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Zusammenf assung

Einleitung
Weltweit ist Fringeburtlichkeit ein groRes Gesundheitsproblem, da sie die

Haupttodesursache von Neugeborenen darstellt. Die Rate an Friihgeburten steigt seit Jahren
an,ebensadie Uberlebensrate der Kinder aufgrund von Verbesserungen in der neonatalen
Versorgung. Da immeamehr frihgeborene Kinder tberlebspielendie Auswirkungen auf

die kindliche Entwicklungeine immer bedeutendere Rolle

Wehenhemmer werden schon lange zur Verlangerung der Schwangerschaft eingesetzt,
trotzdem gibt es wenige Studiedie sich mit ihrer Whkung auf die neurologische

Entwicklung der Kinder beschaftigen.

Material und Methoden
Mit einer retrospektiven Datenanalyse haben wir den Einflaegzwei wehenhemmenden

Mittel auf die Langzeitentwicklung der frihgeborenen Kinder analysiert. Zusatatmnh

wir die Entwicklung der Kinder verglichenderen Miitter entwedeftandard oder
Erhaltungstokolyse erhalten haben. Die mitterlichen und kindlichen Daten wurden aus den
Krankenakten des LKH Graarhoben Unsere Hypothese war, dass es keinen Unterschied
zwischen den Wehenhemmern oder der Art der Tokdiysgchtlich der Entwicklung der
Kinder gibt. Die Langzeitentwicklung der Kinder wurde anhand der mit 2 Jahren

durchgetihrten Bayleys Entwicklungstestung (BSID) erhobenen Daten analysiert.

Resultate
Die statistischen Tests zeigten keinen signifikanten Unterschied in den Ergebnissen der

Kinder, die intrauterin Hexoprenalin odé&tosibanausgesetzt waren. Auch ob die Mutter
Standard oder Erhaltungstokolyse erhieltemeigte keinen Einfluss auf die kinche
Entwicklung. Die Gultigkeit der statistischen Tests wurde leider durch die kleine Anzahl der
untersuchten Kinder beeintrachtigt.

Fazit
Tokolyse wird haufig eingesetaim eine Schwangerschaft zu verlangern, jedoch kann die

Behandlung potentiell Muttemd Kind schadigerKeines der irunsereStudie verwendeten
Tokolytika scheint vorteilhaft irBezug auf die kindliche Entwicklungdm die Effekte der
Tokolyse auf die kindliche Langzeitentwicklung zu demonstriesemden weitere Studien

mit einer groRen Studienpopulation bendtigt.




Abstract

Introduction
Worldwide preterm birth is a major health probldnis one mairfactor for neonatal deaths

wherebypremature delivery rates are rising. Fortunatedical supporhas made a lot of
progress in neondtaare over the past decades and therefore also the numbers of survivors
arerising. At the same time the effects on leegm outcome oinfantshas an increasing
impact Tocolytics have been used for a long time to prolong pregnancy but still there are
few studi es on t meonathrlongtérmeuredevielepmént. on t he

At the moment in Austria two medications are used for tocolysis: Hexoprenalin and
Atosiban Studies have shown that both are effective in delaying birtAtostbanshowed

fewer sde effects. There are few studies on the {@rgr neurodevelopmental outconre

regard tamedicationin prematurenfants

Material and methods
In this retrospectivestudywe analyzed the impact tiie two tocolytics on the longerm

neuralevelopment opreterm infants. Furthermore we compared the neurodevelopmental
outcome ofmeonatesvhose mothers received standard or maintenance tocolysis. Maternal
andneonatadatawereretrieved frommedicalrecords of the Universitiospital of Graz

We hypotheszedthat there is no difference in the outcomenebnatesiependant on the
tocolytic drug or typeThe BSID-Il was usedo define neurodevelopmentaitcomeof

infantsat the age of 2 years.

Results
The statistical testdid notshow any significant differa in the outcome of infants who

were exposed to Hexoprenalin Atosibanin utero.No effect on the neonatal long term
development was seen betwaeaintenance or standard tocolysidhas to be noted thete
validity of the test was impacted by the simamber ofinfantsincluded.

Conclusion
Tocolysis isfrequentlyused to prolong pregnancy until thé"3geek of gestation bugould

potentially harm mother and chiléNone of the used tocolytic agents administration
protocol used in our study was proven to be superior in regard to infantile
neurodevelopmental outconfeurther trials withlargerstudy population would be needed

to evaluate the effects of tocolysis on the infantile {taTgh neurodevelopment.
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Abbreviati on

ADHD
BPD
BSID
ca*
cAMP
CCB
cGMP
CLD
CNS
COX
CP
DQ
ELBW

i.V.

