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RESUMO
A apneia da prematuridade € capaz de levar a morte ou deixar sequelas que afetam
a qualidade de vida. O tratamento e profilaxia sao realizados ha décadas com o citrato
de cafeina como primeira escolha. Este tratamento tem comprovada eficacia e
seguranca, tanto para a apneia da prematuridade quanto para a reducao de incidéncia
da displasia broncopulmonar, persisténcia do canal arterial, retinopatia da
prematuridade e sobrevivéncia sem deficiéncias no neurodesenvolvimento. A cafeina
€ um antagonista nao especifico dos receptores P1 de adenosina. Dentre as funcdes
da adenosina esta a de ser neuromodulador de funcdes vitais, como o0 sono. No
entanto, ndo ha consenso sobre os efeitos deste tratamento sobre o sono,
principalmente quando considerado o importante papel da adenosina no
desenvolvimento precoce do cérebro para a maturacdo do sono. Realizamos uma
pesquisa sistematica da literatura no PubMed, Web of Science e Virtual Health Library
para identificar estudos que investigam os efeitos de curto e longo prazo da cafeina
utilizada para apneia da prematuridade sobre parametros do sono. Para uma ampla
avaliacao, utilizamos a estratégia PIC, sendo a Populacéo, os prematuros, o citrato de
cafeina foi a Intervencdo e os prematuros sem exposicdo a cafeina foram a
Comparacgdo. Dois revisores independentes aplicaram os critérios de inclusdo e
excluséo, avaliaram o risco de viés e extrairam e analisaram os dados. O numero de
registro no PROSPERO ¢é CRD42021282536. De 4.019 estudos, 20 foram
considerados elegiveis, incluindo o0s ensaios clinicos randomizados e
acompanhamentos, e estudos observacionais. Os parametros de sono analisados, a
fase de avaliacdo e as ferramentas para avaliar o sono foram muito varidveis entre os
estudos. Principais achados podem ser resumidos como: (I) o protocolo mais comum
de tratamento com cafeina para apneia ndo afetou os principais parametros de sono;
e (Il) ha alguma evidéncia de que a cafeina quando administrada mais cedo, em doses
mais elevadas ou por longos periodos, especialmente em recém-nascidos muito
prematuros, pode afetar parametros do sono. A busca por melhores resultados do
tratamento com cafeina para bebés muito prematuros tem sido feita por meio de
mudancas nos protocolos de concentracdo e tempo de exposicao a cafeina, embora
ainda ndo tenham sido plenamente avaliados os efeitos de curto e longo prazo,

incluindo sobre a maturagéao do sono.

Palavras-chave: Metilxantina; Pré-termo; Neonatal; Sono-vigilia.



ABSTRACT
Apnea of prematurity can lead to death or leave sequelae that affect quality of life.
Treatment and prophylaxis have been carried out for decades with caffeine citrate as
the first choice, with proven efficacy and safety, both for the treatment of apnea of
prematurity and for reducing the incidence of bronchopulmonary dysplasia, patent
ductus arteriosus, retinopathy of prematurity and survival without neurodevelopmental
disabilities. Caffeine is a non-specific antagonist of adenosine P1 receptors. Among
the functions of adenosine is that of being a neuromodulator of vital functions, such as
sleep, and, however, there is no consensus on the effects of this treatment on sleep,
especially when considering the important role of adenosine in the early development
of the brain for sleep maturation. We performed a systematic literature search in
PubMed, Web of Science, and Virtual Health Library to identify studies investigating
the short- and long-term effects of caffeine used for apnea of prematurity and sleep
parameters. For a comprehensive evaluation, we used the PIC strategy, with the
Population being preterm infants, caffeine citrate being the Intervention and preterm
infants without exposure to caffeine being the Comparison. Two independent
reviewers applied inclusion and exclusion criteria, assessed risk of bias, extracted, and
analyzed data. The PROSPERO registration number is CRD42021282536. Of 4019
studies, 20 were considered eligible, including randomized clinical trials and follow-
ups, and observational studies. The analyzed sleep parameters, evaluation phase and
tools to evaluate sleep were very variable. Main findings can be summarized as: (i) the
most common caffeine treatment protocol for apnea did not affect the main sleep
parameters; and (ll) there is some evidence that caffeine when administered earlier, in
higher doses or for longer periods, especially in very premature newborns, may affect
sleep parameters. The search for better results from caffeine treatment for very
premature babies has been done through changes in caffeine concentration and
exposure time protocols, which have not yet evaluated short- and long-term effects,

including sleep maturation.

Keywords: Methylxanthine; Neonatal; Preterm; Sleep-wake.
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1. INTRODUCAO

O nascimento prematuro é um severo problema de saude materno-infantil,
sendo a principal causa de mortalidade neonatal e responsavel por morbidades. O
Brasil ocupa a 102 posi¢éo no ranking mundial dos nascimentos prematuros, estando
acima da média mundial (BRASIL, 2020). Com a prematuridade, surgem também os
efeitos nocivos dela, a curto e longo prazo, como morbidades respiratorias e
infecciosas e deficiéncias no neurodesenvolvimento (REAM, 2018).

A apneia da prematuridade, uma consequéncia de nascer pré-termo, é a pausa
da respiracdo maior de 15-20 segundos acompanhada de hipdxia e de bradicardia,
caracterizando um diagnéstico frequente nas Unidades de Terapia Intensiva Neonatal
expressando a imaturidade do controle respiratorio (BARRINGTON, 1991; MATHEW,
2011). Quanto menor a idade gestacional, maior o descontrole do sistema respiratorio
do recém-nascido, que ainda sera portador de caracteristicas respiratorias fetais, pois
o ambiente intrauterino € muito diferente do ambiente do recém-nascido, e o0s
movimentos respiratorios aumentam com o passar de cada semana gestacional (ABU-
SHAWEESH, 2004).

Para o manejo da apneia, 0 que inclui o tratamento e profilaxia, o citrato de
cafeina é a primeira escolha neste cenario, juntamente com suporte respiratorio e
monitoramento continuo (HENDERSON, 2010). A cafeina promove nos centros
respiratorios o aumento do fluxo de respiracdo quando antagoniza o efeito depressor
sobre a atividade dos neurdnios inspiratorios exercida pela adenosina (KUMRAL et
al., 2012; MILLAR, 2004). Esta metilxantina atua no bloqueio inespecifico de dois
receptores de adenosina, A1 e A2a (FREDHOLM et al., 1999). A adenosina € um
neuromodulador que esta implicado na memoria, no aprendizado e na regulacéo do
sono (GOMES et al., 2011).

A farmacoterapia crénica com cafeina no periodo neonatal desenvolve um sono
rapido e curto para aumentar o estado de vigilia e aprimorar o impulso ventilatério
(KOCH et al., 2020). Estudos sobre o citrato de cafeina mostram a eficacia a curto e
longo prazo no tratamento e profilaxia da apneia da prematuridade e reducdo da
necessidade de ventilagdo mecanica, bem como efeitos neuroprotetores (SCHMIDT
et al., 2006; SCHMIDT et al., 2007)

Doses de ataque de citrato de cafeina de 40 mg.kg? intravenosa (i.v.), seguidas

de 20 mg.kgt i.v. 12 horas apés e, mais 10 mg.kg? i.v. entre 24 e 36 horas da dose
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inicial, totalizando uma exposicdo em dose maior do que a padrdo (20 mg.kg? i.v.),
foram associadas a um aumento da ocorréncia de hemorragia cerebelar, aumento do
tbnus muscular e mais sinais neurolégicos desviantes (McPHERSON et al., 2015).

Dormir € necessario e fundamental para manter as funcbes de nosso
organismo. A atividade de dormir inicia ja na gestacdo e sofre mudancas apds o
nascimento e durante toda a infancia (CANANI, 1998). Justamente nos periodos de
rapido crescimento do cérebro, dentre eles o periodo neonatal, o sono exerce grande
papel nas conexdes cerebrais para as atividades futuras de memoria, plasticidade e
aprendizagem (PEIRANO, 2007).

Estudos na literatura incluem avaliacédo dos efeitos agudos da cafeina utilizada
para apneia da prematuridade no sono durante o tratamento em ambiente hospitalar,
e efeitos de curto e longo prazo do tratamento com cafeina no sono (SCHMIDT et al.,
2006; SCHMIDT et al., 2007). Efeitos de longo prazo deste tratamento no sono, sao
uma questado de pesquisa fundamental, dada a importancia do dormir para a saude e
desenvolvimento infantil (MOREIRA, 2021).

O numero de estudos sobre este assunto na literatura publicada ao longo dos
anos é modesto, e, associado a falta de padronizac¢édo do protocolo de uso do citrato
de cafeina, mantém uma questdo em aberto quanto aos conhecimentos dos
parametros de sono dos expostos a cafeina. Sendo assim, revisamos de forma
sistematica os estudos que utilizam o sono como desfecho primario e secundario, ou

mencodes a parametros de sono relacionados a cafeina utilizada no periodo neonatal.
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2. REVISAO DE LITERATURA

2.1 PREMATURIDADE

O nascimento prematuro é estabelecido como o nascimento antes das 37
semanas de gestacdo completas ou menos de 259 dias a partir da data da ultima
menstruacdo da mulher, podendo ser subdividido em prematuro extremo (<28
semanas), muito prematuro (28 a 32 semanas), ou prematuro moderado (32 a 37
semanas de gestagéo) (OMS, 1977). A incidéncia de nascimentos prematuros parece
estar aumentando na maioria dos paises. O Brasil ocupa a 102 posi¢do no ranking
mundial dos nascimentos prematuros, sendo prematuros 11,7% dos nascimentos
totais, 0 que deixa o Brasil acima da média mundial que é de 10% (BRASIL, 2020).

