satisfactory effective 
treatment of asphyxia. Great perspective is the inclusion 
of controlled and regulated hibernation by well-trained 
team in combination of specific anticonvulsant treat-
ment (Van den Broek et al. 2013; Cavallaro et al. 2013). 
To achieve the satisfactory prevention is essential con-
tinuously improvement of methods of investigation so 
as not to endanger either the mother or the foetus and 
to allow accurate capture deviation from normal devel-
opment as it is for example in maternal corticosteroids 
administration (Grzesiak et al. 2013 a, b). In detection 
of asphyxia helpful is the finding of the best parameter 
and its proper evaluation.

In general we can distinguish three forms of pre-
vention. Primary prevention of asphyxia means the 
improvement of maternal health including nutritional 
status, prenatal recognition of at-risk pregnancies, and 
skilled attendance at birth. Secondary prevention con-
sists of a prompt and effective resuscitation. Tertiary 
prevention is connected with the management and 
treatment of neonatal postasphyxiated complications 
(Lawn et al. 2009).

SUMMArY And conclUSIon

This work presents summary of knowledge about the 
issue of asphyxia in the newborn, which significantly 
contributes to neonatal morbidity and mortality.

New insights into the pathophysiology of birth 
asphyxia provide the opportunity how to prevent per-
manent damage by the activation of the fundamental 
molecular processes. The problem still remains that 
there is no a clear and precise definition of asphyxia. 
Finally, we emphasize the importance of a comprehen-
sive vision of newborn asphyxia. Newborn organism is 
formed by organs systems, whose activity is intercon-
nected. Many times history, clinical or biochemical 
images do not reflect the actual condition of the sick 
newborn, but through knowledge of the interdepen-
dencies allow us an early recognition of asphyxia and 
sensitive election of healing process.

Care of newborn asphyxia requires teamwork. Prog-
nosis of the asphyxiated newborn is still dependent 
on the length and intensity of asphyxia, on the level of 
medical care. 

AcKnoWlEdgEMEntS

The work was supported by The Agency of the Ministry 
of Education, Science, Research and Sport of the Slovak 
Republic for the Structural Funds of EU, OP R&D of 
ERDF by realization of the Project ‘‘Transfer of Knowl-



208 Copyright © 2014 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Ingrid Brucknerová, Eduard Ujházy

edge and Technologies from Research and Develop-
ment in Toxicology on Evaluation of Environmental 
and Health Risks’’ (ITMS 26240220005), Grant VEGA 
2/0081/11 and VEGA 2/0107/12.

REfERENCES

1  Aggarwal A, Kumar P, Chowdhary G, Majumdar S, Narang A 
(2005). Evaluation of renal functions in asphyxiated newborns. 
J Trop Pediatr. 51: 295–299.

2  Airede AI (1991). Birth asphyxia and hypoxic-ischaemic 
encephalopathy, incidence and severity. Ann Trop Paediatr. 11: 
331–335.

3  Allan LD, Crawford DC, Anderson RH (1984). Evaluation and 
treatment of fetal arrhythmias. Clin Cardiol. 7: 467–473.

4  Arguelles S, Machado MJ, Ayala A, Machado A, Hervias B (2006). 
Correlation between circulating biomarkers of oxidative stress 
of maternal and umbilical cord blood at birth. free Radic Res. 
40: 565–570.

5  Azancot-Benistry A et al. (1992). Clinical pharmacologic study 
of fetal supraventricular tachyarrhythmias. J Pediatr. 121: 
608–613.

6  Barberi I, Calabro MP, Cordaro S, Gitto E, Sottile A, Prudente 
D, Bertuccio G, Consolo S (1999). Myocardial ischaemia in 
neonates with perinatal asphyxia. Electrocardiographic, echo-
cardiographic and enzymatic correlations. Eur J Pediatr. 158: 
742–747.

