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RESUMO 

Introdução: A identificação do prematuro de acordo com o grau de maturidade pulmonar 

permanece como meta relevante para os sistemas de saúde, já que a intervenção precoce na 

síndrome desconforto respiratório (SDR) pode reduzir morbimortalidade neonatal. Nesse 

sentido, foi desenvolvido equipamento optoeletrônico para avaliar indiretamente a maturidade 

pulmonar do recém-nascido.  

Objetivo: Avaliar a associação entre a maturidade pulmonar neonatal e a maturidade da pele, 

através de suas propriedades fotobiológicas.  

Métodos: Tese apresentada em formato de dois artigos científicos, sendo o primeiro uma 

revisão sistemática de literatura, título ‘The role of chest X-ray in the diagnosis of Neonatal 

Respiratory Distress Syndrome: a systematic review. O segundo estudo, caso-controle aninhado 

em coorte, avaliou a correlação entre maturidade da pele e maturidade pulmonar, intitulado 

‘Assessment of skin maturity by LED light at birth and its association with lung maturity: 

clinical trial secondary outcomes’. Recém-nascidos com SDR formaram o grupo caso e aqueles 

sem SDR foram os controles. A maturidade da pele foi avaliada pelo dispositivo optoeletrônico 

que adquiriu e registrou a reflectância na planta do pé para análise comparativa. Dados clínicos 

foram coletados dos prontuários médicos durante 72 horas de acompanhamento do recém-

nascido ou até a alta ou óbito, o que ocorresse primeiro. Através de regressão logística binária 

univariada e multivariada foi avaliada a associação da reflectância da pele com a ocorrência de 

SDR e, com fatores como admissão na unidade de terapia intensiva neonatal (UTIN) e 

necessidade de suporte ventilatório.   

Resultados: Na revisão sistemática, dentre 1.686 estudos, 23 artigos foram selecionados, 

envolvendo 2.245 recém-nascidos. Em geral, os estudos apresentaram baixo risco de viés. Os 

resultados indicam a utilidade da radiografia para diagnóstico e classificação da SDR. 

Entretanto, não houve enfoque no seu uso obrigatório em estudos científicos, além dos 

resultados não espelharem as práticas clínicas globais atuais. Quanto ao estudo caso-controle, 

foram selecionados 640 recém-nascidos, sendo 470 (73,4%) do grupo SDR e 170 (26,6%) 

controle. A reflectância da pele foi associada à SDR, Exp(B): 0,982 (IC 95%: 0,979 a 0,985), 

modelo R2 0,632, P<0,001. Além disso, houve associação ao suporte ventilatório, Exp(B): 

0,996 (0,992 a 0,999), modelo R2 0,814, P=0,01, e à internação na UTIN, Exp(B): 0,994 (0,990 

a 0,01). 998), modelo R2 0,867, P=0,004.  

Conclusão:   O papel da radiografia torácica no diagnóstico da SDR evoluiu, mas sua 

necessidade e relevância permanecem em debate. Com o advento de uma ferramenta 

tecnológica acessível e de fácil utilização, que pode ser integrada na prática clínica atual, surge 

um caminho promissor para a avaliação indireta da maturidade pulmonar. Esta pesquisa é o 

estudo pioneiro a desvendar o fenômeno de associação entre a maturidade da pele e do pulmão, 

permitindo uma avaliação não-invasiva durante o período pós-natal. 

 

Palavras-chaves: recém-nascido, idade gestacional, prematuridade, síndrome do desconforto 

respiratório neonatal, fenômenos fisiológicos da pele. 

 



 
 

 
 

ABSTRACT 

Introduction: The identification of premature based on the degree of lung maturity remains a 

significant goal for health systems, as early intervention in respiratory distress syndrome (RDS) 

can reduce neonatal morbidity and mortality. In this regard, optoelectronic equipment has been 

developed to indirectly assess newborns’ lung maturity.  

 

Objective: To assess the association between neonatal lung maturity and skin maturity, 

particularly through their photobiological properties.  

 

Methods: Two scientific articles were presented as part of this thesis. The first article, a 

systematic literature review, is titled 'The Role of Chest X-ray in the Diagnosis of Neonatal 

Respiratory Distress Syndrome: A Systematic Review.' The second study, a case-control nested 

within a cohort design, examined the correlation between skin-lung maturity. It is entitled 

'Assessment of skin maturity by LED light at birth and its association with lung maturity: 

clinical trial secondary outcomes'. Newborns with RDS were the case group, while those 

without RDS were the control. Skin maturity was assessed using an optoelectronic device that 

recorded reflectance on the sole for comparative analysis. Clinical data were collected from 

medical records over a 72-hour following birth or until discharge or death, whichever came 

first. To assess the association of skin-reflectance with RDS and factors such as admission to 

the neonatal intensive care unit (NICU) and ventilatory support use, both univariate and 

multivariate logistic regression analyses were employed.  

 

Results: In the systematic review, out of 1,686 studies, 23 articles were selected, involving 

2,245 newborns. In general, these studies demonstrated a low risk of bias. The results suggest 

the utility of radiography for diagnosing and classifying RDS. However, there was no specific 

emphasis on its mandatory inclusion in scientific studies, and the findings may not fully align 

with current global clinical practices. Regarding the case-control study, 640 newborns were 

included, with 470 (73.4%) in the RDS group and 170 (26.6%) control. Skin reflectance was 

associated with RDS, Exp(B) of 0.982 (95% CI: 0.979 to 0.985), model R2 of 0.632, and P-

value of <0.001. Furthermore, an association was observed with ventilatory support, Exp(B) of 

0.996 (95% CI: 0.992 to 0.999), model R2 of 0.814, and P-value of 0.01, as well as admission 

to the NICU, Exp(B) of 0.994 (95% CI: 0.990 to 0.998), model R2 of 0.867, and P-value of 

0.004.  

 

Conclusion: The role of chest radiography in diagnosing RDS has evolved, but its necessity 

and relevance remain subjects of debate. With the advent of an accessible and user-friendly 

technological tool that can seamlessly integrate into current clinical practice, a promising 

avenue emerges for the indirect assessment of lung maturity. This research stands as the 

pioneering study to unveil the intriguing link between skin and lung maturity, allowing for non-

invasive assessment during the postnatal period. 

 

Keywords: newborn, gestational age, prematurity, neonatal respiratory distress syndrome, skin 

physiological phenomena. 
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1. INTRODUÇÃO 

1.1. DESENVOLVIMENTO PULMONAR 

O desenvolvimento do pulmão é um processo coordenado da morfogênese, angiogênese 

e alveolarização, que abrange cinco estágios distintos: embrionário, pseudoglandular, 

canalicular, sacular e alveolar, que se sobrepõem devido ao desenvolvimento não sincronizado 

do pulmão (1). De forma breve, durante as fases embrionária (4-7 semanas pós-concepção), 

pseudoglandular (5 a 17 semanas) e canalicular (16-26 semanas) ocorre a morfogênese 

ramificada, a partir do surgimento dos brotos pulmonares primários no endoderma do intestino 

anterior. No estágio sacular (24 a 38 semanas) ocorre a diferenciação epitelial alveolar e, em 

particular, a maturação do sistema surfactante (células tipo 2 e corpos lamelares). Já o estágio 

alveolar (36 semanas até 3 anos após o nascimento) refere-se ao processo de formação alveolar 

durante o qual os septos crescem a partir das paredes saculares para subdividir os sáculos distais 

em alvéolos, aumentando assim a área de superfície para troca gasosa (2). Logo, recém-nascidos 

no limite da viabilidade (23-24 semanas de gestação) iniciam a ventilação no estágio 

canalicular-sacular da formação pulmonar, bem antes da conclusão da morfogênese e da 

diferenciação alveolar (3). 

O surfactante alveolar é essencial para a estabilidade alveolar e, dessa forma para a 

adaptação à vida extrauterina (3). Consiste em fosfolipídios essenciais dipalmitoil 

fosfatidilcolina (DPPC), que formam um filme interfacial rígido que reduz a tensão superficial 

entre o ar e o líquido dentro dos alvéolos, e fosfatidilglicerol que favorece o espalhamento do 

filme. Além das proteínas, SP-A e SP-D, que desempenham a função imunológica, enquanto 

SP-B e SP-C aumentam a absorção de fosfolipídios na interface ar-água e otimizam a redução 

da tensão superficial (4).  

 

1.2. ADAPTAÇÃO À VIDA EXTRAUTERINA 

Ao nascimento, o recém-nascido pode apresentar uma incapacidade para manter a 

homeostase respiratória com disfunção resultante na incompatibilidade ventilação-perfusão e 

troca gasosa. A urgência da insuficiência respiratória traduz-se num diagnóstico rápido e 

manejo imediato de sua etiologia (5). Em escala global, dentre as principais causas dos 

problemas de adaptação à vida extrauterina nas primeiras horas de vida está a síndrome do 
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desconforto respiratório (SDR), com apresentação mais frequente naqueles nascidos 

prematuramente (3, 5, 6) 

Prematuro é o recém-nascido com menos de 37 semanas de idade gestacional. 

Geralmente, os prematuros são classificados com base na idade gestacional em, extremamente 

prematuros quando menores de 28 semanas de gestação; muito prematuros entre 28 a <32 

semanas de gestação, prematuros moderados têm 32 a <34 semanas, e prematuros tardios entre 

34 a <37 semanas (3, 7).  