A causa da prematuridade pode ser relacionada a inumeros fatores de risco,
como por exemplo: econémicos, raciais, médicos, nutricionais e ambientais, mas a
grande maioria dos nascimentos prematuros ndo tem uma causa bem estabelecida e
pode ser multifatorial (RAISANEN et al., 2013). O nascimento prematuro pode ocorrer
de forma espontanea (natural) ou de forma iniciada pelo provedor, quando existe uma
intervencao obstétrica por indicacdo materna ou fetal. Trabalho de parto espontaneo
€ a causa mais comum de nascimento pré-termo, seguido das inducbes e partos
eletivos (BARROS, 2006).

Globalmente, o nascimento prematuro demonstra ser um grave problema de
salude publica na area materno-infantil, uma vez que é a principal causa de
mortalidade neonatal e é responsavel por morbidades como infec¢bes, sindrome da
disfuncdo de multiplos 6rgdos, enterocolite necrosante, hemorragia intraventricular
grave, encefalopatia isquémica hipoxica e complicacbes hematologicas ou
respiratorias (HARRISON, 2016). Infelizmente o aumento da ocorréncia de
nascimentos prematuros torna a prevencao do parto pré-termo um desafio para os
profissionais. Os nascimentos prematuros podem ocorrer em locais onde ndo ha
acesso especializado e os equipamentos podem ser limitados para fornecer uma
assisténcia habil, o que pode contribuir para o0 aumento da carga mundial de nascidos
pré-termo (VOGEL et al., 2018). As intervencbes devem ser concentradas em
estratégias que garantam cuidados efetivos em satude, como um cuidado pré-natal de
qualidade, manutencdo dos fatores de risco, monitoramento do feto, bem como

enfoque em agbes para reduzir a mortalidade infantil, sendo a idade neonatal o
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principal fator perante sobrevida e mortalidade (HARRISON, 2016; MANUCK et al.,
2016).

A prematuridade pode ocasionar insultos que interferem na qualidade de vida
do individuo, com morbidades cronicas importantes. Embora existam avangcos em
tecnologias e cuidados médicos, visto que sdo essenciais para a reducao de agravos,
as deficiéncias de neurodesenvolvimento s&o comumente associadas ao nascimento
prematuro, com risco aumentado em idades gestacionais mais baixas (MWAMIKI et
al., 2012). Como resultado de melhorias nos cuidados neonatais, o indice de
sobrevivéncia dos bebés mais precoces é crescente e juntamente com a
sobrevivéncia, as falhas de neurodesenvolvimento também se ampliam e somatizam
um confronto para ao longo da vida (YOUNGE N et al., 2017). Esse risco se estende
também ao desenvolvimento de morbidades respiratérias e infecciosas de curto e
longo prazo (REAM, 2018).

Recentemente, Gauda (2020) trouxe a possibilidade de a plasticidade
homeostética regular a apneia que ocorre durante a inflamacéo, tendo os prematuros,
maior chance de desenvolver uma resposta inflamatéria e promover desregulacao
cardiorrespiratéria pela remocdo prematura da acdo das prostaglandinas,
principalmente e com maior gravidade em momentos de estresse para o bebé.

Avancos importantes ocorreram nos ultimos anos para possibilitar a melhoria
da atencdo neonatal e nas condicbes especificas do parto prematuro, sendo a

pesquisa, a base para engendrar estes progressos (PEARLMAN, 2022).

2.2 APNEIA DA PREMATURIDADE

A apneia da prematuridade é um diagndstico muito comum nas Unidades de
Terapia Intensiva Neonatal e expressa a imaturidade do controle respiratério, quase
que universalmente presente entre 0s nascidos prematuros variando apenas em
gravidade e frequéncia (ZHAO, 2011). Definida apneia da prematuridade como sendo
a pausa da respiragéo, que dura mais do que 15 segundos e vem acompanhada de
hipdxia ou bradicardia, podendo ter uma frequéncia maior nas primeiras 24 horas apos
0 nascimento (BARRINGTON, 1991).

N&o é uma doenca, mas sim uma desordem de desenvolvimento, um
contratempo clinico muito significativo, que se manifesta com um ritmo de respiracao

instavel refletindo a imaturidade do controle respiratério. A resolucéo esta diretamente
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ligada a maturacdo do tronco cerebral, a medida em que o recém-nascido evolui,
levando em conta que o ambiente intrauterino (fetal) € substancialmente distinto do
ambiente de recém-nascido e exige inUmeras adaptacOes fisiologicas (MATHEW,
2011; ABU-SHAWEESH, 2004).

De forma biolégica, as crises de pausa respiratdria com hipoxia e bradicardia
podem levar a um fornecimento insuficiente de sangue para o cérebro, que causa
diminuicao na oferta de oxigénio em fases criticas do seu desenvolvimento (JANVIER
et al., 2004). A hipoxemia esta associada a resultados negativos, como a retinopatia
da prematuridade, distarbios respiratérios do sono, distarbios de
neurodesenvolvimento e mortalidade (DI FIORE, 2019).

A estratégia terapéutica ndo invasiva de primeira escolha neste cenario, é o
tratamento com metilxantina, especificamente a cafeina. A eficacia e seguranca da
terapia com cafeina para a apneia da prematuridade, tornou esta droga extensamente
utilizada nas Unidades de Terapia Intensiva Neonatal.

Estratégias de suporte ventilatério ndo invasivo, como a ventilacdo de pressao
positiva continua nasal (CPAP) sdo competentes para tratar a apneia porque
melhoram a permeabilidade através de mobilizacdo das vias aéreas superiores
(MILLER, 1985). Céanula nasal umidificada aquecida de alto fluxo tém sido com
frequéncia utilizada como estratégia terapéutica em alternancia com o CPAP, porém
mais estudos sdo essenciais para determinar o grau de seguranca em comparagao
ao CPAP (AL-ALAYAN, 2014). Alguns estudos também comparam o uso da ventilacao
nasal com pressao positiva intermitente (NAVA), como sendo tdo eficaz quanto o
CPAP na reducédo dos sintomas da apneia da prematuridade (FIRESTONE et al.,
2020).

Uma revisado sistematica publicada por Pergolizzi (2022) afirma que existe uma
ampla variedade de tratamentos para apneia com diretrizes sobre a maneira de se
fazer escassas. A cafeina, por sua vez, mesmo sendo muito eficaz para apneia da
prematuridade pode estar associada a efeitos colaterais, e, dados de efeitos a longo

prazo ainda estao sendo elaborados.

2.3 EFEITOS BIOLOGICOS DA CAFEINA

A cafeina é o psicoestimulante mais consumido no mundo, e esta presente em

diversos alimentos, plantas, bebidas e em uma grande variedade de medicamentos,
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além de ser utilizada para o tratamento da apneia em neonatos (CSFIl, 1998;
SCHMIDT et al., 2006).

A absorcdo da cafeina é veloz e ocorre no intestino delgado cerca de 45
minutos apos a ingestédo, seu metabolismo ocorre no figado variando de acordo com
a idade e fatores ambientais, sendo praticamente metabolizada por completo em
adultos (BLANCHARD, 1983; LEVITT, 2013). A via de ingestdo ou de administracéo
da droga (oral/intravenosa) ndo demonstra afetar o metabolismo ou a eliminacéo dela
com diferencas que sejam consideradas substanciais (BLANCHARD, 1983). O
principal sistema enzimatico de depuracao da cafeina € o citocromo P450 (CYP1A2).
As variacdes interindividuais na taxa de metabolizacdo da cafeina podem ser o
resultado de polimorfismo no gene que codifica para a CYP1A2 (SACHSE et al.,
1999).

Em neonatos, a cafeina é absorvida por completo tanto na administracéo
endovenosa quanto oral, jA a farmacocinética € lenta, sendo esta droga eliminada
mais lentamente do que na populagéo adulta devido a imaturidade hepatica (ARANDA
et al., 1979; CHARLES et al., 2008). Nos recém-nascidos, a meia vida plasmatica da
cafeina é maior do que nos adultos, pela baixa atividade do citocromo P450 (ARANDA
et al, 1974).

Gestantes sdo uma populacéo de risco para o consumo de cafeina, visto que a
cafeina atravessa a barreira placentaria e pode causar efeitos nocivos, como o aborto
espontaneo em doses de 300 mg/dia (OMS, 2020; WENG, 2008). Diversos estudos
originais e metanalises constatam que além do risco de aborto espontaneo pelo
consumo materno de cafeina, também h& o risco de baixo peso ao nascer,
natimortalidade, sobrepeso e obesidade infantil e leucemia aguda (JAMES, 2021).
Nas doses toéxicas, a cafeina pode afetar a mobilizacédo de Ca?* intracelular, liberando
ou até mesmo impedindo sua reabsorcdo. A dose toOxica pode aumentar a
contratilidade e alguns niveis podem ser fatais (BANERJEE et al., 2014). A toxicidade
aguda da cafeina é em torno de 10 g por dia para adultos, sendo a morte por
intoxicacdo um evento raro e dependente de interacdo com outras substancias,
alteracdes genéticas ou possiveis doencas. Os riscos estédo principalmente ligados a
grande disseminacdo de uso desta droga que pode levar a dependéncia
(CAPELLETTI S et al., 2015).

Em concentracfes relativas ao consumo dietético humano, esta metilxantina

tem como alvo molecular a inibicdo inespecifica de receptores de adenosina, em
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especial os receptores A1l e A2A (FREDHOLM et al., 1999). Os receptores de
adenosina sédo expressos em todos os tecidos, com especial énfase no sistema
nervoso, onde a adenosina atua como um potente neuromodulador (BRUNSTOCK,
2007).