7  Basu R, Muller DP, Papp E, Merryweather I, Eaton S, Klein N, 
Pierro A (1999). free radical formation in infants: the effect of 
critical illness, parenteral nutrition, and enteral feeding. J Pedi-
atr Surg. 34: 1091–1095.

8  Batra S, Kumar R, Seema J, Kapoor AK, Ray G (2000). Alterations 
in antioxidant status during neonatal sepsis. Ann Trop Paediatr. 
20: 27–33.

9  Bebernitz G, Schuster Hf (2002). The impact of fatty acid oxida-
tion on energy utilization: Targets and therapy. Current Phar-
maceutical Design. 8: 1199–1227.

10  Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I. et al. (2010). 
Global, regional, and national causes of child mortality in 2008: 
a systemic analysis. Lancet 375: 1969–1987.

11  Bouhafs RK, Rauprich P, Herting E, Schroder A, Robertson B 
(2000). Direct and phagocyte-mediated lipid peroxidation of 
lung surfactant by group B streptococci. Lung. 178: 317–329.

12  Bracci R, Perrone S, Buonocore G (2006). The timing of neonatal 
brain injury. Biol Neonate. 90: 145–155.

13  Brucknerová I (2014). Neonatology simple & easy. Part I. Come-
nius University in Bratislava. 145 pp.

14  Brucknerová I, Behúlová D, Bzdúch V, Mach M, Dubovický M, 
Ujházy E (2010). Newborn with neonatal form of molybdenum 
cofactor deficiency – the first patient in the Slovak Republic. 
Neuroendocrinol Lett. 31(Suppl.2): 5–7. 

15  Brucknerová I, Benedeková M, Milovský V, Vršanská V, Čulen M, 
Gardianová L (1996). Intrauterinna paroxyzmálna tachykardia 
[Intrauterine paroxyzmal tachycardia. Diagnostics and therapy 
in paediatrics]. Diagnostika a  terapia v  pediatrii III. 94–96 [in 
Slovak].

16  Brucknerová I, Benedeková M (2000). Asphyxia of the newborn 
– the ever topical problem. Biologia. 55: Suppl.8: 23–26.

17  Brucknerová I, Benedeková M, Pecháň I, franková E, Ujházy E, 
Dubovický M (2004). Protection of newborn organism against 
effect of oxidative stress. Cent Eur J Publ Health. 12. Suppl.: 
S18–S20.

18  Brucknerová I, Benedeková M, Holomáň K, Bieliková E, Kostrová 
A, Ujházy E, Dubovický M (2005a). Delivery as „physiological 
stress“ and its influence on liver enzymatic systems in asphyxial 
newborns. Biomed Pap Med fac Univ Palacky Olomouc Czech 
Repub. 149: 409–411.

19  Brucknerová I, Benedeková M, Pecháň I, franková E, Ujházy E, 
Dubovický M (2005b). Influence of oxidative stress on liver cell 
function on 1st and 5th day of life in asphyxial newborns. Biolo-
gia, Bratislava. 60: Suppl.17: 25–28.

20  Brucknerová I, Benedeková M, Pecháň I, Holomáň K, Bieliková E, 
Kostrová A, Ujházy E, Dubovický M, Mach M (2006). Delivery as 
a “physiological stress“ and its influence on some parameters of 
oxidative stress. Neuroendocrinol Lett. 27: Suppl.2: 65–68. 

21  Brucknerová I, Mozolová D, Wlachovská Ľ, Lakomý M, franková 
E, Benedeková M (2007). Clinical manifestation of neonatal 
lupus in newborns born of mothers with Sjogren´s syndrome. 
Čes.-slov. Pediat. 62: S.261. 

22  Brucknerová I, Bzdúch V, Behúlová D, ferianec V, Dubovický M, 
Ujházy E, Mach M (2008a). Reversible asphyxial status in a new-
born due to neonatal form of carnitine palmitoyltransferase II 
deficiency. Case report. Neuroendocrinol Lett. 29(5): 627–630. 

