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®a Ndera va eKPpdow® Bepud TNV ELYVOLOCVVT KOL TIG EVYOPIOTIEG OV GE OGOVG
Bondncav kot pov GLUTAPAGTAONKAY GTNV EKTOVION GLTNG TNG TTUYIOKNG EPYUCING.
[dwaitepa v emPrénovoa kadnynpia Ap. Xpiotidvo NiKoOAGoL Yo TV EvKoupio Tov Hov
£0WGE Vo 0oY0AN0® pE Eva TOAD evOla@EPOV BELA KOt Y100 TNV OUEPLGTY EMGTNLOVIKN
Bonbeia kot kaBodyNnom mov pov mapeiye. Tnv evyopiot® Oeppd yio T1g eEAPETIKA OPEMES
KPITIKEG TAPOUTPNOELS KOTA TNV EMEEEPYATIN TNG GLYKEKPIUEVTG avaoKonnone. TEéLlog Oa
NOeha va gvyaplotnom T supportTpleg pov Kuplaxn Ayncstidov ko Adovpa ITapn yio v
ocuveyn Pondeta, kaBodynon kot cTNPIEN UEXPL TNV OAOKANP®CT) TNG GLYYPAPNS TNG

gpyaciog.



INEPIAHYH

Ewoayoyn: H kapeivn ypnoyonotleitol evpémg yio v tpodANY” TG Arvolog Kot
BonBdetl oty emituym eEdONON amd Tov punyaviko aepiopd. AlevkoArbvel T petdfaon omd
enepfortikn o€ un emepPatiky otNPEN Ko LEIDOVEL TN O1dpKeLn cuvEY0DS BETIKNG TEONC
v agpaynydv (CPAP) ce tpémpa veoyvd. H amotelecpotikdTnTa Kot ac@AAELo TG o¢
TPOG TIG AVETBVUNTEG EVEPYELEG TOV TPOKAAEL, TN BETOVV GE apPIoPrTnon av Tpénet va

yopnyeital o avénuévn 660 ota TPO®PO VEOYVAL.

YKOMOG: KOOGS TNG TOPOVGAG EPYACING VIPEE 1 dlepevlvNoN NS dPAoNG TNG

KaQEVNG KOT TN YOPNYNOTN TNG OTO TPO®PO. VEOYVA Kol Ol AVETIOVUNTES EVEPYELES TNC.

Yo kor Mé0odog: XpnoiporomOnke n péBodog avalfjtnomng e GYETIKNG EAANVIKNG
Ko d1efvovg Piproypagiog o Paoelg dedopévav (SCOPUS, MEDLINE, CINAHL) pe
Aéerg khedia (premature infant or premature neonate or preterm infant or premat*) and
(respiratory distress syndrome or respiratory disorder or dyspnoea or apnoea) and

(caffeine) and (effects or side effects) oe 6Aov¢ TOLC TOAVOVG GVVEVAGOVG.

Amnoteréopata: H avalnmmon katéinée o 16 peléteg, katd v mepiodo 2012-2019
oV TANpovGay To. Tpokabopiouéva kprtnpo. Méca amd v avalntnon g
BMoypagiag damotdOnke TG N KOPEIVN UTOopel Vo EMOPAGEL AMOTEAEGLATIKA GTNV
Oepameio 1 TPOANYN TG ATVOL0C, ®GTOCO TPOKOUAEL AVETIOVUNTES EVEPYELES O OTTOTES

OpPOLV AUEGO 1 UTOPEL VO ELPAVICTOVV PaKpOTPOBET QL.

Yopnepdopora: Anorteitol va mpoypatoromfodv tepetaipm £pEVVES OVTMG DOTE
eEaxpPwbel n acpdieia TG Kapeivng Kot 1 KatdAAnAn 66on 1 omoia B eivan
OTOTEAECUOTIKY Yo TNV Oepameia TG dmvolag Kotd TNV TpowpodTnTa 1 omoia dev Ha

ennpedlel apvnTikd TNV VYELQ TOV VEOYVOU.

AEEEIGC-KAELOA: TPOWPO VEOYVO, TPOMPATNTO, AVATVEVCTIKY SVCYEPELD, GUVOPOLLO
OVOTTVEVGTIKNG OLGYEPELNG, SVOTVOL0, ATTVOL0, KAPEIVY, EMOPAGELS KO OVETIOVUNTES

EVEPYELEC.



ABSTRACT

Introduction: Caffeine is widely used for prevention of apnoea and helps successful
extubating from mechanical ventilation. It facilitates the transition from invasive to non-
invasive support and reduces duration of continuous positive airway pressure (CPAP) in
preterm infants. Its efficacy and safety against the side effects it causes call into question

whether it should be given at an increased dose to preterm infants.

Aim: The purpose of the present study was to investigate the effects and side effects of

caffeine on premature neonates.

Material and Method: The method used was to search the relevant Greek and
international literature in databases (SCOPUS, MEDLINE, CINAHL) with keywords
(premature infant or premature neonate or preterm infant or premat*) and (respiratory
distress syndrome or respiratory disorder or dyspnoea or apnoea) and (caffeine) and
(effects or side effects) in all possible combinations.

Results: The search resulted in 16 studies in the period 2012-2019 that met the
predefined criteria. A search of the literature found that caffeine can effectively treat or
prevent apnoea but is causes side effects that may appear immediately or occur in the long

term.

Conclusions: Further research is needed to verify the safety of caffeine and the
appropriate dose that will be effective in the treatment of apnoea of prematurity that will

not adversely affect the health of the infant.

Keywords: premature infant, premature neonate, preterm infant or premat *, respiratory

disorder, respiratory distress syndrome, dyspnoea, apnoea, caffeine, effects and side effect
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XYNTOMOI'PA®DIEX

270 KEIUEVO TNG TTLYLOKNC YPNOLOTOONKOY CIUOVTIKEC GUVTOLOYPAPIES, OTOV

TaPoLGLALOVTaL TO KAT® GUVORTIKG e OAPAPNTIKY GEPAL.

c-AMP: intra- cellular cyclic adenosine monophosphate
CPAP: continuous positive airway

EEG: electroencephalogram

FiO2: fraction of inspired oxygen

GA: gestational age

IL-10: interleukin

1Q: intelligence quotient

IV: intravenous

MRI: magnetic resonance imaging
NCPAP: nasal continuous positive airway
NICU: neonate intensive care unit

OR: odd ratio

RDS: respiratory distress syndrome
RScO2: regional oxygen saturation
Sa02: oxygen saturation

TDM: therapeutic drug monitoring
TLRA4: tall like receptors 4

TNF-a: tumour necrosis factor alpha
TPN: total parenteral nutrition

AIL: apnproxn| wieon

BIIA: Bpoyyomvevpovikr dvoniacio
HKT': nAektpokapdioypdenuo

MAII: péon aptnplokn| mieon

MENN: povada evtatikig voonieiog veoyvmv
NA: vevpooavanTuELaKES SLOTAPOYES

Y AA: cLUVOPOUO OVATTVELGTIKNG OVGYEPELOG



AIIOAOXH OPQN

Cc-AMP: gvdokutTopiKn KUKAIKY LOVOQPOGQOPIKT adEVOGivN
CPAP: cuveyng Betikn mieon agpaywyod

EEG: niextpoeykeparoypaonio

FiO2: cuvoAlikd KAdopa E16TVEOUEVOD 0EVYOVOL
GA: nlkio kimong

IL-10: wrepievkivn

1Q: Babuog vonpoohvng

IV: evoopréfia

MRI: poyvnricn amewdvion

NCPAP: pwikn Oetikn wieon aepaywyon
RScO2: nepropepikdg kopeopdg o&vydvou

Sa02: xopeopodg 0&vydvou

TLR4: ntpoteivikol vtodoyeic

TNF-a: mapdyovtag vékpwong 0yKov dApa

Xi



1. Ewayoyn

[Tpdwpo veoyvd opiletar mg T0 veoyvd mov yevvinOnke Lovtavo mptv ohokAnpmBoldv ot
37 gBdoudodeg kKimong. Yhpyouv vroKaTyopiec Tpod®pov TOKETOL, e Pdorn v niwio
KONONGS, 0 EEUPETIKA TPO®POG (A1yOTEPO Omd 28 EFOOUAOES), 0 TPOWPOC (28 £wg 32
gBoopdoeg) kot o pétpia mpowpog (32 £mg 37 efdoudoeg). Ynoroyileton 61t 15
EKOTOUUVPLO VEOYVE YEVVIODVTOL TPOM®PO KAOE ¥pOVO Kot TaPOAO TTOV 1] GVUYVOTNTA
TPO®POV TOKETOV TOIKIAEL OTUOVTIKA HETAED TOV YOPDOV, 6YEdOV TO 90% aVT®V TV
TPOMPOV YEVVICEDV TAPOTNPEITOL GTIC AVOTTUGGOUEVES YMDPES TNG APPIKNG KoL TNG
Aciag. To 2014, to 1060610 TV Tpd®pV TokeT®V NTov 10% otig HITA, evo otnv
Evpodnn to 2010 10 1060614 Tpd®POov TOKETOV KLHAIVOVTOY GTUOVTIKE HETOED 5 g
10,6%. H Kbmpog yapaxtnpiletor g pio pe to vynAdTEPO TOGOGTO TPOWPATNTOS GTNV
Evponn, pBdvovtag 1o 10,6% kot 1o 18,70% 10 2010 ko T0 2014 avtictoryo
(Chawanpaiboon et al., 2019) (Yiallouros et al., 2018). ITepinov 1 exatoupdpro wondio
nebaivouv ke xpovo AMdy® emmTAOK®OV Tpd®Pov TokeToV. [ToAlol emlmvTeg
avtpetonilovv avarnpiec katd T ddpkela g (o1, copumeptlapufavopévaoy
HaONGLOKOV OLGKOAMY, OTTIKMV KOl 0KOVGTIK®OV TPOPANUATOV. XE TAyKOCUO EMITESO, N
TpowpdTTO Eivar 1) kKVpLa artio Bavdtov og madio nAkiog kKdTo tv 5 eTdv. Ot
avicOTNTEG GTO TOCOGTA £MPimong 6 OAO TOV KOGHO givarl EvToves. XTIC yMPE Ue
YOUNAOTEPO €1660MUA, KATA HEGO OpOo, TO 12% T®V VEOYVOVY YEVVIETOL TOAD VOPIG o€
ovykplon He 10 9% OTIg YOPES e LYNAOTEPQ EIGOONUOTA. Y TAPYEL LLL0L OPOLLOTIKT
dpopd oty emPimon TV Tpd®P®Y VEOYVAV, AVAAOYA LLE TO TTOV YeVVIouvTaL. [a
Tapadetypa teptocoTEPO amd T0 90% twv eEopetikd TPO®PWV veoyvmv (Aydtepo amod 28
€POOUAOES) TOV YEVVIOUVTOUL GE YDPEG LE YAUNAO €600 TEDaivouy HEGH OTIC TPADTES
puépec g Lomg tovg, aALd Aydtepo amd 1o 10% tov eEapetikd TpO®POV VEOYVAOV
nebaivouv og ydpeg LYNAOL 16001 LaTOG. AVTO GLUPaivel AOYO OVETOPKOVS OIKOVOLLKA
ATOJOTIKNG PPOVTIONS, Onme 1 (eoTactd, N VTOooTNPEN TOV OnAacuov Kot 1 factkn
QPOVTION Y10 AOTUMEEIS KOl AVATTVEVCTIKES TOONGELS. ZTIG YDPES VYNAOD EIGOONLATOG,
oYed0V OAa Ta veoyvd emPiwdvouy. H un BéATiot ypnon g texvoroyiag o€ teptBdAiov
pecaiog OKOVOIKNG TAENGS, avéavel To Papog avamnpiog oto Tpd®PA VEOYVE TOV

emProvovv ot veoyvikn mepiodo (WHO, 2018)

Avéroya pe Tov BaBo TpompoOTNTAG 01 TVEVUOVEG UTOPEL VO EIvOl avOPILOL KO £TGL

dgv eEao@aAileTaol ETOPKMG 1) AVOTVEVCTIKY] Agttovpyia. H avenapkdg avamtuén tov



OVOTTVELGTIKOD GUGTNUATOG KOl TOV EYKEPUAKDV TEPLOYMV OV £ivar VITELOLVES Yo TNV
avamvon| gival évo Kovo (RTnua ota TpodmPo VEOYVE, Kol KUPIMG G OTA e YOUNAOTEPO
Bapog yévvnonc. H katdotaon avt €€l 0¢ AmOTEAEGILA TNV ELPAVIOT ETEIGOOIMOV
dmvolag, mov opileTon MG 1 SOKOTN TNG AVATVONG oL Olapkel TeplocOTEPO omd 20
devteporenta. Kivicd padi pe tn dtokomn e ovamvong LTopel vo ELQAVIGTEL Kot
Bpadvtepog Kapdtakdg puOuds kot / 1 el TG TOGOTNTS 0ELYOVOV GTO AL, KVOVAOI
TOVOG OEPLOTOG Ko Lelmon Tov puikov Tovov. [N'evikotepa 660 yauniotepn nAtkio KOMoNg
€xet €va veoyvo TOG0 PEYAADTEPO KIVOLVO EXEL VO ELPUVIGEL OTVOTKA ETEIGOOLN, TOL OTTOT0L
vevikd apyilovv peta&d 2 ko 3 nuepav {ong. Otav Eva veoyvo gppavicel acbeviéstepa
AmVOTKA EMEICOS1A, 1) AVTILETMOMIOT EMTVYYAVETOL LE OMTTIKY OLEYEPCT TOV VEOYVOV, EV(D GE
10 GOPUPEG KOTAGTAGELS OMALTEITOL POPULAKOAOYIKT) TOPELPAOT LE OLEYEPTIKA PAPLLOKOL

omwg 1 koeeivny ( CHIESI, 2019).

H ka@eivn elvan €va ioyvpd dleyepTikd TG KEVIPIKNG AVOTVEVCTIKNG dpacTnpLOTNTG
Kot givo amoteleopatikd yio ) Ogpameio TG ATVOLOG TOV VEOYEVVIITOV KOL TV OITOPLYN
g amotvyiog amocwinvmons. H kagpeivn dieyeipel tnv avamvon Kot LELDOVEL THV
OVOTTVEVOTIKT KATOGTOAT OV TTpoKaAEiton amd v vro&ia avEdvovtog Tov Kpd aepiopo
kot v andkpion oto CO2 avédvovrag eniong tn dpactnpidtnta Tov
dwappdypartoc.(Julien, Joseph and Bairam, 2010), (Ballard et al., 2016). Megléteg deiyvouv
TNV GLOYETION TNG KAPEIVNG e TNV TPOANYT TG Ppoyyomvevpovikng duomiaciog (BIIA),
KaBmG Kot pe TN pelmon ¢ cuxvoTNTAS ELPAVIONG AAA®Y VEOYVIKDOV ETITAOK®OV, OTMS TO
oUVOPOLO OVATVEVOTIKNG dvoyépetog (ZAA), Tov avolkto fotdAtov mopo, TV
apEPANOTPOEIBOTADELN TOV TPOMPOL Kot THV EvooKolAlakn awoppayio (Patel et al.,
2013). Qoto6c0 1 adevosivn g vevpodafipactng, eivar vtebbvvn yia ) dpactnploTTa
TOV VELPOVOV KOl LELOVEL TNV Tpoomdbeia avorvons. H kapeivn og pn €101kog
OVOGTOAENS TMV DTTOOOYEMVY TNG 0deVOGivig (vodoyeic Al kot A2a) avtitiBeton dpeca
GTO QOIVOLEVO OVTO LE OMOTEAEGLOL TNV TOPEUTOIIOT THG CAANAETIOPAONG TG AOEVOGTIVIG
LLE TOVG KLTTAPIKOVS VTTOJOYEIS TNG, 0dNydvTag £T01 68 avénuévo puBud avamvorg. H
Kapeivn €xet emiong avaeepOel OTL AVEAVEL TIC KOTEXOAAUIVES Ko TV pEVivN, amd
TEPLPEPIKES KO KEVTPIKES EMOPACELS, TPOKOADVTOG £TGL TOYLKOPIiA, AicONUA TOAU®OY Kot

ypryopn avénom g aptnpraxng wicong (Fredholm, 1995).

O unNyaviopog e Tov 0Ttoio 1 Kapeivn PEATIOVEL TOL OTOTEAEGLOTA TG
VEVPOUVOTTLELNKNG EEEMENG GTOL TPOWPO VEOYVA deV Elvarl capns. APKETEC LEAETEG £xOVV

AVOQEPEL TOG 1 KAPETVT £XEL EVEPYETIKA ATOTEAECUATO GTOV EYKEPAAO, GE avTiBeoT e



GAAovg mov Tpoeldomolohy yio avemBounteg evépyeteg (Charousova et al., 2017). e wa
and TG peyarvtepeg dokuég CAP(caffeine for apnea of prematurity) mov die&dybnkav, n
Kapeivn ovoyetiotnke pe PeAtiopévn Aevkn ovoia o€ mpdéwpa veoyva (Davis et al., 2010).
Qo100 dev gival Yvmoto edv avt 1 PeATioon o1 SO TOV EYKEPAAOL EMUEVEL N
e€aobevel paxponpdbeopa. Enpoavtiko va avoeepBel mmg 1 Kageivng propel va
TPOKOAEGEL AGPECTIOVPTIN KO ONUIOVPYEL APVNTIKT 1IGOPPOTIN TOV 0cPeoTion e10KA LT
OO TOPOUTETAUEVT) XPNON HE AVTIOTOOGTIKY avéEnon g Tapabvpeogdovg oppovne PTH
Yl TV OpoA0TTo1N o™ ToL 0oPEcTion 6TOV 0pO. AVTO UIOPEL VoL EXEL MG AMOTEAEG O, TOV

KIVOUVO Y10 0GTEOTEVID TV TPOWPWOV VEOYVADV.

2TIC OVOTTUGGOUEVES YDPES Ol avaPadicels TV HoVAd®V EVTOTIKNG Voo Agiog
VEOYVOV a0ENCAY TO TOGOGTO EMPIOGNS TOV TPO®P®Y VEOYVAV 0ALN TapdAANAa adéEncav
™ O1bpKELD VOOTAELNG Kol TO KOGTOG. LG OmOTEALEGL, 1) PPOVTION TOV TPOMP®V VEOYVMOV
VO QVTITPOCMOTEVEL LEYAAO TOGOGTO TOV GUVOAIKOD KOGTOVS VOGTAELNG TOYKOGHI®MG
(Comert et al., 2012). Mio. avadpopukn HLEAET TOV TPAYHATOTOONKE GTV
Kovotavtivodmoin £de1&e mwg To HEGO GUVOAKO KoL NUEPNGLO KOGTOG VOONAELNG £VOG
TpO®POL veOyvoD, £ptave Ta $4187 ko $303 avtictoyo (COmert et al., 2012). Ola ovtd
Ba pmopovcayv va amo@evyfohv EpOGOV TEKUNPLOVOTOV LEGO LEAETMV 1| YPNOT TNG
KAQEIVNG ¢ ovaryKaio 1 avovTiKaTaotatn amo Atydtepo emPropn eoprakevtikn aymyn. H
GLYKEKPLUEVN AVAGKOTN G £ivat onUavTikY] €pocov oty Kompo dev mpaypatoromdnkay
aKOUN HEAETEG Y1aL TN YOPNYNON TNG KAPEIVNG ot Tpdmpa veoyvd. Todpa givor
ONUOVTIKOTEPO OO TOTE, LLE TNV GLVEXT] ADENGCT] TOV TOGOGTOV TPOWPWV YEVVIICEWDV GTNV
Kvmpo, va evnpuepmBoiv kot va ekmoidgvtoiv ot enayyerpaties vysiog mov epydlovtol oTic
MENN. H voonievtikn mapéufocn oty avIilet®@ion TpofANUdT®my Tov agpopohy 10
VEOYVO VO GNUOVTIKY] KO TPETEL VAL VO ETOTNUOVIKE amodederyHéVT. ATapaitnTeg
npovimoBEaelg yia TV emitevén g opONg voonAevTiKng aviipetdnions oty MENN
AOTELOVV 01 GOGCTES OVAAOYIES TOV TPOGMTKOV TPOG TOVG AGOEVEIS Kot 1) GLVENNG
EMUOPPMOGCT) TOL TPOSHOTIKOV LE 6TOHYO TNV pelmon g BvnodTTag TV TPO®P®V
VEOYV®V, TNV AToQLYN AVETIHOUNTOV EVEPYELDV OO TN PAPLOKEVTIKY] OLY®YT], TOV

EMTAOK®V, TN LEIOON TNG SIUPKELNS VOOIAELNG KO KATA GUVETELD TOV KOGTOVS VOGN AELNG,.

"Eto1 k0p1og oxomdg autg TG avacKOTNong ivot 1 TEPypaPt] TNG XPNONGS TNGS
Kapeivng, N dlepedivnon g enidpaoNg TG KoL TOV AVETIHOUNTOV EVEPYELDV TNG OTA

TPO®PO VEOYVAL.



OcopnTikd vrofadpo

Xe autd 10 onueio Ba 0000HV Kdmolol KHPLOL OPIoUOL TV OPWV TOL YPNCLOTOONKAY

OTNV HEALTN.

o Ilpowpdmra: H mpowpdtnta avapépetal oe Eva veoyvd Tov yevvnOnke Tpv vo
olokANpwBovv 37 gfdopnddeg komone. Kavovikd pia eykopocivn dtopket mepimov
40 eBdopadec. O axpiPpng unyaviopds eKONA®oNG ivat SOGKOAN OVIXVELGILOG O10TL
70 50% mePImOv TV GLVOAIKADV TEPIGTATIKMV TOPOVGLALOVTOL LE AYyVOGTY outia.
2oppava pe tov Haykocpo Opyaviopod Yyeiog, to 2014 nepimov 1o 10,6% OAwv
TV yevvnoewv Ntov tpoéwpa. Kébe ypdvo, mepimov 15 exatoppdpia veoyva
YEVVIOUVTOL TPO®PO Kot aTOG 0 aplfpog aw&dvetat. Ot emmAokég TpO®POv
TOKETOV givan M KOpla artia Bavdrtov oe mondio nAtkiog kAT TV 5 €TV, T OTOi0
evBivovron yia mepinov 1 exatoppdplo Bavatovg o 2015. Ta tpia tétapta avtdv
v Bovhtov Ba propodoay va amopevyBodv e TPEYOVCES OIKOVOUIKE OTOSOTIKESG
nopeppacelc. Xe 184 ymdpec, 10 T060GTO TPOWPNG YEVVNONG KLpaiveTal and 5%
£mg 18% twv yevvn0évtov veoyvov (WHO. 2018). X pia £pgvva meptyevvITIKNIG
vyeiag mov mpayparoro|dnke otnv Kdmpo 1o 2007 mapatnpndnkav avénuéva
TOGOGTA TPOWPWV TOKETMV G€ TOADOVLES KVNGELS Kot [LE TNV avENOT TG NAKiog
™G UNTEPAG LEAVOVTOY TO TOGOGTH TPOMPM®V TOKETAV (XTOTIGTIKY) LANPECIL,
2007).

e Amnvoia tpowpdtnroc: Opileton g N ovamvVELSTIKY| dtakom ToLAGyeTov 20 1)

TEPIGCOTEPMV OEVTEPOAENTMV KOl GLVOOEVETAL OO TTMCT TOV KOPEGLOV
aptplakod o&uyovov 1 Bpadvkapdio. [Tpokadeitar amd avopdTNTo TOV
KEVIPIKOV EAEYYOV TOV OVATVELCTIKOV GLGTHATOS. Elvat pia kowvn emumhokn mov
ennpealet mepinov to 90% tv TpdwpwV veoyvav mtov {uyilovv katm ard 1000

ypappdpo (Eichenwald, 2016).

o Kurpwr) xkoeeivn: H kaeeivn aviket otig peBui&aviiveg Kot eivar dieyeptikd tov

KEVTPIKOV VEVPIKOD GLGTHILATOG, TOV KOPIaKoD Hodg, eivat d1oupntikd, cuuPaiiet
oTN YOAAP®OT TOV AEIOV PVOG, AVEAVEL TNV £KKPLOT| TOV YOOTPIKOD 0E£0G Kot

nwpokarel aOENOT TOV EAEVOEPOV MTTOPDOV 0EEWV Kal TNE YALKOING 0TO TAAGLAL.



A6 TG apyég g dekaetiag Tov 1970, o1 peBur&avBiveg Exovv yopnynOel g
OLEYEPTIKG TOV AVATVELGTIKOL GUOTHUATOG 6T Bepameio TG dmvolag KoTd TV
TPomPATNTO Kot Ompovvion mg 1 KOpia Bepamevtiky emhoyn Kot givor Hetald tov
QAPUAK®OV TOL YPNOGLUOTOLOVVTAL GLYVOTEPO GE TPOMPA VEOYVE. Q26TOGO
dtpdvnke g povo 1o 20% TV TPO®POV VEOYVAOV OVTOTOKPIVOVTAV 6T
Oepameia (Siu and James, 2010). H koageivn £xel TOPOL AVTIKATOGTNOEL G PEYOAO
Babuod v Beo@uAAiviy Kot TV aptvo@LALIvn yio Vv Bepameio TG Amvolag KaTd
™V TPo®pOTNTA AOYO ELPVLTEPOV BEPATELTIKOV JEIKTN Ko LeYOADTEPNC OAPKELNG
nueptotag Long, EMTpETOVTOG TN XOPNynon g e eopa v nuépa (Abdel-Hady,
2015). Emimpdcbeta 1 avdAvon KOGTOVG-AmOTEAEGUATIKOTNTOG £0E1EE OTL M
Kapeivn gival TOGO OWKOVOLLKT] 0G0 Kol ELEPYETIKN Kot ALEAVEL TOL TOGOGTA
emrvyiag eEdONoNG TV veoyvav og nhikio 1 fdopnddmv (Kreutzer and Bassler,
2014).

Oocrteonevia: H ooteomevia katd v mpompdtnta yopoktnpiletot omd pHetmpéva
amofEpaTe TEPLEKTIKOTNTOS GE OCTIKA LETOAAIKE oTOotKElD AOYO avENUEVOV
OTTOLTICEWMV GTY) VEOYVIKT] TtEP1000. DVGLOAOYIKE TO AGREGTIO KOl O PAOGPOPOS
AMOKTAOVTOL GTO HEYIGTO 0td TO EUPPLO KOTA TN SLUPKELL TOV TEAELTAIOV TPUNVOL
NG EYKLVHOGVVTG, £TGL T TPOMPO VEOYVE YEVVIOUVTOL LLE CTILOVTIKA LELOUEVQL
amofEpaTo LETOAAMKAOV GTOYEI®V GE GUYKPIOT| LLE TO VEOYVA TTOV YEVVIOVVTOL

evotloroywkd (Abdallah et al., 2016).



2. YKomog

2KOTAG TNG TOPOoVGaS PPAOYPUPIKNG avacKOTNoNG Eival 1 diepedvnon TV
EMOPACEMV KO OVETIOVUNTOV EVEPYELDV TNG KAPEIVIG GE TPO®PO VEOYVA e ATTVOLaL.

Emwépovc otdyol:

e H cVykpion SoQopeTikdv 00GE®mV KAPEIVNG 6To TPOMPO VEOYVEL

e H diepedvnon g emidpaonc TG GLCCMPELIEVNG OO0 Kot OLEPKELNG TNG KOPETVNG
G€ TPO®PO, VEOYVA LE ATVOl.

e H diepedvnon g avtamdKpiong TV Tpomp®mV VEOYVAOV daPOp®V NAMKIGV KOOGS
Kot TNV £€k0e0M TOVG G€ KaPEIvN

[TAnBvopog: Ipdwpa veoyvd ( nAikia kdinong kdtw tov 37 efdopddwv)

20ykpon: Me opddo E1KOVIKOU QapaKOoL 1 Ta {10 To VEOYVA GE PEYAADTEPT NAKIA 1)
SLPOPETIKN dOOT KAPETVIG.

ExBdoeic: Bpayvnpofeopeg 1 pokponpdbecpieg avemBounteg evépyeteg kot Oepameio 1
pelmon TV ENEIc0dimV dmvolag.



