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ABBREVIATIONS

BE: base excess

BW: birth weight

CAT: catalase

CS: caesarean section

EA: epidural analgesia

ECS: elective caesarean section

Ers: respiratory system elastance

ENaC: epithelial Nachannel

FOT: forced oscillation technique

fres: resonant frequency of the respiratory system
GA: gestational age

GDM: gestational diabetes mellitus

GPs: glutathione peroxidases

GSH: glutathione

ICs0: half-maximum inhibitory concentration
IUGR: intrauterine growth retardation

Irs: respiratory system inertance

LP: lipid peroxidation

NICU: neonatal intensive care unit

OECD: Organisation for Economic Co-operation angddd@ment
OGTT: oral glucose tolerance test

P: pressure

RBC: red blood cell

RDS: respiratory distress syndrome

ROS: reactive oxygen species

Rrs: respiratory system resistance

SD: standard deviation

SODs: superoxide dismutases

SVD: spontaneous vaginal delivery

TBA: thiobarbituric acid

TTN: transient tachypnoea of the newborn
V’: flow

WHO: World Health Organization

Xrs: respiratory system reactance

Zrs: respiratory system impedance



1. INTRODUCTION

1.1.Changes in the rates of caesarean section

Caesarean section (CS) was introduced in clinicadtite as a lifesaving procedure both
for the mother and for the baby. Surprisingly, ttaée of CS increased strikingly and
disproportionately in some parts of the world betwel970 and 2009; for instance, the
overall rate of CS rose from 6.1% to 31.9% in Huggand a similar tendency was seen in
the U.S.A., with a rise from 5.5% to 31.8% [1]. 1985 the World Health Organization
(WHO) stated: "There is no justification for angi@n to have CS rates higher than 10-15%"
[2], nevertheless, the optimum rate of births by 8 decades later remains a matter of
controversy in both developing and developed caoestr
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Figure 1. Rate of CS per 100 live births in Hungsince 1930. (Inset: Rate of CS per 100

live births between 1990 and 2009. With copyrightnpission; source: OECD Health Service
2011)



In developing countries, the lack of availabilit @ access to maternal health services
and the underuse of CS are some of the many faptedisposing to high maternal and
perinatal mortality. The WHO data indicate thatsbaindeveloped nations with the lowest
CS rates have staggeringly high maternal mortahtth more than 1 in 100 labours resulting
in the mother’s death, with an accompanying higl od neonatal mortality.

On the other hand, maternal mortality in much ofdpe and North America is in the
range 0.001-0.03% and the neonatal mortality mtender 0.5% [3]. Among others, this is
due to the improved level of prenatal and hosgiéaé during delivery, the more frequent use
of CS, the introduction of antenatal steroid thgrafhe development of high-standard
neonatal intensive care units (NICUs) with sopb&td mechanical ventilation, the
administration of surfactant therapy and the newhoupolgies in maternal anaesthesia and
analgesia. In these countries, modern obstetriesntdogy makes it possible for women to
maintain higher-risk pregnancies than ever befbtethermore, women who are infertile or
past their peak of fertility can receive reproduetassistance and become pregnant. Women
of advanced maternal age and those who receiuétyeiteatments of certain types have an
increased probability of giving birth to twins, whaee usually delivered by CS. In some of the
developed countries, therefore, attention has ftusiore on strategies to reduce the
unjustifiable high CS rate as it does not confeadditional health gain, but may increase the
risks, with implications for future pregnancies dreilth services.

After all, it is evident that the balance of betsefand burdens associated with the
performance of CS has changed dramatically durivegdast century. With the advent of
highly effective antibiotics, improved operativeehaiques, blood banking and advances in
anaesthesia, the reticence to perform CS was gnestliced. Meanwhile, data accumulated
in the literature that pointed out the risks of ameous vaginal delivery (SVD) for various
groups of women (e.g. those with a prior uterinarsan uninducible cervix and breech
infants). The lawsuits relating to failure to penfoa timely CS in prolonged labour and
delivery also moved its rate upward. Furthermdne, level of comfort of obstetricians with
somewhat difficult deliveries (e.g. assisted bregelivery) declined as their experience with
those deliveries diminished. In essence, the etheoheroic vaginal delivery had come to an
end.

The pregnant woman is also usually more willing¢oept a substantial risk to herself

to decrease the risks to her newborn child. Thseolation points to the problem of CS at



maternal request without a medical and obstetmaditation, which is a current trend in the
U.S.A. There are markedly different practice recandations worldwide regarding CS, and
especially those at maternal request. The Ameri€willege of Obstetricians and
Gynecologists states that [4]: "In the absenceigiificant data on the risks and benefits of
cesarean delivery...,if the physician believes thedacean delivery promotes the overall
health and welfare of the woman and her fetus rtleae vaginal birth, he or she is ethically
justified in performing a cesarean delivery." Inntrast, the International Federation of
Gynecology and Obstetrics states that [5]: "At preésbecause hard evidence of net benefit
does not exist, performing cesarean delivery farmmedical reasons is not ethically justified.”
The Hungarian Society of Obstetrics and Gynaecoldggs not justify CS at maternal
request; it recommends action in accordance wighatihsolute or relative indications. The
obligatory criteria include cardiac diseases, pularg oedemaglisseminated intravascular
coagulation, acute bleeding, fetal asphyxia, urchilprolapse, eclampsy, placental abruption
or rupture of the uterus [6].

A number of risks influence the forms and ratesi\@bnatal morbidities of different
delivery modes. Respiratory morbidity was earliearfd to be substantially more common
among infants delivered by elective CS (ECS), wasratracranial haemorrhage, brachial
plexus injury and culture-positive sepsis were lessimon [7]. An increase in respiratory
morbidity (either respiratory distress syndrome @ Dr transient tachypnoea of the newborn
(TTN)) among neonates born by CS has been widglgrted in the literature, starting in the
1960s [8]. The pathomechanisms proposed for thsiscietion include iatrogenic prematurity
[9] and an attenuation of the catecholamine surgéend labour [10]. Performing ECS only
after a gestational age (GA) of 39 completed weles been shown to cause a sharp
reduction in the risk of iatrogenic prematurity aR®S [10], and ECS performed after the
onset of labour decreases the risk of respiratooybidity further. Still, vaginal delivery
remains the mode of delivery associated with tlaeeki risk of neonatal respiratory distress.

The rate of CS is also significantly greater in somgh-risk groups, e.g. in preterms,
in intrauterine growth retardation (IUGR) or in magomia. In the first part of our study, we
focused on macrosomic neonates. Secondly, we igasstl the possible modification of
epidural analgesia (EA) in the process of oxidasiess in neonates born by SVD, as in
cases of SVDs, the attenuation of labour pain byi&Ane of the well-known procedures



used worldwide. Finally, in the third part, we ddished a neonatal lung function test with
which we compared lung mechanical parameters in 8&Bus CS cases.

1.2. Macrosomia

To perform CS in the case of a macrosomic fetus @dsdlemma. There is no general
consensus as concerns the definition of the tetah igacrosomia. The classical definition for
a large-for-gestational-age neonate is a birth te{W) more than or equal to the "0
percentile for a given GA. Alternatively, the temmacrosomia can be utilized for neonates
with a BW greater than 4000, 4500 or 5000 g, ireetige of the GA as an absolute limit [12].
However, the American College of Obstetricians &yhecologists suggests a threshold of
4500 g, as the morbidity increases sharply beybigl[13]. The prevalence of macrosomia
has been increasing in recent decades, with anmgaioying elevated risk of an adverse
outcome for mother, fetus and neonate. It is wedvin that there are differences in neonatal
anthropometric data across geographical populgtidos instance, the incidence of
macrosomia varies between 5% and 20% [14].

The cause of fetal macrosomia still cannot be detexd exactly, since it seems to
involve several factors, including environmentagngtic, maternal and fetal features [15].
Among the factors which influence fetal macrosomuia primarily the genes which control
cell growth and differentiation, and hormones sashinsulin, insulin-like growth factors,
thyroxine, leptin and their receptors. With the aqming concept of epigenetic regulation, it
has become evident that nutritional and other enwrental factors during fetal life may
modify the long-term expression of genes. Pederdd} hypothesized that maternal
hyperglycaemia stimulates fetal hyperinsulinaemiich mediates growth. The risk factors
include maternal diabetes mellitus (both pre-gestat and gestational (GDM)), impaired
glucose tolerance, prolonged gestation (>41 weeks}ernal obesity, a pregnancy weight
gain >20 kg, maternal height, multiparity, maleafetex, white maternal race and a previous
large infant [17]. Modifiable hazard factors inctutife-style-related issues of the mother: an
increased maternal nutritional intake and a lowelesf physical activity. Smoking reduces
BW, but, in general, non-smoking mothers have healneonates than do smoking mothers
[18]. Fetal diseases, such as erythroblastosifigeteesidioblastosis, tumours and numerous

syndromes [19] can result in heavy babies.
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Fetal overgrowth has both short- and long-term gestves for both the mother and
the neonate. The short-term maternal risks inclpi#onged labour, perineal lacerations,
uterine atonia, abnormal haemorrhage and CS [2Bjlewhe short-term neonatal risks are
shoulder dystocia, hypoxia, plexus injuries, hygogemia and a need for intensive care [21].
Among the long-term risks for the mother, type abdites mellitus, cardiovascular disease
and obesity [22], and for the neonate cancer habe tmentioned [23].