IRDS
IVH
LBW
MDI
NEC
NICU
p.o.
PDI
PPROM
PVL
ROP
SIP
VLBW
WM

Attention deficit hyperactivity disorder
Bronchopulmonary dysplasia

Bayley Scales of Infant Development
Calcium

cyclic adenosine monophosphate
Calcium channel blockers

cyclic guanosine monophosphate
Chronic lung disorder

Central nervous system
Cyclooxygenase

Cerebral palsy

Development quotient
Extremely low birth weigth
intravenous

Intelligence quotient

Infant respiratory distress syndrome
Intra ventricular hemorrhage

Low birth weight

Mental development index
Necrotizing enterocolitis

Neonatal intensive care unit

per 0s

Psychomotor development index
Pretem premature rupture of the membranes
Periventricular leucomalacia
Retinopathia of prematurity
Spontanous intestinal perforation
Very low birth weight

White matter

1C



Li st of figures

Figure 1: Comparison of intrauterine (continuous line) and extrauterine (discontinuous

line) growth per gestational week. (3).........ccooiiiiiiiiieee e 15
Figure 2: Causes of neonatal deathsS.(4).......cccooveiiieiiiieeeiiii e 16
Figure 3: Precursors of preterm delivery.(6)..........cccceeeiieiiiceeciiiiciiiee e eveeenn 17

Figure 4: Trend of spontaneous and intkdgporemature labour rates over 10 years.. ()
Figure 5: Mode of action of different toCoIytiCS (12).........coevveeiiiiiiiiccceiieieees 20
Figure 6: Survival rates per gestational week in various countries.(31)................. 23
Figure 7: Percentage of neonates in need of oxygen, with BPD, Pneumothorax and IRDS in
relation to birth weight registered in the Verm@nford Neonatal Network &abase in
2000 (B3).tueeieeeei ittt it e e e e e eee e e e e e e a——— e ———eee e e e e ———eeeaant e e e e aarrrraeeeeaannes 25
Figure 8: Percentage of neonates with NEC and intestinal perforation in relation to birth
weight registered in the Vermo@txford Neonatal Network Database in 2000 (33)...26
Figure 9: Percentage of neonatavivVH grades IV and PVL in relation to birth

weight registered in the Vermeftxford Neonatal Network Database in 2000 (33)...27
Figure 10: Percentage of neonates with ROP grddeih relation to birth weight

registered in the Vermor@xford Neonatal Network Database in 2000 (33)............. 28
Figure 11: Different subgroups and their mean scores in the MDI and PDL(36)....32
Figure 12: Cognitive development in term infants exposed to tocolysis with- beta2

adrenergic agonists compared to unexposed iNfants.(54)...........uuvveriiieemivvvrviineennne. 39
Figure 13:Flow-chart of child eligibility................cccoorriiiii e 43
Figure 14: Mode OflEliVErY...........covviiiieiiiiii e eeesriss e e e e e eeeeennn 4O
Figure 15: Percentage of infants born per gestational. week.............ccccovvceevvvvinnnnn. 48

Figure 16: Number of infants with developmental impairments at the age of 2 per
QESLAtIONAI WEEK.......eeeieiiiee et eeee e e e et e et eennnees 52

Figure 17: Number of infants with developmental impairments at the age of 2 per tocolytic

Figure 18: Number of infants with developmental impairments at the age of 2 per standard
and MaiNteNANCE tOCOIYSIS. .......oiiiiiiiiiiitieeer bbbt eeeeeb b e e e e e e e e aaeaeeeeenan 53
Figure 19: Number of infants affected by impairments in the BENPental development

teSt PEr tOCOIYEIC AIUQ......coveiiiii et e e e e e e e e e e e tsmmmnanaans 54
Figure 20: Number of infants affected by impairments in the BEEychomotor

development test Per tOCOIVEIC ALUDG .. ..uvvriiiiiiiiiiei e 55



file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872934
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872934
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872935
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872936
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872937
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872938
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872939
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872940
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872940
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872940
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872941
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872941
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872942
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872942
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872943
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872943
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872944
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872945
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872945
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872946
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872947
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872948
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872949
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872949
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872950
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872950
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872951
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872951
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872952
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872952
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872953
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872953

Figure 21: Number of infants affected by impairments in the BENl)ental development
test per standard and maintenance tOCALYSIS...........uuuvieiiiieeeiiiiiiiiiiieee e 55
Figure 22: Number of infants affected by impairments in the BEEychomotor

development test per tOCOIYLIC ALUG.....ccoveieeeeeiieiiieieeee e 56

12


file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872954
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872954
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872955
file:///C:/Users/tschabus/Desktop/Diplomarbeit_Tschabuschnig_final.docx%23_Toc473872955

Li st lodstab

Table 1: Correlation between birth characteristics and intellectual disability.(40)...35

Table 2: Comparison between infants exposed to ksteghergic agonists and glycerol
trinitrate PALCNES (52).....ccoiiiiiieeeii et e e e e e e e e e e e anenrnnee e 40

Table 3: One way analysis of variances to analyze the differences in maternal demographic

data between the Atosiban, Hexoprenalin and combined group............cccooovieee 44
Table 4: Maternal daographic data...............ooooiiiimmn e 45
Table 5: Birth Within 48 NOUIS........ooooiiii e 47
Table 6: Infantile demographiC data.............coooviiiiiiiccci e 49

Table 7 : One way analysis of variances to analyze the differences in infantile demographic

data between the Atosiban, Hexoprenalin and combined group.............ccoovvveee..... 50
Table 8: Mean Bl and MDI SCOIES........couiiuiiiiiieeeiiieemeite et 56
Table 9: Motor developmeNnt > 2 YEAIS...........uuuvuuiiiiiireeeerirre e e eneea s 58
Table 10: Language development > 2 YEAIS.........uciiiiiiiiicceeiiiie e eeeee s 59
Table 11: Behavioural/social development > 2 years............ccccvvvvimemnniiciiiiiinnnnne 60