3. Yk6-M£0odog

H mapovoa perétn anotelel cuompoTiKn avackonnon g debvoic BifAoypapiog pe
oKkomd TV depevvnon g emidpacng g Bepaneiog pe Kapeivn Kot Tig avemBounteg e

EVEPYELEG.

H avoaokommon €yve otic niektpovikég Paoelc dedopévav tg Scopus, Medline kot

Cinahl 6mov ypnoomomOnkayv ot akdrovbeg AEEeLg KAEILH KOl KPLTPLOL E1IGOOYNG.

AéEarc Khe0d:

Premature neonate OR Premature infant OR Preterm infant OR Premat* AND
respiratory disorder OR respiratory distress syndrome OR dyspnoea OR apnoea AND
caffeine AND effects OR side effects.

Kpvmpw sw6doync:

e To detypa va givor o TPO®PA VEOYVA LLE OVOTVEVGTIKY OLGYEPELDL

e Noa yopnyeitat kageivn oo TpdpPa veoyvd yio S0pHwacn TS OVOTVEVGTIKTG
duoyépelag

o  Xpoévog dnuocievong peretov omd 1o étog 2009-2019

e No elvar ypappéveg 6t EAANVIKTY Kol oy YAIKN YAOGGO

o Ot perétec va unv €ivol GUGTNUATIKEG OVOIGKOTNGELS, LETAVAAVGELS N
TEPIMTOCIOKEG UEAETEC.

o Ot perétec va uny €ywvav o€ Telpapatdlma

Ao v mapovoa PAoypapikn avackomnon tposkvyoay 570 emotnuovikd apbpa,
and ta onoia amoppipOnkav ta 200 Adyo un cuvdeelag Tov TitAov pe to Bépa. X
ouvéyela omd ta 370 wov Euevay, Ta 116 anoppigbnkav petd amd avayvmon g
epidnymg kot ta 238 petd and aviyvoon oAdkAnpov tov dpbpov. ‘Etct yio v cuyypaon
NG TOPOVCAG GLUGTNLOATIKNG OVACKOTNONG TPoskuyay dekaélt apBpa. Agv evtomiotnke
KAmolo pOBPo YPOUUEVO GTNV EAANVIKT YAMGGCO TOV Vo TANPOVGE Ta Kpltnpla 1600yNs. H

ddkacio avalnmong tapovctaletor 6to ddypoppa 1.



Awaypappa 1: Meg@odoroyia avalntnong peret@v fipiroypa@ikis avaockonnong

2HVOLO HEAETADV TTOL TPOEKLY OV OO

mv avalnton (N=570)

Meléteg mov amoppipOnkav
énelta amd avayvwoon Tov TITAOV

(N=200)

2OVOAO HEAETMV TTOL TTAPEUELVOLV Y10,

nepautépm aclordynon (N=370)

Meléteg mov amoppipOnkav
énerta amd avayveoon g TepIAnyNg

(N=116)

2HVOLO HEAETADV TTOL TTAPELEVAV Y10

nepotépm allordynon (N=254)

Meléteg mov amoppipdnkav
EMEITA OO AVAYVMOGT] OAOKAN POV TOV

apBpov (N=238)

Telkd cHVOLO PEAETAOV TNG

avaokonnong (N=16)




Iivakag 1: Mg0000A0YIKA YOPUKTNPLOTIKG TOV NEAETAOV

vyypogeic, . , Xopog , Epyoieia .
xpovolroyia, Tithog YKomog Z‘.xsﬁltmu 0s Astypa/ , 61§§aym7ng Merafintég péTpnong Ano:r eropa
1P peréTng Agvypotoinyia épevvag T0 EPEVVOS
Schmidt et Survival Edvn Toyoomomp 833 mpowpo. | 31 hospitals ®dvatog Wechsler | 1. Ta
al., (2012) without VEOYVIKT] | év VEOYVOL [UE in npwv 18 Preschool TOGOGTA
Apepikn disability to | Ogpomeia | eleyyOuevn KOQETvN Kot Canada, ufves M and Bavarov,
age dyears | ue dokiun 807 mpompa Australia, emPioon Primary KIVITIKNG
after KOPETVN VEOYVE 6TV Europe, ue Scale of ducherto
neonatal éxet opado and Israel TOLAGYLOT Intelligen vpylag,
caffeine LaKPOYPO placebo ov 1 ce llI. npoPAnu
therapy for | vio 0@éln YKOmuN BAGPN ata
apnea of 1M véoug S5 Child CULUTEPLP
prematurity | @awvopevt YPOVIOL Behaviour opd,
Ko0g Bavdatov Checklist. KOKT)
Ktvovvoug TPV YEVIKT
ot niucio 5 vyeio, N
GYOMKN gTOV N KOP®ON
niwcio. emBimon KO
pe 179 TOPAWOON
TEPIGGOTE dev
peg SEpepav
dwTapayé ONUaVTIK
S & peta&oy
TV 600
opdowv
(p=0,09)
2. H
eninTmon
ms
VONTIKNG

9




BraBnG
nrav
YOUNAOTE
pn ota S
YPOVIQL
omod 0, TL
otoug 18
HMVES
Ko
TOPOLLOL
o oTig 2
opnadeg
(p=0,89)
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Mivakag 2

Xuyypogs Xtpos
; Agiypa. owelaymy Epyaieia .
'S, Tithog YKomog Yyedwaopos | /Agypatoln 1g Merafintég péTpnong Amoteliopot
xpovor)uoyi REAETNG yia épevvag o épgvvas
o, JOpU
Ulanovsky | The Merém tov | [Ipoontiky | e 21 NICU in H nlia Philips | 1. Aev
etal., effects of | o&éwv HEAETN TpOPaL Rambam KONong Kotd MP60), vrp&av
(2014) caffeine | emdpdocwv VEOYVEL health mv mapddoon cardiac HETOBOAES
Iopanh on heart | g kapeivng o TkOmun care KOPOLoKOG monitor oTOV
rate GYETIKA pLE campus pLOLOG KoL un KapO1oKO
variabilit ™m ypauuu{(x Apgar pqu(’), mv
yin petafintot YOPAKTNPLOTL score OpTNPLOKT
newborns | ta K& nieon 1 Tov
with KopOLoKoD Bépoc TOVO TOV
apnea of _ pvluov ota yévvnong OVTOVOLLOV
prematuri | Tpoéwpa Xopfynon VELPIKOV
ty VEOYVO. TOL EMPAVELOSPUL GLOTNHOTO
Elapav GTIKOD ¢ netd
Ospourtaia ue Taphyovia xopm’mcm
Kopeivn pe TTpoyevwnTiKé Kopeivng
cupPotiiceg oTEPOEIN
at , LETOYEVVITIK
SUVOIKESG 7 Mhkia
;lgauumé@ Goro
aVOADGCELG ﬁgtg;:; ot 5
uefdOwV.
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Hivaxkag 3

oyypoge , Xapog ,
i, , . 2 EOLUGNOG Asiypa/ oelayoyng | Metapinté Ep Yohsia Amoteréopato
, | Tithog YKOTOG . Agrypatol X péTpnong .
LPOVOLOYi peréTng nvia épevvog S épevvog
o, YOPO.
Maitre et | Effects | H enidpaon | IIpoontikny |e 45 Monroe Care | ¢ Eykepo | e Geodesic 1. 1o Bpéon
al., (2015) | of o€ HeAET npdéwpo. | Jr Children’s MKR Sensor Net otV opdda
Apepucn caffeine | avtiféoelg TaPATHPNO veoyvé | Hospital AElTovp | @ MAEKTPOEYKED YOUNANG
treatmen | Nyov-owriog | ngkooptis | e  Tiomun | (Vanderbilt) yeia oAOY PPN IO éxbeong
t for o€ 45 veoyva e Avélvo (EEG) OTTOOEKVVO
apnea of | evtatiknig n vV
prematur | Bepaneiog, opMiag- peyorvTepn
ity on SCTPOUOT 1ov NYNTIKN
cortical | opéva pe e  GVOTVED dapopormoi
speech- | aBpototikn OTIKT non omod Ta
sound | éxbeon og o1adEPd Bpéon pe
different | opddeg un mro VYNAN
iation in | kapeivng, GTOV éxbeon oe
preterm | yopunAng kot aépaL Kapeivn
infants. | vyning OV (p=0,02)
600mg XDOPOL
Kopeivng YOPig
avayKn
Yo
pVIKN
CPAPA
1M pPVIKN
Kévovia
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Mivaxkag 4

Xopog

Znyyp;f(parig, . . ’ szfnfmu(,g \ Aaiy;m;b / | sretayoyic . . E!)yulsiu Amoteréopa
xpovoloyia, iThog KOTOG perég eryparonyi £pevvac etafintéc | pérpnong T
1OPO. o épevvag
Mohammed | High H obykpion Toyoomomué | o Opddeg NICU of e Amotvyia | Drager 1. Hoyn\q
etal., (2015) | versus ™mg N cOykpiong, | Mansoura amoGmANvo | monitors ddon
Atyvmtog low dose | amotedecpaTik | EAEYYXOUEVN 60 mpowpo. | University ong KOPEIVNG
caffeine | otntag kot doxiun VeOyVa Children’s e TuyvomnTa OVLGYETIOT
for apnea | acpdielog g neyding Hospital Gmvotag NKe pe
of VYNANG Kot doonc e Kotepyopsé OTLOVTIK
prematur YOUNANG dO0oMG KOQEVNG VEC NUEPES N peloon
ity KUTPIKNG Ko 60 GITVOL0G amOTLYIOG
KaQeivng otV Tpdwpa. o Awprewn eEmbnong
dmvotla Tov VEOYVEL LIV UCoD (p <0,05),
mpO®PV XOHNATG eaepiopdg cuvoTT
VEOYV®V ddomc (Muépec) o Amvolag
(AOP) ka1 v KOQEVNG e Audpkelo (p
EMTUYN o kOmun CPAP <0,001),
eEmOnon tovug (Muépec) KOTOYEYP
amo Tov , o Apkewn aHuévsg
HMYAVIKO Bepameiog HEPEG
eCaepopo. 0ELYOVOL ((mvowtg
p
<0,001)
2. Hoyn\q
doom
KAQPEIVIG
GLGYETIOT
NKE P

13




ONUOVTIK
1 avénon
EMELGOOIM
v
TOYLKOPO
tog

(p <0,05).
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Iivakag 5

Yuyypoagerg . , Xopog , Epyaieia .
xpovoroyia, | Tithog YKomog EXSSIEIGH 05 Agiypo./ . 61§é’;aycoyng Merafintég pETPNONG Am)"raksouura
P peréTng Agvypatonyio épevvog épevvag

Parikka et The H Avadpopukn 17 npéowpa. | Neonate e Nevporoy | Edi catheter | 1. O apibudg
al., (2015) | effect of | emidpaong | pehém VEOYVEL intensive care KOG dmvolog
dwlavdia | caffeine | g Kitpknc ZKOTIN unit of Turku ELEYYOG OVLOYETIOTNKE
citrate on | kapeivng oe detyparoiny | University QVOTTVOT|G ue to Bapog
neural VELPOAOYIK {a Hospital TPV KOl yévvnong,
breathing | 6 é\eyyo LETE TV p=0,039.
pattern ™mg Yopfynon 2. H xurpun
in QVOTVOMG, Kopeivng Kopeivn ueiooce
preterm | wWwitepa e Kevipiy o Tov apliuo
infants ™mg amvoto, NG KEVIPIKNG
KEVTPIKNG dmvolag 5-10
dmvolog, o€ sec o 30
Tpdmp Aemtd,
Ppeen (p=0.02)
YPTCLLOTOL 3. H xurpun
MVTOG TO KOQPEIVIG
onpo Edi avénoe
domavn
EVEPYELOG TOV
SPPAYLOTOG
p=0,004
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Iivokoag 6

Aglypa

Toyypogel Yyeowoopos | /Asrypatoin Xopog , Epyaieia .
S , . , , oelaymyn . , Amoteléopata
, Tithog Y KOTOG perETNg yia . Metapintég | pérpnong .
LPOvoLroyio. , G épevvag épevvag
, /Xy €010 P0G
» J0pa A&
REAETNG
Chavez- Mechanisms | H Tvyypovik; |e 19 Johns e Hlxia e ELISA | 1. H xogpeivn
Valdez et of emidpacn | pekém TPOWMPO. Hopkins KOMong / EIA ueiwoe ta
al., (2016) modulation ™mg veoyva Hospital e Apgarl e Apgar emineda
Apepucn of cytokine KOQEVNG o IkOmun AETTO score TNF-a,
release by oto. e Apgar5 cAMP. ko
human cord | enineda \emTd IL-10
blood TOV e Eninedo 2. O
monocytes KLUTOKIV®D KaQETVNG AVTOYOVIGTE
exposed to V 6TO e Mopor GA, IR,
high aipo TV yéwvag A3R kot
concentration | veoyvov ¢ Bapoc PDE
s of caffeine : ueiooayv Tov
Yevvnong .
e DHlo TNP-a oAAG
oy IL-10.
3. Ot
OLYKEVIPMOO
€15 Mg
KAQPEIVIG
oyxetilovion
pe adbEnon
TLR4
(p<0,001)
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Hivoxkag 7

Xopog

Yuyypogeic, , , Epyaieia .
xpov?koyia, Tithog YKOTOG Tyedroopéc ASI’YA:(;"Y:; ;T:\Vi(l &Z'Ezzsygng Metapintég péTpnong Anl‘:)sg)svc:;;ara
10pa peréTng
Yuetal., Incorporati | No Bpefein | Avadpopkry |e 115 npémpo | @ Utah e ®dvMO Apgar score Ot
(2016) ng oxEoM UETOEL | pehétn VEOYVA Valley ®  LETOYEVVIT GLYKEVTPDG
Apepikn pharmacod | tov TOPOTAPNONG | @  Tidmun hospital KN NAKio €15 ™G
ynamic QOPLOKOSVLVOL e Intermou KaTé TV KOQETVIG Ko
considerati | pukov ntain évapén M TOL
ons into anoxkpicemv medical Soxun KapOLOKOV
caffeine Ko center e Badpog pLOLOY
therapeutic | cvykevipooe e McKay- yévwnong OLOYETIOTNK
drug_ _ ®V 0pov Dee o HETELHNVO av (p<0,005)
monitoring | Kopeivng Yo hospital PPOIKA . Aev
npreterm | va e Primary nhkia nopatnpnon
infants evnuepwbei n children’s Kot v Kav Gpeceg
XpNon Tov hospital “Evapén 1 ovoyetioelg
TDM( « Dixie Soxuyu HeTagd
Oepamevtiky regional e APGAR OVOTTVEVGTIK
TAPOKOAOVOT hospital score 1 min OV EMITEI®V
on o Latter- e Apgar M 07VoiKGV
‘P“p““Ko’,V) day Saints score 5 min EMEI000IwY
08 veoyva hospital |e Hlkio o ,
e American KONoNg OLYKEVIp®OO
fork i2$afvng
. Ezzz;al Aocso)»(?yioc
regional Yepomeiog
hospital 40 ,/5 Mg
00N yNoE o€
ToPOLO10
pvouo
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EVOOTPOLYELDL
K¢
EMAVAILOC®
AMvoong,
avédvovtag
TO TOGOGTO
TaVKOPITOG
G€ oLYKploN
Qe v
otabepn
doon
20/5mg/kg
(p<0,001)
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Hivoxkag 8

Xopog Epyaie
Zoyyp a¢§ig , , Zxaﬁurmp,()g Agiypa / 618%,“ ToY , ’ia Amoteléopata
xpov?koym, Tithog YKOmoOg peréTng Aswyporolnyio | | e Meroapintég | pérpno EpEvvac
1OPO. épevvag g
Alietal., Caffeine is H enidpaon | Avadpopkn | e 109 npéwpa | Health Hlwcia 1. Hdd6on
(2018) arisk factor | tng TEPLYPOUPIKN veoyva Scienses KOMong KOpEvg
Kavaddg for YuoomPELIL | HEAETN o  YkoOmiun centre in Ap1Ouog Ko
osteopenia of | évng doong | KoopTNG Winnipeg, YEVVAGEDY dapketa
prematurity | kot tng Manitoba Méso ™me
in preterm dubpketog epdopodia Oepomeiog
infants ™G o Bépoc £dg1&av
Kapeivng [MocotnTo, 1o0PN
oT0! POGPOPOL GLGYETION
TPOPO. 51OV 0pd pe v
VEOYVA LE Adon Kk 006TEOTEVIN
ooteonevia S1pKeta 00
KAQEIVNG TPOLpPOV,
Arovpnrikn p<0,001
o0 > zgepoetﬁﬁ
Adon ~
OTEPOELODV 1(%:?1’038)
pri b 0
TPN (p<0,091)
, oLoyETiom
(Muépeg) Qv
ONUOVTIKA
pe
00TEOTTEVIN
TPODPOV.
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Hivokog 9

Yuyypoageic Agiypa / Xopog Epyaieia
xpovolroyia, Tithog YKomog ZXS&?“” 0s Agvrypatoin 6l§2’;aycoyng Merapintéc péTpnong Ano:r ehtopo
. peAéTng , épevvag TO EPEVVOG
10Opa yia
Amaro et al., | Early No Toyatomompé | o 83 e Holtz e TIIpoyevwnuik | e Kaplan | 1. Hniwia
(2018) caffeine aloloyn | vn Tpdwpa Children’ & oteposdn -Meier omv
Apepikn and Oein eAEYXOUEVN VEOYVE. s hospital | ¢ Méon mison log- TpAOTN
weaning emidpacn | doKun e TkoOmUN of AEPOLY YOV rank EMITUYN
from g Jackson ot test embnon
mechanical | Tpdwung health Toxoonoinc | e Apgar dgv
ventilation | xoapeivnc system n score diEpepe
in preterm | oe nhkia e Universit | e« Apgar petash
infants TPOTNG y of KAipoko <5 me
EMITLYOVG Miami Aemtd TPOUNG
e&mbnon Medical |e FiO2o0¢ KOQEIVNG
G oe center TUYOOTOING Kot e
TPO®P. n opadog
Bpéen e Hlxia eLEY YOV,
SLICOANVOC p=0,703
2. 75%
ne .
¢ o édeice o
TuYOOTOING aon
g o5
o Edv éhafe LymAGTEp
EMLPAVELODP N ,
, ; Bvnoot
QGTIKN OVGio
nta 6€
pio amod
TG
opnadeg
Ko m
EMLTPOTN
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OLVEGTNG
€
JlKOTY|
mge

JOKIUNG
H

Ovnoot
nta oev
dépepe
OTLOVTIK
& petadoy
TOV

OLAd V.
(p=0,222)
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Iivaxkag 10

Xopog

vyypogeic, . , , Epyaieia .
xpzzgkg;i(f, Tithog YKomog sza“,"‘” 0s Astypa / , SI.?F,(I'Y(D’YHQ Merafintég us’?‘rypnong Am)"rs}»scua‘w
1 Ope peréTng Agvypotoinyia épevvag épevvag
Dix etal., Effects of | Na Melét e 3dmpoéopa | Wilhelmina IIpoyevvntt INVOS | 1. TorScO2
(2018), caffeine aVOADOEL TOL | TAPOTAPNOTG VEOYVEL Children's KG (QOCLOT uelmonke
OALavdio on the AmOTELEGLLOL e XKoOmm Hospital KOPTIKOOTE OUETPO onuovtika 1
preterm TOL NG POELON vEPLOP Opa HeTA
brain KOQEIVNG YrepBihipo ne TNV KOQEivn
otov vBvaio aKTvoP Ko
VEOYVIKO ue oAloG avakTOnKe
EYKEPUAO emtodepan BrainZ otig 6h pe
cla aEEG emovoloppo
Anpoypagt TOPOKO Vouevn
K& AovOno avéivon
YXOPAKTNPL n ogpimv
OTIKG IntelliV aiparog,
Enuinmrucé ue ropompiitn
¢ kpioelg mP70 Ke ,
Apgar OTIHOVTUH
score ueiwon oto
IMepi/evook pCO2 pera
olAK™ my
apoppayio ig?pzt};?gm
i‘fgl&ﬂ (48,66 mpv
Kapetvn kot 44.90 ,
Avamvevot mmHg peta,
o (p=0.02)
VIOGTNPLE 2. Ahreg .
" peTaPAnTég
TAA Doppler,
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Hiwdia
xopymong
KOPEIVIG
Awodvvop
KT
vrootNPLE
M Katd v
Oepameia

TOPAUETPOV
¢ aEEG ka1
Sa02 dev
EMNPEACTNK
av
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ITivakag 11

Zvyypage Xpog
; XYoo N0G Agtypo oelaymy Epyaieia .
\s, Tithog Y KOTOG peréTNg /Agvypatoin 1S Merapintég | pérpnong AmoteriopoTa
xpovoroyi , . épevvag
. yia épevvag
o, YOPpu
Faramarzi | The H cvykpion Toyaomompéy | o 40 Bu-Ali e Anpoypa | Apgar score O pvBudg
etal., efficacy ™m¢ M KAMVIKNI npoéwpa. | Sina PIKE ATOCMANVOONG
(2018), and safety | amotehecpatt | Sokiuy veoyvd | Teaching oTotysla (p=0,50), n
Ipav of two KOTNTOG Kot e Xxomun | Hospital, | e  Amotuyio amoTuyiog
different AGQALELOG TNG Sari eEdOnong CPAP (p=0,70)
doses of Hovng 86oMG o SiGpkela nTav
caffeine in | kapegivng AVOTVELG YounAoTEPN
respiratory | évavti 600 mpo o1 opdda
function of | popég e @cpansia NG d6oNg
preterm nuepnoing o 1 nuepncing
infants TpoO®POL amotuyio YoOPiG
Bpéon pe e CPAP OTOTIGTIKA
oUVOPOLLO G UOVTIKN
OVOTTVEVOTIKN dpopd
¢ ducpoplog Ta péoa SP02
KOTA TIG TPMOTES
TPEIG NUEPES
¢ Oepameiog
LE KOpETV
nrav
VYNAOTEPQ
TNV OpadQ
dumAng doomng.
(p=0,049)
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Ilivoxkog 12

Yvyypogeic, . , Xopog , Epyaieia ,
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L))
(p=0,003)
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4., Amoteréopata

To dbypappd 1 detyver to Prjpato Ko tov akpiPr aptOud tov dpbpwv mov
evIoTioTNKOV 0€ KaOEVO ad aTA, |LE GKOTO TNV ETAOYT TOV TEMK®OV ApOpwV oL
ypNoorombnkay oty moapovca HeAETn. H avaltnon pe Baon tig Aégeig kKAEW1d oL
AVOQPEPOVTOL TTLO TAVE® 00NYNGAV 6TV EMA0YN 16 pedet®V OV TANPOVCAY TA KPLTHPLOL
€1000YNG 6TV Tapovoa ovooKOTNon. Entd and 11¢ peléteg avapépoviay oTig EMOPAGELS
™G Kapeivg ota Tpowpa veoyvd, Entd amd t1g dekaéll pehéteg emonpavay Tig
aVETOOUNTEG EVEPYELEG TNG KAPETVNG KOL VO UEAETEG AVAPEPOVTOV OTIG EXLOPACELS Ko
avemBOuNTeG EVEPYELES TNG KAPETVNG ot Tpodwpa veoyvd. Ta apBpa mov
GUUTEPIANPON KAV GTNV TAPOLGA AVAGKOTN oM Elyav dnpoctevtel and to 2012-2019. And
TO GUVOAO T®V peAeTAOV Eyovv defayBel 6 onv Apepikn), 2 otov Koavadd, to Ipdv kot tnv
Avotparia, 1 oto IopanA, v Atyvrro, v @havdio kot tnv OAlavdia. T1évte and T1g
UEAETEG NTOV TUYOLOTTOINUEVES KAMVIKEG dOKIUEG, TTEVTE KoopTng, dvo pedéteg
TOPOTHPNONG, L0 CUYYPOVIKT LEAETY), L0l AVOOPOLLIKY], L0 TTPOOTTTIKY] KO L0, KAVIKT -
TEPOUOTIKY] LEAETN. LTI HEAETEG YpnoomomOnke peyarlog aplfpnog epyaieimv Kot £yve
dtepeivnon oe Tpowpa veoyva (<37 efdouddec). Or mo mhve mivakeg cuvoyilovy KoTd
YPOVOAOYIKN GEPA dNUOGigvong, T Pactkd LeBodoA0YIKA YOPOKTNPIOTIKE KO EDPTULATO

TOV LEAETMV.

4.1 Meg0000A0YIKG YOPUKTPLOTIKA TOV HEAETOV
To pefodoAoYIKA YOPAKTNPIOTIKA TOV LEAETOV TOV TANPOVCAY TO KPLTHPLOL
nepLapPavovy, Tn yOPo TPOEAEVOT|G KOl GXEOLOGLO TV LEAETAOV, TO delypa,

detypatoAnyia, T dwadwkacia kot epyareio GUALOYNG TOV OEOOUEVAV.

4.2 Xopo TpoELEVcNS Kol 6YEOLUGHOG TOV NELETAOV

2uvolkd dekaésl LEAETEG TANPOVGAV TO KPLTHPLOL Y10 VO, CLUTEPIANPOOVY oTNV
avaokomnon. To pefodoroyikd YapaKTNPIGTIKA TOVG TaPOVGIALOVTOL GTOVG TIVOKES GTO
Ke@AAa1o 3. Ot HeAETEG KAAVTTTOVV £VOL GYETIKA EVPV YEMYPOUPIKO PAGLLOL KoLl
ovyKekpipéva poépyovror and tov Kavadd (2), to Ipav (2), to Iepani (1), Atyvrro (1),
Apepwcn (6), Duhavdia (1), Avotpoaria (2) koar OAAavdiao (1). Oreg o1 pedéteg ftav
TOGOTIKEG, TEVTE NTAV TVYOoTOoMUEVES KAvIKEG dokiuég ((Faramarzi et al., 2018), (Kelly
et al., 2018), (Mohammed et al., 2015), (Amaro et al., 2018), (Schmidt et al., 2012)), névte
uerétec kooptnc ((Ali et al., 2018a), (Lodha et al., 2018), (Maitre et al., 2015),
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(Huvanandana et al., 2019), (Lodha et al., 2019)), pio Tpoontikr perétn (Ulanovsky et al.,
2014), 6vo0 peréteg mopoampnong((Yu et al., 2016), (Dix et al., 2018), o cuyypoviky
ueiétn (Chavez-Valdez et al., 2016), pia kKAwviky-wepapatiky peétn (Fakoor et al., 2019)
Ko piae ovadpopukn perétn (Parikka et al., 2015).