1.3. Oxidative stress

The Romans referred to delivery as the poena magnahe “great pain” or “great
punishment”. On the other hand, labour in primitowdtures is regarded as a natural process
not considered painful by women, which should bedhed with preparation rather than some
form of pain medication. The mechanism by whichgde@erceive different levels of pain
from the same stimulus remains unclear. The mdtéabaur pain is not believed to have a
direct effect on the fetus, but indirectly it caifieat a number of systems in consequence of
the release of epinephrine, norepinephrine, oxgtaod other bioactive agents.

Physicians have debated the safety of obstetriestinesia since 1847, when James
Young Simpson first administered anaesthesia févety, using diethyl ether. Simpson’s
innovation evoked strong criticism from contempgrabstetricians, who questioned its
safety and its wisdom. The most persistent critas \Charles D. Meigs; the basic contrast
between them was their interpretation of the natdrebour and the significance of labour
pain. Simpson held the view that labour pain idwauit physiological value and only degrades
those who experience it. In contrast, Meigs argilned labour pain has a purpose, and any
drug that abolishes pain will alter contractiongygicians should therefore not intervene with
potentially disruptive drugs. Despite such contreye physicians quickly incorporated
anaesthesia into clinical practice, largely becafsieir patients’ desire to avoid childbirth
pain. Important milestones in obstetric anaesthegige the expanded use of opioids in the
early decades of the twentieth century and theneafent of regional anaesthesia starting in
the mid-twentieth century. Outstanding conceptealetbpments included the idea of Zweifel
that a drug given to the mother may cross the placand affect the fetus, while Apgar
considered that the condition of the newborn is riiest sensitive assay of the quality of

anaesthetic care of the mother.
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EA is nowadays a widely-accepted, safe and reliaddéhod of labour pain relief. It
has proved to be beneficial to both mother andd¢clahd improves the levels of placental
perfusion and oxygenation of the fetus. Howevecait be associated with a longer second
stage of labour, more frequent oxytocin augmemnatiypotension and fever, due to changes
in the maternal inflammatory reactions, and thig/passibly affect the neonatal outcome as
well [24].

The normal neonatal physiological responses tobild process are complex. In
particular, shortly after birth, newborns must adapabrupt changes in,@oncentration and
to the increased generation of reactive oxygen ispeROS) after their entry into the
normoxic environment. The process of birth involamsenhanced degree of oxidative stress
for the infant. It is debated whether this stressainecessary event in the feto-neonatal
transition. In 1988, Saugstad conjectured thatetimeay be a link between extreme oxidative
stress and neonatal morbidity [25]. Since theneisd\studies have suggested a connection
between oxidative stress and various neonatal akser[26]. A recent microarray analysis
indicated that healthy term fetuses prepare foir tilapending transition with highly
expressed levels of several antioxidant enzymesasaciated pathways [27].

For the efficient production of energy, moleculatygen (Q) is required as an
electron acceptor in all living aerobic organisiise cell-damaging effects of highly reactive
oxygen species such as superoxide)(Mydrogen peroxide (#D.), etc. are exerted via a
variety of physiological and pathophysiologicalggans and have been implicated in many
diseases and the process of ageing. Most livingrosghs have developed well-integrated
antioxidant defences to scavenge free radicalss&hmeechanisms include enzymes, e.g.
superoxide dismutases (SODs), catalase (CAT) amdtglone peroxidases (GPs), and other
molecules, e.g. glutathione (GSH), vitamins C arahB beta-carotene. Oxidative stress may
arise when the balance between ROS and antioxidandésturbed. The ROS can cause
intracellular oxidative damage to proteins, nuclaeds and lipid membranes through the
peroxidation of unsaturated fatty acidfe ROS serve as important cell signalling molegule
but in excess they can contribute to the pathoplygy of various diseases associated with a
low antioxidant capacity (such as retinopathy armhbhopulmonary dysplasia) [28].

The effects of different delivery modes on the axiek balance have already been
investigated in numerous articles [29]. The literatseems to agree on the fact that local

anaesthetics also have a potential antioxidanttefs].
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1.4.Lung function techniques

One of the greatest challenges facing a newboer &ftth is the task of making a
smooth transition to air breathing. For the effextyas exchange to occur, the alveolar spaces
must be cleared of excess fluid and the pulmonbrgdbflow increases to match ventilation
with perfusion. Failure of either of these evergs barm the neonatal transition and cause the
infant to develop respiratory distress. It is cldaat besides Starling forces and the vaginal
squeeze, the amyloride-sensitive*Neansport by the lung epithelia through epitheN&"
channels (ENaCs) is the key event in the transelmihmovement of alveolar fluid. The
active Nd transport across the pulmonary epithelium drivgsidl from the lung lumen to the
interstitium, with subsequent absorption into thsaulature. Gowen and co-workers were the
first to show that the immaturity of Naransport mechanisms contributes to the developmen
of the TTN [31]. Several factors have been propasetiave lung-specific effects on Na
reabsorption, including glucocorticoids,,,O3-adrenergics and surfactants [33]. There is
considerable evidence that high levels of endogencatecholamines at birth may be
important for accelerating alveolar fluid clearamgeincreasing the activity ahe fetal Na
channel.

A low lung function at birth is known to be a sificant risk factor for acute and
chronic lung disease throughout life. It is inciagl/ recognized that adult diseases have
their origin in childhood and this is true for respory diseases tod.he Tucson Children
Respiratory Study was the first longitudinal asses# of the natural history of asthma that
included infant lung function tests [34] and alke first to provide evidence that a diminished
airway function precedes wheezing illneSgnilar findings were reported from the Boston
study [35] and the London study, which found eledgtremorbid values of airway resistance
in those who subsequently wheezed in the first y@&/37]. Lung growth is determined by
genetic factors and is susceptible to a varietgret and postnatal insults and environmental
exposures. It has been shown that preterm delivargn in the absence of any neonatal
respiratory disease or ventilator support, may haweadverse effect on subsequent lung
growth and development, which persists and may &w@sen throughout the first few years
of life [38]. Lower respiratory tract illnesses aeamajor cause of morbidity in infancy, and

therefore are of considerable importance.
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Several infant lung function techniques have beevelbped over the last 30 years
with considerable methodological progress and esfient, but most require sophisticated
equipment and sedation, and the reference valudgbdovariables are scarce. The major role
for lung function testing in infants still remaingainly within the research area. It has been
extensively used to examine the underlying pathsiohygy and response to therapeutic
interventions in a variety of respiratory diseadasang early life. The most commonly used
test in paediatric pulmonology is the one with &mfcexpiration, but other individual
techniques, such as occlusion techniques, theruptier technique, oesophageal manometry,
whole-body plethysmography, respiratory inductivetipysmography or measurements of
lung volume by inert gas dilution, can play rolesspecial circumstances. Application of
these tests in clinical research studies has ftagtheur knowledge with respect to the early
determinants of the airway function, including tdverse effects of preterm delivery, IUGR
and pre- and postnatal exposure to tobacco smokethéfmore, lung growth and
development following neonatal lung diseases cam be better understoodung function
tests have also been used as objective outcomeurssa® assess the effects of different
types of ventilatory support, including extracomger membrane oxygenation and high-
frequency oscillation [39, 40].

There is increasing awareness that airway resistand forced expiratory flows are
determined not only by the calibre of the airwayst also by the compliance of the airway
wall and the recolil of the surrounding parenchyleaging to a search for suitable parameters
that will reflect these characteristics.

The forced oscillation technique (FOT) was devetbpe1956 by DuBois et al. [41],
who described the application of a series of silagressure waves of varying frequencies
to the airway opening or the body surface. The lbgveent of the FOT has expanded
exponentially in recent years to the point that swrcial equipment based on standardized
approaches is now available. In contrast with spetry, which requires high level of subject
effort, the FOT requires no more than quiet tidadahing for short periods of time. This
requirement makes it an ideal lung function testuse in young children in whom active
cooperation is difficult to achieve. The underlyipgnciple of the FOT is the application of
an external signal, small-amplitude pressure @dmihs on the respiratory system and
measurement of the resultant oscillatory flow. Tieisponse is termed the respiratory system

impedance (Zrs), and is the frequency-dependeatioakhip between pressure (P) and flow
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(V). Impedance is a generalization of resistanioet whereas resistance describes only
resistive induced pressure differences, impedarescribes pressure differences across
resistive, elastic or inertive elements. Zrs candbéded into its real (resistive, Rrs) and
imaginary (reactive, Xrs) components. Resistancerniges the dissipative properties of the
respiratory system, whereas reactance is relatdbleteenergy storage capacity and thus is
determined jointly by the elastic and inertial paeders.