 

1.3. SÍNDROME DO DESCONFORTO RESPIRATÓRIO (SDR) 

A SDR foi originalmente nomeada como “síndrome do desconforto respiratório 

idiopático” ou “doença da membrana hialina”, com base na descrição histológica das camadas 

alveolares de fibrina e de células necróticas e, posteriormente renomeada como SDR após 

descoberta a deficiência primária de surfactante, combinada com imaturidade estrutural do 

pulmão (8). Está mais associada ao nascimento prematuro devido ao aumento do surfactante 

pulmonar ocorrer no final da gestação (1). É observada em 60% dos recém-nascidos prematuros 

extremos, em 30% dos muito prematuros, e em <5% daqueles nascidos após 34 semanas de 

gestação (9). A sobrevivência neonatal após o nascimento prematuro aumenta de forma 

proporcional ao aumento idade gestacional, refletindo a melhoria da maturidade dos sistemas 

orgânicos (10). 

De acordo com as causas da SDR, a deficiência qualitativa e quantitativa de surfactante 

associada à imaturidade estrutural dos pulmões, ocasiona dificuldade ao recém-nascido 

prematuro para manter a estabilidade e evitar o colapso dos alvéolos ao expirar (1). No baixo 

volume pulmonar durante a expiração, a tensão superficial torna-se muito alta, levando à 

atelectasia. As áreas de atelectasia progressiva, por sua vez, resultam em complacência 

pulmonar reduzida e baixa capacidade residual funcional, gerando alteração da proporção 

ventilação / perfusão, com consequente hipóxia do tecido e desvio do fluxo sanguíneo das áreas 

atelectasiadas (shunt intrapulmonar). A hipoxemia é acompanhada de acidose respiratória e/ou 

metabólica, além de processo inflamatório que resulta em injúria pulmonar e contribui para a 

perda de função pulmonar (3). 
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Quando os sintomas da SDR aparecem, geralmente algumas horas após o nascimento, 

pode ser tarde para prevenir as complicações graves (11). Os sinais de aumento do trabalho 

respiratório aparecem logo após o nascimento, de caráter progressivo nas primeiras 24 horas e 

pico por volta de 48 horas. Nos casos de má evolução, a insuficiência respiratória se acentua 

com hipóxia progressiva acompanhada de deterioração do estado hemodinâmico e metabólico. 

Nos sobreviventes, a recuperação tem início a partir de 72 horas de vida (12).  

 

1.4. MORTALIDADE NEONATAL 

A agenda global de 2030 para o Desenvolvimento Sustentável proporcionou um declínio 

importante de aproximadamente 53% no número de mortes de crianças menores de 5 anos entre 

1990 e 2015, porém o progresso foi desigual entre países, de acordo com a classificação 

econômica (13). Com relação aos grupos etários, a redução das mortes neonatais ocorreu mais 

lentamente, 39% em comparação com 60% nas mortes pós-natais e infantis (>1 mês até 5 anos) 

(14). Dentre os contribuintes para a mortalidade neonatal, as complicações relacionadas à 

prematuridade estão entre os principais, resultando na morte de aproximadamente um milhão 

de crianças a cada ano, das quais mais de 99% estão em países de baixa e média renda (15, 16). 

A prevalência global estimada de recém-nascidos prematuros em 2020 foi de 9,9%, 

traduzindo-se em 13,4 milhões de nascidos vivos prematuros (7). Para subgrupos de recém-

nascidos prematuros, globalmente, 15,0% de todos os prematuros são nascidos antes de 32 

semanas, 10,4% com 28–32 semanas e 4,2% antes de 28 semanas. No mesmo ano, a 

mortalidade neonatal global foi de 2,4 milhões, sendo 32,8% atribuídos para prematuros 

adequados para idade gestacional e, 7,7% atribuídos a prematuros pequenos para idade 

gestacional (17). 

Apesar do aumento de casos de SDR em países desenvolvidos, a mortalidade infantil por 

essa causa reduziu significativamente, mas em ambientes com recursos limitados, a SDR ainda 

está entre a causa mais comum de mortalidade entre recém-nascidos prematuros (11). No Brasil, 

foram notificados 3.503.085 recém-nascidos prematuros entre 2011 e 2021, sendo prevalência 

de prematuridade de 11,1%, com variação entre as regiões, sendo a maior proporção de 11,6% 

na região Norte e a menor de 10,8% na da região Centro-Oeste (18). 
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1.5. IDENTIFICAÇÃO E MANEJO PRECOCE DAS DOENÇAS 

RESPIRATÓRIAS NEONATAIS 

Cerca de 75% dos casos de óbitos neonatais relacionados à prematuridade e a maioria das 

morbidades podem ser prevenidas com a implementação de intervenções como cuidados 

neonatais essenciais, identificação precoce e tratamento de doenças neonatais e, suporte 

ventilatório (15). É necessário mais investimento para reduzir as principais lacunas de 

sobrevivência dos recém-nascidos em países de baixo rendimento (17). 

De acordo com a avaliação da maturidade pulmonar, desafios surgem quando um único 

parâmetro clínico é considerado, como a idade gestacional (19). Recém-nascidos a termo ou 

prematuros podem apresentar controle ventilatório imaturo ao nascer, promovendo 

instabilidade respiratória (20). A identificação precoce do grau de maturidade pulmonar do 

recém-nascido favorece a intervenção e transferência para um centro de alto risco, o que pode 

significar uma diferença na sobrevida e, possível redução de mortalidade (12).  Em algumas 

ocasiões a SDR pode ser confundida com outras causas de desconforto respiratório, como as 

síndromes adaptativas, causando atraso no início das estratégias de cuidado e prevenção de 

complicações, podendo evoluir para insuficiência respiratória e parada cardiorrespiratória (21).  

Em muitas situações, a disponibilidade de Unidade de Terapia Intensiva Neonatal (UTIN) 

em um centro de excelência está distante do local de nascimento do recém-nascido e, a 

transferência pode favorecer o prognóstico, uma vez que os recursos serão otimizados (como 

adequada indicação do uso de surfactante e de suporte respiratório, manutenção da 

normotermia, além de correção de distúrbios hidroeletrolíticos e nutrição adequada) (15).  

 

1.6. DIFERENÇAS ENTRE PAÍSES DESENVOLVIDOS E EM 

DESENVOLVIMENTO QUANTO AO DIAGNÓSTICO MANEJO DAS 

DOENÇAS RESPIRATÓRIAS NEONATAIS 

Os cenários de parto são bastante diversos mundialmente, quanto aos recursos humanos 

e tecnológicos (16).  O acesso a recursos tecnológicos como ultrassom e radiografia de tórax 

para diagnósticos respiratórios é baixo, com ainda menor disponibilidade em áreas rurais e, 

quando presente apresenta qualidade variável, sendo os países de baixa renda particularmente 

afetados (22). Com relação aos cuidados respiratórios neonatais, países desenvolvidos incluem 
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métodos de suporte ventilatório não-invasivos e invasivos, além da administração de 

surfactante, enquanto nos países em desenvolvimento, o acesso à essas intervenções são 

limitadas, e maior desigualdade é evidente quando se comparam hospitais públicos com 

hospitais privados e áreas urbanas com rurais (16). 

Foi demonstrado, que qualquer tipo de ventilação mecânica, especialmente a invasiva, 

está associada a um grande risco de lesão pulmonar e consequente displasia broncopulmonar 

(DBP), sendo enfatizada a importância de estratégias de ventilação protetora dos pulmões a fim 

de reduzir as morbidades associadas (23). Apesar do relevante avanço tratamento de recém-

nascidos que desenvolvem SDR, continua a haver necessidade de identificar mais cedo aqueles 

que se beneficiariam da administração de surfactante, sem permitir que haja dramática piora 

respiratória, como nos casos de administração seletiva, ao mesmo tempo em que evitaria tratar 

aqueles que demonstram suficiente maturidade pulmonar, como ocorre nos casos de 

administração profilática. Tal intervenção incluiria a incorporação de testes rápidos de 

maturidade pulmonar na fase inicial da dificuldade respiratória, identificando neonatos com 

alto risco de desenvolver SDR (23-25).  

 

1.7. DESAFIOS DOS MÉTODOS DIAGNÓSTICOS DE SDR ATUAIS 

A atualização das diretrizes europeia de 2022 sinaliza para a abordagem de tratamento 

preventivo com surfactante baseado na avaliação clínica do trabalho respiratório e da 

necessidade de oxigênio inspirado para evitar o agravamento da SDR. Dessa forma, mostra 

menor ênfase atualmente na utilização da radiografia de tórax para diagnóstico e classificação 

da gravidade da SDR, assim como no uso de gases sanguíneos para análises (12). Logo, os 

resultados do tratamento da SDR dependem da capacidade clínica de compreender as condições 

subjacentes aos sintomas apresentados, sendo a escassez de informação diagnóstica um 

limitador à equipe médica. Outro dilema enfrentado pela equipe é que recém-nascidos 

prematuros podem desenvolver RDS como consequência da imaturidade pulmonar e da falta 

de surfactante pulmonar, mas não existe teste diagnóstico estabelecidos dentro de um período 

clinicamente relevante para prever quais recém-nascidos desenvolverão RDS e se beneficiarão 

da terapia com surfactante (26). Vários métodos têm sido usados para avaliar a maturidade 

pulmonar fetal antes do parto, incluindo a amniocentese para marcadores bioquímicos, lecitina 

e esfingomielina, aspirado gástrico com contagem de corpos lamelares, Doppler e ressonância 
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magnética. Há limitações em países em desenvolvimento para a utilização dessas ferramentas 

relacionadas a altos custos, carência de profissionais habilitados (26-30). 