4.3 TIAn0vopoég peretdv

Oleg o1 peréteg etyav detypa mpdmpa veoyvd <37 efoopdowv ta omoia mapovsioloy
dmvola 1 avamveVOTIKEG OLGYEPELES Kot ypetdlovTay kapeiv. Tpelg peréteg elyov mg
opada ovykplong moudio nAkiog 3, 5 kot 11 ypovov avtiotoyya ((Lodha et al., 2018),
(Schmidt et al., 2012), (Kelly et al., 2018)). Ta veoyva cvppeteiyov otig peréteg Enstto
Ao YPOMTH GLYKATAOEST TOV YOVEWDV KOt EPOGOV TANPOVGAV TO KPLTHPLo. AVO HEAETES Ol
Faramarzi et al .,2018 ka1 Mohammed et al., 2015 coykpvav dvo SLPOPETIKES SOGELG
kapewng. H pedétn tov Maitre et al., 2015 coykpive tpeic opadeg veoyvmv, pia yopig
KOPELVT] , LI LE LEL®EVN SOOT Kal [io e YMAY 6001 KapeWvNG o€ avtifeon pe v
perétn tov Lodha et al., (2019) 6mov £yve GOYKPION VEOYVMV LE TPDIUN XOPTYNON
Kapeivng kot kabvotepnuévn yoprynon. Xt peiém tov (Fakoor et al., 2019) kot (Amaro
et al., 2018) cuykpidnkay opdado KoEevNg Kot EIKOVIKOD QUPUAKOL EVD Ol LEAETEC TMV
Ulanovsky et al., (2014), Dix et al., 2018 ko Parikka et al., 2015, uehétmoav ta veoyvd
TPV, KATE TNV S18PKELD KOt LETA TNV YOPNYLIOT] TNG KOAPEWNS. T LEAETN KOOPTNG TMV
Huvanandana et al., (2019) ot opédec ohykpiong apopodoay veoyvd. e dedopéval
APTNPLOKNG TEGTC Kot NAEKTPOKAPSIOYPAPTLOTOG, EVD otV puehétn Ttov Ali et al.,(2018)
GUUUETEL OV VEOYVA UE aKTVOLOYIKG dedopéva. Télog otig peléteg tmv Yu et al., (2016)

ko Chavez-Valdez et al., (2016) népOniay avaldGELS aipaTog 0o To VEOYVAL.
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4.4 Agiypo kot dgrypatoinyio

Oocov apopd 10 €160¢ NG detypatoAnyiog o OAEG TIG LEAETEG YpNOLLOTOMONKE
OKOTUN SELYHLOTOAN YO, EQOCOV YOl TV AGQAAN GUUUETOYN TOV VEOYVMOV LITAPYOV
GLYKEKPIUEVO KPLTNPLL ATTOKAEIGHOV. G TTPOG TO JElyO YEOOV OAEG O1 LEAETEG OEV
Eemepvovoay tov aptBpd delypatog tépav tv 250 Adyo nhkiog TV veoyvav, eKToc omd
V0 peLETEC, OTIG Omoieg cuppeTelyov TOAAG voookopeio £Tot To detypo KopovoTay oTa

2000 powpa veoyva (Lodha et al., 2018, Schmidt et al., 2012).

4.5 Avodikaoio 6uAroyg dedopévev

211G TAEIOTEG LEAETEG Ol GUUUETEXOVTEG TPOCEYYIoTNKAY AUECHS UETA TNV YEVVIION
TOVG EPOGOV TANPOVGAV TO KPLTNPLXL KO 01 YOVEIG EYKpivay TN GUUUETOYT TOVS, EKTOG OO
wo tov Ali et al.,(2018), 6mov 1 GuALoyN TV dedopévav apyiie EPOGOV Ta VEOYVA
coumpwvoy TovAdytotov 12 nuépeg voonieioc. H cuAloyn| tov dedopévmv yvotay Katd
1 O14pKELD TNG VOOT|AELNG T®V VEOYV®V GTO VOCoOKOUETD. Ze ol amd TG LEAETES O1 YOVElg
EMPETE VO GUUTANPOGOVY EVOL EPOTNUATOAOYIO Y10, TNV cvpumeptpopd (Schmidt et al.,
2012). Ocov apopd Ti¢ perétec mov emavasloloyndnkoy To veoyvd e peyaivtepn nikio

EMOVELTAYOMKOV GTO VOGOKOLELO Y1 TNV GLAAOYN T®V Oed0UEVOV.

4.6 Epyaleia ovAloyng 0£d0pEVOV

Apycd va avaeepBel mmg 1 KAipoka Apgar, ypnoyoromnke ce TEVTE amd TIG 0eKUEEL
ueiétec (Faramarzi et al .,2018, Amaro et al., 2018, Ulanovsky et al., (2014, Yu et al.,
(2016), Chavez-Valdez et al.) yio. tnv a&loAdynon g QUGIOAOYIKNAEC AEITOVPYLOG TOVL
veoyvov. E& pedéteg ypnoomoincav dtdeopa €101 HLOVITOP Yo TNV ToPAKOAOLON O™ TV
Lotikdv Aettovpyiov tov veoyvov (Philips MP60, Drager monitor ktA.) H pelém tov
Parikka et al. 2015, ypnoyomoince to Edi monitor yia t pétpnomn g nAEKTPIKNG
dpactnprotrag Tov otcoedyov. Ot Schmidt et al., (2012) ypnoonoincav to Wechsler
Preschool and primary scale of intelligence 11, kot ot yoveig copmAnpwvav o Child
behavior checklist yia evtomioud cvumepipopikdv tpoPfinuatwv. Xtn pelét tov Chavez-
Valdez et al., (2016) ypnopomomnOnke to epyario ELISA yio pétpnon tov
ovykeviposewv TNP-a kot IL-10. Ot Huvanandana et al., (2019) ypnowonomoav to
NCMS monitor kot to HKT'. T v eykepaiikn Aettovpyia ot Dix et al., (2018)

ypnowonomoay to BrainZ aEEG kat y1a T1g QUGIOAOYIKES TAPAUETPOVS KOL TO TTEPLPEPTIKO
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Kopea o o&vyovov, ta INVOS kot mP70. Ov Maitre et al., (2015) ywo v mapakorohonon
TOL £YKePGAov ypnoomoincav to HET kot to Geodesic sensor net. Ot Lodha et al., 2018
ypnowonoinoav ta gpyaieio Score of neonatal acute physiology 1l ka1 Bayley-I11 to
devtepo ypnoipomoinocay kot ot Amaro et al., (2018;). Ot eykephikoi dykol oTn HEAETN TV
Kelly et al., (2018) a&oroyiOnkav pe to epyaieio, SPM, Free surfer, functional MRI of
brain FSL’s, FIRST tool, SPM’s spatially unbiased infra-tentonal templete, TBSS «ou to

MRtrix’s fixel-based analysis.

4.7 Kdpra gvpfpota

[evicd e0pnpa TG avacKOTNONG MTOV TG 1 KAPEIVN €lval ATOTEAEGUATIKY GTNV
TpOANYN Kot Bepameia g dmvolag Kotd TNV TpowpoOTNTO, M®GTOCO ivar Thavo va
empépel Bpayvmpodbecpec | paxponpdbecpeg avemBounteg evépyetec. 'Eyve mpoondbeia
OLLOOOTTOINGNG TOV ATOTELECUATOV TOV dEKOEEL LEAETAOV TTOL TANPOVGAV TO KPLTHPLHL KO
TOPOLGLALOVTOL TTO KAT® GOUE®VA LE TNV ETIOPACT] TNG KAPEIVNG OTA TPOWPO VEOYVA LLE

dmvola Kot TG avemBounTeg TG EVEPYELES.

4.7.1 Enidopaon ka@egivng
4.7.1.1 Apdon KoQEIVIIG 6TO AVATVEVGTIKO GUGTNLO

H avadpopikn perétn tov Parikka et al., (2015), mov die&aybnke otnv @1havdio, nfpe
oetypa 17 mpdwpa veoyvd kot diepedvnoe TNV ENLOPACT) TNG KAPEIVNG GTOV VEVPOLOYIKO
€Leyyo ™S avarvong Katd v kevipikn dmvolo. Ta amotedéspata £0e1&av mmg o aptBudg
TOV ENEIGOOIMV ATTVOL0G CLGYETICTNKAV UE TO PAPOG YEVVINONS TV TPO®POV VEOYVAV,
petmdnke o apBudg KeVIPIKNG amvolag o€ mepiodo 30 Aentdv Ko avéndnke 1 domdvn
EVEPYELOG TOV SLOPPAYUOTOG LE OTATIOTIKG onpovTikn dtapopd (p=0,004). H
TUYOLOTTOUEVT ELEYYOUEVN dokiun Tov Mohammed et al., (2015), d1e&dyOnke oty
Atyvrto pe detypa 60 Tpoéwpa veoyva yauning 66ong kat 60 Tpoéwpa veoyva Yning d0omg
KAQEIVNG Y10l VO GLYKPIVEL TNV ATOTEAECUATIKOTNTO KO AGPAAELD TNG YNANG dOONG Kot
YOUNANG SOONG KITPIKNG KAPETVNG KOTA TV AITvola Kot TV enttuyn e€ddnon and tov
avamvevotipo. Bpédnke otatiotikd onpaviikn peiwon g arotvyiog eEdbnong oe
unyovikd aepiopeva veoyva (p<0,05), cuyvomra drvolag (p<0,001), kot tmv
Katayeypappévav nuepov anvotag (p<0,001) kotd ) xoprynon yning 66ong Kaeeivng.
Mo KAwvikn epopatikn ok mov deEdydnke oto Ipdv and tovg Fakoor et al., (2019),

dtepehivnoe TV emIOPAOT TNG TPOPLVAOKTIKNG KAPEIVNG Katd TV dmvola. Agv vpéov
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ONUAVTIKES O10pOopEG LETAED TNG KOPETVIG KoL TNG OLASOS EIKOVIKOV QUPIAKOV, ®GTOGO 1
nepiodog voonieiog Tav puikpdotepn otny opdado tov Aaupave kapeivn (p=0,02). H
dentepn pedétn mov deEdyOnke oto Ipdv, n omoia NTOV TLYOOTOINUEVT] KMVIKT OOKIUN
tov Faramarzi et al., (2018), nfpe deiypa 40 mpdwpa veEoyva Kot cOYKPIVE TV
QTOTEAECUATIKOTNTO, KO AGQPAAELD TNG LOVIG OGS KAPETVNG NUePNGlg 6€ TPdmPO
veoyva pe ZAA. Ta anotedéopata £6€1&av mmg 1 SUTAN dOCT NTAV TO OMOTEAEGLOTIKY
€QOcoV peimwoe v amotvyia amocwAnvoong kKout CPAP ymopig OL®OC 6TOTIOTIKA GMILOVTIKA
dtapopd. Emiong otnv opdda g SmANng 000mMG, 0 KOPEGUOS € 0ELYOVO NTOV TTo YNAOS LE
p=0,049.

4.7.1.2 Apaon kKo@<€ivig oV eYKEQPaIKY] AgtTovpyio

Mo avadpopukn perétn kooptng tov Lodha et al., (2019), nfpe deiyua 2108 veoyva
ano opopeg MENN otov Koavadd kot diepebvnoe ) oxéon peta&d mpdung Kot
KkaBvotepnpévng 006G KAPEIVNG LLE TNV VELPOLOYIKT OVATTUEN TV TPOWPWOV VEOYVAV.
2V opddo e TpMUNG 860G ta tocootd BIIA, avotktod Botdiiov mOpov Kot Gofapng
VELPOAOYIKNG PAGPNG NTav younAdtepa, OTMS Kot o1 0moddcelg ot KAipoko Bayley.
AKOUN, GTNV OLAdA TPOUNG KAPETVNG, O1 VOIAVGELS avTIoTOl) oNG HE Bdon Tig
BaBuoroyieg Tdong epEAVIcaY YOUUNAOTEPES TOAVOTNTES EYKEPUAIKNG TOPAAVGNG KoL
wpoPAnudtov axong. Katd v avaivon TV amoTEAEGUATOV TG KAPEIVIG GTOV VEOYVIKO
eYKEPAAO 34 TPOWPWV VEOYVDV TNG HEAETNG Ttapotnpnong Tov Dix et al., (2018) wov
oe&dyOnie v OAlhavodia, mapatnprnie 61t to rSCO2 perm®OnKe GNUOVTIKA Lo PO LETE
NV KaQeivn kot puetd and eravorapfavopevn avaivon aepiov aipotog, mopatnpnonke
onuovtikn peioon tov CO2 (p=0,02). H tuyatomomuévn pekétn tov Schmidt et al.,
(2012), otnv Apepikn mpe deiyua 1640 tpdmpa veoyvd kat gixe KOPLo 6Komd TNV
OlEPELYNON TNG KAPETVNG, €AV £XEL LOKPOYXPOVIO OQEAN 1) PALVOLEVIKOVG KIVOHVOLG 6T
oyoArkn NAkia. Ta amoteléopata dev £3€15AV GNUOVTIKY daPOPd GTO TOc0GTA HavdTov,
KWW TIKNG OLGAEITOVPYING, TPOPANLLATO COUTEPIPOPAS, KOKT VYIEWVT, KOQ®OGN 1] TOQPA®GN
peta&y tov 600 opdadmv (p=0,09) kot 1 enintwon g vonTikng PAAPNC NTov xounAdtepn
ota 5 ypdvia o’ Tt 6Tovg 18 Pveg Kot TapOpHota 6TV OpAd0 KOPEIVING Kot TOV E1KOVIKOD

eoppaxkov (p=0,89).
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4.7.1.3 Apdaon KoQEivG 6TO KAPOLOYYELNKO GVOTNO.

Mua poontikny perétn mov deEdybnke oto lopan twv Ulanovsky et al., (2014), mpe
detypa 21 wpdwpa veoyvd kot peAénoe TG o&eleg emMOPACELS TNG KAPEIVIG GE OYEoT e
ToV KOpOtoKd puouod. Asv vmpéav PeTaPorEC 6TOV KOPdlaKd puOUd, apTNPloK TEST Kot
TOV TOVO TOV GLTOVOLOV VEVPIKOV GLGTHHATOC ,LETA TN XOpNYNo™n ™S kapsivng. [lapopoto
oKoTO giye Ko n peAétn koopthg twv Huvanandana et al., (2019) otnv Avotpolio pe
oetypa 31 Tpdwpa veoyvd pe dedopéva aptnplakng mieong kot 25 pe dedouéva HKI, 6mov
T amoteAéopoto £6e1Eay peimon otovg dvo ekbétec Khudkwong (al, a2) g MAII ko

01N KapdloKn cvyvoTnTa o1 avoAvcel £del&av peiwon oto la (p<0,01).

4.7.2  AvemO@Ountéc evépyereg KaQEivng
4.7.2.1 Nevpoavartoilokd

[Two whve £ywve avagopd oTIc LEAETEC TOV dlepevvioay TNV BETIKY ENIdpOoT TNG
KOPEIVIG 0TO VELPIKO GVGTNO, ®GTOGO 1 TVYaoroinuévn perétn tov Kelly et al., (2018)
mov de€dyOnke otnv Avotpario, depedvnoe v oyéon g Bepaneiog pe Kapeivn og 70
TPO®PO VEOYVA Kat TIG dOUNG TOL £YKEPAAOL o€ 117 mandia niwciog 11 etdv,  onoia
delyvel to avtifeto. Anladn n opdda TG Kageivng siye pikpdtepo pecoAdpto amd v
opada tov ekovikod eappdakov (p=0,003) kat cvuoyetiotnke pe Bpaddtepn avdmntvén Tov
pecoloPov kat o apyn peimon g a&ovikng (p=0,02), axtiviknc (p=0,01) ko péong
ddyvong g Aevkng VAng (p<0,001). H perétn kooptg tv Maitre et al., (2015) oty
Apepikn| pe detypa 45 tpdmpa veoyvd, diepehivnoe v nidpactn Sopopwv 00GEmV
Kapeivng og avtiBéoeic Nyov-ophiag. Me amotéAespa Ta VEOYVA GTNV OLAON TNG XOUNANG
d66NG amOdEIKVOOVY LEYOADTEPN TYNTIKY dlopoporoinon otig cvAlafég (da-ga) amd to
veoyvd pe v bynin ékbeon og kapeivn (P<0,001). Axdun pia LEAETN KOOPTNG TV
Lodha et al., (2018) otnv Apepwkn, mipe deiypa 448 mpdwpa veoyva kat a&loAdynoe b
VILAPYEL CLOYETION UETAED TNG OBPKELNG TNG XPNONG KAPETVNG Kot TV
VEVPOUVOTTLEKDV EMOpdoemv o€ NAkia 3 etdv. Ta amotedéopata £0e1&av OTL N
dtoKon) NG Kapetvng peta&y 15-30 nuépeg HETA TNV YEVVNON CLUGYETIOTNKE LE TN
HIKPOTEPT GLYVOTNTA ELPAVIONG PAAPNG vevpoavarTuElaKd o veoyva <1250yp. Av kot 1
Kapetvn €xel amoderyBel OTL TPOGTATEVEL TNV AVATTLEN TOV EYKEPAAOL, 1] LEAETN OLTN dEV
Bpnke xopio oxéon HETAED TOPATETAUEVNG OldpKElOC Kapeivng (>30 nuépeg) kat

emPioong yopic PAAPT.
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4.7.2.2 Ooteonevia

H avadpopkn pehétn kooptig mov de€dybnke otov Kavada amd tovg Ali et al.,
(2018), mpe deitypo 109 Tpdmpo. veoyva pe okomd TV Slepedvon TG EMIOPACTC TNG
d00NC Ko SLAPKELNG TS KAPEIVNG oTa TPO®pPO VEOYVA e ooteonevia. Ta aroteAéouata
£0e1&av g 1 0001 Kot S1APKELD TS KAPEIVNG EYOVV 1IGYLPT CLGYETION LE TV EUPAVION

ooteoneviag katd tnv tpowpotnta (p<0,001).

4.7.2.3 Ovnopétnta

H toyoomompuévn perétn tov Amaro et al., (2018) mov mpaypatorombnke otnv
Apepikn, mpe delypa 83 mpodwpa veoyva Kot 0EI0AOYNGE TNV EXOPACT TNG TPDOIUNG
Kapeivng o nAkia TpdTNG emitvyovg e€@Onong. Ta arotedéopata dev €610V GTUTIOTIKA
oNUAVTIKY dtapopd oty Bvnondmra HETaED TV dVO OPAdMY WGTOGO AGYO LLOG
evdlqpeong avéivong to 75% £de1&e pia Taom mpog vynAoTePN BvynoodTNTA GE [LoL amd
TIG OHLAOES, £TGL 1) EMTPOTN AGPAAELNG KOl TopakoAovONoNg dedopévav cuVEGTNGE T

OlOKOTY| TNG OOKIUNG.

4.7.2.4 Toyvkapoia

H toyoomomuévn perétn tov Mohammed et al., (2015), oOykpive tqv
AMOTEAECUATIKOTNTO KO AGPAAELD TNG YNANG KoL TNG YOUUNANG 000N G KITPIKNG KAPETVNG
Katd TV dmvola kot Ty emtuyn EmOnon and tov avarvevotpa. [apdro mov £de1Ee mwg
N YA 06on peimoe v amotvyio eEDONONG, TN CLYVOTNTA KoL TIC KOTAYEYPOUUEVEG
NUEPESG ATVOLOC, MOTOGO GLUGYETICTNKE LE CNUOVTIKY] ADENCT TV EXEICOdTI®V TayLKOPIiog
(p<0,05). IMapdpota amoteréopata £6e1Ee Ko 1) perétn koopthg tov Huvanandana et al.,
(2019), omov mapdro mov giyxe mtmdon oty MAII, wotdc0 N maApkr| tigon beat to beat

avéNdnke pe p<0,01 kot onpeimOnke avEnpévn oseLodyia.

4.7.2.5 AvocomomTiké cvoTnpa

Mo cuyypovikn perétn mov die&dybnke otv Apepikn tov Chavez-Valdez et al.,
(2016), mpe deilypo 19 Tpdwpa veoyva Kot dlepedVOE TNV EMLOPACT TNE KAPEIVIG 0T
EMMEd O KLTOKIVAOV GTO aipo TV veoyvav. Ta amoteAéspata 0150V TMG 1 KOPETVT
peiwoe ta eninedo TNF-a, CAMP kot IL-10 kot o1 6GuyKeEVIPOGELS TNG KOPETVIG

ovoyetiCovrat aueca pe to TLR4 (p<0,001).
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5. Xvinmon

211 TopPOVCH GUOGTNUATIKY VOCKOTN O £Y1vE TPOoTAOEln avAdEIENg TV EMOPACEDY
NG KOQEIVIG GTO TPOMPO VEOYVA LE AITVOLNL 1) OVOTTVEVGTIKY OLGYEPELD. KAOMDG KoL TV
avETOOLNTOV TNG EVEPYELDY. ZOUPMVO, LE TIC LEAETEG TTOV avadLONKAV HEGA amd ovTh TNV
avaoKOTNo™, 1 KAQEIVN Opal amoTEAECUATIKA otV Bepameia 1 pLeimoN TV EnEIGOdIWMV
dmvotag, otnv peimon tov Paduod arotuyiog eEmONONG Ao TOV OVATVELGTHPA, POl
TpoANTTIKG otV gpeavion BITA kot ot peimon epedviong Slapopmy VEOYVIKMV
EMMAOK®V 0TS T0 ZAA, TOL 0vOIKTOD BOTAAMOV TOPOL Kot TNG OAUPIPANGTPOEDOTAOELOG
KATd TNV TPomPOTNTA. AVOQOPIKE LE TIG aveEMIBOUNTEG EVEPYEIEG TOV UTOPEL VAL EMLPEPEL M
KAQEIVT 6TA TPOWPA VEOYVA, PAVIKE OTL UTOPEL VO TPOKAAESEL dlaTaparyr) GTNV
VELPOLOYIKN AVATTVED, TO KAPILOYYELONKO, CKEAETIKO KOl (LVOGOTOUNTIKO GUGTNUA, KAO®MG

emiong kot ota enineda BvNoUOTNTOS TOV TPOMPOY VEOYVAV.

H xapeivn avinkel ota pappoka wov ypnotporotovvrol evpéwg otny MENN. Koatd ™
OteEaymyn TOAL®OV HEAETAOV dlepeuvnONKe N xpNon TV HeBVAEaVOIVOVY Yo TV Bepameio
anvotag katd v tpompdrto (Erenberg et al., 2000). H BeopuAdivn fitav to apyikd
mpdtLTOo Bepameiog TG dmvolag wotdco ot pebvAEavOveg cupmeprrapfavoprévon g
Kapeivng, amodelytnke mmg £xovv Kabepwbel Yo v BpayvmpdOecur| tovg
QTOTEAEGLOTIKOTITO, VO LELDVOLV TOL amvoikd encioddo (Henderson-Smart, De Paoli and
Haughton, 2010). Mia amd Tig peyordtepeg peréteg mov dte&dydnkay yio tn cOyKpion g
eMIOPOONG TNG KAPETVNG € OUAO EIKOVIKOV Pappdakov pe detypa 2006 mpdwpa veoyvd.,
£0e1&av g N Kopeivn ocvoyetiotnke pe v peiowon g dapketag CPAP, tov
SLUTANPOLOTIKOV 0&EVYOvoL, Tov Baduov BIIA, apeipAnctposidonadeiog kot Tpdinym
eyKepalkng PAAPNg kot yvootikdv dwatapaydv (Schmidt et al., 2012). H kogpeivn
Bewpeitonr TAEOV TO KATOAANAOTEPO PAPLLOKO KO YPNGLLOTOLEITOL TUTLKE Yo T Oepameio
Mg Amvolag Kot TV Tpo®pdTnTa AOY0 TV YNAoL Bepamevtikov deikTn, KaADTEPNS
EVIEPIKNG ATOPPOPNONG Ko HeYOAOTEPNS OldpKeLag NUEPITLOG (NG o€ GYEon He AALES
uebvr&avOiveg (Ergenekon et al., 2001). Qot660 TOAA TPO®PO. VEOYVE GE YNAEC BOCELS
KAQEVNG ELEaviouV NGO TAYLKAPSIOG, TOYVTOAUING, CTOCUOV Kot OENGNG
apTNPLKNG ieons. 26 Tpog Ta emelcdO0 OENGNS TNG OPTNPLUKNG TTiEONS TOL
amoteAéopoTo aviipdokovtot petald Tov peketmv. Xtn uedétn tov Huvanandana et al.,
(2019), n MAII &iye peiwbel petd and yoprynon kapeivne. Mia avadpopikr HeAET TV
Pacifici, (2014) n omoia cOyKpive 600 SUPOPETIKEG 0OGELS, £0€1EE TS 1) WNAT 060N
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KOQEWVNG GLOYETIOTNKE ONUOVTIKG e peiwon g amotuyiog eEDONONG 68 unyoviKa
aepllOpeVa VEOYVA OLLMG TOVTOXPOVA 031YOVCE G EMEIGOOLN TAYVKOPIING, TOYOTVOLOG KOt

avEnong ™S apTNPLOKNG TTEOTG.

Emunpdobeta 1 cuoy€tion e Kageivng e TV 06TEONEVIO 5T TPOWP VEOYVA
AmOOEIKTIKE BETIKY GTNV TOPOVGO GLGTNUATIKY OVOCKOTN G, OGTOCO £PYETAL GE dAPOVIN
ue wia avadpopukn pedétn (Viswanathan et al., 2014), 6mov ta veoyvd pe kotdypoto
TAEVPDOV OEV TAPOLGIACHV GUGYETION TG OCTEOTEVING KATE TNV TPO®POTNTO LE TNV

KaQeiv.

g Oleg T1g pehéteg N nAkia TV veoyvmv dtadpapdtiie onpaviikd poro, dnradn 6co
7o TPOWPA NTAV TOL VEOYVE TOGO TT0 vl NTov 6TIG OVEMBVUNTES EVEPYELES QIO TNV
Oepaneio pe KaEeivn. AkOun Eva onuovtikd otoryeio eivan mmwg otig dekaélt peréteg n
KLITpikn Kapeivn e€etdotnke HOvo og Tpompa veoyva Kat dev cuykpifnke pe dAheg
nAkaKéS opdoes, epdcov cupemva e Tov Evponaikd Opyaviopnd @apudrkmv (2009) n
GLYKEKPLULEVN KaQEIVN Kat o1 peBuAEavBiveg yevikdtepa yopnyobvtal Lovo 6€ TpoOmPA

veoyva yio ) Bepaneio Tng dmvolag.

2Oppova pe To To Téve dedopéva, ToviCeTal n oNUAVTIKOTNTO TOL VOSNAEVTIKOD
porov oty MENN. H voonievtikny gpovtidoa otnv MENN amotelel pio cuvietdoo,
TOAADV Tapayoviwv. O vOoAELTNG 6€ GUVIVAGUO LLE TIG YVOGELS KOt OEELOTNTEG TOV
dwbétel mpémet va eivon og BE€om va KTIUNGEL TV PapdTNTO TOV AVOTVEVGTIKOD
TPOoPANUATOG Ao TV KAMVIKY ekova, LoTikd onpeio mov Tapovstdlel To veoyvod Kat TV
QLO1KN €€ETAOT, VO EVTOTIGEL T ATVOTKA EMEIGOOLN KO VO, TOL OVTIETOTIGEL Apeca. 'Etot
Kpiveton arapaitnro ot emayyeAipatieg vyeiog wov epyalovror otig MENN va givat

EKTTALOEVUEVOL LE TIC KATAAANAESG YVAOOELS KO 0eE10TNTES.

Ilepropionol TOV £PSVVAV TOV UVUGKOTINONKOV

H mopovca cuotnuotikn avackonnon elxe KAmoloug TeEpLopiGovs ot omoiot givat
mOovov va emnpedoovy Ta anoteréspota. Katoapyds ol ta dpbpa mov avevpédnkay nrov
YPOUUEVE GTNV OyYMKN YADGGA, Y®Pic aVTOV TOV TEPLOPIGUO TOOVOV 1| NAEKTPIKY
avalntnon va anédoe peyorvtepo apBud peretov. “‘Evag eEicov onuovtikog meplopiopog
NTav 0 aplBuog Tov delynatog Tov NTov TOAD PIKPOG 0 OAES TIG LEAETEG EKTOC O dVO
ov AapPavav pépog oe gupeia meproyn]. BéPara pikdvtog yio tAnfucpud tpdémpmv
VEOYV®V 01OV lvail SVOKOAO Vo LolevTel peydio detypa, AOyo EmKIVOLVOTNTOS TNG

niiog.
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6. Topumepaocpata

ATO TNV 0VIAVOT| TOV ATOTEAECUATOV TV LEAETMV OAAL KL GTH GLVEYELD OO T
ov(NNoM Kot CVLYKPLON TOV EVPNUATMOV TOVS TPOKVTTEL TO GUUTEPAGLA TMOG 1) Oepameio TG
dmvolog pe Kapeivn o€ TpOmpa veoyva £xel BeTIKEG eMOPAGELS AALA TAVTOYPOVA TPOKAAEL
Ko avemBOunteg evépyeleg aueceg 1 Ko pokporpddecpes. [lapoin v gvupeio avdivon Tov
0épatog amd To wapeABOV PEypL Kot GIEPA Ol TaPEVEPYELES EEAKOAOVOOVV VO LITAPYOLV Kot
va Tailovv onpavtikd poAo otnv vyeio Tov veoyvol. Ot HEAETNG TNG CLYKEKPIUEVNG
aVOOKOTNONG GLVIGTOVV TNV TPAYUATOTOINGT TEPULTEP® TLYOLOTOUEVOV KAIVIKMOV OOKIULMV
YO0 TV OTOTEAEGLLOTIKOTITO KOl AGPAAELN TG XOPNYNONS KITPIKNG KAPEIVNG o€ TPOmpPO

veoyva yio TNV Bepameio TG Amvolag Kot GAA®Y OVOTVELGTIKMOV TPOPANUAT®V.