13


file:///C:/Users/KT/Desktop/Diplomarbeit_Tschabuschnig28.1.17.docx%23_Toc473405843
file:///C:/Users/KT/Desktop/Diplomarbeit_Tschabuschnig28.1.17.docx%23_Toc473405844
file:///C:/Users/KT/Desktop/Diplomarbeit_Tschabuschnig28.1.17.docx%23_Toc473405844

1 I ntroduction
Worldwide preterm deliveries are a main health issue and cause millions of child deaths

every yearFurthermoe the numbers of pmmature birthsareincreasingin the last years.
Internationally the numbers of preterm delivery range from 5%b. Fortunatelythe chance

of survival of prematurenfants is rising but thatgoes along with rising numbers of
morbidity. Premaure neonates face a higher risk of diseases in the first months after their
birth because theirrgans are more vulnerable itgury or infection.In the past few years

also more and more effects of premature births on the-teng development can be
observed.Several studies found higher risksredurodevelopmentatipairments in all age
groups and behavioural and social issues at adolesdgnitecan bedelayed by different
tocolytics toal | ow t he ito maunet hé mainragnaah e apptioa of
tocolyticsshould be thebestinfantile outcome with fewnaternakide effects

The aim of thisstudy was to compare two different tocolyticand standard versus
maintenance applicatido investigate|f there areany differencein thelong-termoutcome

of child developmentThe results were measured at the corrected age of 2 by using the
Bayley Scales of Infant Developmeith this retrospective data analysis we received

valuable information on the impact of tocolytics on the toergn developrant ofinfants(1)

1.1 Preterm birth

1.1.1 Definition
The WHO definespreterm birthas everylive delivery before the 37tlgestational week

Premature delivergan be further split up intmoderate late preterm from he 32nd until
the 37th week very preternfrom the 28th until th&2ndandextremelypreterm before the
28th week of gstation(1)
Neonates can also be classified by birth weight:
71 low birth weight (LBW) < 280g
1 very low birth weight (VLBW) < 15009
1 extremely low birth weight (ELBW) < 1000g
It is also possible to make a relation between weight and gestational age. There are
population basetbetal growth barts which show the average weight range f@statimal
age Neonates which are smaller than the 10th percentile are called small for gestational age

and above the 90th percentile they ea#ledlarge for gestational ag8irth weight is an

14



important factorfor neonatal mortality and morbidityhis is thereason thaa lot oftrials

arebased omweightrather than omgestationalveek.(2)

Birth weight

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Gestational week
(wk)

Figurel: Comparison of intrauterine (continuous line) and extrauterine (discontinuous line) ¢
per gestational week. (3)

1.1.2 Neonatal deaths
The three leading causes for infant mortality are infections, complications of preterm birth,

and intrapadm-related neonatal deatha/orldwide preterm labour is the leading cause of
newborn deaths and famfantsunder the age of B is the secondeading cause of death
after pneumonigl). Furthermore preterrirth adds upwith other risk factors (for example
infections)contributingto even more deathB numbersevery year approximately around
1 million infantsdie due to preterm birth complicatior{8)

In the USA preternbirth rates are around 4&3%, in Europe the numbers differ between 5
9%. Austria has one of the highgstemature delivery rates in Européhélnumbers are
steadily rising since 1991 and in the year 2014 they wered8t.13), (4)
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The problem also causes a lot of stress on the health care S3stespecially very preterm
born infants need much more care and are longer hospitalihkedeconomic consequences
are enormoud-or example the nthcal costs for extremely pretefnirth make upmore than

33%, while theyrepresent onl$% of prematuredelivelies

other Neonatal sepsis
r
11% o
- 15%
Conzf/nltal_ —
0 _pneumonia )
10% _ Infections
% 29%
N _Diarrhoea
‘ e
Asphyxia__ ¥y —_Tetanus
2%
23% .

_Preterm
29%

Figure 2: Causes of neonatal deaths (4)

80% of pretermdeliveries occur between thetB4nd 37h gestational weekDuring this

time sparsurvival rates araround 99%. Very preterm births make ug/d&nd extremely
preterm birth just % of all preterm births, but these two groups are the reason for most
neonatableaths(3)

While preterm birth rates are rising neonatal deatlesdecliningdramaticallybecause of

the effort put into antenatglerinataland postnatatare of the mother and balg{)
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1.1.3 Risk factors of preterm birth
There are3 mainreasonsof preterm deliverymatenal or Petal indications(30-35%),

spontaneougpretermlabour (40-45%) and preterm premature ruptu(@PROM) of the
membrane§25-30%). Preterm premat@ rupture of the membranissdefined as the rupture
of theamnioticsacbefore the 3th week of gestadn andmust occuat least 1 hour before
birth.

Delivery because of
maternal or fetal

Spontaneous ’
infections

preterm labour

Premature preterm rupture
of the membranes (PPROM)
Preterm labour

Figure 3: Precursors of preterm delivery (6)

The beginning of eterm labours defined aghe onsebf regularcontractions before the
37th gestational weekccompanied bghanges in cervical length.

There are a couple ask factors for prenatureddivery and at the moment it looks likeis

a mix of multiple mechanisms for exampitdlammation, uteroplacentddaemorrhage or
ischemia, uterine over distension, stress smchunerespamses.In most cases is not
possible to identify one singteasorfor the onset of preterimirth.