A adenosina, através da ligacéo ao receptor A1, provoca a inibicdo pré-sinaptica
da liberacédo de neurotransmissores por reduzir o influxo de calcio e a hiperpolarizacéo
pos-sinaptica através da abertura de canais de potassio (SEBASTIAO e RIBEIRO,
1996). A ativagéo do receptor A2a pela adenosina ocasiona, no pré-sinapse, o estimulo
da liberacdo de neurotransmissores por estimulo a canais de célcio (GUBITZ et al.,
1996). Como resultado destes diferentes mecanismos de sinalizagdo, a adenosina é
um neuromodulador envolvido na memaria, no aprendizado e na regulacdo de sono
(GOMES et al., 2011). Além disto, durante o desenvolvimento cerebral, a adenosina
esta fortemente envolvida com a proliferacdo, a migracéo e a diferenciacao de células
neurais (SHEN et al., 2018).

Exposi¢cdes agudas a cafeina tem como principal efeito a elevacdo dos niveis
de AMPc, como uma resposta ao bloqueio dos receptores Azi, visto que este receptor
€ 0 mais abundante no Sistema Nervoso Central (FREDHOLM et al., 1999). Esta
alteracdo nos niveis de AMPc contribuem para alteracdes no estado de fosforilacdo
de varias fosfoproteinas que sédo alvos da proteina quinase A (LINDSKOG et al., 2002,
SVENNINGSSON et al.,, 2005, SAHIN et al., 2007). Como consequéncia, efeitos
secundéarios sdo vistos em diversas sistemas de neurotransmissdo, incluindo o
dopaminérgico, serotoninérgico, colinérgico, glutamatérgico e GABAérgico (DALY,
1993; ACQUAS et al., 2002; SOLINAS et al., 2002). Além disto, o antagonismo do
receptor Aza pela cafeina tem sido descrito afetar a sinalizacdo dopaminérgica de
forma mais especifica, em virtude da expressdo intensa deste receptor na regido
estriato-palidal e de sua co-expressdo com receptores D2 e D1 de dopamina
(SVENNINGSSON et al.,, 1997). Nos centros respiratorios, a cafeina promove
aumento do fluxo respiratério ao antagonizar o efeito depressor sobre a atividade dos
neurbnios inspiratorios exercido pela adenosina, bem como efeitos indiretos da
adenosina sobre a oxigenacdo (KUMRAL et al., 2012; MILLAR, 2004) (Figura 1).
Desta forma, nas unidades de terapia intensiva neonatal, a cafeina € uma metilxantina
que estd em uso ha mais de 40 anos, tendo como primordial indicagdo o tratamento e
profilaxia da apneia da prematuridade (HENDERSON, 2010).
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Figura 1. Mecanismo de Acao da cafeina nos vasos sanguineos, neurdnios e midcitos
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Fonte: Kumar e Lipshultz (2019).

2.3.1 Terapia com cafeina para apneia da prematuridade

Muitos estudos clinicos e pré-clinicos ja foram dedicados a identificar os efeitos
da cafeina na prematuridade (Figura 2) (Kumar e Lipshultz, 2019). O estudo CAP
(Caffeine for Apnea of Prematurity) foi um amplo ensaio clinico controlado e
randomizado, para investigar os efeitos da administracdo neonatal do citrato de
cafeina ou placebo nos primeiros 10 dias de vida em 2.006 bebés com peso ao nascer
menor do que 1.251g, distribuidos no ensaio de forma aleatéria. O periodo do estudo
foi entre 11 de outubro de 1999 e 22 de outubro de 2004, e os participantes foram 994
criangas do Canadéa, 58 dos Estados Unidos, 520 da Australia e 434 criangas de
paises da Europa e Israel. O objetivo do estudo era solucionar a duavida sobre a
eficiéncia e segurangca em curto e longo prazo da terapia com cafeina, tendo como
desfecho a morte, paralisia cerebral, atraso cognitivo e surdez ou cegueira na idade
de 18 a 21 meses (SCHMIDT et al., 2006).
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Figura 2: Efeitos da cafeina consumida no periodo pré e pés-natal e na adolescéncia. BPD: displasia

broncopulmonar. ND: neurodesenvolvimento. Y: Year
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No estudo CAP, foi administrada uma dose de ataque de citrato de cafeina de
20 mg.kg?, seguida de dose de manutencédo de 5-10mg.kg* dia, ou uma dose igual
de placebo no grupo controle. Em curto prazo, a droga se mostrou competente para
reduzir a taxa de displasia broncopulmonar, dos 963 recém-nascidos pertencentes ao
grupo cafeina que completaram a idade pds-natal de 36 semanas, apenas 36,3%
necessitaram de suplementacdo de oxigénio. Os riscos desta pratica terapéutica a
curto prazo se mostraram baixos, mas os dados eram insuficientes para avaliar a
seguranca até aquele momento (SCHMIDT et al., 2006).

No acompanhamento do estudo, nos 18 a 21 meses de vida dos bebés, o
tratamento com citrato de cafeina demostrou ser eficaz para a sobrevivéncia sem
atrasos de desenvolvimento neurolégico. Dos 937 bebés do grupo cafeina em que os
dados corretos estavam acessiveis, apenas 40,2% tiveram desfecho de morte ou
sobrevivéncia com alguma deficiéncia de neurodesenvolvimento, comparados com 0S
431 bebés com dados adequados disponiveis do grupo placebo correspondendo a
46,2%. Isso sugere um mecanismo de neuroprotecdo da cafeina. Esta melhora de

sobrevivéncia com baixos indices de deficiéncias muniu com fortes indicativos a
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hip6tese de que os beneficios superam 0s riscos no tratamento com metilxantinas
(SCHMIDT et al., 2007).

Na avaliacdo dos 5 anos de idade, a supervisdo do estudo ndo encontrou
diferencas relevantes na unido dos desfechos principais entre as 833 criancas do
grupo cafeina avaliadas e as 807 criancas do grupo placebo. O principal desfecho em
5 anos era um misto de morte antes da idade corrigida de 5 anos, ou uma
sobrevivéncia com deficiéncia motora ou cognitiva, alteragcdes de comportamento,
salde precaria, perda auditiva ou cegueira bilateral. Dentre as 833 crian¢as do grupo
cafeina, 21,1% morreram ou sobreviveram apresentando pelo menos 1 deficiéncia de
neurodesenvolvimento, em comparacdo com 24,8% das 807 criangcas do grupo
placebo. Demais desfechos ndo apresentaram diferencas significativas entre o0s
grupos do estudo. Em suma, a terapia neonatal com citrato de cafeina ndo teve
diferengas expressivas de forma consideravel para a sobrevivéncia sem deficiéncia
de desenvolvimento neurolégico na idade escolar (SCHMIDT et al., 2012).

No estudo de 11 anos apOs o tratamento com metilxantina, o objetivo era
verificar se a metilxantina estava relacionada a melhores desfechos funcionais. Foi
avaliado que a cafeina ndo teve uma reducdo importante de deficiéncias no
desempenho escolar, motor e de comportamento, mas esteve relacionada ao menor
risco para deficiéncia motora aos 11 anos de vida, sendo que apenas 19,7% dos 457
pacientes grupo cafeina apresentaram deficiéncias motoras em contrapartida dos
27,5% dos 473 pacientes pertencentes ao grupo placebo. De 458 pacientes avaliados
pertencentes ao grupo cafeina, 14,4% apresentaram baixo desempenho académico e
dos 462 do grupo placebo o percentual foi de 13,2%. Apresentaram problemas de
comportamento 10,9% dos 476 pacientes do grupo cafeina avaliados e 8,3% dos 481
pacientes grupo placebo. As doses de citrato de cafeina utilizadas neste ensaio clinico

foram consideradas efetivas e seguras (SCHMIDT et al., 2017).

2.4 NEURODESENVOLVIMENTO E SONO

O sono é um estado de comportamento reversivel, onde nos desconectamos
com o ambiente e relaxamos (RANA et al., 2019). O sono € um processo ativo que
envolve uma complexa circuitaria neural, a qual € suscetivel a alteragBes funcionais

durante o desenvolvimento cerebral inicial (periodo fetal), no intenso periodo de
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maturacgao cerebral que se da no final da gestacdo, bem como no periodo neonatal e
ao decorrer da infancia (SCHER, 1998).

Dormir € fundamental para um bem-estar da mente e do corpo, estando este
processo diretamente ligado a secrecdo de hormoénios, limiar de dor, nivel de alerta,
imunidade, sistema cardiovascular, funcdo cognitiva e desenvolvimento (MOREIRA,
2021). O sono é primordial para o desenvolvimento e crescimento, processo que se
evidencia pela grande necessidade de dormir dos lactentes, criancas e adolescentes
(DAVIS, 2004).

Dois indispenséaveis processos regulam o sono e a vigilia, o processo
homeostéatico onde a necessidade de sono aumenta na vigilia e tem alivio no sono, e
0 processo circadiano que atua como um reldgio interno onde a exposicao a luz marca
a vigilia e a escuriddo marca o sono. Sistemas independentes e distintos, mas que
determinam a durag&o do sono e da vigilia (MOREIRA, 2021).

O estagio REM (do inglés, rapid eye movement) marcado pela excitacdo e o
NREM (do inglés, non rapid eye movement), onde ha baixa atividade cerebral, sdo
identificados ja nos estagios fetal e pods-natal humano, apresentando algumas
caracteristicas relativamente universais entre os mamiferos, tais como: a) quantidade
maior de sono REM no inicio do desenvolvimento do que na vida adulta, assim como
uma menor quantidade de sono NREM no inicio do desenvolvimento do que quando
comparada a vida adulta; b) mudancas de padrfes de atividade cerebral do sono REM
e NREM no estagio fetal; e ¢c) modificacdes nos mecanismos reguladores do sono no
periodo neonatal e posteriormente. A maior incidéncia de sono REM coincide com as
principais fases de desenvolvimento cerebral fetal e maturacdo cerebral (GRIGG-
DAMBERGER et al., 2017; BENNET, 2018). O cérebro de um neonato experimenta
breves periodos de vigilia, o que reduz suas interacfes, mesmo que limitadas, com
fatores extrinsecos. Desta forma, tanto os fatores bioldgicos que regem a maturagéo
dos estagios do sono, como fatores que impactem na quantidade de sono, podem
contribuir para moldar a arquitetura do sono e o importante papel que ele desempenha
durante o periodo de rapido crescimento cerebral nos futuros processos de
memorizacao, aprendizagem e plasticidade (PEIRANO, 2007; HUBER e BORN,
2014). Estudos com roedores em fase neonatal privados de sono REM indicaram
desde efeitos morfologicos a funcionais no sistema nervoso, incluindo reducéo na area
de cortex cerebral e alteracdes em sistemas de neurotransmissdo como o gabaérgico

e o glutamatérgico (MIRMIRAN et al., 2002). Bebés prematuros podem apresentar
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alteracdes na qualidade e efetividade de sono a longo prazo, pois este processo muda
a maneira como o cérebro se desenvolve (BENNET, 2018).