6.1.Xnpaocia Yo Tnv No6NAEVTIKI| KOL TO GOGTIRO VYEING

"Eva mpdmpo veoyvo amod ) otryun mov Ba yevwnOet, Ba petapepBei oty MENN, 6mov
QpovTida Tov avaAapPAavel Lo TOAVOEUATIKY OLADN ETOYYEALATIOV VYELNG TOV amoTEAEITON
amtd TOVG VEOYVOAOYOVG, TOVG VOCAEVTES, PLGLO00EPATEVTES, YVYOLOYOLS KTA. AOYO TNG
TPOMPATNTOGS T TEPLOTOTEPD VEOYVEA AapPdvouv vOoQAEPLL Kapeivn mg Bepameia 1)
TPOANYN NG ATVOLOG KOl GAA®V OVATVELGTIKAOV TpofAnudtov. Tnv 24wpn mapakoiovdnon,
QPOVTION KOl POPLOKEVTIKT AY®YT TOPEYEL TO VOCAELTIKO TPOoSmMKO. O1 vOoNAELTEG elvarn
01 TP®TOL TOL Ot TAPATNPTCOVV Y10, TVYOV TOPEVEPYELEG TNG POPUAKEVTIKNG OY®YNG N
OTOLOONTTOTE AVOLOALL TTOPOVGLUGTEL GTO VEOYVO Katd TNV voonieia tov. 'Etot elvat
EMITAKTIKY AVAYKT) TO GUOTNUO VYEING VL EPUPUOGEL EKTOLOEVTIKE TPOYPALLOTOL
EVNUEPMOOTG, TPOANYNG KOl OVIXVELONG TEPLCTATIKAOV TOV VoL AeLHVHVOVTUL GTO VOGNAELTIKO
TPOGMOTIKO. NUAVTIKO EIVOL VO TOVIGTEL 1] GUVEXTG EMUOPPMCT] KO EVIULEPMTT] TV
voonievtav oty MENN o€ oyéon pe v kaQeivn, 11§ emopAcELg Kot TiG oveEmBOUNTES
EVEPYELEC TNG LE OKOTO TNV TPOANYN, AVTILETOMIGN Kot peimon ¢ Ovnopomrag tov

TPOMPOV VEOYVAOV.
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6.1 Evonynoeis yro pelhovrikég £pevveg
ZOUQOVO LLE TO OTOTEAEGULOTO TNG TOPOVGUS AVOCKOTNONG, 1 £PEVVA OTTOLTEITOL VL
ocvveylotel pe okomo TV e£0KPIPOOT TG AMOTEAEGLOTIKOTITOS KO THG ACPAAELNG
yopynong Kaeeivng. Méoa amd 1001k HeAETN ToL BEUATOC, 01 EAAENYELS TOV
avevpEdnkKay Kot o1 014popot TPOPANUATIGHOL TOV HEAETNTOV TOL TEOMKAV, £dmGAV T

duvatoHTTa Yo KABOPIGHO KATOI®V EICTYNCEMV Y10 LEAAOVTIKES EPEVVEG.

o ApyiKd TOGOTIKEG HeAETEC Ba Tay YPNGIUES Yo TOV KOBOPIGHO TOV ETMESOV TMOV
YVOOEDV TOV VOCAELTMOV GYETIKA [e TV Bepameio TG ATVOl0G e KITPIKN KAPETVN.
Me 1t d1epedvion tov yvacewv Ba eavel eqv Kpivetol avaykaio 1 Qaployn
TPOYPAUUATOV EVIULEPMOTG CYETIKA LE TIC ETOPACELS KL TIC AVETIOOUNTEG EVEPYELES
™G KAPEIvNG.

o  Tvyaromompéveg KMVIKEG SOKIUES Y10 vaL 0odeiE0VV 1) Vo amoppiyouy TV
ATOTEAECUATIKOTNTO, TNG YNANG SO0NG KAPEIVNG Y10 LEIDOT) TOV ENEICOdIWMV AmTVOolag
Kot Yol S1EpELVNON NG AMOTEAEGATIKOTNTOG KO AGPAAELNG TNG XOPNYNONG TNG OTA
TPOWPA VEOYVAL.

o TIpoorntikég peréteg yia kabopiopd g GLVOESIUOTNTOS TG PUPLOKOKIVITIKAG/

QOPUAKOOVVOULKTS Yo BeATioTOTOINoN TG 0060 0YiG GTO TPOMPO. VEOYVA.
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Abstract

Background: This study sought to assess the pharmacokinetic and pharmacodynamic relationships of caffeine
citrate therapy in preterm neonates who had therapeutic drug monitoring (TDM) in the post-extubation period.

Methods: A retrospective observational study was conducted in preterm neonates who received caffeine citrate
therapy for apnea of prematurity and had TDM done in the post-extubation period between January 2006 and
October 2011. The relationships between pharmacodynamic effects (heart rate, respiratory rate, episodes of apnea,
adverse events) and caffeine serum concentrations were explored.

Results: A total of 177 blood samples were obtained from 115 preterm neonates with a median (range) gestational
age of 29 (24 — 33) weeks and birth weight of 1230 (607 — 2304) kg. Caffeine citrate therapy was initiated at a median
(interquartile range) postnatal age of 1 (1 — 3) day and TDM was performed at a postnatal age of 15 (10 — 24) days. No
direct correlations were found between respiratory rate or apneic episodes and caffeine serum concentrations;
however, heart rate and caffeine serum concentrations were significantly correlated (p < 0.05). Dosing regimen of 40/
5 mg/kg q12h (loading dose/maintenance dose, time interval) led to similar endotracheal re-intubation rate but
increased percentage of patients experiencing tachycardia compared to the standard regimen of 20/5 mg/kg q24h

(44.7 % vs 10.2 %, p < 0.001).

Conclusion: Based on this retrospective study, no correlation between episodes of apnea and caffeine serum
concentrations was found in neonates who had TDM of caffeine citrate therapy in the post-extubation period, whereas
a significant association between tachycardia and concentrations existed. Notwithstanding the absence of severe
adverse reactions, TDM should be considered in critically ill neonates with unexplained adverse effects, such as

tachycardia.

Keywords: Caffeine, Neonate, Pharmacodynamics, Therapeutic drug monitoring

Background

Caffeine citrate is the first-line therapy for treatment of
apnea of prematurity [1, 2]. The standard dosing regi-
men, approved by FDA in 1999 [3], is an intravenous
loading dose of 20 mg/kg caffeine citrate followed by a
maintenance dose of 5 mg/kg daily. Other dosing regi-
mens exist, contingent upon the neonatologist’s decision
based on the neonate’s disease status. The therapeutic
range of 5 — 20 mg/L has been used to guide dosing in
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neonates and has its origin in early works by J. V. Ar-
anda et al, which reported that optimizing ventilatory
drive and control of apnea without toxicity were achiev-
able with caffeine serum concentrations within this
range [4]. Clinical signs of toxicity have been observed
with caffeine serum concentrations above 40 mg/L [5].
However, therapeutic drug monitoring (TDM) is not
routinely performed due to its benign safety profile
when standard dosing is used [6, 7]. Since TDM usually
requires blood sampling by heel prick and can contrib-
ute to anemia, it is important to understand if TDM is
necessary during caffeine citrate therapy, especially with
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varied dosing regimens other than the FDA approved
regimen.

Several studies did not support the practice of routine
TDM of caffeine citrate therapy or indicated higher
upper bound of therapeutic range (>20 mg/L) in preterm
neonates [8—10]. An observational study of 101 preterm ne-
onates revealed that standard maintenance dose led to
serum concentrations within the recommended range (5 —
20 mg/L) independent of gestational age (GA), which also
held true for patients with concomitant renal or hepatic
dysfunction [8]. A prospective study reported that caffeine
serum concentrations from standard dosing were in a safe
and therapeutic range of 11 — 33 mg/L by 14 postnatal days
and were independent of neonatal demographics including
GA, postmenstrual age (PMA), and weight, suggesting that
routine TDM was not necessary without clinical signs of
apnea or toxicity [9]. A population pharmacokinetic (PK)
study showed that the inter-occasion (day-to-day) variabil-
ity of caffeine clearance was twice the inter-individual vari-
ability in preterm neonates, which implied that adjusting a
maintenance dose based on previous serum concentrations
of the individual neonate was not effective due to the
marked day-to-day randomness in clearance [10]. Gal sug-
gested that the therapeutic concentrations could range
from 10 to 40 mg/L and the likelihood of response and tox-
icity were specific to each individual [11, 12].

Our study examined cardiovascular/respiratory effects
including heart rate, respiratory rate, episodes of apnea,
and adverse events as major pharmacodynamic (PD) pa-
rameters and delineated their association with caffeine
serum concentrations in preterm neonates. Clinical in-
terventions and adverse events were also compared
among various dosing regimens to illustrate the aggre-
gated clinical outcomes resulting from different caffeine
exposures. The aim of this study was to find the rela-
tionship between PD responses and caffeine serum con-
centrations to inform the use of TDM in neonates. This
retrospective study was conducted to serve as a prelim-
inary work for a future prospective study on caffeine cit-
rate dosing regimen optimization in preterm neonates.

Methods

Study design

This retrospective observational study consisted of pre-
term neonates who received caffeine citrate for apnea of
prematurity at 8 sites of Intermountain Healthcare Sys-
tem in Utah (Utah Valley Hospital, Intermountain Med-
ical Center, McKay-Dee Hospital, Primary Children’s
Hospital, Dixie Regional Hospital, Latter-day Saints Hos-
pital, American Fork Hospital, Logan Regional Hospital)
between January 2006 and October 2011. Neonates who
had been previously ventilated at birth, received at least
1 dose of intravenous caffeine citrate within 28 days of
postnatal age (PNA), and had at least 1 blood sample
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taken for caffeine concentration measurement were in-
cluded for analysis. Patients were excluded if they re-
ceived caffeine citrate therapy for other indications
(neonatal respiratory distress syndrome), apnea due to
other causes (confirmed sepsis or pneumonia, diagnosed
gastroesophageal reflux), or had no TDM. Preterm neo-
nates with abnormalities in central nervous system were
also excluded as the disease may affect the patient re-
sponse to caffeine. Patient demographics including gen-
der, birth weight, APGAR 1 min score, APGAR 5 min
score, GA, PNA at dosing or sampling, PMA at dosing
or sampling were recorded in enterprise data warehouse.
This study was reviewed, approved, and granted a waiver
of informed consent by the University of Utah Institu-
tional Review Board.

Sample collection and measurement

The information on doses, dosing intervals, and TDM
sample concentrations were obtained from enterprise
data warehouse of Intermountain Healthcare System. In
the clinical settings, a loading dose of either 40 mg/kg
(20 mg/kg caffeine base equivalent) or 20 mg/kg caffeine
citrate (10 mg/kg caffeine base equivalent) was adminis-
tered by intravenous infusion over 15 min, followed by a
maintenance dose of 5 mg/kg caffeine citrate (2.5 mg/kg
caffeine base equivalent) every 12 or 24 h through intra-
venous or orogastric/nasogastric routes. The dosing regi-
men is denoted as loading dose/maintenance dose,
dosing time interval throughout this paper. Decisions re-
garding caffeine citrate dosing regimen, use of TDM,
and timing of blood sample acquisition were made by
the clinical staff. The indication for TDM was inad-
equate responses such as repeated or severe apnea des-
pite the continuation of caffeine therapy or symptoms of
adverse events [13, 14]. The timing of sample collection
post last dose was random and was at the discretion of
the care providers. Total caffeine concentrations in
serum were measured by quantitative enzyme multiplied
immunoassay (EMIT caffeine assays, Siemens Health-
care, Pennsylvania, USA). The assay was accurate be-
tween 1 and 30 mg/L with between-day and within-day
imprecision < 10 % across this range [15]. Samples with
caffeine concentration > 30 mg/L were diluted in drug-
free serum and reanalyzed.

Clinical records identification and analysis

Intermountain HELP2 Clinical Desktop was searched to
obtain clinical notes concurrent with sample collections
using the patient’s enterprise master patient index num-
ber. The clinical notes included relevant critical care
progress notes or discharge summaries. Vital signs (heart
rate and respiratory rate) were recorded in the critical
care progress notes on the date of sample collection
along with the frequency of apnea and any adverse
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effects attributed to caffeine. The normal range of heart
rate in neonates is 120 — 160 beats per minute (b-min
1) with toxicity associated with > 220 b-min™". Episodes
of heart rate > 170 b-min~" were considered as tachycar-
dia according to the clinical notes. The respiratory rate
normal range in neonates is 30 — 60 breaths per minute
(br-min~") with toxicity defined as tachypnea >80 br-
min~'. Information on apnea or adverse events was
screened in the notes. Apnea was cessation of breathing
lasting > 20 seconds, and/or those that were shorter, but
associated with hypoxia (oxygen saturation <85 %) or
bradycardia (heart rate<100 b-min'). Episodes of
apnea (number) or onset of adverse events (yes/no) that
happened on the same day of sample collection were re-
corded. If critical care progress notes concurrent with
sample collections were not available, the apnea or ad-
verse event records from the hospital discharge sum-
mary were searched to identify any information on
apneic episodes or adverse events on the date of sample
collection. Records from patients who were not on
mechanical ventilators on the days of TDM were used to
evaluate the relationships between vital signs/apnea epi-
sodes and caffeine serum concentrations. It is to note
that vital signs were measured during the physical exam
on the same day of TDM as dictated by the attending
clinician, thus may not reflect the heart rate in a tachy-
cardia event or respiratory rate in an apneic episode.

Clinical intervention in terms of endotracheal re-
intubation was used as a surrogate marker of treatment
failure in this study. Patients requiring endotracheal re-
intubation during the entire course of caffeine citrate
therapy were identified in the clinical notes. The under-
lying indications for re-intubation were divided into two
subgroups, one subgroup was re-intubation secondary to
worsening symptoms of apnea of prematurity, the other
subgroup was re-intubation secondary to other respira-
tory failure etiologies, such as significant periodic
breathing, increased work of breathing, increased CO,
levels, significant episodes of bradycardia with desatura-
tions, pleural effusions, pulmonary edema, and sus-
pected infections (no culture confirmation).

Statistics

Differences in caffeine serum concentrations between
dosing regimen groups were determined by Mann-—
Whitney U test. Linear regression was used to evaluate
the association between PD effects and caffeine serum
concentrations. The relationships between treatment ef-
ficacy and patient demographics were also evaluated by
linear regression. Predicted probabilities for adverse
events as a function of caffeine serum concentrations
were assessed by logistic regression analysis. The num-
ber of patients requiring re-intubation or experiencing
adverse events was compared among various dosing
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regimens via a x2 test of independence. Statistics were
performed using SAS software (version 9.3) (SAS Inc.
North Carolina, USA) and differences were considered
significant at p < 0.05.

Results

A total of 115 preterm neonates who received caffeine
citrate therapy and underwent TDM in the post-
extubation period were included in this study. A total of
177 blood samples were taken from these patients with a
median (interquartile range) GA of 29 (28 — 30) weeks
and birth weight of 1230 (997 — 1485) g (Table 1). Caf-
feine citrate therapy was started in patients at PNA of 1
(1 — 3) day or PMA of 29.4 (28.1 — 30.7) weeks. Blood
samples were taken in patients with PNA of 15 (10 —
24) days or PMA of 31.6 (30.1 — 33.4) weeks (Table 1).
Patients had a median of one sample taken for TDM. As
shown in Table 2, 47 (40.9 %) patients received 40/5 mg/
kg q12h regimen, 49 (42.6 %) patients received 20/5 mg/
kg q24h. The dosing regimen of 40/5 mg/kg q12h led to
significantly higher concentrations compared with the
standard regimen 20/5 mg/kg q24h (median 23 vs
15 mg/L, p<0.001). Patient demographics and clinical
statuses were similar among dosing regimen groups
(data not shown).

Out of 177 concentrations collected, 149 (84.2 %) con-
centrations had concurrent clinical notes that provided
relevant PD information. Among the 149 concentrations,
125 (83.8 %) concentrations had concurrent heart rate
and respiratory rate available in non-ventilated neonates,
whereas 89 (59.7 %) concentrations had corresponding
definitive number of apneic episodes recorded in non-
ventilated neonates. Linear regression analysis on heart
rate, respiratory rate, and episodes of apnea as a function
of caffeine serum concentrations showed that heart rate
was significantly associated with concentration (p < 0.05)
(Fig. 1a). Although this relationship was statistically sig-
nificant, the physiological effect was considered small

Table 1 Demographics of preterm neonates included in this

study

Characteristics Median (Interquartile range) Range
Sex? 60 male, 55 female

GA (week) 29 (28 - 30) 24-33
Birth weight (g) 1230 (997-1485) 607-2304
Apgar score, T min 6 (4-8) 1-9
Apgar score, 5 min 8 (7-9) 3-9

PNA at initiation (day) 1(1-3) 0-25
PMA at initiation (week) 294 (28.1-30.7) 24.1-336
PNA at sampling (day) 15 (10-24) 3-84
PMA at sampling (week) 316 (30.1-334) 25.6-409

*Number



Yu et al. BMC Pharmacology and Toxicology (2016) 17:22

potentially due to the fact that retrospective records
were used. The median (range) of heart rates at caffeine
serum concentration of 5-10 mg/L and 30-35 mg/L
were 160 (130-183) and 168 (151-175) b-min™", re-
spectively. No linear relationships were found for the
other PD parameters (Fig. 1b, c). The relations between
apnea episodes in the day and patient demographics
were assessed. It was found that there was an inverse re-
lationship between number of apnea episodes in the day
and GA of neonates (p <0.05) (Fig. 2a). Frequency of
apnea episodes decreased significantly as PMA increased
(p <0.05) (Fig. 2b).

The most common adverse event during caffeine
TDM was tachycardia. Out of 149 concentrations with
concurrent medical records documented, there were 34
(22.8 %) concentrations associated with tachycardia, 3
(2.0 %) with tachypnea, and 1 (0.7 %) with mild hyper-
tension, which were considered to be secondary to caf-
feine citrate therapy. The severity of recorded
tachycardia was mostly mild to moderate with heart rate
ranging from 170 — 212 b-min™"' amid an episode. The
frequency of tachycardia or the percentage of samples
with tachycardia relative to the concentration was plot-
ted in Fig. 3. Predicted probabilities for tachycardia
events as a function of caffeine serum concentrations
were also shown in Fig. 4.

Out of 115 patients, a total of 27 patients (23.4 %)
were re-intubated onto a mechanical ventilator during
the entire course of caffeine citrate therapy, of which 10
re-intubated
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Table 2 Caffeine citrate dosing regimens and caffeine serum
concentrations during TDM

Caffeine serum
concentration (mg/L)

Dosing regimens Number of patients

40/5 mg/kg
q12h 47 23 (18-26)""
20/5 mg/kg
g24h 49 15 (11-17)
q12h 8 17 (13-20)
5/5 mg/kg
q24h [§ 13 (8-17)
g12h 5 22 (21-23)

Data = median (interquartile range)

p < 0.001, significant differences were observed in caffeine serum
concentrations between regimen 40/5 mg/kg q12h and standard 20/5 mg/kg
q24h

worsening symptoms of apnea. As shown in Table 3,
there was no difference in re-intubation rate secondary
to apnea of prematurity or other pulmonary etiologies
between regimen 40/5 mg/kg ql2h and standard 20/
5 mg/kg q24h, however, regimen 40/5 mg/kg q12h led
to significantly higher percentage of patients experien-
cing tachycardia than the standard regimen (p <0.001).
Patients going through re-intubation tend to be more
preterm [mean (range) GA 27 (24-31) weeks] with
less birth weight [963 (607 — 1892) g] than average
statistics of this study population (Table 1). There
was no difference in these patients’ demographics

patients (8.6 %) were secondary to among dosing regimens (Additional file 1: Table S1).
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Discussion
The present study revealed that a correlation between
number of apneic episodes and caffeine serum concen-
trations was not established under current dosing regi-
mens. A significant association between heart rate and
concentrations was found among the other PD parame-
ters, consistent with the fact that the probability of
tachycardia increased as caffeine serum concentration
increased. A high dose regimen 40/5 mg/kg q12h led to
similar re-intubation rate but significantly higher per-
centage of patients having tachycardia than standard
regimen 20/5 mg/kg q24h, agreeing well with the PK/PD
relationships found above. The total re-intubation rate
of the standard regimen in our patients (24.5 %) was
similar to that reported in the literature (24.0 %) [16].
The lack of correlation between efficacy and caffeine
serum concentrations under current dosing regimens was
in agreement with the trial that granted caffeine citrate label
approval by FDA, which reported no association between
success of > 50 % reduction or elimination in apnea events
and mean daily caffeine concentrations.®> Skouroliakou
et als study also revealed that methylxanthine concentra-
tions were not significantly associated with number of
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Fig. 3 The frequency of tachycardia or the percentage of samples
with tachycardia relative to caffeine serum concentration in
preterm neonates

apneic events per day in neonates with GA < 33 weeks [17].
A previous study comparing 10 mg/kg and 5 mg/kg main-
tenance doses in neonates with GA <32 weeks showed
similar efficacy in reducing apnea spells despite signifi-
cantly higher frequency of tachycardia in the 10 mg/
kg group [18]. It could be partially due to the under-
lying multifactorial etiology of apnea, with prematur-
ity being a prerequisite for the indication [19]. Apnea
of prematurity is known to have an incidence in-
versely related to GA and could regress with the mat-
uration of the newborn [19]. This is echoed in our
results that the number of apnea episodes reduced
significantly as PMA increased as well as in patients
with higher GA (Fig. 2).

The variable PK/PD response in neonates to caffeine cit-
rate therapy is also likely to be attributed to variability in
caffeine metabolism in individuals. Caffeine metabolism by
hepatic enzymes is usually limited in neonates. Maturation
of metabolic enzymes could lead to the improvement in
metabolic function, which is significantly associated with
the increase in PNA and varies extensively among individ-
uals (range 1 %—41 %) [20]. N7-demethylation, which pro-
duces theophylline, acts as the predominant metabolic
pathway in premature neonates (range 1 %-37 %) [20].
Theophylline is the active metabolite that is partially re-
sponsible for side effects such as tachycardia [18], the vari-
able caffeine-theophylline conversion rate could lead to PD
response variability. Several other factors, including genetic
variation in hepatic metabolic enzymes and genetic varia-
tions in caffeine receptors may also contribute to the vari-
ability in PD responses [21-23]. Due to the variability in
the caffeine metabolism and the resulting wide range of
half-lives among individuals [10], the measurement of caf-
feine serum concentrations at a postnatal age of 15 (10-24)
days in our study population may not necessarily reflect
concentrations at steady state. Thus, caffeine concentra-
tions may vary considerably and make it difficult to find
other significant associations between PD responses and
concentrations.

The 2-fold higher-than-standard dosing regimen led to
similar re-intubation rate but significantly higher
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percentage of patients having tachycardia than standard
regimen. This is similar to Steer et al.’s findings on the use
of 3-6 fold higher maintenance doses for a course of
7 days in neonates of similar GA range (<32 weeks) to our
study’s (<33 weeks) [24]. A significant reduction in re-
ventilation was shown when 4-fold higher maintenance
doses were used for the duration of averagely 1 month in
neonates with GA < 30 weeks [16]. This effect was more
evident in the stratified subgroup of neonates with GA <
28 weeks that a significant reduction in the days on

Table 3 Summary of clinical interventions/adverse events in
terms of re-intubation and tachycardia among dosing regimens

Dosing Number of patients going Number of patients
regimens through re-intubation (%) having tachycardia (%)
Secondary Secondary to
to apnea of  other respiratory
prematurity  etiologies
40/5 mg/kg
q12h 4 (85 %) 7 (149 %) 217 (4.7 %)
20/5 mg/kg
q24h 4 (8.2 %) 8 (163 %) 5(10.2 %)
q12h 0 10125 %) 4 (50.0 %)
5/5 mg/kg
q24h 2 (333 %) 0 1(16.7 %)
q12h 0 1 (20.0 %) 0

""p < 0.001, regimen 40/5 mg/kg q12h led to significantly higher percentage
of patients experiencing tachycardia secondary to caffeine citrate therapy than
standard 20/5 mg/kg q24h

mechanical ventilator (average 8 days) was observed [16]. A
retrospective study in neonates <28 weeks GA revealed
that patients receiving caffeine citrate > 7.9 mg/kg/day were
associated with a decreased need for clinical interventions
in terms of dose adjustments compared to those receiving <
7.9 mg/kg/day doses [25]. It suggests that neonates with
lower GA, especially extremely low-gestational-age neo-
nates (GA < 28 weeks), could benefit more from high doses
of caffeine citrate. Dosing regimens stratified by GA is war-
ranted for more systematic trial evaluation.

None of the neonates died or had a severe reaction under
current dosing regimens, however, TDM may be helpful in
suspected toxicity to diagnose caffeine-related adverse
events, based on our findings on a significant association
between tachycardia and caffeine serum concentrations.
The use of high dose caffeine citrate inevitably increases
the risk of tachycardia in neonates, this need to be taken
into consideration combined with other elements of ther-
apy, such as efficacy and requirement for respiratory sup-
port, to determine treatment priority in lieu of medical cost
and facility resources available. Caffeine TDM is valuable in
the setting of clinically-significant tachycardia to assist dif-
ferential diagnosis with respect to other potential etiologies.

This study has several limitations associated with its na-
ture of retrospective chart evaluation. First, the TDM was
done at the discretion of the medical team and may have
patient selection bias towards sicker patients or patients
who had adverse events. Second, vital signs were measured
during the physical exam in the day of TDM, thus, they
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were the approximate rather than the exact values at TDM
sampling time. Third, the records were physician notes that
were not verified by audits of electronic monitoring, how-
ever, they are the critical information used by clinicians for
patient management and decision making.

Conclusion

Based on our analysis on the retrospective dataset, little
correlation between episodes of apnea and caffeine serum
concentrations was observed in neonates who had TDM in
the post-extubation period under current dosing regimens,
whereas a significant association between tachycardia and
concentrations existed. Notwithstanding the absence of se-
vere adverse reactions, TDM should be considered in critic-
ally ill neonates with unexplained adverse effects, such as
tachycardia. Future prospective study is warranted to estab-
lish the linked PK/PD relationship to optimize dosing regi-
men in preterm neonates.
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Abstract

Background: Caffeine, the most commonly used medication in Neonatal Intensive Care Units, has calciuric and

osteoclastogenic effects.

Methods: To examine the association between the cumulative dose and duration of therapy of caffeine and
osteopenia of prematurity, a retrospective cohort study was conducted including premature infants less than
31 weeks and birth weight less than 1500 g. Osteopenia of prematurity was evaluated using chest X-rays on a

biweekly basis over 12 weeks of hospitalization.

Results: The cohort included 109 infants. 51% had osteopenia of prematurity and 8% had spontaneous rib
fractures. Using the generalized linear mixed model, caffeine dose and duration of caffeine therapy showed a
strong association with osteopenia of prematurity. Steroids and vitamin D were also significantly correlated with
osteopenia of prematurity while diuretic use did not show a statistically significant effect.

Conclusion: The cumulative dose and duration of therapy of caffeine, as well as steroid are associated with
osteopenia of prematurity in this cohort. Future studies are needed to confirm these findings and determine the
lowest dose of caffeine needed to treat effectively apnea of prematurity.

Keywords: Premature infants, Osteopenia of prematurity, Metabolic bone disease, Caffeine

Background

Approximately 80% of bone mineralization of the new-
born takes place during the third trimester of pregnancy
because of the high rate of intrauterine growth [1]. Thus,
preterm infants whom deprived of that period, are born
with less bone mineral content. In addition, physio-
logical adaptation of bone to extra-uterine life leads to
an increase in bone resorption. This process occurs earl-
ier in preterm than in term infants and can be accom-
panied by high risk of bone fragility and fractures [2].
Bone resorption appears to be more important than
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decreased bone formation in the pathogenesis of osteo-
penia of prematurity (OP) [3].