 

1.8. SINCRONIA ENTRE A MATURAÇÃO DA PELE E PULMÃO 

A pele é composta de três camadas, a epiderme, a derme e a hipoderme, variando 

significativamente em sua anatomia e função, com principal atuação na barreira inicial do corpo 

contra patógenos, luz ultravioleta (UV), produtos químicos e lesões mecânicas (31). O seu 

desenvolvimento durante a vida intrauterina é um contínuo que envolve a justaposição e 

interação dos tecidos mesodérmico e ectodérmico para formar uma barreira protetora, como 

esperado em recém-nascidos a termo (32). De acordo com a prontidão da barreira cutânea para 

interagir com o meio externo, é esperado que por volta das 34 semanas de idade gestacional 

seja encontrado um desenvolvimento estrutural da epiderme, com estrato córneo eficiente, 

capaz de evitar a perda transepidérmica de água da superfície da pele mantendo a temperatura 

do recém-nascido (33). Recém-nascidos prematuros apresentam a camada mais externa da 

epiderme, o estrato córneo, mais fina do que em recém-nascidos a termo, aumentando a 

permeabilidade e o risco de perda de calor e água, bem como de infecção (34). Uma barreira de 

pele imatura ao nascer resulta em hipotermia neonatal, que por sua vez aumenta o risco de 

desenvolver a SDR (35).  

O pulmão, de forma semelhante à pele, apresenta sinais de habilidade para adaptar-se à 

vida extrauterina no último trimestre de gestação. É esperado maior maturação dos alvéolos e 

um pico na produção de surfactante pulmonar em torno das 35 semanas de gestação (26). 

Embora estudos tenham demonstrado, durante o período fetal, semelhança nos padrões de 

crescimento de vários órgãos, sugerindo interação entre eles (36), há poucos estudos 

relacionando a imaturidade pulmonar à incapacidade da barreira epidérmica. Experimentos 

animais encontraram na idade da pele um indicador da idade do pulmão (37). 

 

1.9. AVALIAÇÃO INDIRETA DA MATURIDADE PULMONAR ATRAVÉS DO 

EXAME DA PELE  

A identificação precoce do recém-nascidos prematuro de acordo com o grau de 

maturidade pulmonar continua sendo uma meta relevante para os sistemas de saúde, já que a 
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intervenção precoce para o manejo do desconforto respiratório no recém-nascido pode 

significar a diferença entre a sobrevivência e, possivelmente, a redução da mortalidade (38). A 

inadequada classificação de maturidade do recém-nascido não é incomum, principalmente entre 

os prematuros tardios quando são considerados como a termo, atrasando assim os cuidados 

necessários (8). Logo, melhorias centradas na qualidade da assistência e na equidade de acesso 

a tecnologias em saúde podem reduzir as disparidades em cenários de nascimento, na 

identificação e tratamento de crianças prematuras (39).  

Nesse sentido, um equipamento optoeletrônico não-invasivo, foi desenvolvido por equipe 

multidisciplinar de pesquisadores da Universidade Federal de Minas Gerais (UFMG). A nova 

tecnologia, embarcada em equipamento, buscou promover a avaliação indireta da maturidade 

pulmonar, através do exame da maturidade pele do recém-nascido.  

O racional para o exame da pele foi amparado pelo fato de que o estrato córneo, assim 

como outras camadas superficiais da pele, pode ser penetrado pela luz através de sua espessura 

e de todos os seus componentes (40). A espessura de cada camada da pele varia de acordo com 

a região do corpo e categorizada com base na espessura das camadas epidérmica e dérmica (31).  

Assim, os sistemas optoeletrônicos podem obter sinais de dispersão da luz, capturados em um 

fotodetector, e estimar as medições da espessura da pele. Além disso, determinados 

comprimentos de onda do espectro eletromagnético têm o potencial de contribuir para a 

previsão da espessura e outras propriedades da pele (41).  

Este equipamento optoeletrônico já provou segurança e eficácia na capacidade de 

estimar a idade gestacional ao tocar a pele do recém-nascido, com acurácia de 91,4% em estudos 

prévios com 781 recém-nascidos. A variabilidade intraobservador for de 1,97% (IC 95% 1,84% 

a 2,11%) e interobservador de 2,6% (IC 95%: 2,1% a 3,1%) (42). A partir destes resultados 

prévios, e como segunda etapa do ensaio clínico multicêntrico, este estudo buscou avaliar a 

associação da reflectância da pele com a ocorrência da SDR. Nossa hipótese é de que a 

reflectância da luz pela pele ocorre de forma diferente entre recém-nascidos de acordo com a 

maturidade da pele e, consequentemente, de acordo com o sinal de maturidade pulmonar, 

representado pela ocorrência ou não de SDR, para além da classificação da idade gestacional 

(Figura 1). Para isso, e com embasamento no desenvolvimento da pele durante a vida fetal e no 

desenvolvimento síncrono de órgãos e tecidos, os resultados do exame da pele realizado ao 

nascimento com o dispositivo optoeletrônico foram combinados com dados clínicos das 

primeiras 72 horas de vida.  
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Figura 1. Desenho esquemático representando a reflectância da luz pela pele, de acordo com 

a maturidade cutânea e pulmonar. 

Nota:  A seta representa a luz de LED emitida pelo dispositivo optoeletrônico, quando penetra 

e é refletida pela pele. É esperada maior reflectância de luz a partir de uma maior 

maturidade. Fonte: elaborada pelos autores. 

 

Conforme a Resolução 03/2010 que regulamenta o formato de teses e dissertações do 

Programa de Pós-Graduação em Saúde da Criança e do Adolescente da Faculdade de Medicina 

da Universidade Federal de Minas Gerais (Disponível em: 

https://ftp.medicina.ufmg.br/cpg/programas/saude_crianca/arquivos/2013/resolucao_ 

03_2010_regulamenta_formato_de_teses_e_dissertacoes.pdf), essa tese é composta pelos 

seguintes capítulos: Introdução; 2. Revisão da literatura; 3. Objetivos; 4. Métodos; 5. 

Resultados e discussão; 6. Conclusão ou considerações finais; 7. Referências; 8. Anexos; 9. 

Apêndices. A revisão da literatura e os Resultados/discussão da tese foram elaborados em 

formato de artigos científicos. 
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2. REVISÃO DE LITERATURA 

O método adotado para a realização da revisão de evidências científicas sobre o tema de estudo 

foi o formato de revisão sistemática de literatura. A revisão é intitulada ‘The role of chest X-ray 

in the diagnosis of Neonatal Respiratory Distress Syndrome: a systematic review’ e apresenta 

registro na base de dados internacionais PROSPERO sob o número CRD42022336480, 

APÊNDICE 1. O artigo foi submetido à revista Global Health Action em 29/10/2023, 

comprovante em ANEXO 1. 
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ABSTRACT  

BACKGROUND: Chest X-ray (CXR) is the primary diagnostic tool for respiratory profile 

changes, yet social inequalities, limited access to technology and skilled professionals, and the 

heightened radiation risk underscore the need for dose reduction and improved healthcare 

access in neonatology. OBJECTIVES: To determine whether CXR is essential for diagnosing 

and classifying the severity of neonatal respiratory distress syndrome (NRDS) and whether 

standards of clinical practice are used to establish or assist in the diagnosis of NRDS. 

METHODS: Eligibility criteria included studies on the newborn population with defined 

criteria for diagnosing NRDS. The search spanned from the earliest record to March 3, 2023, 

and was conducted on PubMed (MEDLINE), EMBASE, BVS, Scopus-Elsevier, Web of 

Science, and Cochrane. Bias risk was assessed with the Newcastle-Ottawa Scale (NOS) and the 

RoB 2.0 tool. The review process was independently conducted by pairs of reviewers, with 

conflicts resolved by a senior reviewer. The data were summarized in descriptive tables 

focusing on CXR utilization and clinical features related to NRDS. RESULTS: Out of 1686 

studies, 23 articles were selected, involving 2,245 newborns. In terms of income economy 

classification, 9 (39%) studies were conducted in high-income countries (HIC), 8 (35%) in 

upper middle-income countries (UMIC), and 6 (26%) in lower middle-income countries 

(LMIC). All studies used CXR as a diagnostic criterion for NRDS, with 21 (91%) also 

employing it to classify disease severity. Regarding clinical practices, three articles (13%) did 

not consider CXR for NRDS diagnosis. Overall, the studies exhibited low risk of bias, with 18 

studies classified as good or high-quality and 5 as poor quality. CONCLUSION: The findings 

suggest that CXR aids NRDS diagnosis, severity classification, differential diagnosis, and 

treatment monitoring. There were no reports questioning its mandatory use in scientific studies, 

moreover, the results could not mirror the current clinical practices around the world. 