23  Brucknerová I, Ujházy E, Dubovický M, Mach M (2008b). Early 
assessment of the severity of asphyxia in term newborns using 
parameters of blood count. Interdisciplinary Toxicology. 1(3–4): 
211–213. 

24  Brucknerová I (2009). Intrauterine and neonatal period 
asphyxia; what can be hidden behind heart rhythm distur-
bances in asphyxiated newborns? Archives. The International 
Journal of Medicine. 2(2): 250–253.

25  Brucknerová I, Behúlová D, Šebová C, Bzdúch V, Mach M, Dubo-
vický M, Ujházy E (2009). Conjugated hyperbilirubinaemia as 
the first manifestation of mevalonic aciduria in a term new-
born. Neuroendocrinol Lett. 30(suppl.): 29–31. 

26  Brucknerová I, Holomáňová A, Ujházy E, Mach M (2012). Sixthy 
year anniversary of the Apgar scoring system and 100-year 
anniversary of “Moro” reflex. Neuroendocrinol Lett. 33(8):729–
731. 

27  Bryce J, Terreri N, Victora CG, Mason E, Daelmans B, Bhutta ZA, 
Bustreo f, Songane f, Salamana P, Wardlaw T (2006). Count-
down to 2015: tracking intervention coverage for child survival. 
Lancet. 23: 1067–1076.

28  Bzdúch V, Behúlová D, fabriciová K, Šaligová J, Šalingová A, 
Škodová J, Holešová D, Brucknerová I, Potočňáková Ľ, Hálová K, 
Gregorová E, Ponec J (2007). Poznajú pediatri včasné symptómy 
organických acidúrií? [Do physicians know early symptoms of 
organic aciduria?]. Pediatria. 2: 209–211 [in Slovak]. 

29  Bzdúch V, Holáň M, Brucknerová I, fabriciová K, Behúlová D, 
Elleder M (2005). Metabolic cardiomyopathies. 10th Asian 
European Workshop on Inborn Errors of metabolism (AEWIEM), 
Cairo: [s.n.] 37–38.

30  Carter BS, Haverkamp AD, Merenstein GB (1993). The definition 
of acute perinatal asphyxia. Clin Perinatol. 20: 287–304.

31  Cavallaro G, filippi L, Raffaeli G, Cristofori G, Schena f, Agazzani 
E, Amodeo I, Griggio A, Boccacci S, fiorini P, Mosca f (2013). 
Clinical Study. Heart rate and arterila pressure chnages during 
whole-body deep hypothermia. IRSN Pediatrics. Article ID 
140213, 6 pages. http://dx.doi.org/10.1155/2013/140213 

32  Curtin WM, Shehata BM, Khuder SA, Robinson HB, Brist BC 
(2002). The feasibility of using histologic placental sections to 
predict newborn nucleated red blood cell counts. Obstetrics 
and Gynecology. 100: 305–310.

33  Delivoria-Papadopoulos M, Mishra OP (1998). Mechanismus of 
cerebral injury in perinatal asphyxia and strategies for preven-
tion. J Pediatr. 132: S30–34.

34  Demaugre f, Bonnefont JP, Colonna M, Cepanec C, Leroux JP, 
Saudubray JM (1991). Infantile form of carnitine palmitoyl-
transferase II deficiency with hepatomuscular symptoms and 
sudden death. Physiopathological approach to carnitine palmi-
toyltransferase II deficiencies. J Clin Invest. 87: 859–864.

35  DiMauro S, DiMauro PM (1973). Muscle carnitine palmito-
yltransferase deficiency and myoglobinuria. Science. 182: 
929–931.

36  Dubovický  M, Mach M, Brucknerová I, Ujházy E (2007). Effect of 
perinatal anoxia on exploratory behaviour of rat offspring. Acta 
Physiologica. 191: Suppl 658: 57.