Women of AfricanAmerican and AfricarCaribbean heritage have a higher risk of preterm
delivery than white women. Asian women have a higher risk of small for gestational age
deliveries without higher rates of preterm bir&nother interesting factor is thatomen

with higher income usually deliver more likely on term. The reasons behind these
demographical and social differences are not well understood and there clear

conclusionon the reasons for these risk factges (3)
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Several sudieshaveshown that women who become pregnant within 6 monththefast

delivery are two

times more likely to deliver preternpossible explanation is that the

uterusis notbackin its normal sate again and migistill beinflamed In addition the mother

has notyetachievechormal levels of vitamins, minerals and amino adidemen who have

already had a pret@ birth also often deliver earlier the second tilf2g, (6) A low BMI

andlow levelsof z

inc, iron and folate are also risk factof8) Statistically 606 of twins and

almost all higher multiple gestati@re born toearly. A very important factor is intrauterine

infectionbeing the estimated reason for premature lalwoR8-40%. (5) If preterm delivery

occurs between the &land 24h week of gestation almost all histological examinations

confirm a chorionamnitiswhile betweerthe 35h-36th gestationaiveek only in 10 these
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Figure 4: Trend of spontaneous and indicated premature labour rates over 10 years. (6)
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results can be founVomen wih bacterial vaginosis deliverslto 3 times more often early,
another interesting aspesittha in AfricanrAmericanwomen in the USA bacterial vaginosis
occurs 3 times more often and this could be a possible explanatite toigher premature
birth rates in black women. Shortening of the cervix under 25impohy an increased risk

of pretermlabour Morerisk factorsinclude vaginal bleeding, oligoand polyhydramnions,
maternal abdominal surgery, maternal medical disorders like thyroid dysfunction or high
blood pressure, previous procedures on the cervix like cone biapsgrmalities oftie
uterus stress, smokinggocaine heroin, cervical insufficiengytrichomoniasisand ahigher

frequency of contractia(3)

1.2 Treatment of causes leading to preterm birth
There are several different guidelines for diegjsand treatment of preterm labour and there

isno first line drug for tocolysidn this chapter | will discugscolysis andhe most common

tfreatments

1.2.1 Prevention and diagnosis
The best option to preveptemature labous to eliminate the risk faots described in the

chapter before, especially the ones which can be easily changed by lifestyle modification.
Before any kindbf treatmenis given the diagnosis of preterm labour has tacbafirmed

After the 18h gestational week all abdominal andye symptoms shoual be handled as
warning sigls. Regularcontractionschanges in cervical length or dilatatiand a foetal
fibronectintestlead to the diagnosiflterine contractions occur also in women who are not
going into labour andhereforepremdure deliveryis oftenover diagnosedAfter preterm
labour is confirmed ishould be investigated if there are any contraindications for prolonging
pregnancy,for example infections or inflammation¥he mainaim of tocolysis is to
minimise child mortalig and morbidity.Still there is limited evidence that prolonging
pregnancy has any benefits on the f aoutdordedt is possible to prolong pregnancy for
48 hours and if needed even lond8y, (9)

1.2.2 Non-medical treatment
One of the essential things dois to minimize physical activityIf the contractions are

secondary due to another cause, the pgroaes should be treatefirst. There are several
possibilities for primary causes such as uterine infection, systemic medical conditions like
thyroid dysfunctions or physiological problems like cervix insufficiency. In case of cervix

insufficiencyit is possible to do a cervixetclage oto inserta cerclaggessary(8), (9)
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1.2.3 Medical therapy for inhibiti  ng labour
There are several different druggilable to inhibit labour and they also vary from country

to country. In every case there a personal declssno benade to fipp a t | reeds. the
primary aim oftocolysisto delay pretermbirth for morethan 48 hours sihatglucocorticoids
can be appbd which significantly reduceespiratory distress syndrome infants.
Furthermore, it is important to allowfurther growth and maturity of the foetuses ofigans.

second aim is to transfer the mother twoapital with a special care unit for neonates

1.2.4 Cellular pathway to uterine contraction
Cells of the myometrialtissue regulate contractions by changing the intracellul&+Ca

concentrationTocolytic drugs can influendga2+ chamels, cyclic adenosinnmophosphate

or cyclic gganinmonophosphatég), (10)

[Nitric oxide donors |

Adenylyl cyclase .
< l Myometrial cell

Phosphate

‘ B-Adrenergic— r Sl
| receptor agonists o cAMP : \
\ /‘ N&i Myosin phosphate Voltage-regulated
Ca2* channel /)
ATP Myosin light-chain kinase -
B-Adrenergic T

receptor ;
P Sarcoplasmic
reticulum

Stimulatory G protein

Ca?'—calmodulin «—— ca2*

(( Prostaglandin complex : R
\  receptor BIBs = g
S D) IP3 and Ligand-regulated
e | M ey diacylglycerol c

: . =
Prostaglandin —— / Ca™ channel Calcium-channel blockers J

_ Magnesium sulfate
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Arachidonic acid
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Figure 1. Sites of Action of Commonly Used Tocolytic Drugs.

COX denotes cyclooxygenase, PIP, phosphatidylinositol triphosphate, IP; inositol triphosphate, cAMP cyclic AMP,
and cGMP cyclic guanosine monophosphate.