Trial registration: PROSPERO number CRD42022336480. 
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INTRODUCTION  

 

Neonatal respiratory distress syndrome (NRDS) is a common neonatal disease and the leading 

cause of death in children worldwide, accounting for approximately 16% of all deaths below 

five years of age and 35% of deaths among newborns [1]. Socioeconomic status is an important 

health determinant across maternal and child health outcomes [2] and the majority of neonatal 

deaths occur in low- and middle-income countries (LMIC) [3]. NRDS is caused by the 

immature lung structure and function. The lack of pulmonary surfactant, due to either 

inadequate production or surfactant inactivation in the context of immature lungs, affects the 

gas exchange leading to acidosis and hypoxemia [4]. The natural course of NRDS is the onset 

of symptoms at the time of birth with progressive hypoxia and respiratory failure if not treated 

in time. Therefore, prompt diagnosis is required to ensure an effective treatment and reduce 

neonatal death rate [5]. 

Since the definition of NRDS is inaccurate, the current diagnostic includes the assessment of 

medical records for perinatal risk factors identification, clinical symptoms, radiographic 

findings, and blood gas analysis with evidence of hypercapnia and hypoxemia [6]. The clinical 

presentation consists of respiratory symptoms with increased work of breathing, including 

tachypnea, nasal flaring, grunting, retractions and use of accessory muscles, cyanosis, with 

decreased air entry on auscultation. The pathognomonic findings on radiography include 

homogeneous lung disease with diffuse atelectasis, a ground-glass reticulo-granular 

appearance, with air bronchograms and low lung volumes [7]. 

In the management of neonatal lung diseases that require NICU admission, chest x-ray (CXR) 

is the most used medical imaging for the initial diagnosis of major clinical changes in the 

respiratory profile and is the standard procedure to determine the placement of probes, tubes 

and catheters [8]. However, social inequalities between high income countries (HIC) and LMIC 

are worrying in terms of health and well-being. Lack of access to high-cost technologies and 

professionals trained to perform diagnostic imaging is part of the challenge in offering due care 

for preterm newborns. Disparities contribute to the increasing global burden of disease and 

mortality, with infant mortality in the first day of life being 30 times higher in LMIC [9-10]. 

Furthermore, evidence supports that ionizing radiation causes cellular damage, and that there is 

a linear increase in lifetime cancer risk, even at low doses of exposure. Neonatal organs which 
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are not fully developed and are more sensitive to CXR, repeated examinations can cause and 

amplify radiation damage. The risk of the effects of ionizing radiation is higher the younger the 

child is, thus dose reduction is a goal in the field of neonatology [5].   

Clinical guidelines seek to reinforce scenarios where exposure to ionizing radiation is not 

necessary, emphasizing it is not always available in low-income settings. However, there is no 

review demonstrating whether or not radiography is a mandatory criterion for confirming 

diagnosis [11]. Investigations into the importance of CXR regarding the assessment and 

diagnosis of NRDS could favor opportune treatment in facilities with scarce resources. 

Identification of the purpose of the CRX in the diagnosis of NRDS should be evaluated as 

mandatory use, in conjunction with other criteria, for differential diagnosis, to classify the 

severity of NRDS, to guide treatment or for other reasons.  

 

Therefore, the review aims to identify whether or not the radiography is essential for the 

diagnosis as well as for the classification of severity of NRDS. It will also describe the practices 

and current recommendation for CXR for newborns with SDR and differential diagnosis. 

 

METHODS  

 

Eligibility Criteria 

The systematic review had the International Prospective Registry of Systematic Reviews under 

PROSPERO number: CRD42022336480. The research protocol followed the 

recommendations of the PRISMA Statement [12]. To structure the research question about the 

role of radiography in diagnosing and classifying the severity of NRDS, the acronym PECOS 

was used. Therefore, in the search for evidence, infants, newborns were considered for (P) 

Population; for (E) Exposure the CXR; as (C) Comparator the standards of clinical practice to 

establish or assist in the diagnosis of NRDS. Current clinical standards, such as evaluation of 

signs and symptoms, as well as laboratory tests, cited as supporting the diagnosis; as (O) 

Outcomes the NRDS diagnosis (primary) and NRDS severity classification (secondary); and 

(S) Study the observational and interventional studies. 

 

Inclusion criteria were observational and interventional studies based on the newborn 

population from the earliest record to the 3rd of March 2023, the beginning of the search. The 
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language was restricted to English, Portuguese, Spanish, and French. Studies that provided 

NRDS diagnosis as outcome were eligible for inclusion.  It was considered studies investigating 

the criteria used to diagnose NRDS and the mandatory use or not of the CXR. 

 

Studies that did not refer to research questions as well as those with no definition of SDR or the 

use of the CXR for this diagnosis, in addition to incomplete articles, abstracts, review articles, 

editorials, books, scholar papers, dissertations and theses were excluded. 

 

Information Sources 

The search was conducted on PubMed (MEDLINE), EMBASE, BVS, Scopus-Elsevier, Web 

of Science, and Cochrane. Searching process was conducted through descriptors and correlates 

found in the Medical Subject Heading (MeSH) and descriptors in Health Sciences (DeCS): 

Infant, newborn; Neonatal Respiratory Distress Syndrome; Diagnostic X-Ray; Lung and its 

synonyms, combined with each other using the Boolean operator "AND" and "OR", according 

to the search strategy of each database. 

 

Search Strategy 

Complete search strategy, adopting specific descriptors linked to Boolean operators, was 

("Infant, Newborn" OR Neonate OR Newborn OR "Newborn Infant") AND (Radiography OR 

"Diagnostic X Ray" OR "Diagnostic X Ray Radiology'' OR "Diagnostic X-Ray" OR 

"Diagnostic X-Ray Radiology" OR "Radiology, Diagnostic X Ray" OR "X Ray Radiology, 

Diagnostic" OR "X Ray, Diagnostic" OR "X-Ray Radiology, Diagnostic" OR "X-Ray, 

Diagnostic" OR "X-Rays, Diagnostic") AND (Lung OR Chest) AND ("Respiratory Distress 

Syndrome, Newborn" OR "Hyaline Membrane Disease" OR "Neonatal Respiratory Distress 

Syndrome" OR "Disease, Hyaline Membrane"). The search strategy was applied for descriptors 

present in the title and abstract. Whenever possible, the following filters were used: type of 

studies: only in humans; and methodological design: clinical trials, cohort, and clinical practice 

guidelines; limited to medical and health subject area; limited to thorax Radiography. 

Supplementary file 1 provides the full line by line search strategy as run in each database with 

the sequence of terms that were used to search on interfaces.  
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Selection Process 

References retrieved from search strategies were exported to StArt ® (v.3.3. Beta 03) file [13], 

and duplicates were removed. After this procedure, studies were screened by titles and abstracts, 

according to inclusion criteria outlined above. Records screened in this step had their full-text 

versions then assessed to determine if they met the inclusion criteria. This research had two 

independent pairs of reviewers and a third senior investigator to solve any discrepancies, for 

each step. 

 

Data Collection Process 

The final selection of included studies was carried out for qualitative and quantitative analysis. 

It was considered studies investigating the criteria used to diagnose NRDS and the mandatory 

use or not of the CXR. Subsequently, data were extracted and the characteristics of the included 

studies were broken down: authors, year of publication, study period, country, study design, 

population characteristics, main objective, clues for diagnosis with clinical evaluation, such as 

oximetry, frequency and signs of respiratory effort, or by laboratory tests and CXR. Any other 

data of interest that reply to the scientific question was taken into account. 

  

Data Items (Outcomes) 

Investigations into the rate of NRDS and the importance of CXR in the assessment of NRDS 

was performed in each study. The main use of this exam was marked as 1) mandatory criterion 

for the RDS diagnosis conjoining clinical criteria, 2) to complete the clinical criteria, but not as 

a mandatory for diagnosis, 3) to assess other diseases (differential diagnosis of pulmonary 

conditions), 4) to classify the severity of NRDS, 5) guide the surfactant administration, or 6) 

for any other reason, such as verifying the correct placement of devices as an endotracheal tube. 

The main patterns in the x-ray findings to characterize the NRDS was described as well as the 

criteria considered for differential diagnosis. When available, the time when the CXR was taken 

was presented. In studies with a control group, the best diagnostic accuracy was described. 

When classifying the severity of NRDS, the classification method/system was detailed. When 

used to guide exogenous surfactant replacement, the timing and patterns observed on CXR were 

revealed.  

 

Signs used for diagnosing and grading the severity of NRDS were searched inside CXR, for 

instance ground glass appearance, air bronchogram, reduced lung expansion, atelectasis and 
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pneumothorax. For clinical evaluation, signs such as tachypnea, grunting, use of accessory 

muscles for breathing, apneic attacks, need for ventilatory support needed and also the required 

FIO2, cyanosis or need of intubation for surfactant administration. Gasometry results with 

identification of hypoxemia and acidosis were analyzed as well. 

 

Data Items (Other Variables) 

Characteristics of interest were the number of newborns, ranges of gestational age and birth 

weight, rates of antenatal corticosteroid therapy for fetal maturation, settings, maternal, fetal, 

or newborn diseases. Subgroups of analysis are planned on the basis of socioeconomic 

inequalities (LMIC vs. HIC); grades of prematurity (extremely preterm vs. very preterm vs. 

moderate to late preterm), birth weight categories (low birth weight vs normal birth weight vs 

high birth weight), and arrangements considering the date of publication. 