209Neuroendocrinology Letters Vol. 35 Suppl. 2 2014 • Article available online: http://node.nel.edu

Ashyxia in newborn

37  Dubovický M, Kovačovský P, Ujházy E, Navarová J, Brucknerová 
I, Mach M (2008). Evaluation of developmental neurotoxicity: 
some important issues focused on neurobehavioral develop-
ment. Interdisc Toxicol. 1(3–4): 206–210.

38  Ďuračková Z (1998). free radicals and antioxidants in medicine 
(I). Slovak Academic Press s.r.o. 285 pp.

39  Ďuračková Z, Bergendi Ľ, Čársky J (1999). free radicals and anti-
oxidants in medicine (II). Slovak Academic Press s.r.o. 315 pp.

40  fahnenstich H, Dame C, Alera A, Rosskamo R, Kowalewski S 
(1995). Erythropoetin as a  biochemical parameter for fetal 
hypoxia. Klin Pediatr. 207: 326–330.

41  ferenčík M, Škárka B, Novák M, Turecký L. et al. (2000). Biochem-
istry. Slovak Academic Press s.r.o., Bratislava. 924 pp.

42  Garcia-Alix A, Pellicer A, Cabanas S (1993). Cerebrospinal neu-
ron-specific enolase in asphyxiated infants with hypoxemic-
ischemic encephalopathy. Physiologic basis of perinatal care 
(Proceedings of the Int. Symposium, Salamanca, Spain). Eds J M 
Medina and J Quero. Ergon. 24: 275–278.

43  Gardianová L, Brucknerová I, Matejková G, franková E, Bene-
deková M (1996). Asfyktický novorodenec. Zborník prác 
z  pracovnej konferencie 1. detskej kliniky DfNsP v  Bratislave. 
[Asphyxiated newborn. Proceedings of works from the Confer-
ence of Ist Department of Paediatrics Comenius University in 
Bratislava]. Bratislava, 8–12 [in Slovak].

44  Griffioen KJ, Kamendi HW, Gorini CJ, Bouairi E, Mendelowitz D 
(2007). Reactive oxygen species mediate central cardiorespira-
tory network responses to acute intermittent hypoxia. J Neuro-
physiol. 97: 2059–2066.

45  Grzesiak M, forys S, Sabczak M, Ahmed RB, Wilczynski J (2013). 
48-hours administration of fenoterol in spontaneous preterm 
labor – Does it affect fetal preload? Neuroendocrinol Lett 
34(6): 549–552. 

46  Grzesiak M, Hincz P, forys S, Ahmed RB, Wilczynski J (2013). 
48-hours administration of fenoterol in spontaneous preterm 
labor – Doppler blood flow assessment of placental and fetal 
curculation. Neuroendocrinol Lett 34(6): 553–558. 

47  Guidelines for Management of Infants with Suspected Hypoxic 
Ischaemic Encephalopathy. 5. 9. 2011. East of England Perinatal 
Networks. 2011: 11–34.

48  Gupta BD, Sharma P, Bagla J, Parakh M, Soni JP (2005). Renal 
failure in asphyxiated neonates. Indian Pediatr. 42: 928–934.

49  Gupte S, Shamma-Bakshi G (2011). Recent Advances in pedi-
atrics-20 hot topics. Japee Brothers Medical Publishers (P) Ltd 
New Delphi, India. 563 pp.

50  Hagberg H, Bona E, Gilland E (1998). Mechanisms of perinatal 
brain injury. Textbook of perinatal medicine. Ed. A. Kurjak. The 
Parthenon publishing group. 90–106.

51  Hankins GDV, Speer M (2003). Defining the pathogenesis and 
pathophysiology of neonatal encephalopathy and cerebral 
palsy. Obstet Gynecol. 102(3): 628–636.