Figure 5: Mode of action of different tocolytics (12)

1.2.5 Beta2-adrenergic agonist s
Since about 40 yealsta?2-adrenergic agonistsave been used &rrest preterm delivery.

Beta2-adrenergic agoniseceptors can be found mainly in peripharabothmuscle tssue,
like the uterus, bronchjdlood vessels and the intestinesthese tissuelset&?-adrenergic
agonistsincrease cycli@ddenosinmonophosphateAMP) andthereby increase irdcellular
calcium and phosphomdion of myosin light chain kinase, which inhibits contractidrie
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most common adverse effects are tachycanyipokalaemia, hypoglycaemiahiveringand
dyspnoeaUsually beta-adrenergic agonistare applied for 48 hours biitis possible to
administetthem longer, though there are no studies confirming any bemefaégard tadhe
maternal or foetal sid&here are many diérent beta-adrenegic agonistaised worldwide,
for example ritodrine, salbutamdinoterol, hexoprenalin and terbutaénin our study
Hexoprenalin(Hexoprenalip was applied intravenolys (i.v.). Hexoprenalin has shown
fewerside effects than othéet®-adrenergic agosts (11), (12), (13)

1.2.6 Oxytocin receptor antagonists
Oxytocin receptor antagonists weame of the few drugspecially developed tprevent

preterm labour. Oxytocireceptors can be found in the mammary gland, the myometrium
and the endometriunT hesetocolytics block oxytocirreceptorsaand therebyrevent a rise

in intracellular calcium which prevens uterine contractions. The masimmon sile effects

are nausea, vomiting, chest pain, headache and hypotension. There were two drugs created
Atosibanand barusiban, but barusiban failed to show sigmfiedfects in clinical trials.
Atosiban (Atosibar) was the second tocolytic drug @w i.v. to patients in this study.
Atosiban has shown similar effectiveness on prolonging pregnascyeta-adrenergic

agonistswith fewermaternakide effects(14), (15)

1.2.7 Nitro vasodilator
Nitrovasodilatorshave been used for delaying labour since more than 100 ésrsnost

commonly used for delaying laboig calledglyceryl trinitrate. The data is limited and
conflicting, henceglyceril trinitrate is notcommaly used for the prevention of preterm
labour.(16), (17)

1.2.8 Calcium channel blocker (CCB)
The most frequently used tocolytics &8€B but theyare notofficially licenseal for this

purposeyet They reduce the intracellularatcium concentration and thereby relax the
muscle tissue of the uteruBlinical trialshavereportedequivalent efficacy ohifedipineto
traditional tocolytics. Furthermongatientstreated with nifedipia have shown fewer side
effects tharbet&-adrenergic agonistblost frequent side effects are hypotension, headache,

tachycardia, anxiety, vomitingalpitation and flushing18)

1.2.9 Cyclo -oxygenase (COX) inhibitors
COX inhibitors decrease prostaglandin productihich usually enhances the number of

gap junctions in myometrial tissue and also increases intracellulax €mcentration.

Indomethacin is aonspecifiacCOX inhibitor and the most commonly used one as@lytc.
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In some clinical trials a significantelay in delivery could be displayettd COX inhibitors
have shown fewer maternal side effetizn other tocolyticsCOX inhibitors should never

be applied after the 88 week of gestation to prevent closufdlee ductus arteriosushére
have been reportsf neonatal renal failure after exposure to COX inhibitors and this also
needdgo be inquiredn a clinical trial.(19), (20), (21)

1.2.10 Magnesium sulphate
Magnesium has been described to have a tocolytic @fféed studies in the 1980s bilie

resultscould notbe confirmed bya Cochranesystematic review later orurtherstudies

even ascribed an increase of neonatal mortality. As there are no benefits and severe side
effects magnesiumhsuld not be used as a single agent tocolytic thetapgn be given as

a neuroprotective agent in women with preeclamgiagh.Magnesium sulphatean also

be used to redudbe risk of cerebral palsy22,23)

1.2.11 Oxytocin receptor antagonists versus beta2-adrenergic
agonists
In our following study Atosibgran oytocin receptor antagoniahdHexoprenalinabeta-

adrenergic agonistere used rad | will now focus ornthese two groups comparisorin

clinical trials.

Both have shown their efficacy in delaying birth by 48 haniiseveral studiedNone of the

two tocolytics could displagny benét in comparison to placebo for infant mortality and
respiratory distress syndrome.

Atosibanshowed fewematernal side effects, especially for the cardiovascular sy3teen

t r i al Evidefice ®egarding Maintenance Tocolfisis hshosvn that subcutaneous

infusion ofAtosibanor Terbutaline (det-adrenergic agonist) is beneficialt@mintenance
tocolysisThe study #fAA pr os p eAtosibanversus hexoprenatinedoe d t r |
acute tocolysis and i nt r auAtosibamandehexopeegalins c i t at
were similar in efficacy for tocolysigtosibanhad fewer side effects but uterine contraction
sustained faste(24), (25), (26), (27), (28)

1.2.12 Standard versus long -term tocoly sis
Usually tocolysis is given for 48 hours but treatment can be prolongedhefunterine

guiescencés needed.
There are some main problems wathaluatingthe effects ofocolysis:
1 diagnosis of preterm labour

1 gestational agplay an important role in delaying labour
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1 benefit/harm rationight depend on gestational age

1 cause of pretrm labourareimportant for thanfantile outcome
Thereisnote nough evidence to support maintenance
shown anybenefitsof the neonatal outcomigy prolonging pregnancy for more than 48
hours Every case of pretermabour is uniqueghoughand in selected cases maintenance
tocolysis could be beneficial. Further triisuld be needed arghould be prospective and

include neonatal outcomes depending on gestationa({Zgje.