 

Study Risk of Bias Assessment 

For the risk of bias in randomized trials, the revised RoB 2.0 tool was used. The methodological 

quality of selected observational studies was evaluated by the Newcastle-Ottawa Scale (NOS) 

adjusted for the context of the review [14], detailed in Supplementary file 2. The cohort and 

case control studies could be awarded a maximum of nine stars. Four stars were possible for 

sample selection, two for comparability between the NDRS diagnoses techniques (CXR and 

other) and three for outcomes, valuing the appropriate and clearly described statistical 

treatment. The cross-sectional studies could be awarded a maximum of ten stars. Five stars were 

possible for sample selection, two for comparability between the NDRS diagnoses techniques 

(CXR and other) and three for outcomes.  The higher the number of stars, the higher the quality 

of the article. While not explicitly stated in the NOS rating guidance, we used the following 

score ranges to qualitatively categorize the overall quality of the cohort and case-control 

studies: 0 to 4=poor quality; 5 to 7=fair quality; 8 to 9=high quality. For cross-sectional studies 

we used the following score ranges: 0 to 4=Unsatisfactory quality; 5 to 6=Satisfactory quality; 

7 to 8= good quality; 9 to 10=high quality [15]. 

 

Synthesis Methods 

The primary endpoint of the study was the diagnosis of NRDS, and the effect measures were 

the number of studies that did or did not recommend CXR as a diagnostic criterion for NRDS. 

Furthermore, the synthesis of the diagnostic of NRDS with and without CXR support was 
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compared. Measures of effect were the number of studies with or without recommendation or 

utilization of CXR as a mandatory step for the disease diagnosis. The secondary outcome was 

the utilization of an early CXR as a criterion for NRDS severity classification. In addition, 

elements of CXR analysis considered relevant for such classification were extracted and a 

summary of the topic was provided. Differences in diagnostic rates between CXR and other 

diagnostic methods, such as clinical patterns, were summarized, as well as divergences in 

severity rating rates. 

 

After extraction, the data was summarized in tables. Characteristics of the studies, 

epidemiological characteristics of the participants, year, author, and outcomes were identified 

and described. Subgroups of analysis were planned, when available, on the basis of 

socioeconomic inequalities (LMIC vs. HIC); grades of prematurity (extremely preterm vs. very 

preterm vs. moderate to late preterm); birth weight categories (low birth weight vs normal birth 

weight vs high birth weight); and arrangements considering the date of publication.  

 

 

RESULTS  

 

The data search, screening and inclusion procedures are illustrated in Figure 1. In the first phase 

of the search, known as Identification, 1,686 studies were retrieved. Among these, 762 were 

sourced from the PubMed database, 635 from Scopus, 1 from Web of Science, 25 from 

Cochrane, 42 from BVS, and 221 from Embase. During the subsequent Screening phase, a 

thorough analysis of titles and abstracts narrowed the selection down to 87 articles for further 

evaluation of their full texts. Ultimately, 23 articles were included for data extraction and 

synthesis in accordance with the established protocol, and they involved a total of 2,245 

newborns. 
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Figure 1. Flowchart with detailed research data for the identified studies for each phase, 

according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses 

(PRISMA) [12]. 

The general characterization of eligible articles is presented in Table 1. Among the 23 articles 

included, the publication years ranged from 1987 to 2022. The study designs varied, with 9 

(39%) being cohort studies, 5 (22%) case-control studies, 8 (35%) cross-sectional studies, and 

1 (4%) clinical trial. The sample sizes in these studies ranged from 33 to 235 newborns. In terms 

of the economic classification, according to the World Bank Atlas method, 9 (39%) were 

conducted in HIC, 8 (35%) were in the UMIC, and 6 (26%) were in the LMIC. Regarding the 

target population, there were variations among the studies based on the gestational age included. 

Specifically, 8 (35%) studies included all gestational ages, 12 (52%) focused solely on preterm 

newborns, 2 (9%) included late preterm and term newborns, and one (4%) exclusively studied 

term newborns. 
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 Table 1. General characterization of eligible articles. 

Author / year Income 

group 

Study 

design 

N Range of birth 

weight (grams) 

Range of GA 

(weeks) 

Target population  Groups of study  

Wood, B.P., et 

al., 1987 [16] 

HIC Clinical 

trial 

60 - 25 to 29  Newborns at risk for RDS Endotracheal surfactant vs. placebo 

(NaCl) 

Kurl, S., et al., 

1997 [17] 

HIC Cross-

sectional  

99 Median: 3000 24 to 41 Newborns admitted to NICU with early 

respiratory distress 

Clinicians diagnosis vs. radiologists 

diagnosis 

Bober, K., et 

al., 2006 [18] 

HIC Cross- 

sectional   

131 Mean ± DP (min to 

max): 1898 ±864 

(500 to 4400) 

Mean ± DP (min to 

max): 32±4.4 

(24 to 42) 

Newborns admitted to NICU with signs 

of respiratory failure 

US vs. CXR for RDS severity 

classification  

Shahramian, I., 

et al., 2013 

[19] 

LMIC Case- 

control 

130 Mean ± DP: 2575 ± 

791  

Mean ± DP: 35.500 ± 

2.213  

Newborns admitted to NICU with 

Apgar score more than 7 

Preterm newborn vs. full-term 

newborns  

Raimondi, F., 

et al., 2014 

[20] 

HIC Cross- 

sectional   

54 Mean ± DP:1703 

± 583  

Mean ± DP: 32.5 ± 

2.6  

Preterm newborns admitted to NICU 

with moderate respiratory distress and 

treated with nCPAP 

US vs. CXR for RDS severity 

classification 

Yin, X., et al., 

2014 [21] 

UMIC Case- 

control 

83 Mean ± DP: 

2945.3±193.3 (RDS) 

and 2969.2±247.3 

(control) 

Mean ± DP: 

38.0±0.7(NRDS) and 

38.2±0.8(control) 

Full-term newborns with RDS RDS vs. health newborns  

Tagliaferro, T., 

et al., 2015 

[22] 

HIC Cohort  235 Median: 713  

CPAP failure and 

805 CPAP success 

Median (IQR): 26 (25–

26) CPAP failure and 

27 CPAP success 

All inborn ELBW newborns admitted to 

NICU 

Newborns who succeeded nCPAP vs. 

newborns who failed nCPAP 

El-Malah, H.E. 

et al., 2015 

[23] 

LMIC Cohort 100  Mean (min to max): 

2400 (2100 to 3000) 

≥ 36 (mean 37.86) Newborn with clinical and radiographic 

signs of RDS. 

US vs. CXR for RDS severity 

classification 

Liu, J., et al., 

2015 [24] 

UMIC Case- 

control 

100 Mean ± DP: 2320 ± 

353 

(RDS) and 2297 ± 

411 (control) 

Mean ± DP: 34.9 ± 2.7 

(RDS) and 35.1 ± 2.8 

(controls) 

Newborns admitted to NICU  RDS vs. health newborns   
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Sawires, H.K., 

et al., 2015 

[25] 

LMIC Case- 

control 

130 Mean ± DP: 1384.22 

± 176.46 (group) and 

1580.6 ± 204.44 

(control) 

Mean ± DP: 

29.91±1.33 (group) 

and 34.22 ±1.05 

(control) 

Preterm newborns admitted to NICU  US vs. CXR for RDS complications 

Abdelsadek, 

A., et al., 2016 

[26] 

LMIC Cross- 

sectional 

40 Mean (min to max): 

1600 (1000 to 2500) 

Mean (min to max) 33 

(29 to 35) 

Preterm newborns admitted to NICU 

with respiratory failure within 6h of life 

and birth weight appropriate for GA  

RDS severity classification 

Rachuri, H., et 

al., 2017 [27] 

LMIC Cross- 

sectional 

94 Mean ± DP: 1987 ± 

669 (group) and 

2349 ± 653 

(control)   

Mean ± DP: 34.5 ± 3.2 

(group) and 35.9 ± 2.7 

(control) 

Newborns admitted to NICU with 

respiratory distress who had CXR and 

US within 4h admission 

US vs. Gold Standard (clinic-

radiological diagnosis) 

Perri, A.; et al., 

2018 [28] 

HIC Cohort 56 Mean ± DP: 1442 ± 

520 

 Mean ± DP: 31 ± 3 Newborn admitted to NICU with 

respiratory failure within 2h of life and 

treated with nCPAP. 

US vs. CXR to predict surfactant 

administration 

Li, Y. ; Lin, L. 

; Wang, Q., 

2018 [29] 

UMIC Cross- 

sectional 

150 Mean ± DP: 

1: 2120 ± 430 

2: 2050 ± 390  

3: 2100 ± 460 

4: 2010 ± 470 

Mean ± DP: 

1: 33.75 ± 1.53 

2: 32.78 ± 2.31 

3: 33.09 ± 1.67 

4:  33.41 ± 1.61 

Preterm newborn with LBW and RDS 

who underwent alveolar lavage therapy 

Expression levels of caspase-3 and Bcl-

2 vc. CXR in RDS severity 

classification 

Grimaldi, C., 

et al., 2019 

[30] 

HIC Cohort 

  

52 Mean ± DP: 2065 ± 

1174  

Median (range): 33 

(25–41) 

Newborns who needed a CXR because 

of respiratory conditions during the first 

24 h of life 

US vs. CXR for RDS diagnosis   

Pasic, I.S., et 

al., 2020 [31] 

UMIC Cross- 

sectional 

51 Median (min to 

max): 1790  (1570 to 

2160) 

Median: 31  Newborns ≤35 weeks of GA with 

positive clinical and laboratory signs of 

impaired respiratory function 

US vs. CXR for RDS diagnosis  

Vardar, G., et 

al., 2020 [32] 

UMIC Cohort  45 Median (IQR): 

1290 (975–1720) 

Median (IQR): 30 (27-

32) 

Preterm infants < 34 weeks GA with 

RDS 

US vs. CXR for RDS classification and 

to predict surfactant  

Kayki, G., et 

al., 2021 [33] 

UMIC Cohort 71 Mean ± DP: 1265 ± 

415  

Mean ± DP: 29.6 ± 

2.3  

Preterm newborn admitted to NICU with 

≤ 32 weeks GA, treated with nCPAP due 

to respiratory distress. 