No contexto da prematuridade, o tratamento crénico com citrato de cafeina para
a apneia promove um sono mais curto e rapido no periodo neonatal porque aumenta
o estado de vigilia para melhorar o impulso ventilatorio devido a sua a¢ao no sistema
adenosinérgico (ARAUJO et al., 2014). Embora estudos com modelos animais
apontem que a exposicdo a cafeina durante o desenvolvimento possa ter
repercussdes no desenvolvimento cerebral afetando, por exemplo, o sono, ainda sao
poucos os estudos com humanos se dedicam a este tépico em especifico (OLINI et
al., 2013; NEHLIG e DEBRY,1994; MARCUS et al., 2014;). Um estudo observacional
durante os primeiros 5 dias de vida de neonatos prematuros tratados com cafeina
apontou que esta xantina reduziu o sono ativo em fun¢édo da dose, bem como alterou
os periodos de sono-vigilia, sem alterar o sono quieto (KOCH et al., 2020). O estudo
transversal sobre os efeitos de longo prazo da terapia com cafeina sobre as
caracteristicas do sono em um subgrupo de 201 bebés que participaram do estudo
CAP de Marcus e colaboradores (2014) apontou que a terapia com citrato de cafeina
ndo apresenta efeitos na duracdo do sono ou em episédios de apneia durante a
infancia. Adicionalmente, o estudo de Yang et al. (2019) nédo identificou alteracdes no
ciclo sono-vigilia através de estudos com eletroencefalograma de amplitude integrada.
Estas sdo grandes contribuicbes para otimizar ainda mais os beneficios ja
consolidados da terapia neonatal com cafeina. A necessidade de identificar e
sumarizar os achados sobre os efeitos do tratamento neonatal para a apneia com
cafeina e qualidade de sono se soma aos muitos autores que enfatizam a necessidade
da avaliacdo com tecnologias mais precisas para um parecer dos impactos desta
terapia sobre as diversas nuances do sono e suas repercussdes (POETS e KHAN,
2014; ARAUJO et al., 2014).

A regulacdo homeostética € o objetivo do sono, nele diminuimos as sinapses
que sdo aumentadas durante o periodo de vigilia, a reducdo da atividade sinaptica
esté ligada aos benéficos do sono, como por exemplo, o bom desempenho (TONONI,
2006).

Tanto dormir, quanto a privacdo de dormir, afetam o padréo das sinapses e a
plasticidade das proteinas cerebrais, sendo o sono, responsavel pela melhora destes
processos (HAVEKES, 2012). A privacdo do sono é contribuinte para prejudicar a

sinalizacdo dos neurdnios e glia e a sintese das proteinas para a plasticidade
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sinéptica, podendo afetar a consolidagdo da memoria, a plasticidade de nosso cérebro
ou desencadear deficiéncias cognitivas (KREUTZMANN, 2015).

Navarro Vergara e seus colaboradores (2022) reafirmam que na primeira
infancia, dormir tem papel vital no neurodesenvolvimento, sendo a falta de sono ou da

qualidade dele, fator negativo para as areas cognitiva, fisica e emocional.
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3 JUSTIFICATIVA

O periodo neonatal configura importante momento para o desenvolvimento
cerebral, assim, fatores externos podem contribuir positiva ou negativamente durante
os periodos de rapido desenvolvimento do cérebro humano e ter repercussées em
funcdes vitais, como moldar a arquitetura do sono.

Um dos efeitos mais comuns da cafeina € ser estimulante, e, uma vez que atua
bloqueando receptores de adenosina, pode modular de forma significativa a
maturacao do sono.

Estudos realizados em humanos parecem inconclusivos e controversos no que
diz respeito a clareza de dados sobre os possiveis efeitos da cafeina dada aos
prematuros como tratamento e profilaxia da apneia sobre o sono. A ndo padronizacao
de doses e nado existéncia de consenso para inicio do tratamento com cafeina,
principalmente no que se refere aos nascidos muito prematuros, leva a davidas sobre
efeitos adversos a longo prazo na arquitetura do sono. Em pesquisas com modelos
animais e pesquisa de pratica diaria, ja estda muito claro que a cafeina causa
supressdo do sono e, por isso, em periodos considerados criticos para 0
desenvolvimento se faz relevante aprofundar este conhecimento acerca de melhorar

os desfechos para os sobreviventes da prematuridade.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Revisar sistematicamente os estudos que utilizam o sono como desfecho
primério e secundério, ou qualquer men¢do a parametros do sono no contexto da

cafeina para tratamento da apneia da prematuridade.

4.2 OBJETIVOS ESPECIFICOS

4.2.1. ldentificar, através de revisdo sistematica da literatura, a presenca de
estudos incluindo efeitos de curto e longo prazo da cafeina dada para o tratamento da
apneia sobre parametros de sono.

4.2.2. Avaliar a qualidade dos estudos selecionados conforme critérios de
incluséo pelas ferramentas RoB 2/Cochrane e Newcastle/Otawa.

4.2.3. Reunir dados de publicacdes incluidas no estudo através dos critérios de
elegibilidade, para descrever os achados atuais sobre possiveis efeitos no sono da
cafeina dada a populacdo prematura.
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5 MATERIAIS E METODOS

5.1 REGISTRO NO PROSPERO

O protocolo de estudo para esta revisdo sistematica foi primeiramente
registrado e aprovado no International Prospective Register of Systematic Reviews
(PROSPERO) sob o numero de protocolo CRD42021282536. A reviséo foi realizada
de acordo com a declaracédo de Relatorios Preferenciais para Revisdes Sistematicas
e Meta-analise (PRISMA) (Apéndice A).

5.2 ESTRATEGIA DE BUSCA E BASE DE DADOS

Entre os dias 30 de novembro de 2021 e 01 de dezembro de 2021, a pesquisa
foi realizada nas bases de dados PubMed (https://PubMed.ncbi.nlm.nih.gov), Web of
Science (https://www.webofscience.com/wos/woscc/basic-search) e Biblioteca Virtual
em Saude (https://bvsalud.org/).

Os termos DeCS/MeSH foram CAFFEINE OR XANTHINE OR
METHYLXANTHINE; AND PRETERM OR NEWBORN OR NEONATAL OR
PREMATURE. A ordem de operagcdo foi (CAFFEIN* OR XANTHIN* OR
METHYLXANTHIN*) AND (PRETERM* OR NEWBORN* OR NEONAT* OR
PREMATUR*). Em 07 de setembro de 2022, a busca foi repetida. As estratégias de
pesquisa podem ser acessadas no apéndice B.

5.3 SELECAO DOS ESTUDOS E ESTRATEGIA PIC

Apos o retorno da busca em todas as bases de dados, a selecéo do estudo foi
realizada seguindo a sequéncia: (1) exclusao das repeticdes; (2) analise do titulo; (3)
analise dos resumos; (4) analise do manuscrito completo, e (5) analise das referéncias
citadas. Essas etapas foram realizadas por dois revisores independentes (ARPT e
HAC), seguidos de revisédo final do pesquisador sénior (RSS). Somente estudos
originais foram considerados.

Optamos por utilizar a estratégia PIC e ndo PICO, pois supomos que nosso
desfecho principal seria encontrado nos desfechos secundarios dos estudos. A

estratégia do PIC foi a Populacdo: Recém-nascidos prematuros < 37 semanas;


https://pubmed.ncbi.nlm.nih.gov/
https://www.webofscience.com/wos/woscc/basic-search
https://bvsalud.org/
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Intervencdo: Terapia com citrato de cafeina; Comparagdo: Recém-nascidos
prematuros < 37 semanas que nao receberam citrato de cafeina. Foram considerados

apenas estudos escritos em inglés, portugués ou espanhol.

5.4 EXTRACAO DE DADOS E RISCO DE VERIFICACAO DE VIES

A extracdo de dados de estudos elegiveis foi realizada por dois revisores
independentes (ARPT e RSS). Os dados extraidos incluem o tipo de estudo, a
comparacao amostral, idade gestacional de nascimento e idade gestacional que o
recém-nascido foi exposto a cafeina, numero amostral da intervencdo, género,
concentracdo da dose de cafeina aplicada, tempo de exposicéo a cafeina e idade de
coleta do desfecho sono. Foram registrados também os tipos de monitoramento do
sono, dados da coleta e principais desfechos, além do pais de origem e ano de
publicacéo.

Para avaliar o risco de viés de estudos individuais foram aplicadas as escalas
de risco de viés Check list Cochrane Rob 2 (versdo 2021) e Rob NewCastleOtawa.
Os desfechos coletados foram agrupados e ordenados de acordo com o design de
cada estudo (ensaio clinico randomizado ou estudo observacional).
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6 RESULTADOS

A busca eletrbnica em bancos de dados cientificos recuperou 4.019 artigos
cientificos. ApGs a aplicacdo dos critérios de inclusdo e exclusdo e a repeticdo da
busca que recuperou 229 artigos cientificos, foram elegiveis 20 manuscritos
cientificos.