1.3 Complications following premature birth
There are many perinatal and postnatal complicatffiestingpreterminfants. Here | will

only discus a selection of the most important conditionéich we also investigated the
course of thisstudy With higher sirvival rates of premature infants also more postnatal
complications have to be expectdi®onatal intensive care un{ftdICUs) have a significant
effect on infant survival rates bittis hard tofind these care facilities in rural areas. One of
the mosimportantfactorsis the early identification of highsk pregnancies and the referral

of thesewomento a specialisedentre

1.3.1 Mortality
As mentioned before dd mortality is much higher in preterm infants. With every

gestational week the survival ratereasesSurvival ratediffer from countryto country

-4--EPIPAGE 2 (France, 2011) --4--KKH (Singapore, 2000-2009)
@--EXPRESS (Sweden, 2004-2007) PBFT (Taiwan, 2007-2012)
s— EPICure (UK, 2006) —&—NICHD NRN (US, 2008-2011)

—&—NRN (Japan, 2003-2005)
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90%

80%

70%

60%
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14,]
o
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R
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Figure 6: Survival rates per gestational week in various countries (31)
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mainlybecause of different definitisiof life birth, collection of data, ascertainment of death
and selection of whicmfantswill be included. A very important factor for the differences

in mortality rates internationally is that there are many different standards on active treatment
versus comfort treatmerdspeciallyfor the youngesnfantsborn before the 24 gestational
week.A study, which included only infants receiving active treatmenind, that at the 22d
gestational week 28 and at the 28 week already 3% survived(29)

1.3.2 Lungs and respiratory system
Normally foetuses start breathing movements where thagdnexhale amniotic fluid at the

10" gestational week. Betwedhe 30" 32" gestational weekthe foetal lungs start to
produce surfactant factor, which is a lipoprotein egdlices surface tension in the alveoli

and helps to keep them op€80)

1.3.3 Infant respiratory distress syndrome
Infant respiratory distress syndronieDS is common (around 8§ in infantsborn before

the 27" gestational week and develops because & ¢dsurfactant. Symptoms are rapid
breathing,grunting, poor colour, crackling, diminished breathing sounds, retractions of
muscles under the thorax and flared nostii®®S can lead to respiratory failure because of
fatigue, apnoea and hypoxlais treated with respiratory support depending on severity and
surfactant can be applied through endotracheal tubk.reduces mortality by 20, air leak

by 4065% and chronic lung disease bitas notshown any effect ordong term

outcomeg30)

1.3.4 Bronchopu Imonary dysplasia (BPD) and chronic lung disease
(CLD)
The terms bronic lung disease and bronchopulmonary dyspasased synonymols.

Thereare different definiobns of BPD, the most commame is the need of respiratory
oxygen support after the 36th gestational wétels. a chronic disorder which results from
injuries of the fragile lugs of preterm infants. Positi@essure ventilation, gh oxygen
concentrations and infections injure the immature lungs edsily.lungs ofinfants who
suffer from BPDfill easier with mucus and other fluids, tend to trap air and collapse easier.
All of these factors contribute to less lung growth and ldgwveent.
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For treatment of BPD bronchodilators and diuretics are commonly used. There are also
studies on intramuscular injections of vitamin which show modest improvement of
survival rates. Systemic corticosteroids were used before but several staneshown

severdong-term impacts omfants (30)

RDS [ Pneumothorax B Home 0,/BPD

100

e B R

501-750 751-1000 1001-1250 1251-1500

Birthweight (g)

Figure 7: Percentage of neonates in need of oxygen, with BPD, Pneumothorax and IRDS in relatic
to birth weight registered in the VermontOxford Neonatal Network Database in 2000 (33)

1.3.5 Necrotizing enterocolitis (NEC)
NEC is the injury and inflammation of small or largewsts followed by necrosis. The

condition is the second most common cause of deatlednates/% percent of lowbirth
weight infants and% of infants born before the BBgestational weekuffer from NEC.
Symptoms include@bdominaldistensionfeeding dificulties, arterial hypotension and signs

of sepsis.

The most important factor for a good outcome is the early detexdftfdBC. In the beginning

it is sufficient to treat infants with intravenous nutrition and fluid, antibiptiesogastric
suction andphysical monitoring, while more severe cases need surgery ranging from
peritoneal drainage to laparotomy with resection of the infected bowel segmena|After
resection of bowels it could hbat intestinal transplantation might be neetiddr in life.

(30). (31)

1.3.6 Spontaneous Intestinal Perforation  (SIP)
SIP is the tem for perforation of the bestineswithout any demonstrableause.lt is a

frequent problem in preterm infants while there are éely cases of term babies affected
by it.
Theoriesabout the pathogenesielude hypeperfusion due thypoxia or stresddAbdominal

swelling and vomihg are the symptoms a newborn with Spiresents
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Peritoneal drainage can be used as single therapy or to stabilize patients for laparoscopy.
Infants with SIP have better outcomes than those suffering from intestinal perforation
following NEC. (32)
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Figure 8: Percentage of neonates withNEC and intestinal perforation in relation to birth weight registered in the
Vermont-Oxford Neonatal Network Database in 2000 (33)

1.3.7 Intraventricular haemorrhage (IVH)
IVH is the bleeding into the cerebral ventricular system. In neonates born with less than