The advantages of the FOT are that it provides raimeasive way to evaluate the
respiratory system, and the ability to apply eithesingle frequency or a band of frequencies
which provide useful information about the resmrgtstructures. The FOT has proved to be
helpful in assessing bronchoactive responsestratitig the optimum positive end-expiratory
pressure, and in the follow-up of changes in respiy mechanics during conventional
mechanical and non-invasive ventilation. The FOTmbkimed with functional residual
capacity measurements can detect abnormalitieseirsymptom-free intervals of wheezing
infants.

These qualities of the FOT make it an ideal todhwvhich to study airway patency
during the neonatal period, and to detect the plessiifferences in lung mechanics between

neonates born by SVD and those born by CS.
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2. AIMS OF THE STUDY

The specific objectives of the study were:

* to compare the neonatal outcomes and modes ofedglim macrosomic and normal
BW groups and to analyse the macrosomic subgrot(30-4499 g, ang4500 g) in
detail in order to explore a possible correlatietween morbidities, BW and the

mode of delivery;

e to determine and compare fetal oxidative stresscasq levels and activities of
antioxidants in the cord blood of singleton, fdl+h neonates of mothers who
received EA on request versus normal SVDs withamigistration of pain control,

and to assess the neonatal outcomes;

* to establish Zrs data with the FOT superimposedpmmtaneous breathing in full-term
non-sedated newborns born by CS versus those ho®VID, and to compare the
impedance spectra of newborns born by CS or by 8MbD postnatal maturation in
the 3 subsequent days of life.
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3. MATERIALS AND METHODS
3.1.Studies on macrosomic infants

This was a retrospective study on singleton pregeanof women who delivered
between 01.01.2008 and 31.12.2009 at the Departmier@bstetrics and Gynaecology,
University of Szeged, Hungary. The inclusion cidewere a GA at delivery of at least 37
completed weeks and a BW of at least 2500 g. Twere two main groups: the first group
comprised neonates with BW 2500-3999 g; this wasdbntrol group. The second group
comprised the neonates weighing at least 4000 gs& heonates were further stratified into
two subgroups from the aspect of their BW (40009449 and>4500 g) and the diabetic
history of the mother.

The neonatal outcome was investigated with regarthé following features: the
umbilical cord blood pH, the 5-min Apgar scorecftae of the clavicle, cephalhaematoma,
adrenal haemorrhage, neurological disorders, cotaeranomalies, hypoglycaemia,
hyperbilirubinaemia, respiratory disorders, adnaisdio a NICU, mechanical ventilation and
perinatal mortality.

The definition of hypoglycaemia was a blood glucdseel <2.6 mmol/l. Blood
glucose was checked at 1, 3, 6, 24 and 72 housg@f or more frequently in the event of
hypoglycaemia.

Screening for GDM was performed with the WHO-recoenared 75-g oral glucose
tolerance test (OGTT) at a GA of 24 to 28 weeks d@tagnosis of GDM was made when the
fasting and 2-hour glucose values were sufficiemtaf diagnosis of either impaired glucose
tolerance or GDM. Those pregnant with risk facttms GDM underwent the screening in
early pregnancy, and in the event of a negative QGlrepeated test was done at a GA of
24-28 weeks. Hyperbilirubinaemia was defined adogrdo the Clinical Practice Guideline
of the American Academy of Pediatrics published®@94 [42]. Adrenal haemorrhage was
diagnosed by ultrasonography, as part of the exjstoutine abdominal ultrasonographic
screening programme at the Department of Obsteimd Gynaecology, University of
Szeged.

Statistical analysis was performed by using thesciiare test; a level p<0.05 was considered
to be statistically significant.
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3.2.Comparison of oxidative stress markers in vagingivdries with or without

epidural analgesia

This prospective study, approved by the Ethics Cdtamat the University of Szeged,
involved a total of 86 singleton infants born by[3¥nd their healthy, non-smoking mothers.
The parturients were of matched mixed parity invagtspontaneous term labour after an
uncomplicated pregnancy. The mothers receivegfeljnancy care.

The exclusion criteria included the use of any roatalon, coexisting diseases, instrumental
delivery or CS. The cord blood samples were praviog the Department of Obstetrics and
Gynaecology, Medical University of Szeged, Hung#&ighty-six singleton full-term mature
neonates of either sex, born at a GA between 374andeeks, were selected, 36 in the EA
group, and 50 in the control group.

At enrolment, the level of cervical dilation wass3m. The participants in the study
group received EA on request (EA group, n=36), whsithe mothers in the control group did
not desire any pain relief (control group, n=5&ept for 1% lidocaine before episiotomy.

In the EA group, with the patient in a sitting gasi, an epidural catheter was
inserted, usually to the L3-L4 interspace, usingidline approach with the loss-of-resistance
technique. Following a test dose of 3 ml of 2% didioe, a bolus dose of 2-3 ml of 0.1-0.2%
ropivacaine was administered, followed by a comusi infusion of 20 ml of 0.1%
ropivacaine with 0.1 mg of fentanyl at a rate & #al per hour during labour. If necessary, a
repeated course was given at the patient’s reqliestbasic haemodynamic parameters, body
temperature and cardiotocographic parameters wengoned.

Immediately after delivery, a segment of the unchllicord was double-clamped, and
blood was drawn from the artery into prehepariniggdstic syringes in both groups.
Coagulation was inhibited with EDTA. The whole-bfbsamples were analysed within 5 min
of collection for pH and base excess (BE). Acidaemas defined as an umbilical arterial
blood pH<7.2 or/and umbilical arterial BE <-12 mvh@h BE of -12 mmol/l is approximately
2 SDs below the mean). Maternal acidaemia as aecafiscord blood acidaemia was
excluded. For the oxidative stress markers, theatour of storage was kept as short as
possible,without adding any preservative, with a maximumlofveek. The blood samples
were centrifuged at 1500 rpm for 10 min and thesipla and the buffy coat were removed.
The red blood cells (RBCs) were haemolyséter repeated washing with isotonic saline at
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pH 7.0 by the addition of distilled water in a catf 1:9 and were kept at -2« until
processing. With the exception of the SOD actiwlgterminations, the aliquots of the
haemolysates were used directly.

Total protein determinatioihe quantity of proteins was determined with Hodéin reagent,

bovine serum albumin being used as standard [43].
Determination of GSH levelThe GSH level of the RBCs was determined with BHm

reagent [44]. Proteins were precipitated with 5%htoroacetic acid in order to eliminate
protein-linked -SH groups from the measurements.

SOD assayBefore the determination of SOD activity, the hagmeates were treated with
ethanol:chloroform (2:1jo0 remove haemoglobin from the samples, and thetriteged. The
supernatants were used for SOD activity deternonativia inhibition of the epinephrine-
adrenochrome transformation [45].

The enzyme activities were calculated from the Widapplied (for an enzyme, cell or
microorganism) half-maximum inhibitory concentratigdCso) method.

CAT assay For the CAT assays, RBC haemolysates (100-foligtidn) were used. CAT
activity was measured via the®} degradation spectrophotometrically at 240 nm. Eselts
were expressed in Bergmeyer units. One BU is theuatmof CAT that decomposes 1000 mg
H,O./min [46].

GP_assay With cumene hydroperoxide and GSH as substra@3, was determined
spectrophotometrically at 412 nm [47].

Lipid peroxidation (LP) assayhe LP of the RBCs was determined by the thiolanib acid
(TBA) method, which reveals the level of total TBéactive substances. Calibration was

performed with malonyldialdehyde [48].

Spectrophotometric measurements were made with ernidh Spectronic Biomate 5
instrument.

Statistical analysis of the data was performed \&tadent’s t-test. A level of p<0.05 was
accepted as indicating statistical significancee Biapiro-Wilks test was applied to confirm

the normality of the values. The reported valuesmaeans * SD.
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3.3. Neonatal lung function tests

Study population

In this prospective study, approved by the Ethiesn@ittee of the University of
Szeged, 42 full-term, healthy singleton newborngeweecruited at the Department of
Obstetrics and Gynaecology, University of Szegeahd#ry, after written informed parental
consent had been obtained. The exclusion critextéuded any congenital abnormalities,
coexisting diseases or the use of any medicatiba.neonates were divided into two groups:
19 were born by SVD (BW: 3.15 + 0.42 kg), and 234y (BW: 3.28 + 0.47 kg). They were
studied on the ], 2" and ¥ days of life. The measurements were made by the &@ifig
quiet sleep at least 30 min after a feed. Oxygduaradon and heart rate were monitored

continuously throughout the study.

Measurement of oscillatory mechanics

For the measurement of Zrs, low-amplitude (<2 hRPapudorandom forced
oscillations in the 8-t0-48-Hz frequency range wengperimposed on the spontaneous
breathing. Pseudorandom noise is a periodic sigasigned specifically to include only a
designated set of desired frequency component$y esgmresented by a precisely defined
amplitude.