US vs. CXR for 

surfactant administration  
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Aldecoa-

Bilbao, V.; et 

al., 2021 [34] 

HIC Cohort 144 Mean ± DP: 1175 ± 

314 (No surfactant) 

and 1066 ± 397 

(Surfactant) 

23+0 to 31+6  Preterm newborn admitted to NICU with 

GA between 23+0 and 31+6 who 

required noninvasive ventilation for 

RDS. 

US vs. CXR for surfactant 

administration 

Oktem, A., et 

al., 2021 [35] 

UMIC Cohort 40 Mean ± DP (min to 

max): 1817.12 ± 211 

(600 to 3260)  

Mean (min to max): 32 

weeks ± 4 days (26 +4 

to 37)  

Preterm newborns admitted to NICU 

with RDS and who need surfactant 

administration  

Before vs. after surfactant 

administration  

(US vs CXR) 

Reza, M.; et 

al., 2021 [36] 

LMIC Cross- 

sectional 

33 Mean: 1230  Mean (min to max): 

29.64 (<28 to 34) 

Preterm newborns admitted to NICU  US vs. CXR for RDS diagnosis  

Eldeen, S.M.; 

et al., 2022 

[37] 

HIC Case- 

control 

177 Mean ± DP: 2800 ± 

580 

Mean ± DP: 36.8 

±1.65 

Newborns ≥ 35 weeks with RDS and 

who required any type of respiratory 

support 

< 35 weeks newborns with RDS vs. ≥ 

35 weeks newborns with RDS 

Xiao, Y., et al., 

2022 [38] 

UMIC Cohort 170 Mean ± DP:1- mild: 

2709 ±124    

2- severe: 1660 ± 

750 

Mean ± DP:1- mild 

RDS: 34.3±5.14  

2- severe RDS: 

30.2±3.39 

Newborns admitted to NICU with RDS   Severe RDS vs. mild RDS  

 

HIC: High income country. UMIC: Upper middle-income country. LMIC: Lower middle-income country. nCPAP: Nasal continuous positive 

airway pressure. RDS: Respiratory distress syndrome. GA: Gestational age. NICU: Neonatal intensive care unit. CXR: Chest x-ray. LBW: Low 

birth weight. ELBW: Extremely low birth weight. US: Ultrasound 
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Table 2 provides an overview of the characterization of CXR usage and the clinical features 

associated with NRDS. It's worth noting that there was no consensus regarding the exact timing 

of CXR exposure in the included studies. While all studies reported the use of the first CXR for 

diagnosing NRDS, the timing of this CXR varied. Specifically, in 12 (52%) of the studies, the 

CXR was conducted between 2 to 24 hours of life. Four (17%) did not define a specific timing, 

four (17%) considered the timing after admission to the NICU, two (9%) specified the CXR 

being conducted 2 hours after CPAP initiation, and one (4%) reported that the CXR was done 

before surfactant administration. 
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Table 2. Characterization of CXR use and clinical features associated with NRDS. 

Author / 

year 

Time of the first 

CXR 

CXR features associated 

to NRDS  

Clinical features 

associated to NRDS  

Protocol/ 

guideline 

for NRDS 

diagnosis 

NRDS severity 

classification  

Other use for 

CXR  

Summary of the topic  

Wood, B.P., 

et al., 1987 

[16] 

Within 90 minutes 

of NICU 

admission   

Reduced lung expansion, 

reticular densities, air 

bronchogram, consolidation 

of lungs. 

Mean airway pressure and 

FiO2 required for adequate 

ventilation 

No Class 1 to 3, 

proposed by the 

authors  

Differential 

diagnosis and 

surveillance  

The radiological data provided 

support of the surfactant 

replacement efficacy evaluation. 

Kurl, S., et 

al., 1997 

[17] 

Within first 3 h of 

life  

Homogeneous, opaque 

infiltration, air 

bronchogram.   

Retractions, tachypnea, 

supplemental oxygen, 

acid-base disturbance in 

arterial blood gas analysis 

No Mild or Moderate 

(clinical 

definition)  

Differential 

diagnosis 

There was 95% agreement between 

clinicians and radiologists for 

NRDS diagnosis. The first CXR 

taken had the greatest impact in the 

care of neonates.   

Bober, K., et 

al., 2006 

[18] 

Within first 24 h of 

life  

Not described but based on 

Hansen T, Corbet A (1991) 

criteria 

CRIB Hansen and 

Corbet; 1991 

Grade 1 to 4  None US examination cannot replace 

CXR as it overestimates the 

diagnosis of NRDS 

Shahramian, 

I., et al., 

2013 [19] 

Undefined Granularity of lungs, air 

bronchogram and white out 

lungs with loss of cardiac 

borders  

None No Normal, Mild, 

moderate and 

severe 

None Increase of serum Brain Natriuretic 

Peptide (BNP) level correlates to 

RDS severity (CXR) in premature 

infants. 

Raimondi, 

F., et al., 

2014 [20] 

After 120 minutes 

from the initiation 

of CPAP  

Ground glass shadowing, air 

bronchograms, alveolar 

shadowing, white-out of the 

lung fields with obscuring of 

the cardiac border  

Retractions, nares 

dilatation, grunting and 

acid-base disturbance in 

arterial blood gas analysis 

No Grade 1 to 4 by 

Arthur (2001) 

Surveillance and 

prediction of 

CPAP failure  

After a 2-hour nCAP trial, US 

largely outperformed CXR in 

predicting the need for intubation. 

Yin, X., et 

al., 2014 

[21] 

Undefined Bilateral transmittance 

reduced, small mesh-like 

particle shadow, air 

bronchogram; blurred heart 

and diaphragm contours, 

white lung 

Moaning, dyspnea, acid-

base disturbance in arterial 

blood gas analysis, 

supplemental oxygen and 

mechanical ventilation  

Shao et al, 

2011 

Grade I to IV by 

Shao et al, 2011  

None SP-B expressed in bronchoalveolar 

lavage fluid is inversely related to 

the severity of NRDS (CXR) in 

full-term newborn.  
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Tagliaferro, 

T., et al., 

2015 [22] 

Within first 2h of 

life 

Reticulogranular infiltrates, 

air bronchogram, alveolar 

opacification making the 

borders of the heart, thymus 

and diaphragm unclear, 

lungs quite airless 

Acid-base disturbance in 

arterial blood gas analysis 

 Kero and, 

Mäkinen, 

1979 

  

Class 1 to 3 by 

Kero and Mäkinen 

(1979)  

Prediction of 

CPAP failure 

Early radiologic evidence of severe 

NRDS is predictive of CPAP 

failure, especially in infants with 

GA⩽26 weeks 

El-Malah, 

H.E. et al., 

2015 [23] 

Within first 24 h of 

life 

Reticulogranular or ground 

glass opacification, 

progressive hypo-aeration 

and air bronchograms. 

CRIB  Hansen and 

Corbet; 1991 

Stage I to IV by 

Hansen T, Corbet 

A (1991)  

Follow up 

treatment of 

RDS  

The US can be an alternative 

diagnostic imaging modality for 

CXR in follow up treatment of 

NRDS and subsequent reduction 

dose of radiation 

Liu, J., et al., 

2015 [24] 

After NICU 

admission  

Hypoexpansion, fine 

granular densities, air 

bronchogram, ground-glass 

opacities, blurred cardiac 

borders, or white lungs 

Tachypnea, grunting, 

retractions, cyanosis, 

reduced breath sounds, 

ventilatory support, acid-

base disturbance in arterial 

blood gas analysis 

No  Grade 1 to 4 

by Ayachi et al. 

(2005), Bouziri et 

al. (2007), Faix et 

al. (1989) and   Liu 

et al. (2010) 

None The US is accurate and reliable to 

diagnose NRDS. More research is 

needed to replace CXR. 