Almost 10% of infants are born prematurely worldwide,
representing more than 15 million births every year. The
incidence and severity of osteopenia of prematurity in-
crease as the birth weight (BW) and gestational age (GA)
decrease [4]. Preterm infants are known to have a lower
bone density (BMD) and bone mineral content (BMC) [2]
at the corrected age of term, as well as a lower weight and
Ponderal index [5]. Moreover, preterm infants have lower
bone strength at the distal tibia and radius compared to
age and sex-matched controls, when assessed with
computerized tomography as young adults [6].

In 1989, the incidence of OP was 55% of infants
<1000 g and 23% of infants <1500 g at birth. A notable
finding at this time was that OP risk showed an inverse
relationship to lower GA and a direct relationship to
duration of parenteral nutrition [7]. In 2009, a study
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reported pathological fractures in 30% of preterm infants
with osteopenia [8].

Caffeine is the most commonly consumed pharmaco-
logically active compound in the world [9]. In the neonatal
intensive care units (NICU), it is one of the most com-
monly prescribed drugs to treat apnea of prematurity [10].
The half-life in neonates is 72—96 h (range: 40-230 h) and
the time to peak serum concentration after oral adminis-
tration ranges from 30 min to 2 h, whereas 86% of caffeine
is excreted unchanged in urine [11]. The liver enzymes re-
sponsible for caffeine metabolism mature progressively
with increasing GA. Girls were reported to have a higher
rate of caffeine metabolism than boys [12]. Clearance of
caffeine in infants born prematurely is markedly lower
and the volume of distribution is higher than infants at
term-equivalent age and beyond. Elimination of caffeine is
initially depressed in extremely premature infants and
then increases nonlinearly to final assessment at 6 weeks
postnatal age [13]. It is well established that caffeine
causes calciuria and creates negative calcium balance in
preterm rats especially after prolonged use with compen-
satory increase in PTH to normalize serum calcium at the
expense of bone [14—16]. Tolerance to the renal effects of
caffeine does not develop with chronic use [17].

In a study in mice, it was found that caffeine effect-
ively enhanced the osteoclastogenesis from bone marrow
hematopoietic cells and bone resorption activity as
assessed by the pit formation assay [18]. In another
study, BMD was significantly lower in growing rats
supplemented with 0.2% caffeine in diets for 20 weeks
compared with the control group. Additionally, the cal-
cium content in tibiae and femora of caffeine-treated
rats was also lower, and the osteoclastogenesis of bone
marrow cells isolated from caffeine-treated rats was
markedly enhanced as compared with that in the control
group. Taken together, these results suggest that caffeine
reduces BMD through the enhancement of osteoclasto-
genesis and its calciuric effect [19].

Based on existing studies we hypothesize that caffeine
usage, cumulative dose or duration of usage are associ-
ated with OP. and this association exists even when con-
trolled for the effects of other neonatal risk factors.

The primary outcome of this study was to determine
the effect of the cumulative dose and the duration of caf-
feine on OP. Other covariates of interest were included
in the analysis, steroids and diuretics cumulative dose
vitamin D intake, and maternal parity.

Methods

This retrospective quantitative descriptive pilot cohort
study was conducted at Health Sciences Centre in Win-
nipeg, Manitoba, Canada, from October 2007 to June
2012. Premature infants <31 weeks gestation and birth
weight < 1500 g infants were included, all infants had at
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least 12 weeks of hospital stay. It is difficult to imple-
ment case control study having infants with no caffeine
intake as all admitted infants less than 33 weeks are on
caffeine by hospital guidelines. We excluded infants with
congenital anomalies, infants with gut surgery affecting
feeding, infants with non-osteopenic fractures, and
infants with insufficient data to analyze. The data were
collected from the charts in the medical record. The
study included 109 infants who met the inclusion
criteria. Cases of osteopenia were defined if they have
radiological evidence of osteopenia of prematurity.

The data included: GA in weeks, gender, birth weight,
average biweekly weight, total parenteral nutrition
(TPN) days, and maternal parity level. The later was re-
corded as categorical data; high if >5, moderate if 3 or 4
and low parity if 1 or 2. Average biweekly vitamin D in-
take was included as longitudinal data. Serum phosphate
measurements were collected on biweekly basis
+/-1 week. The phosphate level was recorded as cat-
egorical data; high if >2.5 mmol/l, normal if between 1.8
to 2.5 mmol/l, low if between 1.3 to 1.8 mmol/l and very
low if <1.3 mmol/l. The radiological data (X rays) were
reviewed and interpreted, by a pediatric radiologist and
the writer, (the Cohen’s kappa was 0.83 and 95% CI 0.82
to 0.084, which indicates very good interrater agree-
ment) [20] both did not know the infants ‘clinical status
or biochemical data at the time of the interpretation, on
a biweekly basis at least for the first 12 weeks of life,
using Koo et al. criteria [21]. Table 1.

The descriptive statistics (means and standard devia-
tions) or (median and quartile) were used to summarize
the characteristics of the sample. As the grade level of
bone of newborn infants was measured fortnightly from
birth to 12 weeks old, the binary outcome variables (OP)
(0, 1), are longitudinal with up to 7 time points. It was
preferable to include grade 1 and 2 of OP together, as
the differentiation between the two grades is very sub-
jective. Grade 3 OP was easier to distinguish, as callus
formation was indicative of previous underlying spon-
taneous fracture. Due to the limited sample size, we di-
chotomized the radiological grading of OP by collapsing
grades 1, 2 and 3 together as OP. At the same time, we

Table 1 Koo et al. Criteria for osteopenia of prematurity

Grades Description

Grade 0: Normal density of bone cortex along shaft with normal
dense white line at metaphysis and normal band of
lucency, and thinning of cortex.

Grade 1: Loss of dense white line at the metaphysis, increased
sub-metaphyseal lucency and thinning of cortex.

Grade 2: Changes in grade 1 plus irregularity and fraying of
metaphysis, with splaying and cupping that is indicative
of rickets.

Grade 3: Indications of rickets with evidence of fractures.
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considered grade 0 as normal. We assessed the OP sta-
tus for every two weeks, Therefore, the generalized lin-
ear mixed model was used for repeated measures of
binary outcome (OP status) [22].

The cumulative dose of caffeine were included in the
generalized linear mixed model as covariates. Other
covariates added to the generalized linear mixed model
included doses of steroids, diuretics, vitamin D intake,
and other demographic variables such as GA in weeks
and gender. Vitamin D intake, average biweekly weight,
and serum phosphate were treated as time-varying co-
variates. To examine whether the effect of duration of
caffeine treatment on OP, a generalized linear mixed
model was fitted by including the interaction between
caffeine dosage and duration of therapy, and other co-
variates. The statistical analyses were carried out using
SAS 9.3 (SAS Institute, Cary, NC). All p-values are two-
sided, and significance was set at a value of 0.05.

Results
The initial cohort included 335 preterm infants, with
GA of less than 31 weeks and birth weight less than
1500 g, who were admitted to the NICU between July
2007 and July 2012. Of these 335 infants, 35 infants died,
5 infants were transferred to other facilities and 3 others
who had surgical necrotizing enterocolitis with short
bowel syndrome were also excluded. Out of the
remaining 292 infants, the final study group included
109 infants who had the required 12 weeks of hospital
stay, radiological data and laboratory data to analyze.

The raw data were examined for any outliers and
influential points before the start of the analysis. The
results of GA, birth weight, sex, maternal parity and
(TPN) duration are shown in Table 2 as mean * 2SD,
and average biweekly weight and vitamin D intake in
Table 3 as mean + 2SD.

There were 8 infants with bone fractures (8%). The
fractures involved the right and left lower ribs and none

Table 2 The cohort biometric data

Variables

Gestational Age (weeks) (mean + 2SD) 27+16

Birth Weight (grams) 665 + 229

Mean + 25D

Male/Female 54 male/55 female

Maternal Parity

Low parity < 2 85 (77.9%)

Moderate parity2-4 16 (14.6%)

High parity > 4 8(7.5%
TPN days

(Median) 21

Quantiles 11,32
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of them had a spontaneous fracture of the humerus. The
prevalence of OP based on Koo et al. in this cohort was
51.3%.

All the infants received caffeine during their hospital
stay, starting day one. The mean + 2SD dose of caffeine
was 425.33 £235.2 mg as a cumulative dose and the
mean = 2SD  duration of caffeine therapy was 60 +
45.8 days. The mean + 2SD dose of caffeine was 7.95 +
2.7 mg per kg per day and the range of caffeine dose was
(4.1-15.6 mg/kg/day) including the loading, the main-
tenance dose and the mini-load doses. The usual starting
load was 10 mg/kg followed by maintenance of 5-7 mg/
kg/day and the infant received mini-loads of caffeine in-
between according to the severity of apnea of prematur-
ity as long as the heart rate was less than 180 beat/min.
During the study time, there was no systematic protocol
to monitor the serum caffeine level.

There were 79 infants who received diuretics (73%).
The median diuretic dose was 5.9 mg with 1st and 3rd
quartiles of 1, 25.8 during the hospital stay. The steroids
were calculated as dexamethasone dose or equivalent as
100 mg of hydrocortisone are equal to 20 mg of dexa-
methasone. In this cohort, the median steroid dose was
2 mg and the 1st and 3rd quartiles were 0, 42 mg during
the hospital stay.

We first fitted a logistic regression model to examine
each individual variable associated with the probability
of OP, including gestational age, average biweekly birth
weight, maternal parity, TPN duration, vitamin D intake,
and serum phosphate level, duration of caffeine treat-
ment and the cumulative doses of caffeine, steroids, and
diuretics. The results are presented in Table 4. Table 4
shows that lower gestational age and average biweekly
weight are correlated with OP. Similarly, higher caffeine
cumulative dose and longer caffeine duration of therapy
showed a statistically significant correlation with OP (p*
<0.05). In the univariate model; steroids doses, TPN
days and average biweekly intake of vitamin D displayed
significant correlation with OP. On the contrary, mater-
nal parity, serum phosphate and diuretics were not asso-
ciated with OP (p>0.05) in this study. The maternal
parity was analyzed as low parity if less than 2 and mod-
erate parity if more than 2. Similarly, serum phosphate
was categorized as very low if less than 1.3 mmol/l and
low if between 1.3 and 1.8 mmol/l and normal if more
than 1.8 mmol/l.

Then we fitted a logistic multivariable generalized lin-
ear mixed model with gestational age, average biweekly
weight, cumulative dose of caffeine, cumulative steroids
dose and vitamin D considering the clinical importance
and statistical significance at univariate analysis. The
results are showed in Table 5.

Table 5 indicates that higher cumulative dose of caf-
feine is associated with an increase in the probability of
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Table 3 The average biweekly weight and vitamin D intake of the study cohort

Week1-2 Week3-4 Week5-6 Week7-8 Week9-10 Week11-12
Average weight in grams (mean + 2SD) 993 + 23 1108 + 2 1335 £ 29 1660 + 4 1984 + 4 2348 £ 5
Average Vitamin D in units (mean = 2SD) 392 £ 35 555+ 37 737 £33 834 + 29 947 + 29 1034 £ 32

OP. The effect of caffeine was true even when we
controlled the effect of other variables (average weight,
the gestational age, steroid and vitamin D). The odds of
OP is 1.10 times (95%CI: 1.05-1.15) higher for every
5 mg/kg increase in cumulative caffeine dose when other
factors are controlled.

The steroid dosage has a statistically significant result
in predicting OP with (p*<0.0001) (estimated Odds
ratio = 1.1 and CI: 1.005-1.20).

The results showed that the average biweekly vitamin
D intake, both included in the diet and supplemented,
had a negative correlation with the OP (p*<0.0001).
The probability of OP is decreased by 0.4% when vita-
min D increased from 400 to 800 units.

Figure 1 shows the effect of increasing caffeine dosage
on the probability of OP over time in different gesta-
tional age (25 weeks GA =15 infants and 30 weeks GA
=25 infants) based on the above fitted logistic general-
ized linear mixed model.

To examine whether the effect of duration of caffeine
treatment, we fitted another generalized linear mixed
model by including the interaction between caffeine
dosage and duration of therapy, and other covariates,
the results are showed in Table 6. This table shows that,
the average caffeine dose, caffeine duration of therapy as

Table 4 Factors associated with OP: Results of univariate

analysis
Variables Estimate  Standard Error P value
Gestational age (weeks) —0.645 0.147 <0.001*
Average biweekly weight (grams)  0.0006 0.0002 0.006*
Caffeine cumulative dose (mg) 0.005 0.001 <0.001*
Caffeine duration (days) 0.051 0.013 <0.001*
Steroids cumulative dose (mg) 0.09 0.046 0.038
TPN duration (days) 0.034 0012 0.005*
Vitamin D (units) -1.863 0.36 <0.001*
Diuretics cumulative dose (mg) 0.003 0.002 0.20
Serum phosphate (mmol/l)
Phosphate <1.3 —-0.09 0.16 0.57
Phosphate (1.3-1.8) 0.1 033 0.74
Phosphate >1.8 (ref)
Maternal Parity
Low parity -0.016 042 0.96

Moderate Parity (ref)

well as the interaction between caffeine dose and dur-
ation of caffeine treatment has a statistical significant
correlation with OP even when controlling for the ef-
fects of gestational age, weight and vitamin D (p < 0.05).

Based on the model in Table 6, Figs. 2 and 3 show the
effect of duration of caffeine usage on the probability of
OP based on the logistic model. The probability of OP
increased in 25 weeks preterm infants (15 infants), is
higher than the 30 weeks preterm infants (25 infants).
The figure exhibited that the lower the gestational age
the higher the probability of osteopenia over prolonged
caffeine use, even when controlling caffeine dose, steroid
dose, birth weight, and vitamin D.

Discussion

Although the overall survival of extreme low birth
weight infants has improved over the past 2 decades,
these infants continue to have significant comorbidities.
The prevalence of OP in our study is similar to that pre-
viously reported in the literature and suggests that OP
remains a significant comorbidity in extreme low birth
weight infants and puts them at increased risk for spon-
taneous fractures during the NICU stay. Our results are
consistent with this concept, the younger and smaller
the babies, the higher the incidence of OP.

The results of this study revealed a strong correlation
between caffeine treatment and the presence of OP. Des-
pite caffeine’s effect on treating apnea of prematurity
with favorable long-term outcomes [23], our study re-
vealed a strong association between cumulative dosage
and duration of treatment with caffeine and OP even
when controlling for the effect of other risk factors. The
results show that the adverse effect of caffeine is more
evident in lower gestational age infants, which may be

Table 5 Results from Multivariable generalized linear mixed

model

Effect Estimate Standard P value
(logit) Error

Intercept 563 5.59 0.321

Caffeine Cumulative Dose (mg) ~ 0.39 0.05 0.007*

Steroid Cumulative Dose 0.17 0.05 0.035*

(mg)

Vitamin D (units) -1.64 047 0.006*

Average Biweekly Weight -0.01 0.0001 <0.0001*

(grams)

Gestational age (weeks) -041 0.19 0.0408*

* Means significant

p* = significant value
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Effect of Caffeine Dosage on OP
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Fig. 1 Probability of OP with increasing caffeine dosage at 25 weeks
and at 30 weeks gestational age based on the logistic model
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explained by the prolonged half-life of caffeine in their
bodies due to diminished kidney abilities to eliminate
the caffeine. Furthermore, extreme preterm infants have
immature liver enzymes and are unable to catabolize
caffeine leading to a prolonged effect causing calciuria
and osteoclastogenesis [14, 19].

In contrast to the current study results, a retrospective
study done by Viswanathan et al. (2014), showed that
there was no difference in duration of caffeine use be-
tween cases of OP and the control group. Viswanathan
et al. did not calculate caffeine dose, only caffeine dur-
ation was tracked between cases and controls. Addition-
ally, in the Viswanathan et al. (2014) study, infants with
spontaneous rib fractures were included in the control
group if there was no radiological evidence of OP. In
our study, the osteopenic fractures were encompassed in
the cohort data and identified as having severe grade
osteopenia. The average duration of caffeine treatment
in both groups in the Viswanathan et al. study was
40 days, while in our study, the average duration of caf-
feine treatment was 60 days [24].

Our current study was a retrospective one and
there was no accurate documentation of maternal

Table 6 Estimates with interaction of caffeine and duration of
treatment

Effect Estimate Standard p
(logit) Error

Intercept 3.39 5.99 0.57

Average Caffeine dose (mg/kg/d) 0.24 0.09 0.029*

Duration of caffeine treatment (days) 0.64 027 0.02*

Caffeine dose* Duration of caffeine 0.07 0.04 0.05*

treatment (days)

Steroid cumulative dose (mg) 0.09 0.05 0.07

Vitamin D (units) -1.86 0.36 0.04*

Average biweekly Birth Weight —-0.06 0.02 0.001*

(grams)

Gestational age (weeks) -064 0.15 0.001*

p* Indicates significant level

Probability of OP with Prolonged Caffeine Usage
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Fig. 2 Probability of OP with prolonged caffeine use based on the

logistic model
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caffeine intake during pregnancy and lactation time.
However, it is worth mentioning that in an animal
study, maternal caffeine intake negatively affected
bone formation and development [25]. Thus our re-
sults may still imply an effect of maternal caffeine ex-
posure either in utero or through mother’s breast
milk and donor breast milk. However, the high doses
of caffeine prescribed for apnea of prematurity have
paramount contribution to OP.

In this study, there was no difference between male
and female infants regarding OP, which is in agreement
with another comparable study [26]. But our results do
differ from other published studies which found that
male infants have higher bone density than females
when comparing preterm male and female infants with
male and female full term newborns. Such an observa-
tion may follow a recognizable trend for testosterone
hormone in utero [27, 28].

This study showed significant effect of TPN duration
on the development of OP but this effect disappeared
when we controlled for other risk factors. This can be
explained by considering that other factors contribute
more to OP, and that TPN contains the maximum
amount of calcium and phosphate according to the

Effect of Prolonged Use of Caffeine
Over a 12 week Period

. / 7
0.6 == Gestational Age 30
/ / Weeks (n=25)
0.4

/ / = CGestational Age of 25
0.2 / Weeks (n=15)

0 - —— T
123 456 7 89101112
Number of Weeks of Caffeine Use

Probability of OP

Fig. 3 Probability of OP with same Caffeine dosage at 25 weeks and
30 weeks gestational age over the weeks of treatment based on the
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maximum solubility allowed [29]. In this study, TPN
duration count included the null per os days as well as
partial feeding days. During the study time, TPN is pro-
vided till the infant can tolerate the full enteral feeding.

Although Backstrom et al. suggested that serum phos-
phate levels lower than 1.8 mmol/L (5.5 mg/dl) may
have a diagnostic sensitivity of 100% and specificity of
70% for OP [30], in our study, serum phosphate on
biweekly basis did not show a statistically significant cor-
relation with OP. No other published studies have exam-
ined serum phosphate as a longitudinal marker over the
hospital stay. Yet, serum phosphate is among the min-
erals that are regulated tightly, and the average biweekly
record may not represent the real situation of serum
phosphate in infants on TPN for the first week at least
and partial feeding for another week. In agreement with
our results, Aly et al,, (2005) found that serum phos-
phate as a single reading at birth was not correlated with
OP in preterm infants [27]. In another study serum
phosphate and serum alkaline phosphatase were corre-
lated with OP later in infancy, which could be explained
by the other confounding factors and medications re-
ceived that affect premature bone in early life in NICUs
[31, 32].

While it is documented that the number of previous
pregnancies of a healthy mother correlated negatively
with BMD measurements, the effect of previous preg-
nancies did not show the same effect on infants’ bone
formation. This supports the fact that an infant acquires
the needed minerals and vitamin from the mother’s body
with active transport against the concentration gradient
ignoring the mother’s general status [33]. In our study,
there was no significant effect of maternal parity on OP.
On the other hand, this cohort study with limited sam-
ple size did not have enough high parity mothers to de-
tect a correlation, and thus further research is needed
that includes high parity mothers.

Our study results show a statistically significant correl-
ation between OP and steroid cumulative dose, while di-
uretics did show a positive trend in relation to OP. This
correlation did not reach statistical significance. This re-
sult can be explained by the short duration of diuretics
use and the relative small sample size. The use of high
dose of caffeine that has a diuretic effect might explain
the lower need for the diuretic use.

Conclusions

We conclude that caffeine has a strong association with
OP. As limit of viability continues to decrease with 70%
survival of infants between 24 and 26 weeks, OP will
continue to increase and will results in significant mor-
bidity in childhood and adulthood unless strategies to
mitigate risk factors are developed. Our study was lim-
ited by the small sample size. The study was conducted
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at one center, and thus the results may not be
generalizable on a wider scale. Further studies are
needed to determine effective lower caffeine dosage, dif-
ferent ventilation strategies, adequate vitamin D intake,
and passive movement as all these can provide protec-
tion against OP.
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The efficacy and safety of two different doses of caffeine
in respiratory function of preterm infants

Abstract

Background: Caffeine is widely used for prevention of apnea and helps successful
extubation from mechanical ventilation. It facilitates the transition from invasive to
noninvasive support and reduces duration of continuous positive airway pressure (CPAP)
in preterm infants. The optimum caffeine dose in preterm infants has not been well-studied
in terms of benefits and risks. We compared efficacy and safety of once versus twice-daily
caffeine dose in premature infants.

Methods: This study was a randomized clinical trial conducted in Bu-Ali Sina Teaching
Hospital, Sari. Patients with gestational age of <37 weeks were included. Both groups
received 20 mg/kg loading dose of caffeine intravenously followed by maintenance dose
of 5 mg/kg/day in group 1 or 2.5 mg/kg every 12 hours in group 2. Extubation failure,
CPAP failure and possibly adverse reactions were evaluated.

Results: The mean of gestational age and birth weight were 32.27+3.23 (weeks) and
1824.5+£702.54 (gr), respectively. The rate of extubation and CPAP failure and length of
NICU stay were lower in twice-daily-group with no statistically significant difference. The
means of O saturations on the first three days of caffeine therapy were higher in twice-
daily-group. Caffeine was generally safe and well tolerated.

Conclusions: This study, which assayed short-term effects of caffeine, showed that twice
daily caffeine maintenance dose was related to more benefits in facilitating extubation or
prevention of CPAP failure in preterm infants. However, there was not statistically
significant difference between two groups.

Keywords: Caffeine, Extubation failure, CPAP failure, Preterm infants

Citation:
Faramarzi F, Shiran M, Rafati M, et al. The efficacy and safety of two different doses of caffeine in
respiratory function of preterm infants. Caspian J Intern Med 2018; 9(1):46-53.

Respiratory distress syndrome (RDS) is generally seen in preterm infants. RDS in
neonates is managed with the intention to supply interventions that enhance survival as
well as lessen potential complications, such as the risk of broncopulmonary dysplasia
(BPD) (1-3). Many of the patients require mechanical ventilation and may be ventilator
dependent for several days or even many weeks. The patients who have apnea and poor
respiratory drive need further time of mechanical ventilation. Prolonged mechanical
ventilation is associated with several short-term and long-term complications such as
barotrauma and the development of chronic lung disease, atelectasis, air leak syndrome,
pneumonia, neurodevelopmental impairments and bronchopulmonary dysplasia (4, 5).
Methylxanthines (MGs) have been used 25-years ago as the backbone of pharmacologic
treatments of respiratory disorders in premature infants. MGs are still widely used to
manage apnea and facilitate successful extubation from mechanical ventilation (6-8). The
efficiency of caffeine, as a preferred methylxanthine, to stimulate respiration has been well
proven.
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Caffeine also, has significant favorable impact on
neonatal morbidity such as BPD, patent ductus arteriosus
ligation and so on. Useful effects, safety, efficacy, and cost-
beneficial use caffeine introduced as the ‘silver bullet’ in
neonatology (9). The results of previous studies revealed that
caffeine enhances respiratory muscle strength and lung
function followed by easier weaning of mechanical
ventilation in premature infants (10). Also, a rapid and
sustained increase in diaphragmatic activity and tidal volume
was reported in preterm infants followed by caffeine
administration (11). Previous studies have shown that
caffeine citrate was generally well tolerated by premature
neonates in clinical trials and declined the incidence of apnea
in this population compared with placebo.

It has established treatment and found to be equally
effective like theophylline but has an overall superior safety
due to a wider therapeutic index (12). Additionally caffeine
is related to superior outcomes due to its lower toxicity and it
is a preferred drug for apnea in preterm infants with
respiratory problems (13).

In a large randomized clinical trial, it has proven that the
use of caffeine in very low birth weight infants reduced the
incidence of BPD and duration of continuous positive airway
pressure (CPAP) with no short-term adverse effects (14).
The infants were followed-up until the age of five after
caffeine therapy and established its long-term safety (15).
Another report in 2006 indicated that infants in the caffeine
group had a shorter duration of CPAP and mechanical
ventilation than those in the placebo group and have lower
incidence of BPD (16).

The assessment of long-term effects of caffeine therapy
in neonates showed an improvement in survival rate with no
disability in neurodevelopmental status at 18 to 21 months in
premature infants (17). Several reviews about caffeine in the
treatment of premature infant respiratory disorders
confirmed the overall advantages of this drug and explained
it as the drug of choice in this condition with some protective
effects on the brain and lungs with few side effects (18-23).
Additionally, based on the recent multicenter and
observational study to assess the clinical use, outcome and
safety profile of caffeine in the treatment of apnea of
prematurity (AOP), this drug was safe to use and the
incidence of adverse drug reactions was low (24). In brief,
caffeine has a significant function as a noninvasive
respiratory support. It facilitates the transition from invasive
to noninvasive support, reduces the duration of positive

airway pressure support and decreases the risk of BPD in
preterm infants. Nevertheless, the optimum caffeine dose in
preterm infants with respiratory distress syndrome has not
been well studied as well as heterogeneous reports on the
optimal loading and maintenance dose of caffeine in several
studies in terms of benefits and risks. Many investigations
have been conducted about various dosing regimens in the
improvement or prevention of respiratory disorders of
premature infants (5, 25-31). These dosage regimens,
although, have been associated with varying degrees of
success.

The current standard dosing regimen for caffeine citrate
is 20 mg/kg (or 10 mg/kg as caffeine base) as a loading dose
followed by 5mg/kg/day (or 2.5 mg/kg as caffeine base) as
maintenance dose (32, 33). We hypothesized the 12-hour-
interval leading to the more stable plasma drug
concentrations and improving patient's outcome compared to
once-daily dosing. The aim of this study was to compare
efficacy and safety of once versus twice-daily caffeine-dose
in premature infants with respiratory distress syndrome.

Methods

This study was an open-label randomized clinical trial
conducted at a neonatal intensive care unit in Bu-Ali Sina
Teaching Hospital, Sari, Iran (between July 2015 and August
2016). Study protocol was approved by the Research Ethics
Committee of Mazandaran University of Medical Sciences,
Sari, Iran. This trial was registered at IRCT.ir (reference
number IRCT201510172342N4). All subjects' parents were
informed about the nature and purpose of the study. This
included an explanation of aims, methods, objectives, and
potential hazards of the study and informed signed consent
was obtained from their parents. The investigator explained
to the parents that they were under no obligation to take part
in the study and could withdraw at any time. Patients were
included in the study if they had a gestational age of 26 to 37
weeks, with evidence of respiratory distress syndrome that
was diagnosed by a neonatologist and treated by caffeine
therapy facilitating earlier weaning process from mechanical
ventilation or undergoing CPAP therapy.

The exclusion criteria were asphyxia, hypoglycemia,
intracranial ventricular hemorrhage (IVH), major congenital
anomaly and previous exposure to methylxanthine therapy.
If the patient met the inclusion criteria, he/she was enrolled
and randomly assigned to one of the two study groups. Both
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groups received a 20 mg/kg loading dose (LD) of caffeine
citrate that was administered intravenously over 30 minutes
followed by a maintenance dose (MD) of 5 mg/kg every 24
in group 1 or 2.5 mg/kg infused every 12-hour-interval in
group 2 over 20 minutes. Demographic characteristics
(gestational age, gender, birth weight, type of delivery and
Apgar score at 1 and 5 minutes after birth, age at initiation of
caffeine, duration of caffeine therapy, length of stay in
NICU, ventilator modality, primary RDS score, daily blood
gas levels and routine laboratory tests) were recorded.
Extubation failure, CPAP failure, duration of the ventilator
and CPAP therapy for all patients were also registered as
primary outcomes. In addition, an average of heart pulse rate
and blood pressure based on the values registered in the daily
sheets was recorded for all infants.