The instrument employed for the estimation of Zisluded a wave tube connecting the
source of forced oscillations, i.e. the loudspealiad the subject. Zrs is measured as the load
impedance on the wave tube, on the basis of thengeir and physical properties of the tube

and the inside air, and the pressure recordeceankst (R) and outlet of the tube {P
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Set-up
V' pnheumo-h
tachograp
P1 P2
filter Ei;k—-—
face mask breathing

tube

loudspeaker

T bias flow

Figure 2. Schematic arrangement of the forced lasmily impedance (Zrs) measurement.

P1, Po: airway pressures; V' airflow

The subject was connected to the set-up via as#idace mask (Figure 2.). The face
mask was placed firmly over the newborn’s mouth aode to achieve a leak-free seal. P
and B were measured with IC Sensors transducers (m@MAG02D, Miltipas, CA, USA).
A screen pneumotachograph with another IC Sensamsducer was employed to record the
spirogram. To enable spontaneous breathing ofubgst, a wide-bore side-tube (with a high
impedance for the high oscillatory frequencies antbw resistance against spontaneous
breathing) was placed in parallel to the loudspeakalisposable bacterial filter was inserted
between the face mask and the wave tube for hygmiposes. In order to flush the dead
space of the instrument, a bias flow of 2 I/min waaintained via the COsampling port of
the filter.

Once the face mask had been positioned and theanewiad resumed the normal
breathing pattern, 30-s oscillation intervals wexeorded. The measurements were repeated,

usually 6-to-10 times, until a steady state inZh® spectra was observed. The presswe~{P
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flow (V') loop and the spirogram were used for thetection of artefacts (leak around the
mask, glottic closure, etc), and the affected rdio@s or parts thereof were discarded. The
neonates often woke up during the measurementshwhere resumed after soothing and

mask repositioning. The average study time in aboewwas about 15 min.

Data analysis

Zrs was corrected for all instrumental impedancissadto the P measurement point
(filter, face mask, etc.). The spectra with thedstweproducible Zrs values were selected for
ensemble-averaging in each subject for each maasuteday. The average Zrs data were
fitted by a resistance (Rrs) - inertance (Irs)astnce (Ers) model in the 12-to-32-Hz range
(for average Rrs) and 8-to-32-Hz range (for Ers &syl From the latter parameters, the
resonant frequency of the respiratory system (zewesing of Xrs,fres) was calculated as
fres=(1/21(E/)*2 The Zrs parameters obtained on the 3 subseqagatid the SVD and CS

groups were analysed with 2-way repeated measuNEIVA.
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4. RESULTS

4.1.Studies on macrosomic infants

A total of 5738 singleton births were included e tstudy from the 2-year period; 410
of the newborns were macrosomic, an incidence 17 The heaviest baby weighed 5500 g;
he was born to a non-diabetic mother.

Among the mothers of the 410 macrosomic infantg,1435%) had diabetes: 9 (2.2%)
were pre-gestational and 34 (8.3%) GDM. In the @dngroup, 316 (6.6%) mothers had
diabetes: 26 (0.5%) were pre-gestational and 29046 GDM. The prevalence of maternal
diabetes was significantly higher in the macrosogrmup than in the control group (10.5%
vs. 6.6%; p<0.05).

Table 1 summarizes the statistical data and asabyfsthe control and macrosomic
groups.

The number of CS cases in the macrosomic group 20&s (49.3%), which was
significantly more frequent (p<0.001) than in trentrol group: 1898 (39.9%). It was a very
interesting finding that the male-female ratio agnahe macrosomic infants was 2.15 to 1,
whereas in the control group it was 0.95 to 1. @lference was significant (p<0.001). As
concerns the general condition of the macrosoniants at birth, in 70 (17.0%) neonates the
umbilical cord pH was <7.2, but most of them showeguick recovery. Fortunately, only 4
(0.9%) of the 70 neonates had a 5-min Apgar sc@reé\dCU admission was needed for 21
(5.1%) patients, at either secondary or tertiame;c21 (5.1%) had a respiratory disorder.
Hypoglycaemia was found in 25 (6.1%) cases amoagrtacrosomic infants, and 138 (2.9%)
in the control group; the difference was significap<0.001). The incidence of
polycythaemia did not differ significantly. As caras the incidence of birth trauma, there
was no significant difference in clavicle fractuwwe cephalhaematoma. There was a highly
significant difference in the incidence of adremaemorrhage: 4 (0.98%) vs. 7 (0.15%);
p<0.001. The only parameter which was significahtfyher in the control group was the rate
of hyperbilirubinaemia: 1446 (30.4%) vs. 76 (18.5%9<0.001). In both study groups, the

perinatal mortality was zero.
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The statistical comparison of congenital anomatiegarding their relation to the
weight and diabetic history of the mother are dedthain Tables 2 A and B, without significant
differences.

Statistical correlation analysis of the 4000-4498ngl>4500 g subgroups (Table 3)
revealed significantly more cases in the higheigiegroup as regards an Apgar score <7 at 5
min, clavicle fracture, and NICU admission. In tase of polycythaemia, the correlation was
very close to being significant.

The macrosomic neonates of diabetic mothers dematedta significantly higher
incidence of hypoglycaemia, hyperbilirubinaemia aaddiomyopathy than did those of non-
diabetic mothers (Table 4). The macrosomic infarftde non-diabetic mothers significantly

more frequently exhibited a low umbilical cord bibpH (<7.2).

Table 1. Outcome measures of control group andesaaric neonates

Control Macrosomic p
Total 4757 410
CS 1898 (39.9%) 202 (49.3%) <0.001*
Males 2322 (48.8%) 280 (68.3%) <0.001*
Umbilical cord pH <7.2 705 (14.8%) 70 (17.0%) 0.22
Apgar score <7 at 5 min 87 (1.8%) 4 (0.9%) 0.22
Congenital anomalies 185 (3.8%) 18 (4.3%) 0.68
Hypoglycaemia 138 (2.9%) 25 (6.1%) <0.001*
Polycythaemia 161 (3.4%) 19 (4.6%) 0.19
Hyperbilirubinaemia 1446 (30.4%) 76 (18.5%) <0.001*
Clavicle fracture 43 (0.9%) 7 (1.7%) 0.11
Cephalhaematoma 135 (2.8%) 15 (3.6%) 0.34
Adrenal haemorrhage 7 (0.15%) 4 (0.98%) <0.001*
Respiratory disorder 305 (6.4%) 21 (5.1%) 0.26
NICU admission 210 (4.4%) 21 (5.1%) 0.58

Significance at p<0.05 is indicated by*.
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Table 2A. Congenital malformations in the contnodlanacrosomic groups

Control Macrosomic p
n=4767 n=410
Congenital malformations 185 (3.9%) 18 (4.4%) 0.62

Table 2B. Congenital malformations of the macroson@onates of diabetic and
non-diabetic mothers

Diabetic Non-diabetic p
n=43 n=367

Congenital malformations 4 (9.3%) 14 (3.8%) 0.1




Table 3. Outcome measures of macrosomic subgroups
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Outcome measures BW
Group 1 Group 2 p
4000-4499 ¢ >4500 g
n=357 n=53
CS 170 (48%) 32 (60%) 0.08
Males 242 (68%) 38 (72%) 0.57
Umbilical cord pH < 7.2 60 (17%) 10 (19%) 0.71
Apgar score <7 at 5 min 2 (0.6%) 2 (3.8%) <0.03*
Congenital anomalies 14 (3.9%) 4 (7.5%) 0.23
Hypoglycaemia 20 (5.6%) 5 (9.4%) 0.28
Polycythaemia 14 (4.0%) 5 (9.4%) 0.07
Hyperbilirubinaemia 65 (18%) 11 (21%) 0.66
Clavicle fracture 3 (0.8%) 4 (7.5%) <0.001*
Cephalhaematoma 12 (3.4%) 3 (5.7%) 0.41
Adrenal haemorrhage 3 (0.8%) 1(1.9%) 0.47
Respiratory disorder 18 (5.0%) 3 (5.7%) 0.85
NICU admission 11 (3.1%) 10 (19%) <0.001*
Mechanical ventilation 1 (0.3%) 1 (1.9%) 0.12
Cardiomyopathy 2 (0.6%) 1 (1.9%) 0.29
Neurological disorder 7 (2.0%) 2 (3.8%) 0.40

Significance at p<0.05 is indicated by *.
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Table 4. Outcome measures of the macrosomic nepobtiabetic and non-diabetic mothers

Diabetic Non-diabetic p
n=43 n=367
CS 23 (53%) 179 (49%) 0.56
Males 24 (56%) 256 (70%) 0.06
Umbilical cord pH < 7.2 2 (4.7%) 68 (19%) 0.02*
Apgar score <7 at5 min 0 (0%) 4 (1.1%) 0.49
Congenital anomalies 4 (9.3%) 14 (3.8%) 0.10
Hypoglycaemia 11 (26%) 14 (3.8%) <0.001
Polycythaemia 4 (9.3%) 15 (4.1%) 0.06
Hyperbilirubinaemia 13 (30%) 63 (17%) 0.04*
Clavicle fracture 0 (0%) 7 (1.9%) 0.36
Cephalhaematoma 3 (7%) 12 (3.3%) 0.22
Adrenal haemorrhage 1 (2.3%) 3 (0.8%) 0.34
Respiratory disorder 4 (9.3%) 17 (4.6%) 0.19
NICU admission 4 (9.3%) 17 (4.6%) 0.19
Mechanical ventilation 1(2.3%) 1 (0.3%) 0.07
Cardiomyopathy 2 (4.7%) 1 (0.3%) 0.01*
Neurological disorder 1(2.3%) 8 (2.2%) 0.96