Destes, 13 eram observacionais (Seppéa-Moilanen et al. 2018, Seppa-Moilanen
et al. 2021, Koch et al. 2020, Chardon et al. 2004, Hassanein et al. 2014, Symanski et
al. 2002, Hibbs et al. 2008, Holditch-Davis et al. 2004, Curzi-Dacsalova et al. 2002,
Hayes MJ et al. 2007, Huang et al. 2014, Holditch-Davis D et al. 2004, Hellstorm-
Westas L et al. 2001), 6 follow-up de ensaios clinicos randomizados (Meltzer et al.
2016, Brandon et al. 2005, Marcus et al. 2014, Tépia et al. 2016, Cielo et al. 2017,
Biggs et al. 2016), e 1 ensaio clinico randomizado (Oliphant et al. 2022).

Todos os resultados estdo apresentados no manuscrito cientifico intitulado
“‘What do we know about the sleep effects of caffeine given to treat apnea of
prematurity? A Systematic Review of the Literature” de autoria de Toledo, ARP,
Caetano, HA, Boeck, CR, Skupiel, JA e Da Silva, RS, Fiori, HH (Apéndice C).

6.1 PRINCIPAIS CARACTERISTICAS DOS ESTUDOS
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CONSIDERACOES FINAIS

Nesta revisdo sistematica de literatura, foram revisados estudos que

investigaram a utilizacdo do citrato de cafeina em recém-nascidos prematuros e 0s

efeitos sobre o sono, visto que a cafeina € um bloqueador dos receptores de

adenosina, um potente neuromodulador com efeitos na maturagao cerebral. Sabe-se

gue cada estagio do sono tem um papel crucial aos prematuros, sendo indispensavel

para o correto desenvolvimento e maturacao cerebral.

De forma geral, nossos principais achados séo:

(1)

(2)

O protocolo mais comum de uso de cafeina para tratar a apneia (20
mg/kg como dose de ataque e 5-10 mg/kg/dia como manutencéo) parece
nao ter efeitos relevantes sobre os principais parametros do sono
(MARCUS et al. 2014, MELTZER et al. 2016, BIGGS et al. 2016, CIELO
etal. 2017, TAPIA et al. 2016, CURZI-DASCALOVA et al. 2002. SEPPA-
MOILANEN et al. 2019, SEPPA-MOILANEN et al. 2021, HUANG et al.
2014).

Nosso estudo gera um alerta, pois h& alguma evidéncia sobre impactos
ainda ndo desbravados sobre o0 uso de doses mais altas de cafeina e de
administragcdo mais precoce para tratar os considerados nascidos muito
prematuros, em especial, no que se refere aos possiveis efeitos desta
droga sobre a maturagéao do sono. Isto deve-se ao fato de que Hayes et
al. (2007) sugerem que o tratamento crénico com metilxantina parece
produzir privacdo do sono secundaria a acao estimulante da cafeina.
Para Hassanein et al. (2014), mesmo em dose considerada padréo, a
cafeina durante sua infuséo i.v. aumenta a atividade cortical cerebral dos
prematuros e a capacidade de despertar. Ja Symanski et al. (2002)
observaram que os periodos de vigilia apds as intervencbes de
enfermagem aumentaram para 0S recém-nascidos que receberam
xantina. Koch et al. (2020) perceberam através de registros videograficos
que, a vigilia aumentou e o0 sono ativo diminuiu conforme a concentracéo
de cafeina foi aumentando. Brandon et al. (2005) relacionaram a cafeina

a uma menor quantidade de sono tranquilo.

Algumas limitacdes desta revisdo sistematica podem ser identificadas, entre

elas esta o uso de diferentes maneiras de avaliar o sono, ndo houve paralelismo nos
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parametros selecionados para avaliar o sono, diferentes ferramentas e adequacoes
foram utilizadas. Isso ocorreu provavelmente porque a maioria dos estudos néo
utilizou o sono como desfecho primério, o que ja imagindvamos inicialmente e nos
levou a utilizar a estratégia PIC e ndo PICO para definir nossas buscas. A falta de
paralelismo nos parametros de avaliacdo do sono, impossibilitou a realizacdo de uma
metanalise.

Adicionamos ainda, que, a busca por melhores e por mais resultados que
avaliem os efeitos a curto e longo prazo da administracdo cedo e/ou de altas doses
de citrato de cafeina deve ser incentivada. Em especial se considerados os dados de
estudos com animais, que sugerem que a exposi¢cdo a cafeina no periodo neonatal
pode sim alterar a arquitetura do sono. A elucidacao desta questdo pode para garantir
um manejo mais adequado dos sobreviventes da prematuridade, especialmente os

muito prematuros.
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ABSTRACT

The scientific scrutiny proved the safety and benefits of caffeine for apnea of
prematurity in reduction of the incidence of bronchopulmonary dysplasia, patent ductus
arteriosus, and severe retinopathy of prematurity and increase in survival without
neurodevelopmental disabilities. However, there is no consensus about effects of this
treatment to sleep, especially considering the fundamental role of adenosine and early
brain development to the maturation of sleep. We performed a systematic literature
search in PubMed, Web of Science and Virtual Health Library from inception to
September 7, 2022, to identify studies investigating short and long-term effects of
caffeine for apnea of prematurity over sleep parameters. To consider a broad

evaluation we used PIC strategy as preterm infants as Population, caffeine for apnea
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as Intervention and none or other intervention than caffeine as Comparison. Two
independent reviewers applied the inclusion and exclusion criteria, evaluated risk of
bias, and extracted and analyzed data. The protocol number in PROSPERO s
CRD42021282536. From 4.019 studies, 20 were considered eligible, including
randomized clinical trials (RCT) and follow-ups, and observational studies.
Heterogeneity was observed in the evaluation methods. The main findings can be
summarized as: (I) the most common protocol of caffeine treatment for apnea did not
affect sleep parameters; and (ll) there is some evidence that caffeine when giving
earlier, in higher doses or long periods than the most common protocol, especially
considering very young preterm infants, could affect sleep parameters. The search for
better results for very young preterm infants has been made also through changes in
time and dose of caffeine exposure, which have yet to assess the short- and long-term

effects, including the effects on sleep maturation.

Keywords: methylxanthynes; xanthynes; neurodevelopment; sleep organization;

sleep quality; prematures; neonates.

1 INTRODUCTION

Caffeine use for treatment and prevention of apnea of prematurity (AOP) has
been a huge advance in neonatology from almost five decades [1, 2]. Since the
magistral work of Barbara Schmidt and Caffeine for Apnea group, Canadian Institute
of Health Research (CIHR), and the Australian National Health and Medical Research
Council (NHMRR), the benefits of caffeine for children suffering AOP are now clear
and can be summarized as (1) reduction of the duration of exposure to positive
pressure and supplemental oxygen; (2) reduction of the incidence of
bronchopulmonary dysplasia, patent ductus arteriosus, and severe retinopathy of
prematurity; and (3) increase in survival without neurodevelopmental disabilities (at 18-
21-months of age), such as lower incidence of cerebral palsy and cognitive delay [3].
Additionally, caffeine proved to be safe, has long half-life, and is cost effective [4].

Caffeine action is mediated by blocking P1 receptor, especially those of higher
tissue expression, the A1 and A2a adenosine receptors [5]. The mechanism underlying
caffeine benefits on AOP treatment are not fully understood but revealed through (1)
increase in minute ventilation; (2) increase in sensitivity to COz; (3) increase in skeletal

muscle tone; (4) decrease in diaphragmatic fatigue; and (5) increase in metabolic rate
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with increased oxygen consumption. Adenosine is a potent modulator of cellular
homeostasis, and immune and neural function, with reflex in health and disease [6].
The normal development of central nervous system is essential to preserved neural
function later in life, which call surveillance on any disturbance during early brain
development.

Side effects attributed to caffeine for AOP are minimal, including irritability,
gastrointestinal intolerance and increased sodium and calcium excretion[7]. As a
standardized protocol to caffeine use for AOP is globally lacking, is not unusual and in
fact commonly under investigation, the adjustment in dose, time of exposure and
period to start the treatment, seeking for better results [8, 9]. High doses of caffeine
had a higher rate of ventilator removal success and effective treatment for morbidities
of AOP [10]. Since there is increasing evidence of worse neurological outcomes in very
low birth weight infants with increasing number of apneic episodes, the evaluation of
protocols using earlier caffeine treatment have been done and showing reduction on
the duration of the need of mechanical ventilation, reduced age for the first successful
exthubation, and reduced need of oxygen supplementation and incidence of
bronchopulmonary dysplasia [11-13]. In the other hand, adjustments in dose, period,
and timing of caffeine treatment in neonates during AOP treatment requires
observation, since hemorrhage and increased seizure incidence have been correlated
to earlier and higher dose of caffeine treatment [14, 15].

One of the most popular effects of caffeine is the disruption of sleep and
increase in awareness, since adenosine is a modulator of sleep [16]. The sleep is an
active process that is continuously changing throughout life, with upmost transition
after the first 6 months of life [17]. For this reason, evaluation of sleep effects of caffeine
treatment for AOP is a natural pathway. Conversely, the normal development of sleep
is dependent of a preserved respiratory functioning and normal brain development [17].
In this way, a reduction of respiratory problems by caffeine treatment reduces the
interferences in the sleep of infants under treatment. Here, we aimed to revise
systematically the studies using sleep as a primary and secondary outcome, or any
mention about sleep parameters in the context of caffeine for AOP treatment. The
number of studies is modest, which, associated with the lack of standardization of the
caffeine protocol for the treatment of AOP, keeps an open question in terms of
knowledge about the effects on sleep of infants exposed to caffeine. Studies in the

literature include evaluation of the acute effects of caffeine on sleep during treatment
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of neonates and the short- and long-term effects of caffeine treatment on sleep. Long-
term effects of caffeine treatment for AOP on sleep quality is a key issue, considerig

the importance of sleep for health.

2 MATERIAL AND METHODS

The study protocol for this systematic review was first registered and approved
in the International Prospective Register of Systematic Reviews (PROSPERO) under
protocol number CRD42021282536. The review was performed in accordance with the
statement of Preferred Reporting for Systematic Reviews and Meta-analysis
(PRISMA).