The possible adverse drug reaction of caffeine including
tachycardia, feeding intolerance, hyperglycemia or
hypertension were also investigated in case they happen.
Side effects and clinical worsening were used to assess
safety and tolerability. The mentioned parameters were
assessed since the time of caffeine therapy initiation until the
infants treatment. All statistical analyses were conducted
using SSPS Version 19 (SPSS Inc., Chicago, IL, USA) and a
p-value <0.05% was considered statistically significant.
Number and percent age are represented the qualitative
variables and mean+SD displayed the quantitative variables.

Continuous variables of two groups were compared using
independent samples t-test, while qualitative variables were
analyzed using chi-square test.

Results

1. Demographic and drug dosing data analysis: Forty-
seven patients were enrolled in the study protocol and forty
of them fulfilled the study criteria. Seven patients were
excluded, of these, two patients were due to hypoglycemia,
one with IVH, two had congenital anomaly and another two
because of death (figure 1). Half of the patients (50%) were
girls, the mean of gestational age was 32.3+3.2 weeks weeks,
the mean of birth weight was 1824.5+702.54 gr and the type
of delivery in majority (92.5%) of patients was cesarean
(c/s).

Demographic and clinical characteristics of the neonates
in two groups are presented in table 1. There were no
significant differences in gender, gestational age, birth
weight, type of delivery, Apgar scores at 1 and 5 minutes
after birth, RDS score, surfactant therapy (INSURE) and age
at the beginning of treatment of the two groups. The average
length of stay in NICU was 17.8+18.5 days and duration of
caffeine therapy on average was 5.33+2.95 days, however,
we considered the first three days of caffeine therapy in our
analyses for all the patients.

Assess for eligibility: n= 47 |

Excluded: n=7

Hypoglycemia: n=2

Intra-veniricular hemorrhage: n=1
Congenstal anomaly: n=2
Death: =2

| Randomized: =40 [

|

maintenance dose; n= 20

Once dailv (3 mg'kg) ‘

¥
Analvzed: n=20 |

Figure 1. Diagram of the participants

maintenance dose:n= 20

Twice dailv (2.5 mg'kg) ‘

¥
| Analvzed:n=20 ‘
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Tablel. Demographic and clinical characteristics of the patients in two study groups

All subjects Group 1 Group 2

Subject (n=40) (n=20) (n=20) P-value
Female/male 20.20 11.9 9.11 0.52
GA at birth (week) 32.27+3.23 32.243.06 32.3443.46 0.89
BW(gr) 1824.5+702.54 1772+675.27 1877+742.5 0.64
Vaginal /Cesarean delivery 3.3 1.19 2.18 0.54
Apgar, 1 min/ Median(IQR) 9 (8-9) 9 (8-9) 9(9-9) 0.32
Apgar, 5 min/ Median(IQR) 10 (9-10) 10 (9-10) 10 (9.25-10) 0.86
RDS score/ Median(IQR) 6 (4-7) 6 (4.25-7) 5.5 (4-7) 0.49
Surfactant (INSURE) 19 (47.5) 12 (60) 7 (35) 0.11
PNA at initiation of caffeine (day) 8.231£9.2 7.1+7.7 6.7+7.2 0.86

GA:gestational age, BW: birth weight, Apgarl: Apgar score in 1th minutes after birth, Apgar5: Apgar score in 5th minutes after birth, RDS:
Respiratory distress syndrome score at the time of admission, PNA: postnatal age. Groupl: once daily, group2: two divided dosing per day of

caffeine.

2. Effect of caffeine dose on the respiratory status of
patients: Twice a day compared to once daily dosing
regimen of caffeine resulted in a reduction in failure of
extubation and CPAP failure rate and length of NICU stay
among preterm infants (14.7 VS 12 days, respectively),
although they were not statistically significant. Nonetheless,
there were no significant differences in the duration of
mechanical ventilation, CPAP therapy and mortality rate
between the two groups (table 2).

Table 2. Comparison of neonatal outcomes among
preterm infants receiving caffeine either in-group 1
(n=20) (once daily) or group 2 (n=20) (twice daily)

Parameters* Group 1 Group 2  Pvalue
Extubation failure** 8(40%) 6(30%) 0.50
N-CPAP failure*** 5(25%) 4(20%) 0.70
Rate of mortality 4(20%) 4(20%) 1

Duration of mechanical
. 12.82+15.12 13.63%+11.67 0.90
ventilation (days)

Duration of CPAP

5.69+4.97  6.36:1037  0.82
(days)
Length of NICU stay ), 741008 126723 033
(day)

* value are presented in (n(%) or mean+SD)

**Extubation failure: (i) an inability to extubate from mechanical
ventilation within 48 h of caffeine loading (ii) the use of
reintubation within 7 days of commencing caffeine therapy
***CPAP failure: SpO,<85%, PO,<50 mmHg, pH<7.2, PCO,>60
mmHg.

3. Blood gas levels change during the course of caffeine
therapy: Arterial blood gas (ABG) parameters were
measured daily for each patient and their mean values are
presented in table 3. All pH values were in the normal range
except the first day in group 1 that elevated to the normal
range on the second day of treatment (from 7.33 to 7.37). In
addition, all values of Pco, and HCO3 in patients of group 2
were in normal range compared to groupl during the first 3
days of caffeine therapy. At any rate, these differences were
not statistically significant. Most of the differences were
seen in the values of the O? saturation between two groups.

Table 3. Comparison of blood gas values between the two
groups in the first 3 days of treatment with caffeine. All
values are displayed on (MeanzSD)

Parameters Groupl Group2 Pvalue
Dayl 7.33+0.1 7.3740.08 0.21
pH Day2  7.37+0.12 7.37+0.06 0.85

Day3 7.37+0.16 7.39+0.12 0.68
Dayl 51.9+212 43.3+x143 0.14
PCO2 (mmHg) Day2 46.8+19.2 42.8+11.1 0.42
Day3 50.2+31.6 45.5%+18.7 0.57

Dayl 284+8.1 253+65 0.19
HCO3 (mEq/l

(MEAD  hay2  289:83 261349 018

Day3 271458 262459  0.63

Dayl 89.9+15.1 93.8415.5 0.42
Day2 89.1+11.2 95.247.4  0.049*
Day3 89.1+146 959455 0.056

*There was a significant difference in O2 saturation on day 2

02 saturation
(%)

between two groups.
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All of O? saturation levels in neonates that received
caffeine twice a day were higher compared to those with
once-daily-dosing even the difference on the 2™ day was
significant (p<0.05). Furthermore, the value of O saturation
on the 3nd day moved towards a meaningful trend (P<0.05).
4. Safety and Tolerability: Heart rate, blood pressure,
feeding intolerance and blood sugar of all infants were
recorded daily based on the infants' laboratory tests or data in
the NICU sheets. The mean values over the course of
caffeine therapy have been shown in table 4. Hyperglycemia
and hypertension episodes were lower in preterm infants that
received caffeine twice a day compared to those with once-
daily-dose. Hypertension was the most frequently reported
adverse effect (AE) that occurred in some cases over the
treatment. The mean arterial pressure had the greatest
difference between two groups of neonates with the trend
toward statistical significance (p=0.07).

Totally, intravenous administration of caffeine was
generally safe and well tolerated. None of the patients had
tachycardia during the study. Most of the AEs were reported
as mild in severity, and no serious AEs were recorded. Eight
deaths occurred during the study (4 cases in each group) of
which they were not caffeine-related.

Table 4. Frequency and type of adverse effects observed
following administration of caffeine

Type of AE Groupl Group2 Pvalue
Feed intolerance 2 1 0.56
Hyperglycemia* 33(61.1%) 21(38.9%) 0.10

Systoli
B3I’DS°'° 46(56.8%) 35(43.2%) 0.22

Hypertension**  Diastoli

ypertension BI':‘SO'C 38(52.8%) 34(42.2%) 0.63

MAP 57(60.6%) 37 (39.4) 0.07
Blood glucose >125 mg/dl, **Systolic blood pressure >75 mmHg,
Diastolic blood pressure >45 mmHg, MAP>55 mmHg

Discussion

Caffeine is one of the most currently used medications in
the neonatal care units. Despite its widespread use in preterm
infants, there has been little information about optimal dose
in these patients. This clinical trial was designed to assess
the efficacy, safety and short-term effects of two different
dosing regimen of caffeine citrate in periextubation
management of preterm infants with gestational age <37
weeks. In sum, 40 preterm infants were included in this

study and received either caffeine 2.5 mg/kg twice daily or 5
mg/kg once daily. All of them received caffeine 20 mg/kg as
a loading dose in the beginning of treatment. The results
indicated that caffeine improved the respiratory function of
neonates in two study groups. There was a trend to a benefit
for patients receiving caffeine 2.5 mg/kg twice daily
compared to the 5 mg/kg once daily dosing; yet there was
not statistically significant difference. The rate of extubation
and CPAP failure and length of NICU stay were lower in the
twice-daily-group than once-daily-group, too. In addition,
the means of O? saturations on the first three days of
treatment with caffeine were higher in group 2 compared to
group 1. Thus the mean difference of O? saturation between
two groups was meaningful on the second day (p<0.05) and
a trend towards significant on the third day (p<0.05).

Previous studies indicated the efficacy of caffeine in the
improvement of respiratory function in preterm infants with
low birth weight. Additionally, there are many reports of
caffeine useful effects on the treatment or prevention of
apnea in premature infants. Caffeine is an effective
respiratory stimulant drug in the premature infants (26). This
drug significantly decreases duration of mechanical
ventilation and need for it (34). Caffeine led to a significant
decrease of apnea in the treatment group as compared with
the control group with no adverse effects during the study
(35). Besides, this drug improves tidal volume ventilation
and mean inspiratory flow mostly by stimulating central
respiratory drive (36).

A study has reported that the use of caffeine can lead to
prevent apnea episodes that need intervention and also
enhances the results of pneumogram (37). A randomized
double-blind clinical trial was conducted by Steer et al. that
compared three dosing regimens of caffeine (3, 15 or 30
mg/kg) for periextubation control of premature infants. This
trial revealed that the infants in higher dose group had lower
apnea events through the week after extubation. Likewise,
the short term safety of caffeine was endorsed (30). Other
trials compared two different doses of caffeine (5 or 20
mg/kg/day) for extubation of preterm infants that was
showed short-term effects of higher-dose regimen in the
periextubation days. A dose of 20 mg/kg/day was
administered in this period eases extubation, declines the
time of mechanical ventilation and decreases apnea events
after extubation without the increase of short-term side
effects (5). The results of a multicentre, randomized and
controlled trial that compared two different dosing regimens
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of caffeine in preterm infants showed that the high-dose of
caffeine as (20 mg/kg/day) reduces the need for respiratory
support versus the standard dose (5 mg/kg/day) with no
adverse outcomes in two years of age (38).

Extended caffeine therapy causes the lower rate and
severity of intermittent hypoxia in premature infants (39).
The preventive effect of caffeine on apnea has been proven
when it is administered in high-risk premature infants (40).
The prophylactic use of caffeine results in the lower rate of
mortality or BPD and PDA with no adverse outcomes (41).
It has also been shown the favorable effect of caffeine on the
treatment of central apnea is via stimulated neural breathing
(42). The results of a randomized controlled trial revealed
that the administration of high dose caffeine (loading 40
mg/kg then maintenance dose of 20 mg/kg/day) compared
with low dose caffeine (loading 20 mg/kg then maintenance
dose of 10 mg/kg/day) decreased the rate of extubation
failure in ventilated infants and apnea episodes without
serious adverse effects (28). Findings of a recent study that
have compared two different doses of caffeine in treatment
of primary AOP demonstrated that the patients in high
caffeine doses (LD: 20 mg/kg and MD: 15 mg/kg/day) had
more benefits than the low caffeine doses (LD: 20 mg/kg and
MD: 5 mg/kg/day) with no further side effects (31). Besides,
caffeine notably improved the early pulmonary function and
decreased apnea (43).

In the current study, lower frequency of short-term
adverse effects of caffeine was observed in twice-daily-dose
group compared to single-daily-dose group. This issue may
be due to the stable concentrations and lower plasma peak
levels of caffeine following the twice-daily-dose
administration. Closely similar to our results, previous
studies which compared different dosing regimens of
caffeine determined that low dose caffeine was related to
fewer side effects. For example after 10 mg/kg loading dose
of caffeine, the maintenance dose of 5 or 2.5 mg/kg was
administered to groups 1 and 2, respectively. The results
indicated that caffeine significantly reduces the apnea
episodes in both groups and the rate of adverse effects such
as tachycardia and feeding intolerance in group 2 was
notably lower than in group 1 (29). A 20 mg/kg followed by
5 mg/kg/day caffeine citrate administered intravenously for
10 days has been shown to be safe and effective for treating
apnea in premature infants of gestational age 28-32 weeks
(44). The results of this research showed a trend to a partial
superiority efficacy for infants receiving a dose of 2.5 mg/kg

twice daily compared to 5 mg/kg once daily. Despite more
improvements in the clinical outcome of patients in group 2,
no significant difference was observed between the two
groups. It may result in meaningful outcomes if the drug use
in a clinical trial has larger sample size. These beneficial
effects in twice-daily maintenance dose group may be due to
a more steady state plasma level of caffeine in infants.

This study which assayed the short-term effects of
caffeine therapy, concludes that twice versus once-daily
caffeine maintenance dose was related to more benefits in
facilitating extubation or prevention of CPAP failure in
infants of born gestational age less than 37 weeks with no
statistically significant difference between two groups.
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Abstract

Objective: Caffeine therapy for apnea of prematurity has been reported to
improve brain white matter microstructure at term-equivalent age, but its long-
term effects are unknown. This study aimed to investigate whether caffeine
affects (1) brain structure at 11 years of age, and (2) brain development from
term-equivalent age to 11 years of age, compared with placebo. Methods: Pre-
term infants born <1250 g were randomly allocated to caffeine or placebo.
Magnetic resonance imaging (MRI) was performed on 70 participants (33 caf-
feine, 37 placebo) at term-equivalent age and 117 participants (63 caffeine, 54
placebo) at 11 years of age. Global and regional brain volumes and white mat-
ter microstructure were measured at both time points. Results: In general, there
was little evidence for differences between treatment groups in brain volumes
or white matter microstructure at age 11 years. There was, however, evidence
that the caffeine group had a smaller corpus callosum than the placebo group.
Volumetric brain development from term-equivalent to 11 years of age was
generally similar between treatment groups. However, there was evidence that
caffeine was associated with slower growth of the corpus callosum, and slower
decreases in axial, radial, and mean diffusivities in the white matter, particularly
at the level of the centrum semiovale, over time than placebo. Interpretation:
This study suggests any benefits of neonatal caffeine therapy on brain structure
in preterm infants weaken over time and are not clearly detectable by MRI at
age 11 years, although caffeine may have long-term effects on corpus callosum
development.

© 2018 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.
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Introduction

Caffeine is used to treat cessation of breathing in infants
born preterm (apnea of prematurity).! The Caffeine for
Apnea of Prematurity (CAP) randomized controlled clini-
cal trial established that caffeine has many benefits, and no
harmful effects, on clinically important outcomes in infants
born preterm and low birthweight.! Benefits included
reduced rates of lung injury (bronchopulmonary dys-
plasia), retinopathy of prematurity and surgery for patent
ductus arteriosus, and increased rates of survival free of
major neurodevelopmental disabilities at 18-21 months of
age."” The effects of caffeine were attenuated when the
children were older, but caffeine was still associated with
reduced rates of developmental coordination disorder at
5 years of age,” and improved motor outcomes, including
manual dexterity and balance, at 5 and 11 years of age.*’

The mechanism by which caffeine improves neurode-
velopmental outcomes in preterm infants is not clear.”
Several animal studies have reported that caffeine has
beneficial effects on the brain, but many others warn of
adverse effects.’ In a subgroup of participants from the
CAP trial, caffeine was associated with improved white
matter (WM) microstructure in preterm infants at
approximately term-equivalent age (38-44 weeks’ gesta-
tional age), which may explain how caffeine improved
early neurodevelopmental outcomes.” However, it is not
known whether this improvement to brain structure per-
sists or weakens in the long-term.

The primary aim of this study was to investigate the
relationship between neonatal caffeine treatment and
brain structure at 11 years of age in a subgroup of the
CAP trial, including the structure of both global brain
regions and specific brain regions involved in motor func-
tion, given the previously reported benefit of caffeine on
long-term motor outcomes in the overall CAP trial.” The
secondary aim was to investigate the relationship between
neonatal caffeine treatment and longitudinal brain devel-
opment from term-equivalent to 11 years of age.

Materials and Methods

Participants

The CAP trial enrolled 2006 infants with birthweights
500-1250 g, who were randomly allocated to caffeine or
placebo.”>*>” Randomization was stratified according to
study center. A subgroup (m =199) of the infants
enrolled in the CAP trial, who were cared for at the Royal
Women’s Hospital (RWH), Melbourne, is relevant to this
study. Two of the 199 infants were excluded due to con-
genital abnormalities (craniosynostosis and Klinefelter
syndrome). One hundred and seventy-two children (87%
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of the children recruited at RWH) were followed up at
11 years of age, along with an additional five children
who were originally enrolled through other centers. Of
these, 118 children had magnetic resonance imaging
(MRI). One child was excluded from all subsequent anal-
yses because of dental braces that compromised image
quality. This left a maximum of 117 children (63 allo-
cated to caffeine and 54 allocated to placebo) who were
included in this study for the primary aim.

Of the 199 infants cared for at the RWH, 70 (33 caffeine,
37 placebo) had MRI at term-equivalent age, including
structural MRI, with 28 (15 caffeine, 13 placebo) of those
also having diffusion MRI, as previously reported.” All of
the term-equivalent and 11-year MRI data were included in
the secondary aim of the current study.

Ethics approval for recruitment and follow up was
granted by the Human Research Ethics Committee at the
RWH and written informed parental consent was neces-
sary for participation at each follow up.

Data collection at age 11 years

Children underwent 3 Tesla MRI (Siemens Magnetom Trio-
Tim syngo) at 11 years of age at the Royal Children’s Hospi-
tal, Melbourne. T images were acquired: repetition time
(TR)/echo time (TE) 1950/2.24 msec, 0.9 mm isotropic vox-
els, field of view (FOV) 230 x 221 mm and flip angle 9
degrees. Diffusion images were acquired via two sequences:
(1). TR/TE 7500/89 msec, FOV 240 x 240 mm, 2.5 mm iso-
tropic voxels, b-value 1000 sec/mm?, 25 diffusion-weighted
gradient directions, five b = 0 sec/mm? volumes; (2). TR/TE
8000/112 msec, FOV 240 x 240 mm, 2.5 mm isotropic vox-
els, b-value = 3000 sec/mm?, 45 diffusion-weighted gradient
directions, six b = 0 sec/mm? volumes. All children had both
of the diffusion sequences, but one child in the caffeine group
did not complete the second (b = 3000 sec/mm?) sequence.

Brain volumes

Volumes were generated from the T; images. The vol-
umes of the intracranial cavity, total brain tissue and
cerebrospinal fluid were calculated using Statistical Para-
metric Mapping (SPM; version 12).* The volume, surface
area and thickness of the cortical gray matter (GM), WM
volume and brainstem volume were calculated using Free-
Surfer (version 5.3).°"* Subcortical and deep nuclear GM
volumes [thalamus, basal ganglia nuclei, hippocampus
and amygdala] were calculated using the Functional MRI
of the Brain Software Library’s (FSL’s) Integrated Regis-
tration and Segmentation Tool (FIRST).'* Cerebellum
volume was calculated using SPM’s Spatially Unbiased
Infra-tentorial template (SUIT; version 3.0).">1® Area and
thickness of the corpus callosum were calculated using

© 2018 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 1113
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our previously described software pipeline,'”'® which
divided the corpus callosum into six subregions; genu,
rostral body, anterior mid-body, posterior mid-body, isth-
mus, and splenium.'” Imaging outputs were visually
examined and manually edited as required.

Whole-brain white matter microstructure
Whole brain WM microstructure was analyzed using:

e FSL’s (version 5.0.9) Tract-Based Spatial Statistics
(TBSS).*° This involved analyzing the b = 1000 sec/
mm? sequence. Processing steps were: motion and eddy
current distortion correction; diffusion tensor fitting to
generate fractional anisotropy (FA), and axial (AD),
radial (RD), and mean (MD) diffusivity images; align-
ment of all participants’ images to a study-specific tem-
plate; generation of a tract skeleton. Despite being
commonly used, TBSS has methodological limitations,
including that the metrics generated can be influenced
by factors other than WM microstructure.”’ A comple-
mentary analysis using a more sophisticated WM mod-
eling strategy was therefore carried out.

e MRtrix’s (version 3) fixel-based analysis.22 This
involved analyzing the b = 3000 sec/mm?* sequence. All
recommended steps were followed. Fixel-based analysis
enables investigation of the density and cross-section of
WM fiber populations across the whole brain, thus
providing metrics that are more specific to the WM
microstructural environment compared with TBSS.*

White matter tractography

We reconstructed the corpus callosum, pyramidal sensorimo-
tor, and cerebellar motor tracts (Fig. 1A). This involved
drawing regions of interest on the diffusion images
(b = 3000 sec/mm” sequence) and using a probabilistic fiber
orientation distribution-based computer algorithm to recon-
struct the tracts (Tournier et al. Improved probabilistic
streamlines tractography by second order integration over
fiber orientation distributions. Proceedings of the International
Society for Magnetic Resonance in Medicine 2010;1670). Fol-
lowing tractography reconstructions, we calculated average
FA, AD, RD, and MD of each of the tracts for every partici-
pant. When tracts were reconstructed using manually drawn
regions of interest, we assessed intra-rater reliability using
intra-class correlation coefficients, which were all >0.88, sug-
gesting high intra-rater reliability.

Data collection for longitudinal analyses

At term-equivalent age, we acquired brain T;-, T,- and
diffusion images during infants’ sleep without sedation
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using a 1.5 Tesla MRI (General Electric Signa, GE Medi-
cal Systems) at the Royal Children’s Hospital, Melbourne,
as detailed previously.”

Based on the T; and T, images, we generated volumes
of the intracranial cavity, cortical GM, WM, deep nuclear
GM, cerebellum, brainstem, and hippocampus. We used
software specifically designed for neonatal images,”>** or
manual delineation for the hippocampus.”> These data
were used to analyze brain volumetric development.

Using the neonatal T and diffusion images, we calcu-
lated the area of, and diffusion tensor values (FA, AD,
RD, and MD) within, the corpus callosum and its six
subregions, as previously described.'” These data were
used to analyze corpus callosum development.

In our previous study at term-equivalent age, we calcu-
lated diffusion tensor values from within manually drawn
regions of interest.” Three regions (one in the anterior,
one in the central and one in the posterior WM) were
placed bilaterally on both an inferior brain slice at the
level of the mid-thalamus, and a superior brain slice at
the level of the centrum semiovale, that is, a total of 12
regions per participant.” To enable a longitudinal analysis,
we drew the same regions on the I1l-year diffusion
images, for the subset of participants with diffusion
images at both time points (Fig. 1B). This left us with
diffusion values (FA, AD, RD, MD) from 12 regions per
participant per time point. Intra-rater reliability for the
manually drawn 11-year regions was high (all intra-class
correlations >0.8, except FA within the right superior
central region [0.71] and AD within the right inferior
posterior region [0.77]).

Statistical analyses

Cross-sectional analysis at age 11 years (primary
aim)

For the whole-brain analyses, we compared cortical GM
surface area, thickness, and volume between treatment
groups using FreeSurfer’s Query, Design, Estimate and
Contrast (QDEC).?® We compared WM diffusion tensor
values (derived from TBSS) between treatment groups
using FSL’s randomize, with 5000 permutations and
threshold-free cluster enhancement.”” We compared fiber
density and cross-section (derived from the fixel-based
analysis) between treatment groups using connectivity-
based fixel enhancement.”® These analyses were adjusted
for age and sex, and corrected for multiple comparisons
using the false discovery rate method (for QDEC) or the
family-wise error rate method (for TBSS and fixel-based
analyses).

Global and regional volume and WM microstructure
measures were compared between treatment groups using

1114 © 2018 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.
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A. Tractography
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Figure 1. lllustration of some of the data generated for this study. (A) Tractography performed using the 11-year diffusion images. Top row: the
pyramidal sensorimotor tracts. The corticospinal tract (left) was reconstructed using seed regions in the pons and inclusion regions in the posterior
limb of the internal capsule. The somatosensory tract (right) was reconstructed using seed regions in the medial lemniscus, inclusion regions in
the thalamus and the combined pericentral cortices (precentral, paracentral, and postcentral cortices), and exclusion regions in the corticospinal
tract portion of the pons. Middle row: the cerebellar motor tracts. The cerebellar-thalamo-cortical tract (left) was reconstructed using seed regions
in the dentate nucleus and inclusion regions in the decussation of the superior cerebellar peduncle, and the contralateral red nucleus, thalamus,
and prefrontal cortex. The cortico-ponto-cerebellar tract (right) was reconstructed using seed regions in the middle cerebellar peduncle, inclusion
regions in the contralateral cerebral peduncle, anterior limb of the internal capsule and prefrontal cortex, and exclusion regions in the decussation
of the superior cerebellar peduncle and medial lemniscus. Bottom row: the corpus callosum tracts, reconstructed using automatically
generated'”"'® seed regions in the corpus callosum, with the addition of exclusion regions at the brainstem, cerebral peduncle and thalamus. (B)
Regions of interest drawn on the 11-year diffusion images. Six regions were placed on a single superior brain slice at the level of the centrum
semiovale (left) and six regions were placed on a single inferior brain slice at the level of the mid-thalamus (right). These regions of interest were
intended to reproduce the regions of interest drawn on the neonatal diffusion images, to enable a comparison of white matter microstructure

between the time points. The neonatal regions of interest are shown in Figure 1 of our previous publication.”

separate linear regression models, with adjustment for age
and sex (Stata version 14). Models were fitted using gen-
eralized estimating equations to account for correlations
between data from multiple births, which represent a
large proportion of our sample (Table 1). Some outcomes
were measured in both brain hemispheres, in which case
we included data from both hemispheres in a single
model, and instead of allowing for correlations between
data from multiple births, we allowed for correlations
between data from individuals, which we expected to be
more important. There was little evidence for any interac-
tions between group and hemisphere, so the interaction
terms were removed and results are reported combined
across hemispheres.

Longitudinal analysis (secondary aim)

We compared the rate of change in the global and regio-
nal volume and WM microstructural measures from
term-equivalent to 11 years of age between the caffeine
and placebo groups using separate mixed effects models
(Stata version 14). Models included a fixed effect of age
and group, a random effect to allow for the repeated
observations within individuals, and adjustment for sex.
Age-by-group interactions were included. The diffusion
values from regions of interest were measured in both
brain hemispheres at both time points, and values from
both hemispheres were analyzed using a single model that
included a fixed effect of hemisphere. There was little evi-
dence of any interactions between group, age and hemi-
sphere, so these interaction terms were removed and
results are reported combined across hemispheres.

For both aims, all the results were very similar before
and after adjustment for total intracranial volume, so
unadjusted results have been reported. Given the influ-
ence that bronchopulmonary dysplasia,” major neonatal
brain injuries® and socioeconomic status’' can have on
brain development in preterm-born children, we also con-
ducted three separate sensitivity analyses: (1) adjusting for

bronchopulmonary dysplasia; (2) excluding the two chil-
dren in our sample who had major neonatal brain injury
(one had intraventricular hemorrhage (IVH) grade 3 and
one had both IVH grade 3 and cystic periventricular
leukomalacia (PVL)); (3) adjusting for maternal educa-
tion level at birth.

Given the large number of comparisons performed, the
analyses with global and regional volumes and WM
microstructure measures were interpreted based on the
overall patterns and magnitudes of findings, rather than
specific P-values.