Significance at p<0.05 is indicated by *

4.2.Comparison of oxidative stress markers in vagingivdries with or without
epidural analgesia

Table 5 depicts the results of measurements rgladirihe oxidative stress and the activities
of antioxidants. The oxidative stress representethé level of LP was significantly lower in
the EA group than in the control group (4.0+1.5 &&+1.8x10* nmol/mg protein; p<0.05).
As regards the antioxidants, the concentration 8HE5.15+0.48 vs. 7.75+0.63 nmol/mg

protein) was also significantly lower in the EA gp(p<0.05). Of the antioxidant enzymes,
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CAT exhibited a significantly lower activity (9.66498 vs.14.08+1.2x1bBU/mg protein,
p<0.01) in the EA group relative to the control wwo The levels of SOD (2.68+£0.36 vs.
3.2+0.38 U/mg protein) and GP (3.65+0.43 vs. 4.52810° U/mg protein) were non-
significantly lower in the EA group.

Clinical characteristics of the neonates in the gnaups are presented in Table 6. The babies
of mothers who received EA demonstrated a sigmiflgdower arterial umbilical cord blood
pH and a significantly lower BE. No cases with anf+ Apgar score <7 were observed in

either group.

Table 5. Levels of LP, GSH and activities of SO\TCand GP in the EA group relative to

the control.
Control EA p
n=50 n=36
LP 0.065+0.018 0.04 +0.015 p<0.05*
nmol/mg protein nmol/mg protein
GSH 7.75 +0.63 5.15 +0.48 p<0.05*
nmol/mg protein nmol/mg protein
CAT 14.08+1.2x19 9.65+0.98x10 p<0.01*
BU/mg protein BU/mg protein
SOD 3.2+0.38U/mg  2.68 +0.36 U/mg p>0.05
protein protein
GP 4.5+0.52x18 3.65+0.43x10 p>0.05

U/mg protein

U/mg protein

Significance at p<0.05 is indicated by *.
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Table 6. Neonatal outcome measures for the coatrithe EA groups

Control EA p
n=50 n=36
Umbilical cord blood pH<7.2 3 (6%) 13 (36%) p<0.01*
Umbilical base excess <-12 10 (20%) 17 (47%) p¥0.0
5-min Apgar score <7 0 0

Significance at p<0.05 is indicated by *.

4.3.Neonatal lung function tests

Seven of 42 newborns were excluded from the stusbalise of nasal congestion
(n=3), face mask intolerance (n=3) or non-corrdetdbakage around the mask (n=1). No
adverse events were noted during or following tle@asarements.

In the remaining 35 newborns, Rrs was characteliged slight initial decrease with
frequency, plateauing above 12-20 Hz, and an omgakrise above 32-36 Hz (Figures 3A
and B). The mean value ties was ~20 Hz, most likely reflecting the predcemnice of high-
inertance nasal pathways.

The difference in Rrs between the SVD and CS nesn@hean+SD: 47.0+20.1 vs.
47.8+22.6 hPa.s/l) was not statistically significajp=0.87). Likewise, there was no
significant difference in Ers between SVD and C&L{730 vs. 1606£780 hPa/l; p=0.95).

Rrs and Ers exhibited large day-to-day fluctuations40% of the newborns (Figures
4 and 5). In some of these subjects, very highemlof Rrs and Ers were occasionally
observed on one of the measurement days, whereath@ndays their data were much lower
and similar to those of the rest of the populatibne 2-way repeated measures ANOVA did
not reveal any systematic changes in the Zrs paeasmduring the 3 days. Interestingly, the
pooled values of Ers and Rrs were highly correlatéd0.742); this probably indicates
unstable lung volumes, including very low ones whboth Rrs and Ers are expected to

increase. The pooled Irs and Rrs data also exHilitelose relationship?&¢0.574), which
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suggests that they are linked via the variable ggnof the large airways, and in particular
that of the nasal pathways. Figures 6 and 7 idmstthe Ers vs. Rrs and the Irs vs Rrs

relationships, respectively, with the regressioalkwdated separately for each measurement

day.
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Figure 3. Frequency dependence of respiratoryteesis (Rrs) (A) and reactance (Xrs) (B) in

the medium-frequency range in newborns born by 8vDby CS.
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Figure 4. Changes in respiratory resistance (Rr#)a@ 35 neonates in the postnatal 3 days.
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Figure 5. Changes in respiratory elastance (Er#)ar85 neonates in the postnatal 3 days.
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Figure 6. Relationships between elastance (Ersyesistance (Rrs), with regressions and

correlation coefficients {y established for the 35 neonates on the indivicheasurement

days.
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Figure 7. Relationships between inertance (Irs)raststance (Rrs), with regressions and

correlation coefficients {y established for the 35 neonates on the indivicheasurement

days.
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5. DISCUSSION

5.1. Studies on macrosomic infants

Our findings regarding the neonatal outcome of wsmmic newborns, e.g. the higher
incidence of CS, the male predominance and hypagiyta, were similar to those in
previous reports; however, we found also that trevglence of adrenal haemorrhage was
significantly enhanced in the macrosomic group. Adlonates with adrenal haemorrhage,
even in the control group, were delivered by SVDt @ur Department, each infant
participates in an abdominal ultrasonographic stnee programme, which helps provide
reliable data on the occurrence of adrenal haerageh even in those cases without
symptoms. Adrenal haemorrhage, and especially illaéetal form, needs a further careful
follow-up to prevent the later consequences. Tmdirig highlights the importance of the
abdominal ultrasonographic screening programmegaéglhy for the macrosomic neonates
born by SVD.

A significantly higher rate of hyperbilirubinaemia the control group could be
explained by the earlier deliveries (at a GA of @738 weeks) relative to the macrosomic
group (40and 41weeks).

The macrosomic infants were born in good generatition, without serious birth
trauma or brachial plexus paresis, but it shouldbbtme in mind that the proportion of CS
was significantly higher in the macrosomic group.

Furthermore, there were significantly more compiass in the heavier macrosomic
subgroup ¥4500 g) as concerns a more frequent low Apgar sabfemin, clavicle fracture
and NICU admission. This observation is consistétit the American experience of a sharp
increase in adverse neonatal outcome above 4500 g [

Neonatal hypoglycaemia is a common problem in nswroc infants; it is often
associated with maternal diabetes. In our studeg, iticidence of hypoglycaemia was
significantly higher in the macrosomic group andoagithe neonates of diabetic mothers. In
this latter group, not only that of hypoglycaemiayt the incidence of hyperbilirubinaemia
and cardiomyopathy were also increased.

Glycaemic control of the diabetic pregnant is imaot, as any abnormal elevation of

HbAL1C increases the risk of teratogenesis [50Joun macrosomic group, the incidence of
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congenital anomalies was 4.4%, in comparison wi8%3in the control group, without a

significant difference, showing that these mothgresumably had undergone appropriate
diabetic control. The comparison of the incidendecongenital anomalies between the
macrosomic infants of diabetic (9.3%) and non-digbmothers (3.8%) resulted in a very
close to significant relation (p=0.1).

The male to female ratio was significantly higharthe macrosomic group. The
consistency of this observation across differerutations is striking. Various hypotheses
have been put forward to explain the cause ofghenomenon and it is very likely that there
iIs a gender-specific gene that affects insulin iseitg [51]. The more insulin-resistant
female fetus is less responsive to the trophiccef® insulin and more susceptible to type 2
diabetes mellitus. This increase could also betdulee action of testicular hormones.

The limitation of our study is its retrospectivetur@; this is why the data relating to
the exact indications of CS were not recordeds klso important to note that the maternal
choice was not taken into account in the decismndS in our Department. Moreover, a
detailed medical follow-up of the sick neonates wast feasible as they were transferred to
another department.

Several previous studies have already revealed riest frequent neonatal
complications, such as shoulder dystocia, brachéxl/e palsy, clavicle facture and birth
asphyxia [52, 53], but the increased incidence dve@al haemorrhage among macrosomic
newborns born by SVD has not been investigatedeead our knowledge.

Modern obstetric and neonatal care has substantiedluced many of the problems
previously seen in these infants, but macrosommdirmaes to deserve attention because of the
associated risks of morbidity. For a further redarcof the problems, a better understanding
of the root cause of macrosomia is needed. Eachampmhose fetus is diagnosed as
weighing more than 4500 g, even if the predictibnmacrosomia is inaccurate [54], should
be fully informed of the risks related to macrosarfar herself and the baby. Moreover, these
macrosomic infants should always participate ineaywvcareful medical follow-up for the

timely recognition of possible problems.
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5.2. Comparison of oxidative stress markers in mvalgdeliveries with or without
epidural analgesia

RBCs from neonates born by SVD with the use of EAravfound to display
significantly less oxidative stress, but they disal significantly lower levels of antioxidant
parameters relative to the neonates who underwébt\&thout maternal pain relief. On the
other hand, these neonates also exhibited a lowrer Wlood umbilical pH and a lower BE.
EA seemed to reduce the level of oxidative streesjever, these neonates more frequently
exhibited acidosis with a quick recovery, withoahsequences in the later neonatal period.