2.1 SOURCE OF INFORMATION

Between November 30, 2021 and December 1, 2021, the search was performed
in PubMed (https://PubMed.ncbi.nim.nih.gov), Web of Science (https://www.
webofscience.com/wos/woscc/basic-search) and Virtual Health Library
(https://bvsalud.org/).

DeCS/MeSH terms were CAFFEINE OR XANTHINE OR METHYLXANTHINE;
AND PRETERM OR NEWBORN OR NEONATAL OR PREMATURE. The order of
operation was (CAFFEIN* OR XANTHIN* OR METHYLXANTHIN*) AND (PRETERM*
OR NEWBORN* OR NEONAT* OR PREMATUR*). On September 71, 2022, the
search was repeated. Each search strategy can be accessed at supplementary

material.

2.2 SELECTION OF STUDIES AND PIC STRATEGY

After returning to the search in all databases, the study selection was performed
following the sequence (1) exclusion of repetitions; (2) title analysis; (3) analysis of
abstracts; (4) analysis of the complete manuscript, and (5) analysis of cited references.
These steps were performed by two independent reviewers (ARPT and HAR), followed
by a final review by the senior researcher (RSS). Only original studies were considered.
We chose to use the PIC strategy and not PICO because we assumed that our main

outcome would be in the secondary outcomes of the studies. The PIC strategy was
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Population: Preterm newborns < 37 weeks; Intervention: Caffeine citrate therapy;
Comparison: Preterm infants < 37 weeks with none or other intervention than caffeine.

Only studies written in English, Portuguese or Spanish were considered.

2.3 ELIGIBILITY CRITERIA

Considering the search strategy, the eligible articles were studies in human
preterm newborns with less than 37 gestational weeks, exposed to caffeine with any
parameter able to access sleep. All studies were original studies, including
experimental studies, epidemiological studies, cohort/longitudinal studies, cross-
sectional studies, randomized clinical trials, case-control study, and case studies.
Articles were considered ineligible when they were animal studies, in vitro studies,
studies that do not measure the outcomes of this systematical review, data from
individuals with neurological sequelae, non-original studies (reviews, abstracts, annals

of scientific meetings).

2.4 DATA EXTRACTION

Data extraction from eligible studies was performed by two independent
reviewers (ARPT and RSS). Extracted data include the type of study, sample
comparison, gestational age at birth and gestational age that the newborn was
exposed to caffeine, sample number of the intervention, gender, concentration of the
caffeine dose applied, time of exposure to caffeine, and age at which the sleep
outcome was collected. The types of sleep monitoring, collection data and main
outcomes, in addition to the country of origin and year of publication, were also

recorded.

2.5 DATA SYNTHESIS AND RISK OF BIAS VERIFICATION

The collected outcomes were grouped as best as possible according to the
design of each study. Studies were grouped in observational and interventional
(Randomized Clinical Trials and Follow-ups). The data synthesized were bibliographic
information, study design, main objective, type of comparison, population

characteristics, intervention characteristics (gestational age of exposure, caffeine
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exposure regimen, total time of exposure), and outcomes related to sleep and caffeine
exposure (period of sleep evaluation, type of sleep evaluation, and main results).
To assess the risk of bias of individual studies, the Cochrane Rob 2 Check list (2021

version)[18] and Rob NewCastleOtawa[19] risk of bias scales were applied.

3 RESULTS

After specific criteria applied, 20 studies were eligible (Figure 1). We found
several interesting data from randomized controlled trials (RCT), follow-ups of RCTs,
and observational studies, which are described narratively. Table 1 describes main

features of eligible studies.

3.1 RANDOMIZED CLINICAL TRIALS AND RCTS FOLLOW-UPS

The evaluation of sleep parameters in interventional studies considering
caffeine exposure during prematurity was performed by 7 follow-up studies from RCTs
[20-25] and one RCT [9].

3.1.1 Long-term assessments

No long-term effects of caffeine exposure during the first 10 days of life on the
primary outcome of total sleep time were detected during actigraphy analysis in infants
aged 5-12 years old in Marcus et al. study [20]. Secondary outcomes analyzed by
Marcus et al. [20] study, such as bedtime, sleep onset latency, and wakefulness after
sleep onset were also unaffected. On the other hand, the polysomnographic
assessment by Marcus et al. [20] showed greater total sleep time when comparing
infants exposed to caffeine with placebo, while no difference was detected in sleep
efficiency and architecture. Also, although the periodic limb movements during sleep
were higher in caffeine group in comparison to placebo group, this difference was
vanished when covariates were considered [20].

Meltzer et al. [24] carried out a study to validate actigraphy in comparison to
polysomnography analysis during sleep assessment in a pooled sample of 5-12 year-
old children from caffeine and placebo groups from Marcus et al. [20] study. While the

objective of this study was to evaluate technologies and their suitability for sleep
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assessment, the fact that there was no effect observed in the sample of the previous
study by Marcus et al. [20] and ultimately, from CAP study [4] are worth considering,
since even those effects on total sleep time seems in Marcus et al. [20] follow up were
no longer detected.

Biggs et al. [21], Cielo et al. [22], and Tapia et al. [23] are all follow-ups of the
CAP study, where only infants exposed to caffeine were considered or placebo and
exposed to caffeine were pooled. Biggs et al. [21] suggested from actigraphy and sleep
diaries analyses that irregular sleep schedules and reduced sleep duration compared
to recommendations are common in preterm children from Australia and Canada at 5-
12 years of age and pointed to the lack of a control group as an important limitation of
their study. Cielo et al. [22] studied a pooled sample of children exposed to caffeine
and placebo from the CAP study considering the presence of periodic limb movements
and restless legs syndrome in these former preterm infants. These children, had a high
prevalence of restless legs syndrome (8.4%) and periodic limb movements (7.8%)
between 5 and 12 years old, detected by means of home polysomnography
assessment [22]. The authors assumed that no difference in the number of patients
with increased periodic limbic movements in both groups implies that neonatal caffeine
administration does not appear to be a risk factor for increased limb movements during
sleep [22]. Likewise, Tapia et al. [23] also collected data from pooled groups exposed
to caffeine and placebo in the CAP study and analyzed risk factors for obstructive sleep
apnea (OSA) through polysomnography evaluation in children born preterm,

concluding that caffeine did not contribute to differentiate the groups in relation to OSA.

3.1.2 Short-term assessments

Brandon et al. [25] performed a follow-up of former study from the same group
to evaluate the risk factors for shorter neurobehavioral and sleep outcomes in preterm
infants through video recording to evaluated clusters scores related to sleep quality.
Brandon et al. [25] indicated that the use of caffeine during assessment was associated
with lower scores for alertness and higher scores for time asleep. More recently,
Oliphant et al. [9] also performed a short-term analyses of caffeine effects, evaluating
intermittent hypoxemia as primary outcome and sleep parameters as secondary
outcomes. No effects on sleep were detected by answers to questionnaires by parents

from premature newborns receiving loading dose of 10, 20, 30 or 40 mg/kg followed
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by 5, 10, 15 or 20 mg/kg/day equivolume enteral caffeine citrate as maintenance dose

[9].

3.2 OBSERVATIONAL STUDIES

Observational studies covering the sleep effects of caffeine for apnea of
prematurity were performed by Curzi-Dascalova et al. [26], Seppa-Moilanen et al. [27,
28], Hayes et al. [29], Huang et al. [30], Hibbs et al. [31], Koch et al. [32], Symanski et
al. [33], Chardon et al. [34], Holditch-Davis et al. [35, 36], Hellstrom-Westas et al. [37]
and Hassanein et al. [38]. The methodologies applied were quite variable, using
polysomnography and actigraphy, as well as visual observations and

electroencephalogram analyses.

3.2.1 Long-term assessments

Long-term assessment of caffeine exposure for AOP occurred in children aged
6 months and 8-11 years [30, 31]. Huang et al. demonstrated that preterm infants
exposed to caffeine had more sleep problems than non-exposed full-term infants when
evaluated at 6-months of age [30]. There was a significant correlation about the data
from a Chinese version of the Brief Infant Sleep Questionnaire (BISQ), a sleep diary
registers and those data from actigraphic and polysomnographic evaluations [30]. The
sleep problems with correlation to actigraphy and polysomnography evaluation were
the nocturnal sleep duration, number of night awakenings, daytime sleep duration,
duration of time with mouth breathing, and loud-noisy breathing [30]. Hibbs et al. [31]
reviewed birth records from preterm neonates and analyzed data from
cardiorespiratory evaluation and sleep diaries collected at around 10 years of age,
associating xanthine, including caffeine, with a more than 2-fold increase in the chance

of sleep-disordered breathing.

3.2.2 Short-term assessments

Most of observational studies focus on short-term assessment that takes place
between the first days to a few weeks of life (4-7 weeks of life) [26-29, 32-39].
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Curzi-Dascalova et al. [26] suggested no differences in sleep organization between
control and caffeine-treated premature infants evaluated by polysomnography. In a
different approach, but also using polysomnography, Seppa-Moilanen et al. [27]
compared sleep stage, caffeine, and supplemental oxygen effects over periodic
breathing, considering baseline and after acute caffeine exposure analyses in a group
of premature infants. Periodic breathing occurred primarily during non-red eyes
movement stage. Caffeine and supplemental oxygen were able to reduce the amount
of periodic breathing and the number of periodic breathing-related to apnea, reducing
the impact over sleep quality. After, in a study of short-term effects of caffeine on sleep
in late preterm infant, Seppa-Moilanen et al. showed that all the main sleep quality
attributes, such as total sleep time and sleep stage transition, remained similar in both
study phases after acute caffeine exposure in late preterm infants [28].

Hayes et al. demonstrated by actigraphy and videographic assessments that
the cumulative exposure to caffeine in premature infants increases maximum
movement bout duration, decreases sleep-related spontaneous movements, and
diminishes active sleep with duration of exposure when compared to non-exposed
infants [29].