1500g IVH occurs in around 20and in those with a weight between 500 and 750 g the
percentagesi even higher with 456.
Typically it starts in the periventricular germinal matrix below the lateral ventricles and then
proceeds to bleed into the ventricles. In severe cases the bleeding can dilate the ventricles
and increase intracranial pressure.
Most infants are asymptomatic and the diagnosis is found during routine ultrasound
screening. In severe casesnfants present with abnormalities in tone, movement,
consciousness, eye movement and respiration. The condition can take on a dramatic
dimensionwith coma, seizures, quadriparesis and stupor.
IVH is staged into grades:

1 21-2mild IVH T higherrisk of developmental disabilities

1 3-4 moderate to severe IVHhigherrisk of posthaemorrhagic hydrocephalus,

cerebral palsy and cognitive impairments

Out of he irfants suffering from IVH grade-8 4585% will develop mental deficiencies

and 7%6 of them will depenan special education in scho(33)

1.3.8 Periventricular Leukomalac ia (PVL)
PVL is an injury affecting thessue of the cerebral white matter, which causesosisor

coagulation close to the lateral ventriclésound %% of premature infants with a birth
weight below 15009 develop PVL.
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The condition iouilt by two components: the diffuse and the focal injafyvhite matter

(WM). The focal one consists of localized necrosis deep in the WM and builds cysts while
the diffuse one only affects oligodendroglia.

Focal aspects can be discovered by ultrasound while the diffuseroriietca be det ect e (
The clinicalsymptoms of PVL include spastic diplegia, cognitive betlaviouraldeficits.

The main factorsvhich causd’VL are the immaturity of theascular supply of the WM,
impairment of cerebrovascular regulation, low blood pressure, the vulnerability of
preoligalendrocytes, excitatory neurotransmitters and substances build because of
inflammatory responses.

90% of premature infants with PVL survive the first 28th days but of thesz520develop
cognitive orbehaviourateficiencies later on in life and @will suffer from cerebral palsy.

(30), (34)
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Figure 9: Percentage of neonates with IVH grades-IV and PVL in relation to birth weight
registered in the VermontOxford Neonatal Network Database in 2000 (33)

1.3.9 Retinopathy of prematurity ( ROP)
ROP is aneovascular ratial disorder and the most common disease of the eye in premature

infants. Itoccurs in 9@6 of neonatesvith a birth weight less than 75@md in 4245% of
infantswith a birth weight below 1500g.

Risk factors for ROP are oxygémerapy variations in bloogbressure, sepsis, and acidosis,
low vitamin E levels and light exposure.

The pathological pathway of ROP consists of two phdsssthe retina suffers from a loss
of blood vessels and second they proliferttermally retinal blood vessels start grogin

around the 8th week but they only reach retinal periphery shortlyebbidh. Because of
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the sudderigher oxygen amount in the blood when infants are born premttaressels
stop growing and around the 30tB2nd week starts a hypoxianduced nevasculariation
which can cause scarring of the retina.

Fortunately in 8@ of the cases ROP resolves without any immpant of thenfant® s

eyes.(30,35)
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Figure 10: Percentage of neonates with ROP gradelV in relation to birth weight registered in the Vermont-
Oxford Neonatal Network Database in 2000 (33)

1.4 Child development
As the numbers of preterm born infants and their survival rates are rising, also thertong

complications of thesafantsare increasinglhe main focus has always been the stearn

impairment of he infantsbut as therés a growing number of infantgetting to adulthood

the focus switches to lorgrm consequenceBremature births notlike a disease with

certain symptombut ratheiincreases the risk of certaidwerse outcomes. There are adso

lot of others oci et al , bi ol ogi cal and environment al

developmenand should b&aken into consideration

1.4.1 Bayley S cales of Infant Development (BSID)
The first edition of the BSID was published By. Nancy Bayley in1969 She was an

Americanpsychologist who ctécted data for several years thve normal development of
infantsto standardize a test for infantetween the ages of 1 to 42 monthke second
edition of the BSID was published 993 and the third on@ 2006.(36) There is also a
German version which was published in 2007 and is a revised and adapted version of the
BSID II. For the evaluation of thimfantsin our study the BSID Il in German was used.
Today the B is the gold standard for the psychomaaad mentaévaluation ofnfants

The test should only be used by professionals and includes the evaluationndduke® s

language, cognitive, social, fine motor and gross motor skills. The test consiseeahtin
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parts: the cognitive scale, the motor scale and the behavioural scale. The cognitive scale
assesses early memopgrformance habituation, problensolving techniques, number
conception, classification and categorisation techniques, language sskilsocial
communication techniques and vocalisation. The m&tate evaluates body posture, fine

and gross motor skills, coordination and body control while rolling, crawling, sitting,
walking, running and jumping. The fine motor skills include for exangyhbbing, use of

pens and imitation of hand movements. The behavioural jscljes thenfantd s att ent i o
arousal, task orientation, emotional regulation and quality of movements. The achievements

in the cognitive and motor scale can be leated in sandardized sheetsyhile the
behavioural observation is an atiloln for the other two scales. Information is collectgd b
observing the child before, during and after the test situation in their behaviour towards other
infants their parenflarenal figure and test persoit can be grouped asormal moderately

impaired and well below normallhis behaviouralclassification is also important for
validation of the test situation.

The test situation is especially developed to awaken interest in the sotmlpromote
compliance Although the test is standardizeds possible to be flexible, for example can
order and pace of the tasks be adayptisad t o t
so called PoweTest which means that the tasks areted by theidevel of difficulty and

thatthere are somtaskswhich are extremely difficult to solve arade notexpected to be

solved by everyone. THBSID is based omesults of years of infant and toddler research.