Several previous studies have reported that theigpom of systemic pain relief with
meperidine was associated with more pronounceasisids compared with EA [55], but the
available data regarding the impact of the delivende on the level of oxidative stress in the
fetal circulation are inconsistent [56, 57].

We presume that elevations in stress and antiokigerameters are normal
physiological responses to the process of birtlis $tress could therefore be necessary in the
natural process of uncomplicated pregnancies fdh bloe fetus and the mother. In the
following, we briefly summarize the most importaspects of this issue. First of all, it has
been concluded in several articles that there sggaificant relationship between pain and
oxidative stress both in animal models and evagréterm infants [58-60]. Accordingly, pain
enhances the level of oxidative stress during dgjiin both mother and fetus. This increased
level of oxidative stress during delivery naturaligpduces the antioxidative defence
mechanism.

As regards the fetus, there is another interestiaturation phenomenon which must
be mentioned here. If labour occurs at term ratthan earlier, it triggers a compensatory up-
regulation of the non-enzymatic antioxidant reseil@s up-regulation could be a benefit of
term labour that protects the newborn from thetirgdahyperoxia at delivery.

Numerous articles have investigated the effectditdérent forms of anaesthesia on
the oxidative balance, and the literature seenagtee on the fact that local anaesthetics have
a potential antioxidant effect [61]. In considerithgse data, it should be underlined that these
agents could have attenuated the oxidative stredsnhanced the levels of antioxidants in
the EA group; therefore, they could have influentesl differences between our two groups.
Unfortunately, as both the mechanism of action ahkiller drugs and the process of pain
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relief result in antioxidative effects, one canrmseparate the underlying causes; only their
combined effects are measurable.

Nevertheless, interestingly enough, the moderatiostress-induced damage through
the administration of EA could also be beneficRieterm or IUGR infants are especially
susceptible to ROS-induced damage, since the atdéiteir antioxidant defence is premature,
and their ability to increase the synthesis of aatiants in response to hyperoxia or other
oxidant challenges is inadequate [62].

Our results suggest that EA plays a dual role asexms oxidative stress, tending to
attenuate oxidative stress, but also decreasinigtet of antioxidants. However, the neonates
born to mothers who had received EA manifestedostsdmore frequently in the first few
minutes of their extrauterine life. Further invgations are definitely needed to evaluate the
possible association between the attenuation afadixie stress and the acid-base balance and

on the impact of the modulation of oxidative strdsang birth.

5.3. Neonatal lung function tests

We present the first study on airway and tissuehaeics achieved by using the FOT
in a group of unsedated newborn term infants dugjungt sleep. Neither the difference in Rrs
nor in Ers between the SVD and CS neonates welist&tally significant, however, we
concluded that a high success rate could be achiewvbe measurement of Zrs in healthy
newborns; the Zrs data obtained with this technayeephysiologically meaningful and of
potential importance in monitoring the lung funatio the first few days of life.

Pulmonary function tests play a major role in pagdi clinical practice and are of
prime importance for diagnosis, monitoring disegsmgression, and assessing the
effectiveness of therapies. Albeit spirometry ramahe principal means by which the lung
function is assessed in most clinical settingseregdt in the use of other, more specific
techniques is also growing rapidly.

Associations between various FOT parameters armhthlung disease have already
been published in the literature [63], but we amaware of any study on healthy term

newborns.
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The FOT is a technique of promise as it has reaehbayh level of sophistication.
Spirometry involves the subject making forced exjory manoeuvres following deep
inspiration, while the air flow at the mouth is rsaeed. The significant shortcoming of this
technique is the vigorous manoeuvre required fioenpatient, which excludes its application
in children under the age of 4 years, or in pasiemth a neuromuscular or cognitive deficit.
The raised volume rapid thoracic compression tegleni[64] is capable of simulating the
forced expiratory manoeuvre and it has also beguiagymed in infants; however, it cannot be
accomplished without sedation. Moreover, while @ynbe sensitive to the presence of lung
disease, it lacks specificity and is difficult tmKd to structure. Mechanical impedance as
provided by the FOT, on the other hand, has patkativantages in this regard, for it contains
a great deal of information about the link betwhery structure and function [65].

Zrs has mostly been measured in humans over taeriatliate frequency range from
4-6 Hz to 20-30 Hz [66], where the forced osciligtwecordings are not corrupted by
harmonics from spontaneous breathing as they ardowagr frequencies. Impedance
measurements over this frequency range providenatds of parameters such as resistance,
elastance (compliance), and resonant frequencyf athich are potentially discriminatory in
disease. In healthy adult subjects, Rrs is vigualbependent of frequency, while Xrs is
initially negative, but increases rapidly untildtosses the frequency axis at the resonant
frequency (at or above 10 Hz), after which it irmses almost linearly with frequency [67]. In
the current study, the frequency range was seldmédeen 8 and 48 Hz; in this frequency
interval, Rrs was characterized by a slight initigcrease with frequency and plateauing
above 20 Hz, where the resonance in Xrs was alseredd. Overall, this frequency range is
roughly one octave above the range usually covaretts measurements in adults, and it
reveals similar features of Zrs. Specifically, tingial fall in Rrs with frequency can be
attributed to the decreasing contribution of thesue resistance, whereas the occasional
higher-frequency rise in Rrs reflects the involvemef an airway rheology component
unrelated to the regime of spontaneous breathiresét are the reasons why the mean Rrs was
calculated between 12 and 32 Hz in the presenytiitie frequency range for the estimation
of Ers and Irs was also terminated at 32 Hz, ireotd have balanced contributions of the
elastic and inertial properties to Xrs.

Since studies on respiratory mechanics in healdwhborns are very scanty, and those

obtained with the FOT are apparently unavailalthe Zrs parameters established in the
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current investigation are difficult to interpret ithe context of paediatric respiratory
mechanical data.

The reproducibility of Zrs in healthy humans hasviwusly been shown to be similar
to that observed in other parameters of respiratwghanics such as those provided by body
plethysmography or the flow interrupter technig@ecording to the literature, both the short-
term and the day-to-day variabilities in Rrs meaduny the FOT in healthy subjects ranged
from 5% to 30%, depending on the technique usedl@gopulation studied [68]. Klug and
Bisgaard [69] reported a within-test variation akXetween 16% and 17%. Few studies have
assessed the between-test reproducibility in yocimigiren, with one report of a similar
within- and between-test repeatability of approxieha6% [70]. The day-to-day and weekly
reproducibility in older children appear to be dani with values of approximately 16—-17%
[71,72]. Ladrup Carlsen et al. [73] studied awakiants at an average age of 2.9 days with
the single-breath occlusion technique, and obsewigiin-subject variabilities of 17.8 and
23.1%, respectively, for Ers and Rrs. We are unavaedrany other previous report on the
changes in respiratory mechanics in the first fewysdof life. In our measurements, made on
consecutive days, the within-subject variabilitysw22.9+15.8% for Rrs and 25.4+21.1% for
Ers. However, both Rrs and Ers exhibited large tdagay changes in ~40% of the newborns,
most probably because of the inborn variability tbe end-expiratory lung volume.
Additionally, the ~15 min average study time may ihave been long enough for the
minimum Zrs to be observed in these subjects.

Rrs in children has been reported to have a seitgitif 69% and a specificity of 78%
[74]. Several studies have provided reference valueRi®mand Xrs in healthy subjects [75].
These data are generally consistent, although sdifferences exist because of varying
population characteristics and differences in medhagical details (the characteristics of the
measuring device, the type of forced oscillatiognal used, and differences in data
processing procedures). In adults, Zrs is a funatnainly of gender, weight, height and age
[76]. Standardization of the measurement conditionsufiog ffunction testing is a crucial issue
for the infant’s safety and the accuracy of the #scommendations have been developed by
the American Thoracic Society/European Respiratogiety Working Party [66] and the
specific preparation measures for the FOT and Idet#i the methodology have been
described [77, 78].



38

The FOT is currently gaining acceptance in the ssaent of paediatric patients, in
part because it requires little to no cooperatighich has led to its extensive use in infants
and young children [79]. Zrs has been reportedaeehuseful diagnostic possibilities in a
wide variety of paediatric diseases, including mwsth cystic fibrosis, bronchopulmonary
dysplasia and neonatal lung diseases. The FOT s$$ often used in an out-patient setting for
routine diagnosis and monitoring, but it has besows to have potential for helping in the
management of acute attacks of asthma; it corselaith spirometry [80]. A number of
studies have reported forced oscillatory paramdtera healthy children in the 2- to 5-year
age group. The majority of these have reported dkvae, with little information on the
behaviour of Xrs with growth and development. Thersome variability in the reported Rrs
values and differences in equipment and methodolagy lack of standardization to this
point may have contributed to some of this spr@&e. majority of studies have described an
inverse relationship between Rrs and height, watisignificant differences between genders.