Chardon et al. [34] did not find effect of caffeine exposure during first three
weeks either on the total sleep time or on the sleep stage durations expressed as
percentages of total sleep time using sleep stage scores based on
electroencephalograms, eye movement using transducers, body movements by
actigraphy, visual observations and hyperoxic test. Hassanein et al. demonstrated
significant increase awakening after half an hour in a prospective observational study
[38].

In the study of Symanski et al. [33], a significant interaction of xanthine status
and measurements before-after awakenings, indicated that neonates who received
xanthine therapy, including caffeine, responded differently from control neonates about
wakefulness behavior during an examining of sleep behavior states before and after
nursing interventions using video recordings. Also, the frequency of awakenings for
the newborns who received xanthine increased slightly after the nursing interventions.
Neonates with gestational ages = 28 weeks treated with caffeine had increased fraction
of wakefulness, alertness, and likely also arousability at cost of active but not quiet
sleep during the videographic recordings at the first 5 days of preterm infants in the
study of Koch et al. [32].
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In the study of Holditch-Davis et al. [35], methylxanthines, considered as a
covariate in the analysis, affected most evaluated parameters and was related to
shorter and less variable respiratory pauses in active sleep, fewer respiratory pauses
per hour of active and quiet sleep, less chance of periodic respiration in both sleep
states, and higher respiration during active sleep [35]. This same group of researchers
observed sleep—wake states in infants until hospital discharge or 44 weeks post-
conceptional age using video-recordings and electroencephalogram [36]. The days of
methylxanthine use contributed to differences between infants from different hospitals
and a greater regularity in respiration pattern were observed during methylxanthine
treatment [36]. Methylxanthines were considered as covariables with no
electroencephalographic effects on duration of quite sleep, periods and quiet sleep

intervals, and percentage of quite sleep in 9- and 48-day-old infants [37].

3.3 Quality of studies

The evaluation of risk of bias is summarized in the supplementary material
(Supplementary figures 1 and 2). The study by Marcus et al. [20] was the only eligible
experimental study rated as low risk of bias because this study was the single to have
placebo versus caffeine-treated infants that considered sleep parameters as primary
outcomes. The lack of separation between caffeine and a non-exposed caffeine group,
inadequate method to measure sleep parameters and uncertainties on blinding of
investigators and analysis of data related to sleep were the main fragility in the other
RCTs and follow-ups eligible studies [9, 21-25].

All the observational eligible studies [26-30, 32-38] were rated as low risk of bias
in the general view in the Newcastle-Ottawa scale. However, the lack of a non-exposed
group contributed to high risk of bias in 3 observational studies [31, 35-37] in the
selection bias parameter from Newcastle-Ottawa scale. The uncertainties of result
assessment were an important issue to rate as high risk of bias 4 studies [27, 28, 34,

38] in the specific parameter of assessment of outcome in the Newcastle-Ottawa scale.

4 DISCUSSION

Twenty studies were eligible during this systematic review of literature. Five

studies were follow-up assessments of the long-term effects from former infants
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participating in the CAP study [20-24, 40]. Analysis in these 5-12-year-old infants using
actigraphy and answers/annotations in questionnaires/sleep diaries from parents did
not find any effect in sleep-related parameters [20, 21]. When a more appropriated tool
to access these long-term effects was used, the polysomnography, an increasing in
the total sleep time was identified in caffeine-treated children in comparison to placebo
assigned children, while authors attributed this result due to chance [20]. Additionally,
at Marcus studies, no other sleep parameter was affected using polysomnography for
evaluation[20]. In the same way, those studies using the same group of infants, but
polled them in a sole group did not find any contribution of caffeine to possible sleep-
related parameters [22-24]. All these long-term studies used the same source of data,
S0, it is worthy to mention that these results are related to the same protocol of caffeine
exposure, 20 mg.Kg* as a loading dose followed by a daily maintenance dose of 5
mg.Kg?! beginning during the first 10 days of life. Considering the importance of sleep
for life quality, the finding that no important long-term effect in sleep parameters is
present when the most common protocol for caffeine was applied, is something to
celebrate. Otherwise, the increase in dose of caffeine and anticipation in the beginning
of treatment, especially in very young preterm infants, is something to be under
surveillance aimed at several possible impacts, including on sleep parameters. In fact,
increased burden of seizure and hemorrhage incidence were already suggested as
impacts of higher doses of caffeine given earlier than 24h after born [14, 15, 41].
Observational studies aimed to long-term effects of previous caffeine exposure
during prematurity investigated sleep problems at 6-months [30] and 8-11 years [31]
aged infants. However, several limitations must be carefully considered in these
studies. Huang and collaborators did not find caffeine effects over sleep parameters,
but had an important correlation between data from questionaries, actigraphy and
polysomnography [30]. Although, they compared preterm infants treated with caffeine
with full-term infants, they did not consider the impacts of prematurity per se over sleep
parameters [30]. In the other hand, Hibbs and collaborators [31] found an association
of xanthine exposure with sleep disordered breathing, while the diagnosis of AOP was
not associated to this disorder. However, this study did not differentiate caffeine data
from theophylline and no adjustment of data was applied, while authors claimed for
attention to the potential causative long-term effects of xanthine exposure on school-

aged sleep disordered breathing [31].
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Short-term impacts of caffeine were the subject of thirteen studies using
different approaches, that make it difficult to compare results [9, 25-29, 32-38]. The
time spent in quiet sleep, the most important sleep stage from brain development, was
assessed by Brandon and collaborators [25] and Hayes and collaborators [29],
showing decreasing in time on this sleep stage and sleep fragmentation in preterm
infants during caffeine exposure, while other studies did not find any effect over this
sleep stage [32, 37] or sleep stages at all [34]. Decreased alertness, spontaneous
movements, wakefulness, greater respiration regularity in active sleep, time in active
sleep were findings in caffeine treated preterm during short-term analysis [25, 29, 32,
37], while increased arousabillity was found after few minutes after caffeine exposure
during AOP treatment [38]. Even in short-term evaluation, changes in the dose and
time of exposure to caffeine have been assessed [9, 32]. A more recent RCT, using
non-conventional loading and maintenance dose of caffeine for AOP did not identify
effects on sleep [9]. In the other hand, increasing concentration of caffeine was
correlated to increased wakefulness [32] and time to exposure to xanthine was
associated with linear increase in wakefulness. Unfortunately, none of these studies
used the gold standard tool for sleep assessment, the polysomnography [42]. When
polysomnography was applied, in observational short-term assessments, Seppa-
Moilanen and collaborators [27, 28] did not find effects on stages of sleep from a small
group of infants, while the amount of periodic breathing and the number of periodic
breathing-related apnea episodes reduced in caffeine-treated infants. Also, Curzi-
dascalova and collaborators [26] using polysomnography assessment found similar
data from sleep variables before and after the caffeine dose application. The
relationship between sleep quality and apnea frequency and duration is a direct effect
of caffeine improvement in respiratory response and appears to be operating to
promote quality of sleep [28].

Several limitations can be addressed during this systematical review. Between
the most important limitations is the usage of different coding for sleep stage, no
parallelism in parameters selected to evaluate sleep, differences in types and
adequacy of tools to access sleep. This probably happens because most studies did
not address directly sleep as a primary outcome and the use of polysomnography is
complex and not accessible is most studies, bringing attention to the need of more
studies in this area. The use of diferents coding to assess sleep stages made it

impossible to carry out a meta-analysis.
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CONCLUSION

The most commom protocol for using caffeine to treat apnea of prematurity (20
mg.Kg! as a loading dose and 5-10 mg.kg! as maintenance dose), has not been
shown to have no relevant effects on the main parameters of sleep. Also, this
systematical review calls the attention to the still uncovered impacts of earlier and
higher doses of caffeine for the treatment of very young preterm infants, especially in
the study of sleep maturation. The quality of sleep is a source of health, and better
investments in research with adequate tools to sleep assessment are providential to

guarantee the ideal management of survivors of prematurity.
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Figure 1: Schematic sequence of study selection. Only studies written in English, Portuguese, and
Spanish were considered.

Table 1. Main Characteristics of eligible studies

Ref. Study design Comparison Population Caffeine Sleep related results
and main aim exposure to caffeine exposure
regimem
Actigraphy: no
Randomized 20 mg.Kg? difference between
clinical trial to loading dose  groups.
evaluate if of caffeine Polysomnography:
neonatal citrate total sleep time was
caffeine use Caffeine followed by a longer in the caffeine
resulted in long- Children aged daily group compared with
[20] versus ;
term 5-12 years maintenance placebo, but there was
L placebo ; .
abnormalities in dose of 5 no difference in sleep
sleep mg.Kg? efficiency or sleep
architecture and during the architecture between
breathing first 10 days  the groups.
during sleep. of life Questionaries: no

significant difference
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[24]

[21]

[22]

Study
examining data
from a large
randomized
clinical trial with
preterm to
evaluate the
validity of a
commonly used
actigraphy
compared to
polysomnograp

hy.

Study
examining data
from a
randomized
clinical trial to
compare
sleep/wake
patterns in
children born
preterm in
Australia VS
Canada and
determine
cultural

differences in
the relationship
between
parental
perception  of
sleep and
actual sleep
behaviors.
Study
examining data
from a
randomized
clinical trial to
determine if ex-
preterm
children would
have a high
prevalence of
restless legs
syndrome and

Caffeine and
placebo
groups
pooled

Caffeine and
placebo
groups
pooled

Caffeine and
placebo
groups
pooled

Children aged
5-12 years

Children aged
5-12 years

Children aged
5-12 years

20 mg.Kg?
loading dose
of caffeine
citrate
followed by a
daily
maintenance
dose of 5
mg.Kg?
during the
first 10 days
of life

20 mg.Kg?
loading dose
of caffeine
citrate
followed by a
daily
maintenance
dose of 5
mg.Kg?
during  the
first 10 days
of life

20 mg.Kg?
loading dose
of caffeine
citrate
followed by a
daily
maintenance
dose of 5
mg.Kg?
during the
first 10 days
of life

from groups, but
caregivers in the
caffeine group thought
that their child needed
more sleep than
control caregivers
(p=0.007). No long-
term effects of
neonatal caffeine
therapy were found on
objective and
subjective measures of
sleep at school age.