The BSID was developedtodescribe&d i | d6s nor mal devel opment
of life but traditionally was used a lot to identifyfantsat risk. Todayt is very often used

for this purpose in many psychological and paediatitings.There are different methods

to evaluate ac hi | d 6 s devel opment , t he mai n ones
guestionnaires, anamneses, infant neurological examisatitspecially important are

running investigaons of toddler developmertb estimate global cognitive and motor
therapy aims. Andier side effect of the test is that the parents can get a good imsa@ht
theirinfant s st r e n gt h sto sappartheir efarksdepending sn the findings

As mentioned before the BSID was developed to describe norfaatssoit is not ide&to

be used to identify special development disorders, these would need further investigation.

Al so the BSI D cané6t be us e cvetedisabditesbease i nf ar
theseinfantswould experienceisadvantages in the test situatidhe test can be adapted to

a chil dés inhienetpassibie totevaludiedta standardizeananner but it can

be used t o des ourskilssanddo centrol thechpyaimEhe éxaminer ds
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to decide if the test can be evaluatgdstandard measurementsis possible to use the
BSID also forinfants out of the age range but then again no standardized evaluation is
possible but it can be usefbr running investigationThe BSID caralsobe used to evaluate
specific medicalinterent i ons. A doctor can compare a ¢
coevalinfants and allows detecting main development problems and investigating these
further with different tests. Furthermore the BSIxontains information about different
clinical subgroups and their average achieversentthe test. This allows the examiner to
see if a child scores average in its subgroup.
For Austria and Germany there are few references for these special groups because these
data & rarelycollectedsystematially. For the German version the resultsirdints with
medical risk factors from the Heidelberg University Hospital were compaiathtdaswith
the same condition in other countrigh. There could be showhe results correlatg and
meeting the clinical expectations. This shows that the BSIDGerman version is
comparable with the English version.
A medical decision should never be based on solely one diagnostic test like the BSID.
Development tests were signedto document if a child has basic skiilsa defired time
span Infant and toddler tests set milestones which should be achieved in an age group while
intelligence tests are designed to predict the learning aptitude or mental disormifnstef
So intelligence tests correlate the results aoedast later abilities ofnfants while
devel opment tests just show the childés abi
Prediction based on tests performed on infantstaddlers islimited butit is of central
interest. Early childhood examination can predict latelligence if they are based on the
same basic skills as the intelligence tests lateQme trial compared the performances at
the BSID of infants with biological risk factors at the age of 12 months to verbal and motor
performances at the age of 4 Y2ngea@nd another one used the BSID Mental Scale at the age
of 6 month and compared it to the Stanf8idet-1Q Test at the age of 24 and 48 months.
Both of them confirmed a correlation between the outcomes if the® not any
intervention. The performances$ infantswho received suppogimostscoredthe same as
the average in their age group.
Factors which narrow the validity of the tests are:

1 interaction with the parents and their educational background

T the infantés or toddlerbs temper

1 the learning envinoment

T the chil dds motivati on
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1 low testretestreliability
The examiner should have good knowledge of
the field. Very often interdisciplinagams work together in groups and the test situasion i
filmed and docmentedfor evaluation purposeé36)

1.4.2 Execution and evaluation
The parent oguardianshould bepresent all the timéecause sometimes the examiner has

problems to achieve t he c hislodnétrsicttiveaparéeneod r e a c
guardian clearly wherthey should bencluded at a special test.

The test order is flexible and can vary wil
toddler needs a brake the task can belvedafter a couple of mutes.

There are special observation of behaviour itemtheé test which can be observsefore,

during and after the test and mainly focus on social and interaction skills of the child.

The est shoulde minimized to be as short as possibleandtovaryvihn t he chi | d&és
span. Typically it shoul 6t | ast | ongerninfamtaunder3hd agemofdsut e s
months while older ones can take tests up to 60 minutes.

The examiner should take enough time to contact and interact with the childideration

of the childds age before the beginning of
by communication problem§36)
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1.4.3 Examination of infants born preterm
Generally he tasks should correlatettee corrected age of the chilghile the chronological

age shouldnly be notedon the test papelf the infants are older than 24 monthsis

possible to add sonahronological agéasks

Figure 11: Different subgroups and their mean scores in the MDI and PDI (36)

The task areas wesssorted by analysing thefantsin the nom sample group anevery

item-set contains items which can be solved b%% theinfantsand some which can be
solved by only 1%. Sometimes there is advadce nf or mat i on t hat an
categorised in their age group and then the one which stmby si mi |l ar t o
developmentalevel should be choselt.is also possible to start at one age group and to
change it during the test situation if necessary. If a child has special skills in ortadield
examiner cachoose a higher or lowenel for different skills but then the evaluation should

be interpreted with cautio36)

1.4.4 Interpretation
It is the duty of the examiner to put the BSID outcomes into context with the clinical

situation. The final dignosis should be madearsynopsis of thg a t i hestory,inesBSID
results, behavioural observation in different situations, impression of the test situation and
social and cultural situation at home.

The test consists of two main parts, the Mental dlggment Index (MDI) and the
Psychomotor Development Index (PDBoth of them have a mean test score of 100 for a
defined age grouplt is expected thatwo thirds of allinfantswill achieve scores between
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