Sawires, 

H.K., et al., 

2015 [25] 

Within first 6h of 

life 

Ground glass veiling, 

bilateral reticulonodular 

pattern, air bronchogram, 

bilateral symmetric 

parenchymal opaqueness  

Tachypnea, dyspnea, 

retraction, grunting or 

cyanosis, acid-base 

disturbance in arterial 

blood gas analysis 

No  Grade 1 to 4  Differential 

diagnosis, 

surveillance and 

detection of 

RDS 

complications 

US is superior to CXR in the 

detection of NRDS complications 

(except for pneumothorax).  It 

could be value in reducing exposure 

to unnecessary radiation 

Abdelsadek, 

A., et al., 

2016 [26] 

Within first 6 h of 

life 

Hypovolemic lung 

reticulogranular mottling or 

without air bronchograms, 

bilateral opacification of 

lungs 

Down score and laboratory 

analysis  

No Mild or Severe 

RDS 

None US cannot replace standard CXR in 

diagnosing potential causes of 

neonatal respiratory failure because 

of its tendency to over-diagnose 

NRDS 

Rachuri, H., 

et al., 2017 

[27] 

Within 4 h of 

NICU admission  

Diffuse atelectasis,‘ground 

glass’ appearance of the lung 

fields, low lung volume, air 

bronchograms 

Tachypnea, retractions 

and/or grunting, Downe’s 

score  

No  No  Differential 

diagnosis 

and detection of 

RDS 

complications 

US can be used to diagnose 

different etiologies of respiratory 

distress in neonates. However, 

CXR is superior to evaluate 

complications of NRDS. 
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Perri, A.; et 

al., 2018 

[28] 

Within 2h from the 

initiation of CPAP 

(before surfactant 

administration) 

Reduced radiolucency, air 

bronchogram, blurred 

cardiac and diaphragmatic 

margins, white lung fields  

Shallow breathing, 

grunting, retractions, acid-

base disturbance in arterial 

blood gas analysis 

European 

Consensus 

Guidelines, 

2016 

Class 1 to 4 by 

Cattarossi et al. 

(2010) 

To guide 

surfactant 

administration   

US predicts the need for surfactant 

more reliably than CXR  

Li, Y. ; Lin, 

L. ; Wang, 

Q., 2018 

[29] 

Within first 4 h of 

life 

Reduced radiolucency, air 

bronchogram, unclear heart 

and diaphragmatic surfaces, 

white lung syndrome 

Dyspnea, grunts, and acid-

base disturbance in arterial 

blood gas analysis  

Shao et al, 

2011  

Grades 1 to 4 None The severity of NRDS in the CXR 

is positively related with the 

concentration of caspase-3 in 

alveolar lavage fluid, and 

negatively correlated  with the 

expression level of  Bcl-2 

Grimaldi, 

C., et al., 

2019 [30] 

Within first 24 h of 

life 

Ground glass shadowing, air 

bronchograms, confluent 

alveolar shadowing, and 

complete white lungs 

obscuring the cardiac border 

Dyspnea, cyanosis, 

retraction, respiratory 

support, surfactant therapy 

No  Grades 1 to 4 by 

Agrons et al. 

(2005), Lobo 

(2006) 

Differential 

diagnosis 

and detection of 

complications of 

RDS 

The US is superior to CXR for 

NRDS diagnosis, for differential 

diagnosis and complications. 

However, CXR remains necessary 

for newborns in mechanical 

ventilation. 

Pasic, I.S., et 

al., 2020 

[31] 

Undefined Fine homogenous, 

ground-glass shadowing, air 

bronchogram, alveolar 

shadowing obscuring 

cardiac border 

Not clear: clinical signs 

and acid-base disturbance 

in arterial blood gas 

analysis  

No Stage I to IV by 

Drorbaugh and 

Fogg (1956)  

None US can be used as complementary 

modality to CXR, decreasing the 

number of ionizing radiations in 

premature newborns 

Vardar, G., 

et al., 2020 

[32] 

Within first 2 h of 

life 

Reticulogranular or ground-

glass pattern, air 

bronchograms, bilateral 

opacification of lungs with 

loss of cardiac borders 

Not clear: clinical signs, 

acid-base disturbance in 

arterial blood gas analysis, 

FiO2 

European 

Consensus 

Guidelines, 

2016 

Stage I to IV by 

Wambach and 

Hamvas (2015)  

To guide 

surfactant 

administration 

and predict 

CPAP failure  

US is superior to CXR to predict 

severity of NRDS, surfactant 

administration and CPAP failure  

Kayki, G., et 

al., 2021 

[33] 

Within first 2 h of 

life 

Reticular appearance, 

decreased transparency, air 

bronchogram, white lung 

with obscuring cardiac 

border 

Not clear: clinical signs 

and acid-base disturbance 

in arterial blood gas 

analysis 

European 

Consensus 

Guidelines, 

2019 

Stage I to IV by 

Perri et al (2018), 

Arthur (2001) 

To guide 

surfactant 

administration 

Earlier US (20–30 min) is superior 

to CXR to predict surfactant 

administration  

Aldecoa-

Bilbao, V.; 

et al., 2021 

[34] 

After NICU 

admission  

Decreased pulmonary 

expansion, generalized 

reticulogranular lung 

opacities and air 

bronchograms 

Shallow breathing, 

tachypnea, grunting, nasal 

flaring, and retractions 

No  CXR score (0–8 

points) adapted 

from Perri et al. 

(2018) 

To guide 

surfactant 

administration 

US showed higher sensitivity and 

predictive values compared with 

CXR to predict surfactant 

administration.  
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Oktem, A., 

et al., 2021 

[35] 

Before Surfactant 

administration 

Granular pattern of lung 

parenchyma, air 

bronchograms and 

atelectasis 

tachypnea, nasal flaring, 

retractions, or grunting 

No No  Surveillance, to 

guide surfactant 

administration, 

and differential 

diagnosis 

US is superior to CXR in 

differential diagnosis, and can be 

used for surveillance without risks 

of ionization 

Reza, M.; et 

al., 2021 

[36] 

Within first 24 h of 

life 

Lung consolidation, air 

bronchogram, white-lung 

appearance.  

None No According to 

grades 1 to 4  

None There was an agreement of 63.3% 

between US and CXR in NRDS 

diagnosis.  

Eldeen, 

S.M.; et al., 

2022 [37] 

Undefined Ground glass, air 

bronchogram, low lung 

volume 

Tachypnea, apnea, 

reduced breath sounds, 

cyanosis, surfactant 

therapy 

Local 

guideline 

Mild to severe by 

Shashidha 

(2016), Hansen 

(1991) 

None NRDS among full-term and near-

term newborns present mostly 

mild-to-moderate courses. 

Xiao, Y., et 

al., 2022 

[38] 

Within first 6 h of 

life  

Reticular shadows, white-

out appearance, heart shape 

blurred 

None No Grade I to IV by 

Gómez (2020), 

Hiroyuki (2018) 

To guide 

surfactant, 

surveillance 

US and CXR had the same 

diagnostic effect on NRDS  

 

CRIB: clinical risk index for babies Score. US: Ultrasound. CPAP:  continuous positive airway pressure. CXR: chest x-ray. NRDS: neonatal 

respiratory distress syndrome
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Primary endpoint 

In the examination of the role of CXR, all studies consistently utilized it as the standard for 

diagnosing NRDS. Regardless of varying study objectives, the examination remained essential 

in all cases. In summary, the reports emphasized that CXR cannot be replaced by other tools 

for diagnosing RDS [18, 23-24, 26-27, 30-31]. Furthermore, the first CXR taken had the 

greatest impact on neonatal care [17, 22]. There was a consensus among health professionals in 

diagnosing with the exam, including agreement between clinicians and radiologists [17]. 

Additionally, there was agreement between CXR and other exams, such as ultrasound (US), for 

RDS diagnosis [36, 38]. However, while CXR has the ability to support the prediction of 

surfactant administration [16], it can be replaced by other tools for this purpose [28, 32-35]. 

 

Secondary endpoint 

The importance of CXR in classifying the severity of NRDS was emphasized in 21 (91%) of 

the studies. The classification systems varied, typically consisting of either three or four classes, 

often referred to as stages or grades. The main characteristics observed on CXR progressively 

worsen with higher NRDS severity classifications. These principal patterns include a fine 

ground glass appearance with reduced lung volume and an air-bronchogram within the cardiac 

shadow. Selected studies reported agreement between CXR and other exams (e.g. the US) for 

RDS severity classification [19, 21, 29], while others suggested that CXR was surpassed by 

alternative methods [32]. 

In terms of the standards of clinical practice for establishing or assisting the diagnosis of NRDS, 

three articles (13%) did not consider it at all. Additionally, CXR had other applications in the 

included studies, including 6 (26%) for differential diagnosis, 6 (26%) for surveillance and 

follow-up treatment, 6 (26%) to guide surfactant administration, 3 (13%) to predict CPAP 

failure, and 3 (13%) to detect complications of NRDS. To support the diagnostic decision, 9 

(39%) studies referred to a protocol or guideline, while 14 (61%) did not mention any specific 

guidelines or protocols. When compared, other diagnostic tools were superior to CXR in 

various roles, including predicting CPAP failure [32], predicting the need for intubation [20], 

making a differential diagnosis [35], and for RDS surveillance [35]. 
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The quality of the selected studies was assessed using the NOS Scale, as shown in Table 3. 

Among the cross-sectional studies, three of them achieved good quality with a score of 7 or 8 

stars, two were rated as satisfactory with 6 stars, and three were deemed unsatisfactory with a 

score of 2 to 4 stars. In the case-control studies, three articles were categorized as high quality, 

earning 8 stars, and two were classified as fair quality with 6 or 7 stars. For the cohort studies, 

three articles received a high-quality rating with 8 or 9 stars, five articles were considered fair 

quality with 6 or 7 stars, and one article was assessed as poor quality with 4 stars.
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Table 3. Quality assessment of selected studies based on the Newcastle-Ottawa Scale. 