52  Holomáň M, Pecháň I (2002). Ochrana myokardu v kardiovasku-
lárnej chirurgii. [Protection of the myocardium in cardiovascu-
lar surgery]. ELÁN, Bratislava. 152 pp, [in Slovak].

53  Ikeda T, Choi BH, Yee S, Murata Y, Quilligan EJ (1999). Oxidative 
stress, brain white matter damage and intrauterine asphyxia in 
fetal lambs. Int J Dev Neurosci. 17: 1–14.

54  Illíková V, Hlivák P, Hatala R (2013). Management of asymp-
tomatic children with WPW features. Cardiology for praxis 5. 
Comenius University in Bratislava. 7–12.

55  Inanc f, Kilinc M, Kiran G, Guven A, Kurutas EB, Cikim IG, Akyol 
O (2005).  Relationship between oxidative stress in cord blood 
and route of delivery. fetal Diagn Ther. 20: 450–453.

56  Kaya H, Oral B, Dittrich R, Ozkaya O (2000). Lipid peroxidation 
in umbilical arterial blood at birth: the efects of breech deliv-
ery. BJOG. 107: 982–986.

57  Koc E, Arsan S, Ozcan H, Zenciroglu A, Erdem I, Ertogan f 
(1998). The effect of asphyxia on gut blood flow in term neo-
nates. Indian J Pediatr. 65: 297–302.

58  Lackman GM (1996). Influence of neonatal idiopathic respira-
tory distress syndrome on serum enzyme activities in prema-
ture healthy and asphyxiated newborns. Am J Perinatol. 13: 
329–334.

59  Lackman GM, Tollner U (1995). The predictive value of eleva-
tion in specific serum enzymes for subsequent development 
of hypoxic-ischemic encephalopathy or intraventricular hem-
orrhage in full-term and premature asphyxiated newborns. 
Neuropaediatrics. 26: 192–198.

60  Lawn JE, Bahl R, Bergstrom S, Bhutta ZA, Darmstadt GL et al. 
(2011). Setting research priorities to reduce almost one milion 
deaths from birth asphyxia by 2015. PLoS Med 8(1): e1000389. 
doi: 10.1371/journal.pmed. 1000389. 

61  Lawn JE, Cousens S, Zupan J (2005). 4 million neonatal deaths: 
When? Where? Why? Lancet. 365: 891–900.

62  Lawn JE, Lee AC, Kinnez M, Sibley L, Carlo WA, Paul VK, Pattin-
son B, Darmstadt P (2009). Two milion intrapartum stillbirths 
and deaths: Where, why, and what can be done? International 
Journal of Gynecology and Obstetrics. 107: S5–S19.

63  Lee JBD (1897). Asphyxia neonatorum: Causation and treat-
ment. Medicine (Detroit). 3: 643–660. 

64  Levene MI, Kornberg J, Williams TH (1985). The incidence and 
severity of post-asphyxial encephalopathy in full-term infants. 
Early Hum Dev. 11: 21–26.

65  MacLennan A (1999). A template for defining a causal relation 
between acute intrapartum events and cerebral palsy: interna-
tional consensus statement. B M J. 319: 1054–1059.

66  Mach M, Dubovický M, Navarová J, Brucknerová I, Ujházy E 
(2009). Experimental modeling of hypoxia in pregnancy and 
early postnatal life. Interdisciplinary Toxicology. 2(1): 28–32.

67  Mihailovic M, Cvetkovic M, Ljubic A, Kosanovic M, Nedeljkovic 
S, Jovanovic I, Pesut O (2000). Selenium and malondialdehyde 
content and glutathione peroxidase activity in maternal and 
umbilical cord blood and amniotic fluid. Biol Trace Elem Res. 
73: 47–54.

68  Milner AD (1998). Resuscitation at birth. Eur J Pediatr. 157: 
542–527.

69  Minghetti L, Suppiej A, Greco A, franzoi M, Pascoli I, Zanardo V 
(2011). Oxidative stress in twin neonates is influenced by birth 
weight and weight discordance. Clin Biochem. 44(8–9): 654–8. 
Epub 2011 feb 22.