Results

Participants

Baseline characteristics were similar between participants
in this study in the caffeine (n =63) and placebo
(n = 54) groups, except fewer participants in the caffeine
group had bronchopulmonary dysplasia and treatment
for a patent ductus arteriosus than in the placebo group
(Table 1). This is consistent with the findings of the over-
all CAP trial.'

There was little evidence that cognitive and motor
outcomes at 11 years of age differed between the caf-
feine (n = 63) and placebo (n = 54) participants in this
study (Table 1). This is in contrast to the results of the
overall CAP trial (total 920 participants), which found
that the caffeine group had better motor outcomes at
11 years of age than the placebo group.” However, the
magnitudes of the differences observed in motor scores
in our subset (Table 1) were similar to those reported
for the CAP trial overall,” suggesting that this difference
in study results is most likely due to a lack of power
in our substudy rather than systematic differences in
the substudy population.

Of the seven children included in this study who had
cerebral palsy at age 11 years (Table 1), none had cystic
PVL or IVH grade 3 or 4 in the neonatal period.
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Table 1. Summary of the perinatal and 11-year characteristics by treatment group.

Caffeine and the Brain in Childhood

Characteristic Caffeine n = 63 Placebo n = 54 Mean difference (95% Cl) P-value
Around birth'
Birth weight in grams 960 (188) 935 (184) 26 (—43, 94) 0.46
Gestational age at birth in weeks 27 7(1.7) 27.4(1.7) 0.3(-0.3,0.9 0.36
Male sex, n (%) 8 (44.4) 30 (55.6) OR 0.6, 95% C1 0.3, 1.3 0.23
Multiple births, n (%) (33 3) 16 (29.6) OR 1.2, 95% Cl 0.5, 2.6 0.67
Cystic periventricular leukomalacia, n (%) 0 (0. 1(1.9) NA NA
Intraventricular hemorrhage grade 3/4, n (%) 0 (0. O) 2 (3.7) NA NA
Bronchopulmonary dysplasia, n (%) 8 (28.6) 33 (61.1) OR 0.3, 95% Cl 0.1, 0.6 0.001
Patent ductus arteriosus, n (%) 2 (19.1) 2 (40.7) OR 0.3, 95% Cl 0.1, 0.8 0.01
Corrected postmenstrual age at MRI in weeks 40 7(1.1)3 40 9 (1.4)* —0.1(-0.9, 0.6) 0.71
Mother completed post-secondary school education, n (%) 5 (41.0)7 8(33.3) OR 1.4, 95% Cl 0.6, 3.0 0.40
At 11 years?
Corrected age at MRI in years 11.3(0.4) 11.3(0.4) 0.03 (-0.1, 0.2) 0.69
Corrected age at neurodevelopmental assessment in years 11.3(0.4) 11.3(0.4) 0.03 (0.1, 0.2) 0.69
1Q
Full scale 95.2 (12.4) 96.9 (13.4)° -1.6 (6.4, 3.1) 0.50
Verbal comprehension index 97.3 (11.5) 97.5 (13.7)° —0.2 (=4.9, 4.4) 0.93
Perceptual reasoning index 94.5 (15.5) 96.8 (15.7) —2.3(=8.0, 3.4) 0.43
Wide range achievement test
Word reading standard score 98.5 (15.2) 97.1 (13.1) 1.5(-3.8, 6.7) 0.58
Sentence comprehension standard score 100.0 (13.9) 100.2 (15.9) —-0.2 (-5.7, 5.2) 0.94
Spelling standard score 96.9 (13.4) 95.5 (14.9) 1.4 (-3.8, 6.6) 0.59
Math computation standard score 86.4 (14.1) 89.1 (15.4) —2.8(=8.2,2.6) 0.31
Digit span
Forwards 7377 7.8 (2.8) —0.5(-1.5, 0.6) 0.38
Backwards 4 (2.5)° 8.4(2.2) 0.1(-0.8, 0.9) 0.88
Beery VMI
Visual perception standard score 95.9 (11.6) 94.1 (13.9) 1.8(=2.9, 6.4) 0.45
Motor coordination standard score 92.1 (12.6) 90.4 (15.5) 1.7 (3.4, 6.8) 0.51
Movement ABC
Total standard score 2(3.2° 8.7 (2.9° 0.5 (0.6, 1.7) 0.37
Manual dexterity standard score 1(3.1) 8.1 (2.9 0.03(-1.1,1.2) 0.95
Aiming/catching standard score 10 3(3.8)° 9.6 (0.5)° 0.7 (0.7, 2.0) 0.33
Balance standard score 10.1 (3. 4)7 9.6 (2.6)° 0.6 (-0.6, 1.7) 0.33
Cerebral palsy, n (%) 5(7. 2 (3.7) OR 2.2, 95% Cl 0.4, 12.1 0.35
Blindness, n (%) 0 (0. O) 0 (0.0) NA NA
Deafness, n (%) 1(4.8)° 2 (9.5 OR 0.5, 95% C1 0.04, 5.7 0.56

Data are mean (SD), unless otherwise stated.

ABC, Assessment battery for children; Cl, confidence interval; OR, odds ratio; MRI, magnetic resonance imaging; NA, not applicable; VMI, visual

motor integration test.

"Perinatal data were collected by chart review. Intraventricular hemorrhage was defined as described previously.*® Bronchopulmonary dysplasia
was defined as requirement for supplemental oxygen at 36 weeks’ postmenstrual age. Patent ductus arteriosus was defined as any case requiring
medical or surgical treatment. We did not have data on retinopathy of prematurity.
’Data on functional outcomes at 11 years of age (cognitive, academic, motor and behavioral outcomes) were collected as detailed previously.®

We did not collect any data on pubertal development.
3
n=21.

n =1 with missing data.
n = 3 with missing data.

p
5
6
’n = 2 with missing data.

Radiologists reviewed the MRI of these seven children at
age 11 years, and reported that none of these children had
features on their MRI that warranted clinical follow up.
Perinatal characteristics similar between the
n =117 participants included in this study and the

were
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remaining n = 85 participants from the RWH who were
excluded from this study (Table S1). Perinatal characteris-
tics of our subset (n = 117) were also similar to those
previously reported for the overall CAP cohort

(n = 920).°
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Cross-sectional analysis at age 11 years
Whole brain

Using FreeSurfer’s QDEC, there was little evidence that
cortical GM area, thickness and volume differed between
treatment groups. Using TBSS, there was little evidence

C. E. Kelly et al.

groups (that is, there were no vertices for QDEC and no
voxels for TBSS that differed between groups at P < 0.05,
multiple comparison corrected, hence no data can be
shown). Using the fixel-based analysis, there was evidence
that fiber cross-section was lower in the caffeine group
compared with the placebo group in 450 fixels (0.2% of

that FA, AD, RD, and MD differed between treatment the total 210998 fixels), located predominantly in the
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Figure 2. Results of the whole brain white matter microstructure analysis (fixel-based analysis) at 11 years of age. The fiber populations that had
a lower fiber cross-section in the caffeine group compared with the placebo group at P < 0.05, family-wise error rate (FWE) corrected, are shown
in red-yellow and overlaid on the study-specific fiber-orientation distribution template. These fibers were located mostly in the isthmus or
splenium of the corpus callosum, as well as the genu of the corpus callosum, and a very small number were in the left anterior limb of the
internal capsule. We have presented every second axial slice (in the range of the significant results). We have zoomed in on representative slices
to show the fiber orientation distribution in these slices, which shows that the significant results were located in single fiber regions. These results
are based on an analysis with n = 116 children (62 caffeine, 54 placebo), that is, one less than the total n = 117. One child was excluded from
this analysis as they did not complete the b = 3000 sec/mm? diffusion sequence.
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corpus callosum isthmus or splenium subregions, and to
a lesser extent the genu, and a very small number were
located in the right anterior limb of the internal capsule
(Fig. 2). Only 6 fixels (0.0003% of the total fixels) in the
left anterior limb of the internal capsule had lower values
of the combined measure of fiber density and cross-sec-
tion in the caffeine group compared with the placebo
group (data not shown). There was little evidence that
fiber density differed between treatment groups. Results
were very similar in the three sensitivity analyses, but the
number of fixels increased slightly in each sensitivity anal-
ysis compared with the original analysis (Table S2).

Global and regional volumes and white matter
microstructure

Overall, there was little evidence that global brain vol-
umes (Fig. 3A), cortical, subcortical and deep nuclear
GM volumes and cerebellar volumes (Fig. 3B), and
microstructure and volume of primary sensorimotor and
cerebellar tracts (Fig. 3C) differed between treatment
groups. However, there was some evidence that volume
of the cerebellar tracts was lower in the caffeine group
compared with the placebo group (Fig. 3C). All these
results were very similar in the three sensitivity analyses
(data not shown).

There was some evidence that the corpus callosum was
thinner along much of its length in the caffeine group com-
pared with the placebo group (Fig. 4A), and this difference
was strongest in the rostral body and isthmus subregions
(Fig. 4A and B). There was also evidence that corpus callo-
sum area was smaller in the caffeine group compared with
the placebo group, particularly in the genu, rostral body,
and isthmus (Fig. 4B). Microstructure and volume of cor-
pus callosum tracts were generally similar between treat-
ment groups, although there was some evidence that RD
and MD in all subregions, and particularly the genu, were
higher in the caffeine group compared with the placebo
group (Fig. 4B). These differences in the corpus callosum
were generally very similar in the three sensitivity analyses;
if anything, the strength and magnitude of the differences
generally increased slightly after adjusting for bronchopul-
monary dysplasia (data not shown).

Caffeine and the Brain in Childhood

Longitudinal analysis

There was little evidence that the rate of change in brain
volumes varied between the caffeine and placebo groups
(Fig. 5).

There was some evidence that the area of the corpus
callosum increased more slowly in the caffeine group
compared with the placebo group, particularly in the
genu, rostral body, and isthmus (Fig. 6). There was also
evidence that AD, RD, and MD in the corpus callosum
tracts, particularly the genu, rostral body, and splenium,
decreased more slowly in the caffeine group compared
with the placebo group.

There was evidence that AD, RD, and MD (but not
FA) within the regions of interest decreased more slowly
in the caffeine group compared with the placebo group,
and the evidence was stronger for the superior regions
than the inferior regions (Fig. 7).

The results of the longitudinal analyses were very simi-
lar in the three sensitivity analyses (data not shown).

Discussion

Short-term neonatal caffeine treatment had little effect on
the volume or microstructure of most of the brain 11 years
later, except for the corpus callosum, which was smaller in
the caffeine group. Additionally, caffeine was weakly associ-
ated with brain volumetric development from term-equiva-
lent to 11 years of age, but caffeine was associated with
slower growth of the corpus callosum over time, and slower
decreases in WM diffusivities over time.

In our previous study, caffeine had little effect on brain
volumes, but benefited WM microstructure by reducing
AD, RD, and MD in superior WM regions at the level of
the centrum semiovale compared with placebo, at term-
equivalent age.” In the current study, we showed that
WM diffusivities decreased more slowly from term-
equivalent to 11 years of age in the caffeine group com-
pared with the placebo group, such that they generally
did not differ between treatment groups at age 11 years.
If we accept from previous studies that decreases in
diffusivities, particularly RD and MD, are expected and
beneficial during childhood development,”>** the slower

Figure 3. Global and regional brain volumes and white matter microstructure, contrasted between treatment groups at 11 years of age. Mean
differences and P-values are from separate linear regression models for each MRI outcome, adjusted for age and sex of the child. The plots are
visual representations of the mean differences and 95% confidence intervals (Cl). For bilateral outcomes, data from the left and right hemispheres
were analyzed in a single regression model, and results are presented as a single estimate for the difference for the two hemispheres, as there
was little evidence of group by hemisphere interactions. Units are cm?® for volumes and x10~2 mm?/sec for diffusivities. SD = standard deviation.
The analyses are based on the total n = 117 (63 caffeine, 54 placebo) children, although some children are missing from some analyses because
their images had artifact which affected that particular analysis: °n = 3 missing; °n = 2 missing; n = 1 missing; %1 = 5 missing; °n = 4 missing.
The total numbers are lower for the tractography analyses (n = 116; 62 caffeine, 54 placebo) because one child in the caffeine group did not
have b = 3000 sec/mm? diffusion images acquired and hence had to be excluded from the tractography analyses.
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A. Global brain volumes
Caffeine, Placebo, M 95% Cl  985% CI
Brain region/tissue type n=63 n=54 Plots of mean differences and 95% CI _Vean ° ° p-value
difference Lower Upper
Mean SD Mean SD
Intracranial volume 1399 131 1429 109 -17.8 -57.9 22.2 0.38
Total brain tissue volume 1194 105 1222 89 . -18.7 -50.5 13.2 0.25
Total cortical gray matter volume 5457 50 55 43 e -2.3 -18.2 13.7 0.78
Total white matter volume 399° 46 415> 44 e -11.3 -25.5 29 0.12
Total cerebrospinal fluid volume 205 44 207 53 ————— -0.3 -17.2 16.7 0.97
. A -80 -60 -40 -20 0 20 40
B. Regional brain volumes
Caffeine, Placebo, M 95%Cl  95% CI
Brain region/tissue type Sub-region n=63 n=54 Plots of mean differences and 95% CI ean ° ° p-value
difference Lower Upper
Mean SD Mean SD
Precentral- left 14.88% 1.69 15.06° 1.84
-0.12 -0.68 0.45 0.69
Precentral- right ~ 14.52% 1.77 14.81° 1.73
i Paracentral- left ~ 4.44* 075 4.31° 0.77
Cortical gray matter ) . — 0.11 013 035 038
(primary motor) Paracentral- right ~ 4.87% 079 4.84° 0.69
Postcentral- left ~ 11.03* 1.62 10.93° 1.42
. -0.04 -0.56 0.48 0.89
Postcentral- right  10.18% 1.59 10.52° 1.60
Hippocampus- left  3.42 0.38 3.44 0.47
) PP pu ) —a— -0.01 0.14 0.12 0.87
Hippocampus- right 3.40 0.38 3.43 0.40
Subcortical gray matter Amygdala- left 134 019 137 0.22
aray Vg N o -0.02 -0.09 0.05 0.55
Amygdala-right 127 020 1.28 0.21
Brainstem 19.12% 211 19.05° 2.28 0.18 -0.56 0.92 0.63
Thalamus- left 773 061 7.87 074
. e -0.07 -0.30 0.15 0.53
Thalamus- right 754 059 7.61 0.72
Accumbens- left 049 010 0.48 0.13
. g 0.01 -0.03 0.04 0.69
Accumbens- right 0.43 0.07 0.43 0.1
D ' e Caudate- left 362 048 354 0.55 0.07 011 025 0.46
eep nuclear gray matter —t——i i -0. . .
P a8y Caudate-right 364 053 361 0.54
Pallidum- left 159 014 1.62 0.14
) ) o -0.02 -0.06 0.02 0.39
Pallidum- right 1.60 013 1.62 0.13
Putamen- left 480 048 4.85 0.58
. e -0.05 -0.21 0.12 0.58
Putamen- right 4.71 046 4.82 0.52
Hemispheres- left  58.88 0.73 58.92 0.55
. . e -0.09 -0.34 0.16 0.47
Cerebellar gray matter Hemispheres- right  60.46 0.93 60.56 0.58
Vermis 6.07 0.15 6.07 0.1 = 0.01 -0.04 0.06 0.72
Hemispheres- left ~ 4.10 0.44 4.08 0.33
. . " : —re— 0.04 -0.10 0.19 0.55
Cerebellar white matter Hemispheres-right 3.84 0.50 3.80 0.40
Vermis 025 0.09 027 0.08 X X X L X X ) ) -0.01 -0.04 0.01 0.30
-08 -06 -04 -02 0.2 0.4 0.6 0.8 1
C. White matter tracts
Caffeine, Placebo, N N
Tract measure Tract n=62 n=54 Plots of mean differences and 95% CI dillflev::ce ?_SO:’;I SUS A:rl p-value
Mean SD Mean SD PP
Corticospinal- left 0.46 0.03 0.45 0.02
Corticospinal- right 0.45 0.03 0.45 0.02 0.001 0.007 0.009 084
Somatosensory- left 0.42° 0.02 0.42 0.02
—t—— .| -0. .| ..
Fractional Somatosensory- right 0.42° 0.02 041 0.02 0.003 0.004 o.010 0.36
anisotropy Cerebellar-thalamo-cortical - left ~ 0.40°  0.02 0.40° 0.02
Cerebellar-thalamo-cortical - right  0.40°  0.03 0.41° 0.02 -0.001 -0.008 0.006 0.76
Cortico-ponto-cerebellar- left 0.37¢ 0.02 0.38° 0.02
Cortico-ponto-cerebellar- right 037 0.03 037° 0.03 ° -0.0005  -0.009 0.008 0.90
Corticospinal- left 125 0.03 1.25 0.04
Corticospinal- right 126 0.04 1.26 0.03 0.001 0.011 0.013 0.01
Somatosensory- left 1.27° 0.05 1.26 0.05
. .007 -0.! .024 .
Axial Somatosensory- right 1.28° 0.05 1.27 0.05 0.00 0.009 0.0 038
diffusivity Cerebellar-thalamo-cortical - left  1.20® 0.03 1.19° 0.03
N . 0.003 -0.009 0.014 0.63
Cerebellar-thalamo-cortical - right 1,19 0.04 1.19° 0.03 e G —
Cortico-ponto-cerebellar- left 1149 003 1.14° 0.03
" . 0.006 -0.004 0.017 0.24
Cortico-ponto-cerebellar- right 115  0.03 1.14° 0.03 1
Corticospinal- left 0.60 0.04 0.60 0.03
Corticospinal- right 061 004 061 003 e -0001 0013 001 088
Somatosensory- left 0.66° 0.04 0.66 0.04
0.001 -0.015 0.016 0.94
Radial Somatosensory- right 0.66° 0.04 0.66 0.05
diffusivity Cerebellar-thalamo-cortical - left ~ 0.64° 0.03 0.63° 0.03
) . L e 0.004 -0.007 0.016 0.46
Cerebellar-thalamo-cortical - right  0.63* 0.04 0.63° 0.04
Cortico-ponto-cerebellar- left 0.64° 0.03 0.63° 0.03 .
Cortico-ponto-cerebellar- right 0.65¢ 0.04 0.64° 0.04 0.004 0.007 0.015 045
Corticospinal- left 0.81 0.03 0.82 0.03 o
Corticospinal- right 0.83 0.03 0.82 0.03 0.0004 o.0om 0.010 094
Somatosensory- left 0.86° 0.04 0.86 0.04
X -0.012 .01 .71
Mean Somatosensory- right 0.87° 0.04 087 0.05 0003 0.0 0.018 07
diffusivity Cerebellar-thalamo-cortical - left  0.82 0.03 0.82° 0.03
L I —— K -0.1 L .
Cerebellar-thalamo-cortical - right  0.82®  0.03 0.81° 0.03 0.004 0.007 0.014 0.47
ico-] - - d e
Cor.llco ponto-cerebellar- !eﬁ 0.81 0.03 0.80° 0.02 0.005 0,005 0.014 032
Cortico-ponto-cerebellar- right 0.81d  0.03 0.81¢ 0.03
-0.02 -0.01 0 0.01 0.02 0.03
Corticospinal- left 16.92 1.79 17.02 1.60
Corti right 17.28 1.72 17.24 1.61 0.01 -0.54 056 0.7
Somatosensory- left 11.94° 092 11.72 0.97
—t—A . -0.. . B
Volume Somatosensory- right 11.69° 1.06 11.80 1.18 009 023 041 057
Cerebellar-thalamo-cortical - left  13.16° 1.00 13.57° 0.99 0.41 0.70 012 0.01
e -0. -0. -0. .
Cerebellar-thalamo-cortical - right  12.85% 1.01 13.34° 1.08
Cortico-ponto-cerebellar- left 14.64% 1.12 15.15° 1.06
e -0.. -0. -0. .
Cortico-ponto-cerebellar- right 14.43° 1.40 14.70° 1.22 0.38 0.74 0.02 004
-0.8 -0.4 0 0.4 08
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A. Corpus callosum thickness profile
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B. Structure of the total corpus callosum and sub-regions

Corpus callosum Caffeine, n=62 Placebo, n=54 N N
easure Subregion 2 O T e sp Plots of mean differences and 95% CI Mean difference 95% C1 lower 95% Cl upper p-value
Total 491 103 543 084 [ — 0.486 0812 -0.161 0.003
1 08 06 04 02 o 02 04
Genu 135 031 152 028 —_—— -0.156 -0.261 -0.052 0004
ea Rostral body 069 016 077 014 —— -0.068 -0.118 -0.018 0007
Anteriormidbody 060 014 065 011 —— -0.041 -0.085 0003 0067
Posterior midbody 050 0.1 055 011 ——| -0.042 -0.081 -0.003 0033
Isthmus 041 012 048 012 —— -0.065 -0.106 -0.023 0002
Splenium 134 033 146 031 L — e 0.113 -0.231 0005 0.061
Total 051 008 055 008 —— 0,044 -0.072 -0.016 0002
Genu 049 008 053 007 —— -0.035 -0.060 -0.009 0007
Rostral body 055 010 061 o1 —— -0.051 -0.085 -0.018 0002
Thickness ~ Anteriormidbody 052 010 055 009 —ah -0.030 -0.064 0005 0090
Posterior mid body ~ 0.42 0.08 0.45 0.09 — -0.028 -0.059 0.002 0.069
Isthmus 041 o1 047 0.12 ————— -0.067 -0.107 -0.026 0.001
Splenium 065 013 071 013 — -0.054 -0.101 -0.008 0023
Total 049° 003  050° 002 o -0t -0.022 00003 0043
Genu 0.52* 0.05 0.54° 0.04 et -0.017 -0.038 0.003 0.092
Rostral body 0.44* 0.04 0.45° 0.04 ot -0.011 -0.026 0.004 0.143
FA Anteriormidbody  0.45° 004 047 003 el -0.010 -0.023 0003 0132
Posteriormidbody 047 003 048 002 vl -0.005 -0.016 0006 0377
Isthmus 045° 004  046° 003 el -0.007 -0.020 0006 0270
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Figure 4. Structure of the corpus callosum, contrasted between treatment groups at 11 years of age, based on the corpus callosum segmentation.
(A) Top: Mean thickness at each of 100 points along the corpus callosum; bottom: results of t-tests comparing thickness at each point between
treatment groups, with colors indicating P-values. (B) Data from the total corpus callosum and six sub-regions. Mean differences are from separate
linear regression models for each outcome, adjusted for age and sex of the child. The plots are visual representations of the mean differences and
95% confidence intervals (Cl). Units are cm? for area, cm for thickness and x 103 mm?/sec for diffusivities. SD = standard deviation. The analyses
are based on a total n = 116 (62 caffeine, 54 placebo) children, that is, one less than the total n = 117 children. One child from the caffeine group
was excluded from all the corpus callosum analyses because they had artefact on their structural image and because they did not have b = 3000 sec/
mm? diffusion images acquired. Additional children were excluded from the corpus callosum tractography analysis, because their diffusion images
had artefact or structural abnormalities which affected that particular analysis: 2n = 2 missing; °n = 5 missing.
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Figure 5. Rates of change in brain volumes from term-equivalent age to 11 years of age, contrasted between treatment groups. Results are from
separate mixed effects models for each brain region, adjusted for sex of the child. The plots show the estimated means and 95% confidence intervals
(Cl) per group for each time point and the rate of change between time points from the mixed models. The y-axes show the volumes and the x-axes
show age. Units are cm? for volumes and years for age. The results are based on the total number of children who had usable MRI data at either
term-equivalent age or 11 years of age; for the intracranial cavity, total brain tissue, cerebrospinal fluid, deep nuclear gray matter and cerebellum,
n =187 (n = 70 with term-equivalent data plus n = 117 with 11-year data); for the cortical gray matter, white matter and brainstem, n = 182
(n = 70 with term-equivalent data plus n = 112 with 11-year data); for the hippocampus, n = 179 (n = 62 with term-equivalent data plus n = 117

with 11-year data).

1122 © 2018 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.