Actigraphy: no
indication of caffeine
effect
Polysomnography:
no indication of
caffeine effect

Actigraphy: no
indication of caffeine
effect
Sleep diaries: no
indication of caffeine
effect

Polysomnography:
preterm births have a
high prevalence of
restless legs syndrome
between the ages of 5
and 12 years. Caffeine
does not appear to
contribute to this
disorder.
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periodic limb
movement
disorder.
20 mg.Kg?
Study loading dose
examining data of caffeine
from a citrate
randomized Caffeine and followed by a Polvsomnoaraphy:
clinical trial to placebo Children aged daily ysomnography:
[23] . . no indication of
determine groups 5-12 years maintenance .
X caffeine effect
perinatal factors pooled dose of 5
associated with mg.Kg?
OSAS at school during the
age. first 10 days
of life
Study
examining data Videotape
from a recordings: Caffeine
longitudinal was significantly
randomized related to a lower
study to Preterm No specific amount of quiet sleep.
determine risk infants data Caffeine use was
[25] factors with the  accompanied  Children aged available associated with lower
potential to during 32-36 weeks about scores for alertness
affect short- caffeine caffeine and orientation, motor,
term exposure regimen irritability, cry quality,
neurobehaviora popliteal angle, and
| and sleep scarf sign, and higher
outcomes in scores for percent time
preterm infants asleep.
born.
Randomized
clinical trial to
establish the di
most effective Loading
and best dose (10, 20,
tolerated dose Caffeine EOEl a0 CRllutsitey s
. Children aged mg.kg?) guestionnaires: no
[9] of caffeine versus - g .
. 35 weeks followed by indication of caffeine
citrate for the placebo
X 5,10, 15 or effect
prevention of ko
intermittent AV TEL]
: lday?
v
hypoxaemia
(IH) in late
preterm infants.
Observational 20 mg.Kg*
study aiming to loading dose .
. Polysomnography:
evaluate sleep of caffeine .
o . ! Sleep variables were
organization in Caffeine . citrate o
Children aged similar before and after
[26] neonates versus No followed by a :
o . . 33-34 weeks . the caffeine dose (or
hospitalized in caffeine daily : .
. the time of dose in
a neonatal maintenance
. . controls).
intensive care dose of 5
unit. mg.Kg?
Observational 20 mg.Kg? Polysomnography:
study loading dose Caffeine reduced mean
investigating Baseline Children aged of caffeine time of sleep on
[27] the versus before 31 Week% citrate periodic breathing by
characteristics caffeine followed by a 91% (p 0.001). The
and effects of daily average number of
sleep stage, maintenance desaturations per hour
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(28]

[29]

[30]

supplemental
oxygen and
caffeine on
periodic
breathing and
apnea of
prematurity in
preterm infants.

Observational
study
investigating
short-term
effects of
caffeine on
sleep in late
preterm infants
using
polysomnograp
hy.

Observational
study to
determine if
apneic preterm
infant currently
treated with
methylxanthine
s develop
evidence of
sleep
deprivation
from cumulative
arousal and
motor
activational
effects.

Observational
study aiming to
evaluated sleep

problems in
preterm infants
6 months of
post-gestational
age an also
compare the

Baseline
versus before
caffeine

Caffeine
versus No
caffeine

Mature
infants versus
preterm
infants
treated with
caffeine

Children aged
31 weeks

Children aged
28-38 weeks

Children aged
6 months

dose of 5
mg.Kg?

20 mg.Kg*
loading dose
of caffeine
citrate
followed by a
daily
maintenance
dose of 5
mg.Kg?

Not clear -
standard
regimens of
caffeine -
blood range
=13.1-29.2

pug.mi?t

20 mg.Kg?
loading dose
of caffeine
citrate
followed by a
daily
maintenance
dose of 5
mg.Kg?!

with caffeine
decreased from 38 to
24.

Polysomnography:
Caffeine reduced the
number of apneas
(p<0.0001). A high
caffeine loading dose
of 20 mg.Kg* does not
affect sleep stage
distribution, sleep
efficiency, frequency of
sleep stage transitions,
REM sleep, or high
number of
spontaneous
awakenings.
Video recordings and
actigraphy: Caffeine
groups exhibited less
wakefulness than
untreated infants
according to %
wakefulness, number
of brief awakenings,
sustained awakenings,
and lower scores on
the composite arousal
index. Time of
exposure to
methylxanthine was
associated with a linear
increase in
wakefulness and motor
parameters, especially
caffeine, promoting
sleep fragmentation.
The results suggest
that chronic treatment
with methylxanthine
appears to produce
sleep deprivation
secondary to the
stimulating action of
methylxanthine on the
arousal system.

Brief Infant Sleep
Questionnaire,
Actigraphy and

Polysomnography:
no indication of
caffeine effect
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sleep of
preterm infants
with that of full-
term infants.

Observational
study aiming to
identify the
components of
the neonatal
medical history
associated with
childhood sleep
disordered
breathing
(SDB) in
preterm.

[31]

Observational
study
investigating
how caffeine
[32] treatment
affects sleep-
wake behavior
in preterm
neonates.

Observational
study
examining
patterns of
behavioral

[33] states of
preterm
newborns
before and after
nursing
interventions.

Observational
study assessing
the activity of
the peripheral

[34]

Children with
or without
SDB treated
with caffeine

Caffeine
versus No
caffeine

Caffeine
versus No
caffeine

Caffeine
versus No
caffeine

Children aged

8-11 years

Children
below 32
weeks of
gestational
age

Children aged

30 to 35
gestational
weeks

Children aged
36 + 1 weeks

post-

No specific
data
available
about
caffeine
regimen

Not clear.
Caffeine
concentratio
n simulated
by
mathematica
| model.

No specific
data
available
about
caffeine
regimen

4005

mg.kgt.day?

of caffeine

Data collection from
chart review of data
from hospital and
cardiorespiratory
recording: Xanthine
was associated with a
more than 2-fold
increase in the chance
of sleep-disordered
breathing, which was
slightly attenuated after
adjustment for race.
Xanthine exposure was
associated with
childhood SDB in
unadjusted analyses,
although it is not proof
of a causal association
between neonatal
xanthine exposure and
childhood SDB.
Videographic
recordings:
wakefulness increased,
and active sleep
decreased with
increasing caffeine
concentrations, while
quiet sleep remained
unchanged.
Videographic
recordings:
Significantly more
waking hours before
the intervention for the
newborns in the control
group compared to the
newborns receiving
xanthine (p=0.046).
The frequency of wake
bouts for the newborns
receiving xanthine
increased slightly after
nursing interventions.
Change in Wake bouts
were significant in
control group, while
before-after difference
in wake for the
newborns receiving
xanthine was not
significant (p=0.076).
Electroencephalogra
ms; eye movement
(transducer);
Actigraphy; visual




63

chemoreceptor

conceptional

observations and

s in relation to age hyperoxic test:
sleep stages in Regarding sleep
preterm parameters, there was
neonates no effect of caffeine
treated or not either on Total Sleep
with caffeine. Time (TST) or on
durations of sleep
stages expressed as a
percentage of TST.
Observational
study
examining the Sleep visual
development of No specific observation: There
respiration Preterm Durin dgta was an interaction
during the infants neona’g:l | available between
[35] preterm and accompanied . postconceptional age
) period but not about .
early post-term by 1to 3 clear caffeine and methylxanthine
periods and the months regimen treatment for the
effects of 9 variability of respiration
biological rate in active sleep.
variables as
sleep.
Observational
study Sleep visual
examining the Preterm observation,
development of infants electroencephalogra
sleeping and . . No specific  ms, and respiration
i . accompanied  Children aged ) .
waking during . . data record: Covariates
until hospital 28+ 2.6 . .
the preterm and . available had minor effects on
[36] discharge or weeks
early ; about Sleep-wake
44 weeks gestational .
post-term ost a0e caffeine parameters. Greater
periods and the post 9 regimen respiration regularity in
. conceptional !
effects of infant age active sleep occurred
health and 9 during treatment with
environmental methylxanthines.
characteristics.
Observational
invesstttijgz)a/ting Electroencephalogra
the effects of mls e )
caffeine on S eep State stages:
reterm infants Caffeine increases the
P ) . . : cerebral cortical activity
respiratory : Children aged Loading X
: Caffeine of preterm infants
functions, 32to 36 dose of 20 S .
[38] versus No : ) during infusion (aEEG
cerebral . gestational mg.Kg? of I -
g caffeine g continuity (p=0.002 )
activity, and weeks caffeine ity af
long-term and arousability after
effects on half an hour (p=0.000))
respirator and results in cerebral
systpe m an)</:I cortical maturation at
encephalograp e sk
hic maturation.
Observational . No specific  Electroencephalogra
Postconceptio .
study Preterm nal ages data ms: There were no
[37] examining infants using ranain gfrom available effects on Quite Sleep
possible effects covers versus 392 tg 34 about (duration of QS periods
of incubator no covers weeks caffeine and QS intervals, and
covers on sleep regimen %QS)
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patterns in from medication with
stable preterm theophylline/caffeine.
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Supplementary Figures: Summary of risk of bias evaluation:
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Supplementary figure 1: Summary of Cochrane Risk of Bias analysis following Sterne and colleagues
[18].

Newcastle-Ottawa risk of bias tool
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Supplementary figure 2: Summary of Newcastle-Ottawa of Bias analysis. A* and B* = low risk of bias
and C and D= high risk of bias following Wells and colleagues [19].
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