70  Molicky JS, Draaisma AM, Verbeet N, Munneke R, Huysmans HA, 
Hazekamp MG, Berger HM (2001). Prime solutions for cardio-
pulmonary bypass in neonates: antioxidant capacity of prime 
based on albumin or fresh frozen plasma. J Thorac Cardiovasc 
Surg. 122: 449–456.

71  Morkos AA, Hopper AO, Deming DD, Yellon SM, Wycliffe N, 
Ashwal S, Sowers LC, Peverini RL, Angeles DM (2007). Elevated 
total peripheral leucocytes count may identify risk for neuro-
logical disability in asphyxiated term neonates. J Perinatol. 27: 
365–370.

72  Ohki Y, Kato M, Kimura H, Nako Y, Tokuyama K, Morikawa A 
(2001). Elevated type IV collagen in bronchoalveolar lavage 
fluid from infants with bronchopulmonary dysplasia. Biol Neo-
nate. 79: 34–38.

73  Oswyn G, Vince JD, friesen H (2000). Perinatal asphyxia at Port 
Moresby General Hospital: a study of incidence, risk factors and 
outcome. P N G Med J. 43: 110–120.

74  Parilla BJ, Strasburger Jf, Sokol M (1996). fetal supraventricular 
tachycardia complicated by hydrops fetalis: a  role for direct 
intramuscular therapy. Amer J Perinatol. 13: 483–486.

75  Pecháň I, Holomáň M, Záhorec R (1996). Antioxidant vitamins 
and phosphocreatine as protective agents in cardiac surgery. 
Biochemical parameters. Cor Eur. 5: 69–73.

76  Perlman JM (2006). Intervention strategies for neonatal 
hypoxic-ischemic cerebral injury. Clin Ther. 28: 1353–1365.

77  Phelan JP, Ahn MO, Korst LM, Martin GI (1995). Nucleated red 
blood cells: a  marker of fetal asphyxia? Am J Obstet Gynecol. 
5: 1380–1384.

78  Phelan JP, Kirkendall C, Korst LM, Martin GI (2007). Nucleated 
red blood cell and platelet counts in asphyxiated neonates suf-
ficient to result in permanent neurologic impairment. J Matern 
fetal Neonatal Med. 20: 377–380.

79  Pollak A, Hyde M, Hayn M, Herkner K, Lombard KA, Lubec G, 
Weninger M, Widness JA (2001). Effect of intravenous iron 
supplementation on erythropoiesis in erythropoietin-treated 
premature infants. Pediatrics. 107: 78–85.



210 Copyright © 2014 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Ingrid Brucknerová, Eduard Ujházy

80  Pollin RA, fox WW (1992a). fetal and neonatal physiology. Vol. 
1. Philadelphia, W. B. Saunders. 938 pp.

81  Pollin RA, fox WW (1992b). fetal and neonatal physiology. Vol. 
2. Philadelphia, W. B. Saunders. 938–1884.

82  Pourcyrous M (1999). Cerebral hemodynamic measuremens in 
acute versus chronic asphyxia. Clin Perinatol. 26: 811–828.

83  Rokyta R, Stopka P, Kafuňíková E, Křížová J, fricová J, Holeček 
V (2008). The evaluation of nociceptive intensity by using 
free radicals direct measurement by EPR method in the tail of 
anaesthetized rats.  Neuroendocrimol Lett. 29(6): 1007–1014.

84  Saugstad OD (1998). Hypoxanthine as an indicator of hypoxia 
at birth and predictitors of brain damage, and a  trial of pre-
venting damage by phenobarbital. Academic Dissertation, 
Helsinki. 25 pp.

85  Saugstad OD (2004). Resuscitation with pure oxygen at birth: 
it is time for a change. J Maternal-fetal and Neonatal Medicine. 
15: 73–74.