More recently, attempts have been made to measyedance at lower frequencies.
This allows for the discrimination between the @leresistance of the conducting airways
and the dissipative properties of the lung periphelse of this frequency range, however,
also requires a greater degree of patient cooperatuch as a voluntary breath hold, and its
usefulness as a routine clinical test is therefbitesomewhat open to debate. Nevertheless,
measures of parenchymal mechanics derived fronfileguency impedance have been found
to correlate with inflammation in cystic fibrosisagto be altered following a methacholine
challenge in infant$81]. Novel applications of forced oscillation tedtue in the clinical
setting among adults include the monitoring of megpry mechanics during mechanical
ventilation and sleep [82].

The FOT is particularly promising for use in infanfor whom few alternatives exist
for measuring lung function. Here, however, gettimg imposed oscillations in flow past the
upper airways poses a particular challenge in tesfrisstrumentation. In our study, a face
mask was used to connect the infant to the setHu@.use of a mask gives rise to potentially
significant shunt impedances; Zrs measurementsidecthe rather high nasal resistance and
are subject to artifacts from mask leak. Neverttgeleéhese practical challenges have not
prevented the FOT from providing valuable physiatafjinformation about the newborns’

lungs.
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One of the great advantages of the FOT for asgpsbm respiratory mechanical
function is that it is completely non-invasivigne primary aim of any lung function test is to
provide information allowing the accurate separatd healthy subjects and those individuals
with underlying airway pathologyMeasurements of lung function are feasible in uatatl

newborns, the FOT being used to gain important kedge about respiratory mechanics in
the developing lung.
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6. CONCLUSIONS

CS is an effective intervention to reduce matearal neonatal mortality relative to
SVD, when it is medically justifiedNewborn and maternal mortality are closely linkadd
therefore the risks can be mitigated with qualiéyecduring pregnancy, safe delivery by a
skilled attendant, and immediate postnatal casdting resuscitation, extra care of low birth
weight babies, attention to baby warmth, treatntémeonatal sepsis and early initiation of
breastfeeding.

Our research, firstly focusing on macrosomic neesiatevealed an expected higher
incidence of CS; these macrosomic infants were orgood general condition without
serious adverse outcomes. Moreover, we highlighted increased incidence of adrenal
haemorrhage among the macrosomic neonates boriDy S

Secondly, we compared the levels of oxidative stries SVD with and without
maternal EA, in spite of the fact that the amouinstoess which is useful in the process of
birth is still unknown.

The third part of our work was to evaluate the ldugction in the first few days of
life. We presented the first study in Hungary ofs@ssful measurements of airway and tissue
mechanics in healthy newborns during quiet sledpchvcould be helpful in future in the

earlier detection of pulmonary abnormalities, hutter studies are definitely needed.
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9. OSSZEFOGLALAS
Bevezetés

A csaszarmetszés (CS) klinikai gyakorlatba valo eketese a kezdeti dkben
elssorban az anyai és a magzati élet megmentéséigakzdllig az 1930-as években a CS
aranya Magyarorszagon 0,5% alatt volt az dsszdeseliszamat tekintve, ez az arany az
1970-es évek elej@t kezdve megdobbefitemelkedést mutat, 2009-re mar meghaladta a
30%-ot. Hasonl6 tendencia figyelbeneg az Amerikai Egyesult Allamokban. Ezzel egyitt,
CS anyai és Ujszulbttet érinkockazatairdl szamos szakirodalmi kozlés latogpvilagot,
kiemelve a kilénbdz rizikocsoportokat, koztik a macrosom UjszilttekeAz
0sszehasonlitds nehézsége abbdl adodik, hogy aospade definicidja nem egységes,
egyrészt a gesztaciosérg, nemre, rasszra vonatkoztatott 90 ill. 97 pdigrvagy a 2SD
feletti - masrészt a terhességi kortdl fliggetleam#000, 4500 vagy 5000 g feletti szlletési
suly esetén beszélhetiink macrosomiarél. A kérdést ag aktualis, mert a macrosomia
eléfordulasa néveky tendenciat mutat az utébbi évtizedekben, 5-20%l@mciaval, foldrajzi
tertletenkeént eltéen.

A gyakoribb CS mellett a per vias naturales (PVRiiléseknél is ma mar jogos
elvaras a fajdalomcsillapitas valamilyen formaja @&nyara és az Ujszllottre biztonsagos
epiduralis érzéstelenités (EA) élettani és farmadial hatasainak tisztazasa az eljaras még
szélesebb kdralkalmazasa szempontjabol kivanatos. Nem elhattyaigokérdésként merul
fel, hogy miként befolyasolja a fajdalomcsillapitgen mdodja a szlletés soran elkerilhetetlen
oxidativ stressz folyamatat. A magzat megszilet&éttien egy szamara relativ hyperoxias
kornyezetbe keril, s az oxidativ stressz soran ddépzeaktiv oxigén intermedierek
megbontjak a sejtek pro- és antioxidans egyensulatel segithetik is az extrauterin
adaptéciot, de veszélyt is jelenthetnek.

A neonatoldgidban kitlintetett szerepe van a lédetfaii és patoldgiai folyamatok
nyomonkovetésenek. A szakirodalomban meggepkeves adatot talalunk egészséges érett
Ujszulottek légzésfunkcios adatairol, egységes atamekekél nincs ismeretlink. Az
azonban ismert, hogy a szuletéskoridfiadkcio befolyasolhatja a kékbi Iégdrendszeri
betegségek kialakulasat vagy akar annak sulyoss&gdt jelends kutatdsok folynak az
Ojszulott- és csecsdikori légzésmechanika terén, e vizsgalatok legtaibgmtoldgias

esetekben, pl. gépi lélegeztetés soran tortennadyy gzedaciot igényelnek. Az 1956-ban
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DuBois altal ebszor leirt kényszeritett oszcillacids technika @ear Oscillation Technique :
FOT) segitségével kis amplitudéju gerjégzit alkalmazéasaval vizsgalhaté a légendszeri
mechanikai impedancia (Zrs). E modszer tovabbfajsvaltozata kinalt leh&téget elszor

egészséges Ujszulottek vizsgalatara.
Célkitiizes

. Macrosom ujszuléttek szuletési modjanak, neongtal adatainak és korai
szowdmeényeinek vizsgalata 6sszehasonlitva normal sgilefilyd Gjsziulottekkel.

. Oxidativ stressz paraméterek és sav-bazis értékbdmzése artérias
koldokzsinorvér mintakbdl PVN szilések esetén, délsazonlitva az epiduralis
erzestelenitésben részesilt és a fajdalomcsilidgaitd nem részesilt egészséges anyak
Ujszulottjeinek két csoportjat.

. Terminusban  szlletett, egészseges, 1-3  életnapasszulottek
|égzésmechanikajanak FOT-tal todénmérése szedacié alkalmazasa nélkul, Zrs

meghatarozasa PVN és CS utjan sziletett Ujszibitek
Anyag és modszer

Macrosom ujszulottek vizsgalata

Retrospektive a 2008. jan. 1. és 2009. dec. 31tkégyes terhességba 37. és 41.
hét kdzott a klinikankon szuletett, >2500 g szide®ilyu Ujsziléttek adatait elemeztik. A
2500-3999 g kozottieket tekintettik kontrollnak,gm& 4000 g és felettiek képezték a
macrosom Ujszlléttek csoportjat. Ez utdbbin belilbk vizsgéltuk a 4000-4499 g kdzotti- és
a 4500 g felettiek adatait. Az Ujszulott allapotaoaatkozd paraméterek kozil a kéldokzsinor
pH-t és az 5 perces Apgar-értékeket, valamint &@yab neonatologiai adatokat elemeztik.
A statisztikai analizis #° proba alkalmazéasaval tortént, szignifikans dssugdtinek a p<0,05
értéki eredményt tekintettik.