C. E. Kelly et al. Caffeine and the Brain in Childhood

Legend

:l. Pracebo — oo Area FA AD RD MD Tract volume
Total corpus callosum “ - & & J B
s
= 3 i ——
_— E 2 1
e h ®
e C e .t ° o ° N Wt
Rat of change per year (95% ) in caffene group 0372 (0351, 0.383) 0,027 (0.025, 0.028) -0.088 (-0.042, -0.033) 0088 (0.071,-0.084) -0.057 (-0.061, -0.054) -0.930 (-1.388, -0.471)
Rate of change per year (95% Gl in placebo group 0.409 (0387, 0.432) 0027 (0,025, 0.028) -0.046 (-0.051, -0.042) 0,077 (-0.080,-0.073) -0.067 (0,070, -0.063) -0.243 (-0.706, 0.221)
Group by age interaction pvalue 002 077 001 0.001 <0.001 004
Genu - ~ 3 34 B °
- - - - - &
Rate o change per year (95% Gl in caffeine group 0100 (0.083, 0.106) 0,031 (0,030, 0.083) -0.031 (-0.087, -0.025) 0,071 (-0.077,-0.066) -0.058 (-0.064, -0.053) -0.425 (0,556, -0.284)
Rt of change per year (95% G in placebo group 0.112(0.105, 0.119) 0032 (0031, 0.084) -0.045 (-0.051, -0.038) 0,085 (-0.091,-0.079) -0.071 (0,077, -0.066) -0.346 (-0.487, -0.206)
Group by age interecton pvalue 001 028 0.002 0001 0001 043
Rostral body - ™ 5 bl B ®
i e
* E
~— S
- ; s - &
Rate of change per year (95% ) i cafeine group 0053 (0,049, 0.056) 0023 (0,022, 0.025) -0.042 (-0.049, -0.035) 0,071 (-0.076,-0.067) g 0068, -0.058) 0,051 (-0.049,0.152)
Rato of chang per year (95% i) In placabo group. 0,059 (0055, 0.062) 0,023 (0.022, 0.025) -0.062 (-0.069, -0.055) 0,082 (-0.088, -0.077) -0.076 (-0.082, -0.071) 0,071 (0.038,0.181)
Group by age ineraction pvalve 001 095 <0.001 0.003 <0.001 079
Anterior mid body - ™ 3 3 & ®
i
S e e S s S S S S S
Rate of change per year (95% CI) ncaffene group. 0,047 (0.044, 0.050) 0,024 (0,023, 0.025) -0.047 (0,053, -0.041) 0.072 (-0.076, -0.069) -0.064 (-0.068, -0.060) 0,07 (0.025, 0.169)
Rato of change por year (85% Ci) i placato group 0,050 (0.047, 0.053) 0,024 (0,023, 0.025) -0.053 (-0.060, -0.045) 0.074 (0,079, -0.070) -0.067 (0,072, -0.062) 0.171(0.092, 0.250)
Group by age ineraction pvalve 012 085 025 048 038 017
Posterior mid body - - & & & @
[ N e
§ \ E
Rae o chang per year (95% ) in caffene group. 0040 (0.037,0.042) 0024 (0023, 0.025) -0.045 (-0.051, -0.039) 0071 (076, -0.066) -0.063 (-0.068, -0.058) 0.188 (0.131, 0.245)
Rate of change per year (95% Gl in placebo group 0042 (0,039, 0.044) 0,025 (0.024, 0.026) -0.056 (-0.062, -0.049) 0,077 (-0.082,-0.072) -0.069 (-0.075, -0.064) 0.260 (0.200, 0.320)
Group by age infracton p-value 025 027 002 009 007 009
Isthmus - ™ B 3 & ®
I
Rate of change per year (95% Ol in caffene group. 0032 (0.029, 0.034) 0024 (0,023, 0.025) -0.044 (-0.052, -0.036) 0,068 (-0.075, -0.061) -0.060 (0,067, -0.02) 0.228 (0,158, 0.298)
Rato of change per year (95% i) in placebo group. 0,036 (0.034, 0.039) 0,023 (0.022, 0.024) -0.049 (-0.058, -0.039) -0.072 (0.080, -0.065) -0.065 (-0.073, -0.056) 0.252 (0.173, 0.331)
(Group by age neraction p-valve 002 023 047 041 036 065
Splenium - e 3 3 B
s
R A T e S S S S S S S T S B S R R
Rt of change peryear (95% O i cafeine group 0.102 (0095, 0.109) 0,035 (0.034, 0.087) 0,017 (0.024,-0.011) 0072 (0077, -0.068) -0.054 (0,058, -0.049) 0736 (0,838, -0.634)
Rt of change per year (95% G in placebo group 0.111(0.103, 0.118) 0,036 (0,035, 0.037) -0.031 (-0.038, -0.025) 0,081 (-0.086,-0.075) -0.064 (-0.070, -0.058) -0.415 (-0.526, -0.304)
Group by age inerection pvalue 009 046 0003 002 001 <0001

Figure 6. Rates of change in the structure of the total corpus callosum and sub-regions from term-equivalent age to 11 years of age, contrasted
between treatment groups. Results are from separate mixed effects models for each corpus callosum region and parameter (area, thickness,
diffusion value or tract volume), adjusted for sex of the child. The plots show the estimated means and 95% confidence intervals (CI) per group for
each time point and the rate of change between time points from the mixed models. The y-axes show the parameters (area, thickness, diffusion
value or tract volume) and the x-axes show age. Units are cm for thickness, cm? for area, cm?® for volumes, x 1072 mm?/sec for diffusivities and
years for age. The results are based on the total number of children who had usable MRI data at either term-equivalent age or 11 years of age; for
the area measures, n = 144 (28 with term-equivalent data plus 116 with 11-year data); for the total tract diffusion and volume measures, n = 129
(20 plus 109); for the genu diffusion and volume measures, n = 137 (28 plus 109); for the rostral body diffusion and volume measures, n = 135
(26 plus 109); for the anterior mid body diffusion and volume measures, n = 133 (24 plus 109); for the posterior mid body diffusion and volume
measures, n = 134 (25 plus 109); for the isthmus diffusion and volume measures, n = 134 (25 plus 109); for the splenium diffusion and volume
measures, n = 137 (28 plus 109). FA, fractional anisotropy; AD, axial diffusivity; RD, radial diffusivity; MD, mean diffusivity.

decreases in diffusivities over time in the caffeine group However, caffeine appeared to influence corpus callo-
may suggest that any early benefits of caffeine treatment sum size, and microstructure to a lesser extent, at age
on WM microstructure weaken over time. 11 years. The smaller fiber cross-section, thickness and
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Figure 7. Rates of change in diffusion values in regions of interest from term-equivalent age to 11 years of age, contrasted between treatment
groups. Results are from separate mixed effects models for each region and parameter (FA, AD, RD, and MD), adjusted for sex of the child. The
plots show the estimated means and 95% confidence intervals (Cl) per group for each time point and the rate of change between time points
from the mixed models. The y-axes show the parameters (FA, AD, RD, MD) and the x-axes show age. Results are combined across brain
hemispheres as there was negligible evidence that results differed by hemisphere. Units are x 10~ mm?/sec for diffusivities and years for age.
The regions of interest were drawn on diffusion images from 28 infants at term-equivalent age.” Of those 28 infants, 19 had MRI at 11 years of
age, and matching regions of interest were drawn on the 11-year diffusion images of these 19 children. These longitudinal analysis results are
based on the 28 infants with usable term-equivalent data and the 19 children with usable 11-year data. FA, fractional anisotropy; AD, axial
diffusivity, RD, radial diffusivity; MD, mean diffusivity.
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area in the caffeine group compared with the placebo
group found with both the fixel-based analysis and speci-
fic corpus callosum segmentation suggests the caffeine
group’s corpus callosum fibers are taking up less space.
The magnitude of the area difference (~half a square cen-
timeter) did not appear to be marginal, rather it is similar
to the magnitude of the difference in corpus callosum
area between very preterm and term-born children
reported previously.”* This finding could reflect axon loss
in the caffeine group, with the concurrent lack of differ-
ences in the fiber density measure from the fixel-based
analysis suggesting the remaining axons are still densely
packed.”” The finding could also reflect differences in
myelin between caffeine and placebo groups, but we can-
not be certain of this, because none of the techniques we
used specifically measure myelin. Future analyses using
MRI acquisitions and analysis techniques more sensitive
to myelin would be beneficial.>>*® Another possibility is
that the finding reflects more coherent alignment of axons
in the caffeine group. Because the precise cellular inter-
pretation is unclear, it is not possible for us to conclude
whether this difference would affect the ability of the cor-
pus callosum to transfer information and in turn affect
the cognitive or motor functioning of children treated
with caffeine. Our finding may line up with some studies
using animal models that reported adverse effects of caf-
feine on the developing brain.® Regardless, the clinical
impact of this finding is likely to be negligible, given the
overall CAP trial clearly indicated that caffeine is associ-
ated with benefits, and no harm, to short- and long-term
health and neurodevelopmental outcomes for infants born
low birthweight." >

The mechanisms for caffeine’s beneficial neurological
effects have never been clear.” Given that caffeine had no
clear benefits on brain structure at age 11 years, our
results do not support that brain structure at age 11 years
provides a link between caffeine and improved neurode-
velopmental outcomes, although brain-behavior relation-
ships require direct investigation in future. The early
improvements to WM microstructure in our previous
study” may be more important than later brain develop-
ment for determining neurodevelopmental outcomes. It is
also possible that, rather than acting directly on the brain,
caffeine may act indirectly by reducing comorbidities such
as bronchopulmonary dysplasia and retinopathy of pre-
maturity,"” which themselves are strongly associated with
neurodevelopmental disabilities.””*®

The major strength of our study is that it is part of a
large randomized controlled trial, which is unlikely to be
replicated due to the clear clinical benefits of caffeine.
However, our study is limited in that only a small sample
of children from the CAP trial had MRI, reducing our
power to make inferences about the effects of caffeine on

Caffeine and the Brain in Childhood

the brain. MRI is also inherently limited in that it does
not directly measure brain structure and has too low res-
olution to identify alterations induced by caffeine at a cel-
lular level. Additional follow-up of the CAP children
would be beneficial, because until brain development has
plateaued in late adolescence or adulthood, any differ-
ences between treatment groups may not reflect benefits
or risks of caffeine, but may simply reflect normal varia-
tions during a period of rapid brain development. There
are many factors known to influence brain development,
which could confound our findings, including perinatal
medical factors, environmental and sociodemographic fac-
tors, and pubertal factors.>®*! QOur results were inde-
pendent of three important factors that influence brain
development in preterm-born children: bronchopul-
monary dysplasia, major neonatal brain injuries and
maternal education level, which may relate to socioeco-
nomic status.

In conclusion, our study suggests there are no clear
benefits of caffeine on brain structure and development at
age 11 years that are detectable by MRI, although caffeine
may affect long-term corpus callosum development.
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Departments of Neonatology and Due to the importance of prevention of apnea of prematurity in the very preterm infants and the

1Biostatistics, Urmia University of side effects of using methylxanthines in preterm infants, the present study was conducted and
aimed at investigating the effects of prophylactic caffeine on the incident of apnea (short-term

Medical Sciences, Urmia, Iran
J. Adv. Pharm. Technol. Res.

consequence). This is a clinical-experimental trial, in which the infants were included after
receiving written consent from their parents. The infants were randomly divided into two groups,
namely, Group A (receive caffeine) and Group B (did not receive caffeine). After sampling of the
collected data, the two groups were analyzed using statistical tests using SPSS software 23.
Among the 50 infants in the caffeine group and 50 infants in the control group, 1 (2%) and 2 (4%)
infants required long-term oxygen, respectively. Three (6%) infants from the caffeine group and
2 (4%) infants from the control group had an intraventricular hemorrhage. Two (4%) infants from
the caffeine group and 1 (2%) infant from the control group had a positive patent ductus
arteriosus and needed treatment. Among the 50 infants in the caffeine group and 50 infants in
the control group, 7 (14%) and 9 (18%) infants had apnea, respectively. According to the Fisher’s
exact test, there was no significant difference between the incident of apnea in the two groups
(P =0.58). Ten (20%) infants from the caffeine group and 7 (14%) infants from the control group
died. The prescription of prophylactic caffeine had no effect on the incident of apnea in the
infants. Hence, the use of that should be limited to the preterm infants lower than 1250 g in the
prophylactic form.

Key words: Apnea, methylxanthines, very-low-birthweight infants

INTRODUCTION diseases after birth.l Apnea of prematurity is one of the

problems with which the very preterm infants face.!

In general, mortality of the preterm infants, especially the = Eyperts have not still achieved a joint conclusion about the

low-weight infants, is more than the normal infants, and prevention and treatment of apnea; there are many

these infants are prone to different kinds of short- and |, certainties up to the present time." Methylxanthines

long-term such as caffeine,

theophylline, and aminophylline are considered as the major
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airway pressure (CPAP); however, dose, usage period,
and the long-term complications of using these strategies
have not been still exactly specified.”! Treatment with
methylxanthines is used for the prevention of the
following attacks of apnea in the preterm infants with
apnea.’l Methylxanthines improve the lung mechanics by
increasing minute ventilation, reducing the respiratory
depression caused by hypoxia, increasing the brainstorm
sensitivity to the density of the blood carbon dioxide,
improving the contraction and activity of diaphragm and
bronchodilation, and reducing the periodic breathing.?9
Hydrophobic properties of caffeine let it easily pass
through all biological membranes such as the blood—brain
barrier and enter central nervous system (CNS).* The
ability of methylxanthines regarding the competitiveness
of the adenosine receptors in CNS is a mechanism that
stimulates respiratory rhythm by these factors. A

n Journal of Advanced Pharmaceutical Technology & Research | Volume 10 | Issue 1 | January-March 2019

secondary mechanism may also occur by the effects of
methylxanthines on gamma-aminobutyric acid receptors,
phosphodiesterase inhibition, and calcium release (Ca?)."
The objective of the present study was to determine the
effect of the venous caffeine on the prevention of apnea of
prematurity.

MATERIALS AND METHODS

This study is a clinical-experimental trial that was
conducted on the very preterm infants with a gestational
age <32 weeks and a birthweight <1500 g in the Neonatal
Intensive Care Unit (NICU) Department of Shahid
Motahhari Hospital, Urmia. The infants were included in
the study after receiving written consent from their
parents. They were randomly divided into two groups,
namely, Group A and Group B. 20 mg/kg of venous
caffeine was injected to Group A in the 2 day of birth (24—
48 h). Then, a maintenance dose was injected 24 h after the
first injection with the daily dose of 5 mg/kg. Group B did
not receive caffeine. The infants were taken under
cardiovascular-pulmonary monitoring, control of the
number of heartbeats and number of breaths, and the
control of arterial oxygen saturation. Due to the

effectiveness of the birthweight on the study
consequences, the patients were divided into three groups
(<1000 g, 1000-1249 g, and 1250-1500 g) regarding the
birthweight. After sampling of the collected data, the two
groups were analyzed by the statistical tests using SPSS
23, IBM SPSS Statistics for Windows (IBM SPSS, Armonk,
NY, USA).

RESULTS

In this study, 100 very preterm infants hospitalized in the
NICU Department of Shahid Motahhari Hospital, Urmia,
were included in the study with a weight of 1228.80 +22.26
g (with a minimum of 600 and maximum of 1500 and the
weight median of 600 g). They were divided into two
groups: caffeine and control groups (50 infants in each
group). The average gestational age was 29.21 + 0.11

I

weeks, and the average Apgar score was

6.23£0.11 weeks. Among 100 infants of the study, 52 (52%)
were female and 48 (48%) were male. Twenty-seven (27%)
and 73 (73%) infants were born through natural delivery
and cesarean, respectively. Among the infants of the
caffeine group, 11 (22%) infants weighed <1000 g, 15 (30%)
weighed between 1000 and 1249 g, and 24 (48%) weighed
between 1250 and 1500 g. Among the infants of the control
group, 4 (8%) infants weighed <1000 g, 17 (34%) weighed
between 1000 and 1249 g, and 29 (58%) weighed between
1250 and 1500 g. According to the Chi-square test, there
was no significant difference between the weight of the
infants in the two groups (P = 0.14). The average weights
in the caffeine and control groups were 1192.0 + 249.61 g
and 1265.50 + 187.32 g, respectively. According to the ¢-
test, there was no significant difference between the
average weight in the two groups (P = 0.09). The average
gestational ages in the caffeine and control groups were
29.04 = 1.30 and 29.38 + 1.0 weeks, respectively. According
to the t-test, there was no significant difference between
the two groups in terms of the gestational age (P = 0.14).
The average Apgar score in the caffeine and control
groups were 6.14 + 1041 and 6.32 + 0.81, respectively.
According to the t-test, there was no significant difference
between the two groups in terms of the Apgar score (P =
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0.45). Among 50 infants of the caffeine group, 27 (54%)
were female and 23 (46%) were male. Among 50 infants of
the control group, 25 (50%) were female and 25 (50%) were
male. According to the Chi-square test, there was no
significant relationship between the two groups in terms
of the patients’ gender (P = 0.68). Among 50 infants in the
caffeine group, 14 (28%) and 36 (72%) were born through
natural delivery and cesarean, respectively. Among 50
infants in the control group, 13 (26%) and 37 (74%) were
born through natural delivery and cesarean, respectively.
According to the Chi-square test, there was no significant
difference between the two groups in terms of the infants’
type of birth (P = 0.77). The average respiratory distress
syndrome (RDS) score in the caffeine and control groups
were 5.58 + 0.97 and 5.34 + 1.13, respectively. According to
the t-test, there was no significant difference between the
two groups in terms of RDS score (P = 0.25). Among 100
infants of the study, 55 (55%) received surfactant and 45
(45%) did not receive it. Among 50 infants in the caffeine
group, 31 (62%) received surfactant and 19 (38%) did not
receive surfactant. Among 50 infants in the control group,
24 (48%) received surfactant and 26 (52%) did not receive
surfactant. According to the Fisher’s exact test, there was
no significant difference between the two groups in terms
of the use of surfactant (P = 0.14). In the caffeine and
control groups, 7 (14%) and 9 (18%) infants had apnea,
respectively. According to the Fisher’s exact test, there
was no significant difference between the two groups in
terms of the incident of apnea (P = 0.58). In the caffeine (50
infants) and control (50 infants) groups, 9 (18%) and 9
(18%) infants had bradycardia (the heart rate <100 beats
per minute), respectively. According to the Fisher’s exact
test, there was no significant difference between the two
groups in terms of the incident of bradycardia (P = 1).

In the caffeine (50 infants) and control (50 infants) groups,
10 (20%) (<85%) and 10 (20%) infants had saturation
decline. According to the Fisher’s exact test, there was no
significant difference between the two groups in terms of
the incident of saturation decline (P = 0.1). Among 50
infants of the caffeine group, 19 (38%) needed
environmental oxygen and 31 (62%) did not need
environmental oxygen. Among 50 infants of the control
group, 11 (22%) needed environmental oxygen and 39
(78%) did not need environmental oxygen. According to
the Fisher’s exact test, there was no significant difference
between the two groups in terms of the need for
environmental oxygen (P = 0.08). Among 50 infants of the
caffeine group, 38 (76%) needed a headbox and 12 (24%)
did not need an oxygen headbox. Among 50 infants of the
control group, 42 (84%) infants needed a headbox and 8
(16%) infants did not need an oxygen headbox. According
to the Chi-square test, there was no significant difference
between the two groups in terms of the need for the
oxygen head (P = 0.31). In the caffeine (50 infants) and
control (50 infants) groups, 43 (86%) and 37 (74%) infants

needed NCPAP, respectively. According to the Chi-
square test, there was no significant difference between
the two groups in terms of the need for NCPAP (P = 0.13).
In the caffeine (50 infants) and control (50 infants) groups,
7 (14%) and 4 (8%) infants needed a medical ventilator,
respectively. According to the Chi-square test, there was
no significant difference between the two groups in terms
of the need for a medical ventilator (P = 0.33). The average
days of the need for environmental oxygen in the caffeine
and control groups were 7.13 + 3.12 and 6.77 * 3.32,
respectively. According to the t-test, there was no
significant difference between the two groups in terms of
the need for environmental oxygen (P = 0.64). The average
days of the need for a headbox in the caffeine and control
groups were 3.79 + 2.62 and 3.28 + 2.78, respectively.
According to the t-test, there was no significant difference
between the two groups in terms of the need for a headbox
(P =0.4). The average days of the need for NCPAP in the
caffeine and control groups were 3.81 + 2.34 and 3.43 +
2.56, respectively. According to the t-test, there was no
significant difference between the two groups in terms of
the need for NCPAP (P = 0.48). The average need for
mechanical ventilation in the caffeine and control groups
was 4 + 3 and 4.50 = 5.06 days, respectively. According to
the t-test, there was no significant difference between the
two groups in terms of the duration of mechanical
ventilation (P = 0.83). The average hospitalization period
in the caffeine and control groups was 13.88 + 6.74 and
15.72 + 10.23, respectively. According to the t-test, there
was a significant difference between the two groups in
terms of the hospitalization period (P = 0.02) [Table 1].

In the caffeine (50 infants) and control (50 infants) groups,
3 (6%) and 2 (4%) infants had positive intraventricular
hemorrhage (IVH), respectively. According to the Chi-
square test, there was no significant relationship between
the two groups in terms of IVH (P = 0.81). In the caffeine
(50 infants)

Table 1: Comparison of the mean and standard
deviation of the need for environmental oxygen,
headbox, nasal continuous positive airway
pressure, mechanical ventilation, and the
hospitalization period in the two groups

Variable Caffeine Control P
group group

Need for environmental 7.13+3.12 6.77+3.32 0.64

oxygen

Need for headbox 3.79+2.62 3.28+2.78 0.4

Need for NCPAP 3.81+2.34 3.43+2.56 0.48

Need for mechanical 4+3 4.50+5.06 0.83

ventilation

Hospitalization period 13.88+6.74 15.72410.23 0.02

NCPAP: Nasal continuous positive airway pressure
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and control (50 infants) groups, 2 (4%) and 1 (2%) infant
had positive patent ductus arteriosus (PDA) and needed
treatment, respectively. According to the Chi-square test,
there was no significant relationship between the two
groups in terms of PDA (P = 0.55). In the caffeine (50
infants) and control (50 infants) groups, 1 (2%) and 2 (4%)
infants needed to receive long-term oxygen, respectively.
According to the Chi-square test, there was no significant
relationship between the two groups in terms of the need
to receive long-term oxygen (P = 0.55). Ten (20%) and 7
(14%) infants in the caffeine and control groups died,
respectively. According to the Chi-square test, there was
no significant relationship between the two groups in
terms of the infants’ consequence (P = 0.42).

DISCUSSION

Caffeine is extensively used for the treatment of apnea; it
stimulates the respiratory system and improves the
function of the respiratory muscles.®! The present study
was a randomized control trial research in a health center
that was conducted on the very preterm infants with a
weight <1500 g and the gestational age of <32 weeks. The
results of the study did not indicate a significant difference
in the two groups of control and intervention (caffeine
citrate injection) during hospitalization in terms of the
incident rate of apnea, hypoxia, and bradycardia. The
results of the studies of Schmidt et al.”) showed that
prophylactic caffeine significantly reduced apnea and the
chronic lung disease (CLD). They mentioned the reason
for the reduction as the reduced time of the need for
oxygen, CPAP, and mechanical ventilation in the infants
receiving prophylactic caffeine. In the present study, there
was no difference between the two groups in terms of the
time needed for complementary oxygen, NCPAP, and
mechanical ventilation; as such, there was not also any
difference between the two groups in terms of CLD. In the
caffeine group, an infant was affected by a severe CLD,
hospitalized for approximately 2 months, and discharged
after recovery. Maybe, the difference between the present

18 _ Journal of Advanced Pharmaceutical Technology & Research | Volume 10 | Issue 1 | January-March 2019

study and that of Schmidt et al. known as CAP Trial is the
small sample size of the first and the very large sample
size as well as the multicentric study of the latter.
Moreover, the infants of the present study were <1500 g
and they were heavier than the infants in the study of
Schmidt et al.”! Furthermore, this study recommends not
using methylxanthines in the prophylactic way for the
infants in the weight range of 1250-1500 g; the use of
prophylactic should be limited to the infants who are
<1250 g. In the present study, there was no difference in
terms of the need for environmental oxygen, NCPAP,
mechanical ventilation, and the usage period. Besides,
there was no difference in terms of the incident of

complications such as CLD, PDA, and IVH. Zhao et al.n%
conducted a study and showed that there is no difference
between the two groups who received high- and low-dose
caffeine in terms of the incident of the complications due
to caffeine such as tachycardia, irritability, problem in
feeding, hyperglycemia, high blood pressure, digestive
disorders, and electrolyte disorders. Lodha et al.l'V
conducted a study and the results indicated that, in the
infants who received caffeine in the first 3 days of their life,
their CLD and PDA significantly decreased compared to
the group that received caffeine after 72 h. There was a
difference between the two groups in terms of the
hospitalization period. The infants who received caffeine
had a lower hospitalization period; this may be because
caffeine is a stimulating drug and makes the infants more
conscious and results in better feeding. However, the
study of Schmidt et al. showed that the caffeine group had
a lower weight in the first 3 weeks compared to the
placebo group.

CONCLUSION

The prescription of prophylactic caffeine had no effect on
the incident of apnea in the infants. Regarding the fact that
the drug may cause some side effects and influence the
infant weight, the use of that should be limited to the
preterm infants with lower weights in the prophylactic
form; it can be therapeutically used for the infants with
higher weights in the case of apnea.

Financial support and sponsorship
Nil.

Conflicts of interest There are
no conflicts of interest.

REFERENCES

1. Upadhyay K, Pourcyrous M, Dhanireddy R, Talati AJ. Outcomes
of neonates with birth weight <500 g: A 20-year experience. |
Perinatol 2015;35:768-72.

2. Fanaroff AA, Stoll B]J, Wright LL, Carlo WA, Ehrenkranz RA,
Stark AR, et al. Trends in neonatal morbidity and mortality for
very low birthweight infants. Am ] Obstet Gynecol 2007;196:147.
el-8.

3. Eichenwald EC, Zupancic JA, Mao WY, Richardson DK,
McCormick MC, Escobar GJ, et al. Variation in diagnosis of apnea
in moderately preterm infants predicts length of stay. Pediatrics
2011;127:e53-8.

4. Atik A, Harding R, De Matteo R, Kondos-Devcic D, Cheong J,
Doyle LW, et al. Caffeine for apnea of prematurity: Effects on the
developing brain. Neurotoxicology 2017;58:94-102.

5. Henderson-Smart D], Subramaniam P, Davis PG. Continuous

positive airway pressure versus theophylline for apnea in preterm
infants. Cochrane Database Syst Rev 2001;(4):CD001072.



[Downloaded free from http://www.japtr.org on Tuesday, January 7, 2020, IP: 176.227.232.105]

Fakoor, et al.: The effect of venous caffeine on the prevention of apnea of prematurity in the very preterm infants

Goldsmith JP, Karotkin EH. Assisted ventilation of the neonate.
Philadelphia, W.B. Saunders, 1981. p. 31-2.

Fisone G, Borgkvist A, Usiello A. Caffeine as a psychomotor
stimulant: Mechanism of action. Cell Mol Life Sci 2004;61:857-72.
Vliegenthart R, Miedema M, Hutten GJ, van Kaam AH, Onland
W. High versus standard dose caffeine for apnoea: A systematic
review. Arch Dis Child Fetal Neonatal Ed 2018;103:F523-9.

Journal of Advanced Pharmaceutical Technology & Research | Volume 10 | Issue 1 | January-March 2019

9.

10.

11.

Schmidt B, Roberts RS, Davis P, Doyle LW, Barrington K],
Ohlsson A, et al. Caffeine therapy for apnea of prematurity. N Engl
J Med 2006;354:2112-21.

Zhao Y, Tian X, Liu G. Clinical effectiveness of different doses of
caffeine for primary apnea in preterm infants. Zhonghua Er Ke Za
Zhi 2016;54:33-6.

Lodha A, Seshia M, McMillan DD, Barrington K, Yang J, Lee SK,
et al. Association of early caffeine administration and neonatal
outcomes in very preterm neonates. JAMA Pediatr 2015;169:33-8.

I



	GEORGIA SHIAKIDE THESIS
	1o Survival without disability to age 5 years after neonatal caffeine therapy ...
	2o The effects of caffeine on heart rate variability in newborns with apnea of prematurity
	The effects of caffeine on heart rate variability in newborns with apnea of prematurity
	Introduction
	Methods
	HRV measures
	Time domain analysis
	Frequency domain analysis

	Nonlinear analyses
	Approximate entropy(ApEn)
	Poincaré plot analyses
	Detrended fluctuation analysis (DFA)

	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


	3o Effects of Caffeine Treatment for Apnea of
	4o DONE High versus low-dose caffeine for apnea of prematurity
	High versus low-dose caffeine for apnea of prematurity: a randomized controlled trial
	Abstract
	Introduction
	Methods
	Patients and study design
	Randomization
	Study procedures
	Outcomes
	Statistical analysis
	Results
	Primary outcome
	Secondary outcomes
	Adverse effects
	Discussion
	Limitations of our study
	Conclusions
	References


	5o The effect of caffeine citrate on neural breathing pattern in preterm infants
	The effect of caffeine citrate on neural breathing pattern in preterm infants
	1. Introduction
	2. Patients and methods
	2.1. Subjects
	2.2. Study protocol
	2.3. Recordings
	2.4. Data analysis

	3. Results
	3.1. The influence of caffeine citrate

	4. Discussion
	5. Conclusion
	Conflict of interest statement
	Acknowledgments
	References


	6o Mechanisms of modulation of cytokine release by human cord blood monocytes exposed to high concentrations of caffeine
	Mechanisms of modulation of cytokine release by human cord blood monocytes exposed to high concentrations of caffeine
	Main
	Results
	Baseline Changes in cAMP and Cytokine mRNA and Protein Levels
	The Differential Role of A1R and A3R in the Modulation of Cytokines by Caffeine
	The Effect of Caffeine in Cytokines Is Independent of PDE IV Blockade
	Unlike IL-10, TNF-α Modulation by Caffeine Depends on PKA Activity
	Caffeine Alters TLR Transcription

	Discussion
	Methods
	Subjects
	CBM Isolation
	Treatment Protocol in Culture
	ELISA/EIA
	Real-Time qRT-PCR
	Statistical Analysis

	Statement of Financial Support
	Disclosure
	Acknowledgements
	References


	7o Incorporating pharmacodynamic considerations into caffeine therapeutic drug monitoring in preterm neonates
	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Sample collection and measurement
	Clinical records identification and analysis
	Statistics

	Results
	Discussion
	Conclusion
	Availability of supporting data

	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

	8o  Caffeine is a risk factor for osteopenia of prematurity in preterm infants A cohort study
	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

	9o  Early Caffeine and Weaning from Mechanical Ventilation in Preterm Infants A Randomized, Placebo-Controlled Trial
	 Early Caffeine and Weaning from Mechanical Ventilation in Preterm Infants: A Randomized, Placebo-Controlled Trial
	 Methods
	 Endpoints
	 Interventions
	 Statistical Considerations and Analyses
	 Safety Monitoring
	 Ethics

	 Results
	 Discussion
	 References


	10o  Effects of caffeine on the preterm brain An observational study
	Effects of caffeine on the preterm brain: An observational study
	Introduction
	Patients and methods
	Patients
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Financial disclosure statement
	Funding source
	Potential conflicts of interest
	References


	11o The efficacy and safety of two different doses of caffeine in respiratory function of preterm infants
	12o Cardiovascular impact of intravenous caffeine in preterm infants
	13o  Caffeine for apnea of prematurity and brain development
	14o
	Does duration of caffeine therapy in preterm infants born ≤1250 g at birth influence neurodevelopmental (ND) outcomes at 3 years of age?
	Abstract
	Introduction
	Material and methods
	Outcome definitions
	Statistical analysis

	Results
	Discussion
	Conclusions
	ACKNOWLEDGMENTS
	References


	15o The effect of venous caffeine on the prevention of apnea of prematurity in the very preterm infants in the neonatal intensive care unit of Shahid Motahhari Hospital, Urmia, during a year
	16o


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