86  Shoji H, Koletzko B (2007). Oxidative stress and antioxidant 
protection in the perinatal period. Curr Opin Clin Nutr Metab 
Care. 10: 324–328.

87  Siciarz A, Wienberger B, Witz G, Hiatt M, Hegyi T (2001). Uri-
nary thiobarbituric acid-reacting substances as potential 
biomarkers of intrauterine hypoxia. Arch Pediatr Adolesc Med. 
155: 718–722.

88  Singh M, Deorari AK, Khajuria RC, Paul VK (1991). A  four year 
study on neonatal morbidity in a  New Delhi hospital. Indian J 
Med Res. 94: 186–192.

89  Singh SK, Dua T, Tandon A, Kumari S, Ray G, Batra S (1999). 
Status of lipid peroxidation and antioxidant enzymes in hypoxic 
ischemic encephalopathy. Indian Pediatrics. 36: 561–566.

90  Smeets RJP, Smeitink AAM, Semmekrot BA, Scholte HR, Wan-
ders RJ, van der Heuvel LPW (2003). A  novel splice site muta-
tion in neonatal carnitine palmitoyl transferase II deficiency. J 
Hum Genet. 48: 8–13.

91  Sotníková R, Okruhlicová L, Noskovič P (1998). Endothelial pro-
tective effect of stobadine on ischaemia/reperfusion-induced 
injury. Gen Physiol Biophys. 17: 253–2064.

92  Strasburger Jf (2000). fetal arrythmias. Progress in Pediatric 
Cardiology. 11: 1–17.

93  Tarcan A, Tiker f, Güvenir H, Gürakan B (2007). Hepatic involve-
ment in perinatal asphyxia. J Matern fetal Neonatal Med. 20: 
407–410.

94  Tekin N, Dinleyici EC, Aksit MA, Kural N, Erol K (2007). Plasma 
and urinary endothelin-1 concentrations in asphyxiated new-
borns. Neuroendocrinol Lett. 28: 284–288.

95  Thornberg E, Thiringer K, Hagberg H, Kjellmer I (1995a). Neuron 
specific enolase in asphyxiated newborns: association with 
encephalopathy and cerebral function monitor trace. Arch Dis 
Child. 72: f39–f42.

96  Thornberg E, Thiringer K, Odeback A, Milson I (1995b). Birth 
asphyxia: incidence, clinical course and outcome in a Swedish 
population. Acta Pediatr. 84: 927–932.

97  Tomar G, Sikarwar S, Gupta S (2011). The Correlation Of 
Clinical Perinatal Asphyxia With Counts Of Nrbc/100 Wbc In 
Cord Blood. Webmed Central Obstetrica and Gynaecology. 
2(1):WMC001511.

98  Tsukahara H (2007). Biomarkers for oxidative stress: clinical 
application in pediatric period. Curr Med Chem. 14: 324–328.

99  Ujházy E, Mach M, Dubovický M, Navarová J, Šoltés L, Juránek I, 
Brucknerová I. Zeman M (2004). Effect of melatonin and stoba-
dine on maternal and embryofoetal toxicity in rats due to intra-
uterine hypoxia induced by phenytoin administration Cent Eur 
J Publ Health. 12: Suppl.: S83–S86.

100  Ujházy E, Mach M, Dubovický M, Navarová J, Brucknerová I 
(2005a). Developmental toxicology – an integral part of safety 
evaluation of new drugs. Biomed Pap Med fac Univ Palacky 
Olomouc Czech Repub. 149: 209–12.

101  Ujházy E, Mach M, Dubovický M, Navarová J, Brucknerová I, 
Juránek I (2005b). Effect of pyridoindole stobadine on maternal 
and embryo-foetal toxicity induced by phenytoin in rats. Biolo-
gia. 60: Suppl.17: 57–60.