Oxidativ stressz paraméterek 6sszehasonlitasa

Ebben a prospektiv vizsgalatban panaszmentes, egybességhl, terminusban
szlletett 86 egészséges Ujszulott és ezek édesamgjapelt: az EA csoportban 36, a
kontrollban 50. Kizaré tényézvolt az anya vagy a magzat barmilyen gyogyszeezglkse,
betegsége, hivelyi szllésbeféjeniitét vagy csaszarmetszés. Kozvetlenll sziletés atan

koldokzsinor artérias vééb meghataroztuk annak pH és basis excess (BE)é&trtéiajd az
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antioxidans glutation (GSH), szuperoxid-dizmuta®@3, kataldz (CAT), glutation-peroxidaz
(GP) szinteket, valamint az oxidativ stressz méttéjelzs lipid peroxidacot (LP). A
statisztikai analizis Student féle t-probaval tétte

Ujszilottkori légzésfunkcid mérése

Prospektiv vizsgalat soran klinikdnkon 42 egyebdsseghl, terminusban sziletett
(PVN=19, SC=23) egészséges, tinetmentes Ujszidgwrendszeri Zrs meghatarozasa
tortént FOT-tal természetes alvas alatt, etetégttién, az el§ 3 életnapon. A vizsgalat alatt
a vitalis paramétereket és az €raturaciot monitorizaltuk. Alacsony amplitudogR (hPa)
alvéletlen kényszeritett oszcillaciot a 8-48-Hzkdenciatartomanyban szamitégépvezérelt
hangszoréval generaltunk, és ezt szuperponaltutoatdn légzésre. A Zrs mérését az un.
hullamc$-technikaval, a spirogram felvételét pedig pneuriobdgrafiaval végeztik. Az
atlagos vizsgalati il 0jszulottenként 15 perc volt, melyben 5 - 7, edyget 30 s hosszu
felvételt, s ezekdl spirogramot is készitettlink. A Zrs frekvenciafégét tobb Iégzési ciklus
atlagértékeként mertik, és a Zrs spektrumokbodl iibeleztéssel hataroztuk meg a
légzorendszer rezisztiv (Rrs), elasztikus (Ers) és imdiits) paramétereit. A Zrs értékek
oszcillaciés frekvenciatdl vald fuggéseét a PVN € jan sziletett Ujszulottekben, valamint
a Zrs paraméterek intraindividualis, azéeBséletnap soran bekdvetkevaltozasait a kétutas
ismételt méréses ANOVA modszerrel értékeltik ki.

Eredmények

Macrosom ujszulottek vizsgéalata

A vizsgalt két év alatt 5738 Ujszulott felelt mefpevalogatasi kritériumoknak, etib
410 (7,1%) volt macrosom. Az anyai cukorbetegsé@yadenciaja szignifikansan magasabb
volt a macrosom csoportban a kontrollhoz képest5@b0vs. 6,6%). A csaszarmetszéesek
szama a macrosom csoportban 202 (49,3%), ami fk@msan gyakoribb a kontroll
csoporthoz képest (1898; 39,9%). A fil-leany aranypacrosom csoportban 2,15:1,0; ezzel
szemben a kontroll csoportban gyakorlatiiag megagyeolt (0,95 : 1,0), ami szintén
szignifikans kulonbség. A macrosom Uujszulottek Koz@rnek (17,0%) volt a koldokzsinér
vér pH-ja 7,2 alatti, de csak 4-nek (0,9%) voltlattaaz 5 perces Apgar-értéke. Il. vagy lll.
szinfi intenziv Ujsziulétt osztalyos (NIC) felvételre Z,1(%) esetben kerllt sor, s szintén 21
(5,1%) ujszulott igényelt légzéstdmogatast. Hypoagmia 25 esetben (6,1%) forduld &

macrosom Ujszulottek kézott, mig a kontroll csopant ez szignifikansan kevesebbszer (138;
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2,9%). A szilési sérulések kozul nem volt szaméttkilonbség a kulcscsonttérés és a
cephalhaematoma gyakorisdgaban, a mellékvesevéizgent szignifikansan magasabb
aranyban fordult él a macrosom Ujszulottek kozott (4; 0,98% vs. 75%)L A macrosom
csoporton beltli alcsoportokat dsszehasonlitvaO® 4bfelettiekben szignifikansan gyakoribb
volt a kulcscsonttorés, a 7-nél alacsonyabb 5 peAggar-érték és az Ujszulott intenziv
osztélyos felvétel éforduldsa. A diabéteszes és nem-diabéteszes anyabdrosom
Ujszulottjeit 6sszehasonlitva statisztikailag siilgansan tobb volt a hypoglycaemia,
hyperbilirubinaemia és cardiomyopathia a diabéteszeportban.

Oxidativ stressz paraméterek 6sszehasonlitdsa

Az oxidativ stressz mértéekét mutatd LP szignifikhinsalcsonyabb volt az EA
csoportban a kontrollhoz képest (4,0+1,5 vs. 6%¢I)° nmol/mg protein). Az
antioxidansok kozul a GSH (5,15+0,48 vs. 7,75t6®I/mg protein) és a CAT (9,65+0,98
vs. 14,08+1,2x10 BU/mg protein,) enzimaktivitas értéke szignifikansalacsonyabb volt az
EA csoportban a kontrollhoz képest. A SOD (2,68608. 3,2+0,38 U/mg protein) és a GP
(3,65+0,43 vs. 4,5+0,52xT0U/mg protein) szintje is alacsonyabb volt az EApstban, de
ez a szignifikancia hatarat nem érte el. Az EA ostiqa tartozé Ujszilottekben az artérias
koldokzsinorvér pH és BE értéke szignifikansan stagabb volt, mint a kontrollokban.

Ujszuléttkori légzésfunkcio mérése

42 kozil 7 djszulottet zartunk ki a vizsgalatb@hezitett orrlégzés (3 eset), arcmaszk
intolerancia (3 eset), vagy arcmaszk melletti |észgkés (1 eset) miatt. A vizsgalat alatt
vagy azt kdveien nemkivant reakcidét nem észleltlink. A Zrs frekvafliggése az egészséges
felnéttekéhez hasonl6é lefutasa volt egy oktdvval madastbnszpoziciéval, a kezdeti
csokkenést 12-20 Hz kordli platd kovette, a PVN &sCS csoportok kozétt a
frekvenciafiggésben nem volt kilonbség. A PVN ésvalSszilletett Ujszulottek k6zott nem
volt szignifikans eltérés az Rrs (47,0+20,1 vs.8422,6 hPa.s/l) és az Ers (1617+730 vs.
16061780 hPal/l) tekintetében sem. Az 1., 2. édeBnapon ismételt mérések sordn az Rrs és
Ers paraméterek az Ujszilottek ~40 %-aban jésenhaprél-napra torténingadozasat

tapasztaltuk.
Megbeszélés

Macrosom ujszulottek vizsgalata
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A macrosom Ujsziléttek, kevés kivééleltekintve, j6 altalanos allapotban szulettek,
sulyos szUllési sérilés nem fordulé,ehminek hatterében a fokozott odafigyelés ill. & C
szignifikansan magasabb aranya allhat. Ennek ellen& kell iranyitani a figyelmet az
altalunk észlelt mellékvesevérzés gyakoriblbfadulasara a PVN szlletett macrosom
Ujszulottek kozott. Egyeértelineredményként kdnyvelhetjik el, hogy a modern szt és
gyermekgyogyaszati klinikai gyakorlat a macrosomzijottek korabban észlelt sulyosabb
szowdmeényeinek élfordulasat jeleritsen csokkentette. Mindemellett tovabbra is kiemelt
figyelmet igényel elsorban a 4500 g-ot is meghalado testtdimggzilottek vilagrahozatala
és kozvetlen neonatoldgiai ellatasa, melyben a msaakprotokollok betartasa mellett
individudlis helyzetfelismerésre és 0Osszehangolyltidiszciplinaris teammunkara van
szikség.

Oxidativ stressz paraméterek 6sszehasonlitasa

Az epidurdlis érzéstelenitésben részesiilt anyaKildigjei az oxidativ stressz enyhébb
fokat mutattdk, mint a fajdalomcsillapitasban ne¥szesiilteké, ugyanakkor, az antioxidans
szintjuk a vizsgalt paraméterek alapjan alacsonyath s szignifikansan gyakoribbnak
mutatkozott az acidézisd@brdulasa - klinikai széddmeények nélkul — ebben a csoportban. A
csokkent lipidperoxidacié ugyan kedverk finik, mégsem szabad megfeledkezni a
mérsékeltebb antioxidans kapacitasrél, ami — tolkigdott - a hypoxias allapotokat koget
reperfliziés oxidativ stressz elharitasaban jét&ggel birhat. Mérési eredményeink tovabbra
is ramutatnak, hogy keresni kell az optimalis atényszikséges oxidativ stressz és annak
kompenzalasi mechanizmusai kdzott.

Ujszuléttkori légzésfunkcio mérése

Sziletést kovét elsy napokban tortéh légzésfunkcidos vizsgalatokat ékent
alkalmazva Ujabb ismereteket nyertink egészségesildjtek légarendszeri allapotarol.
Osszehasonlitottuk a PVN ill. CS atjan vilagrajéiszulottek |égzésmechanikai adatait,
elsbsorban az irodalomban ismert CS-t kdvigtgzészavarok gyakoribb incidenciajanak sajat
modszerinkkel torténellersrzése céljabdél. Jelen vizsgalatban nem talaltukétecsoport
légzorendszeri paraméterei kozott szignifikans kiiloneséd;j 1égzésfunkcios normal értékek
meghatarozasa elengedhetetlen a patolégias alkadtwaldé 6sszehasonlitashoz. Méreési
eredményeink ezenfelil a neminvaziv vizsgalatokntiranbvekw igény miatt is

eléremutatéak, a modszer klinikai értékének felbessiliéz tovabbi vizsgalatok sziikségesek.