102  Ujházy E, Mach M, Dubovický M, Navarová J, Brucknerová I 
(2005c). Developmental toxicology - an integral part of safety 
evaluation of new drugs. Biomed Pap. 149(suppl. 1): 81–82. 

103  Ujházy E, Schmidtová M, Dubovický M, Mach M, Navarová J, 
Brucknerová I (2006a). Neurobehavioural changes in rats after 
neonatal anoxia: effect of stobadine pretreatment. Neuroendo-
crinol Lett. 27: Suppl.2: 82–85.

104  Ujházy E, Dubovický M, Ponechalová V, Navarová J, Bruck-
nerová I, Snirc V, Mach M (2008). Prenatal developmental topx-
icity study of the pyridoindole antioxidant Sme1EC2 in rats. 
Neuroendocrinol Lett. 29(5): 639–643.

105  Ujházy E, Mach M, Navarová J, Brucknerová I, Dubovický M 
(2012). Teratology – past, present and future. Interdisciplinary 
Toxicology. 5(4): 163–168.

106  Ujházy E, Dubovický M, Navarová J, Sedláčková N, Danihel Ľ, 
Brucknerová I, Mach M (2013). Subchronic prenatal asphyxia 
in rats: Embryo-foetal assessment of new model of oxidative 
stress during critical period of development. food and Chemi-
cal Toxicology 61: 233–239.

107  Upadhyaya Ch, Mishra S, Singh PP, Sharma P (2005). Antioxidant 
status and peroxidative stress in mother and newborn – A pilot 
study. Indian Journal of Clinical Biochemistry. 20(1): 30–34.

108  Vachvanichsanong P, McNeil E, Dissaneevate S, Dissaneevate 
P, Chanvitan P, Janjindamai W (2012). Neonatal acute kidney 
injury in atertiary center in a developing country. Nephrol Dial 
Transplant 27: 973–977.

109  Van den Broek MPH, Rademaker CMA, Van Straaten HLM, 
Huitema ADR, Toet MC, Vries LS, Egberts ACG, Groenendaal f 
(2013). Anticonvulsant treatment of asphyxiated newborns 
under hypothermia with lidocaine: efficancy, safety and dosing. 
Arch Dis Child fetal Neonatal Ed. 98(4): f341–5

110  Vekemans BCh, Bonnefont JP, Aupetit J, Royer G, Droin V, Attié-
Bitach T, Saudubray JM, Thuillier L (2003). Prenatal diagnosis of 
carnitine palmitoyltransferase 2 deficiency in chorionic villi: a 
novel approach. Prenat Diagn 23: 884–887.

111  Vento M, Asensi M, Sastre J, Garcia-Sala f, Palardo fV, Vina J 
(2001a).  Resuscitation with room air instead of 100% oxygen 
prevents oxidative stress in moderately asphyxiated term neo-
nates. Pediatrics. 107: 642–647.

112  Vento M, Asensi M, Sastre J, Garcia-Sala f, Vina J (2001b). Six 
years of experience with the use of room air for the resuscita-
tion of asphyxiated newly born term infants. Biol Neonate. 79: 
261–267.

113  Wardle SP, Drury J, Garr R, Weindling AM (2002). Effect of blood 
tansfusion on lipid peroxidation in preterm infants. Arch Dis 
Child fetal Neonatol Ed 86: f46–48.

114  Wolf f (2002). Obligate Uberwachungsmethoden unter der 
Geburt. Z Geburtshilfe Neonatol. 201: 1–5.

115  Yasuto I, Makoto T, Naofumi I, Toshikazu Y (2000). A  study of 
risk factors for retinopathy of prematurity. St Marianna Medical 
Journal. 28: 699–711.

116  Yigit S, Yurdakok M, Kilin K, Oran O, Erdem G, Tekunalp G (2000). 
Serum malondialdehyde concentration in babies with hyper-
bilirubinemia. Arch Dis Child fetal Neonatal Ed. 82: f171–172.