 

Author / year Study design Selection Comparability Exposure/ 

Outcome 

Total 

Kurl, S., et al., 1997 [17] Cross-sectional  ☆☆☆ - ☆ 4/10 

Bober, K., et al., 2006 [18] Cross-sectional  ☆☆☆☆ ☆ ☆ 6/10 

Shahramian, I., et al., 2013 [19] Case-control ☆ ☆☆ ☆☆☆ 6/9 

Raimondi, F., et al., 2014 [20] Cross-sectional  ☆☆☆☆☆ - ☆☆ 7/10 

Yin, X., et al., 2014 [21] Case-control ☆☆☆ ☆☆ ☆☆☆ 8/9 

Tagliaferro, T., et al., 2015 [22] Cohort ☆☆☆☆ ☆☆ ☆☆ 8/9 

El-Malah, H.E. et al., 2015 [23] Cohort ☆☆☆ ☆ ☆☆☆ 7/9 

Liu, J., et al., 2015 [24] Case-control ☆☆☆ ☆☆ ☆☆☆ 8/9 

Sawires, H.K., et al., 2015 [25] Case-control ☆☆☆ ☆ ☆☆☆ 7/9  

Abdelsadek, A., et al., 2016 [26] Cross-sectional ☆☆ - - 2/10 

Rachuri, H., et al., 2017 [27] Cross-sectional ☆☆☆☆☆ ☆ ☆☆ 8/10 

Perri, A.; et al., 2018 [28] Cohort ☆☆☆☆ - ☆☆☆ 7/9 

Li, Y.; Lin, L.; Wang, Q., 2018 

[29] 

Cross-sectional ☆☆☆ ☆☆ ☆☆ 7/10 

Grimaldi, C., et al., 2019 [30] Cohort ☆☆☆☆ ☆ ☆☆☆ 8/9 

Pasic, I.S., et al., 2020 [31] Cross-sectional ☆☆☆ ☆ ☆☆ 6/10 

Vardar, G., et al., 2020 [32] Cohort ☆☆☆ - ☆☆☆ 6/9 

Kayki, G., et al., 2021 [33] Cohort ☆☆☆ ☆ ☆☆ 6/9 

Aldecoa-Bilbao, V.; et al., 2021 

[34] 

Cohort ☆☆☆☆ ☆☆ ☆☆☆ 9/9 

Oktem, A., et al., 2021 [35] Cohort ☆☆ - ☆☆ 4/9 

Reza, M.; et al., 2021 [36] Cross-sectional ☆☆ - ☆☆ 4/10 

Eldeen, S.M.; et al., 2022 [37] Case-control ☆☆☆ ☆☆ ☆☆☆ 8/9 

Xiao, Y., et al., 2022 [38] Cohort ☆☆☆ ☆ ☆☆ 6/9 

Score ranges to qualitatively categorize the overall quality of the cohort and case-control studies: 0 to 

4=poor quality; 5 to 7=fair quality; 8 to 9=high quality. For cross-sectional studies: 0 to 

4=Unsatisfactory quality; 5 to 6=Satisfactory quality; 7 to 8= good quality; 9 to 10=high quality [15] 
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The RoB 2.0 tool was employed to assess the risk of bias in the randomized trial, with the 

following judgments for each domain: (1) Randomization process: Some concerns; (2) 

Deviations from intended interventions: Some concerns; (3) Missing outcome data: Low risk; 

(4) Measurement of the outcome: High risk; (5) Selection of the reported result: Low risk; (6) 

Overall Bias: High risk of bias. 

Overall, the majority of studies were of good to high quality, with 9 classified as high quality, 

9 as good quality, according to NOS, and 2 rated as poor quality according to NOS and ROB2 

each. A causal inference is constrained by risk of bias in some studies, the main concerns being 

the lack of adjustment for key potential confounders such as gestational age and birth weight 

[17, 20, 26, 28, 32, 35-36]; assessment of outcome due to an inappropriate or not-described 

statistical approach for comparing NDRS diagnoses techniques (CXR and other)  [17, 18, 26]; 

the lack of representativeness of the NRDS cases [19, 21, 24, 25]; or lack of independent blind 

assessment (e.g diagnosis based on CXR and medical records by independent professionals  or 

diagnosis based on CXR blinded to the researcher [22, 26, 33, 35, 38]. 

 

 

DISCUSSION   

 

This review evaluated the importance of CXR for the diagnosis and classification of NRDS 

severity. Among the 23 studies included, all reported CXR as a standard diagnostic tool. 

Additionally, 21 studies used it to classify RDS severity. There were other uses related to 

imaging as well: six studies for differential diagnosis, six for surveillance, six to guide 

surfactant administration, three to detect NRDS complications, and three to predict CPAP 

failure. It's important to interpret these findings with caution since CXR was one of the inclusion 

criteria for this review. 

Early diagnosis of NRDS, necessary to anticipate therapeutic measures, depends on a 

combination of clinical signs and symptoms, laboratory analyses, and CXR [39]. While CXR 

has traditionally been considered the standard diagnostic tool for RDS, in clinical practice, it 

may not be as useful for making the final diagnosis in certain circumstances. For instance, in 

cases of congenital pneumonia and severe NRDS, where similarities are found in CXR findings 

[18, 26]. Moreover, the guidelines recommend making a decision on surfactant administration 
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based on clinical signs, irrespective of CXR results [40]. Furthermore, in situations where CXR 

is not feasible, especially in resource-constrained environments or to minimize ionizing 

radiation exposure, clinical classification of severity may serve as an alternative, as it 

demonstrates correlation with radiological findings [39]. This review did not encompass 

scenarios with limited resources, considering the socio-economic classification of the majority 

of selected articles. Future studies focused on obtaining answers in LMIC scenarios may 

provide specific evidence on this issue.  

 

Chronologically, early studies demonstrated the role of CXR in classifying the severity and 

prognosis of NRDS, which aided in identifying infants requiring surfactant administration. It 

also facilitated treatment surveillance, allowing assessment before and after surfactant 

administration [16]. However, a significant development in neonatology, particularly the early 

use of nasal CPAP since the 1990s, led to a shift in NRDS severity classification towards 

clinical determination [41]. This change has resulted in reduced reliance on mechanical 

ventilation and surfactant use [40]. 

 

Among the selected studies, the significance of the earliest CXR in the care of newborns was 

evident. It demonstrated the ability to detect most lung diseases in the first hours of life [17]. 

At one point, conducting an initial CXR was deemed a standard practice for diagnosing NRDS 

and for surveillance, particularly in extremely premature infants [16]. Additionally, it was 

considered essential for differentiating respiratory disorders in newborns and for precise 

placement of catheters, probes, and endotracheal tubes [18]. Follow-up images also served to 

monitor therapeutic effects and reduce morbidities like bronchopulmonary dysplasia (BPD) by 

minimizing mechanical ventilation [39]. However, repeated examinations posed risks to 

neonates due to ionizing radiation exposure [18]. As a result, researchers explored alternative 

techniques to replace CXR due to these risks. Three studies compared CXR with laboratory 

tests, including expression levels of cysteine aspartic protease-3 (capase-3) and B-cell 

lymphoma gene-2 (Bcl-2) [29], levels of brain natriuretic peptide (BNP) [19], and surfactant 

protein B (SP-B) expression [21], while 16 studies focused on the use of US [18, 20, 23-28, 30-

36, 38]. While alternative diagnostic methods were investigated to complement or even surpass 

CXR's functions, the recommendations for its use began to be questioned over time. Our 

interpretation of this outcome underscores the enduring importance of clinical parameters over 

time, regardless of diagnostic tools. 
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In summarizing the selected articles for this review, several investigations have emphasized the 

significance of early CXR during the course of neonatal respiratory distress syndrome (NRDS). 

Kurl et al. (1997) highlighted its impact in detecting critical conditions, such as 

pneumothoraces, before severe clinical deterioration occurs [17]. Additionally, Bober et al. 

(2006) found it to be essential for the differential diagnosis of respiratory disorders in neonates 

[18]. Furthermore, Tagliaferro et al. (2015) explored its potential in predicting CPAP failure 

within the first 72 hours of life, particularly in ELBW infants. While one study confirmed this 

potential [22], Raimondi (2014) also demonstrated that a non-ionizing examination could 

potentially replace the need for CXR [20]. 

 

Strength and limitations of the review  

 

The main contribution of this study was to emphasize the evolving use of complementary exams 

over time and the need to review the role of CXR in clinical practices. Despite technological 

advancements in neonatology, the CXR associated with clinical practices remains the standard 

reference for diagnosing NRDS.  

The results found in this review have limitations, as the studies evaluated did not address the 

risks and benefits of the systematic use of CXR, nor did they consider the implications of 

repeated exams for NRDS follow-up. We believe that there is a future agenda to reevaluate 

recommendations for the mandatory use of CXR whenever NRDS is suspected. Providing 

guidelines on when to use this tool could be valuable in guiding clinical practice, with the dual 

aim of minimizing unnecessary radiation exposure and ensuring timely access to essential 

clinical information. Furthermore, although the risk of bias in most studies was low, it's 

important to note that the primary objectives of the selected articles did not revolve around 

comparing clinical and radiological methods for diagnosing NRDS or assessing its severity. 

Some of these studies aimed to compare CXR with other diagnostic tools, such as the US, for 

NRDS diagnosis, or to predict the use of surfactant, among other objectives. The significant 

variation in study objectives was a limiting factor in interpreting the results for clinical practice. 
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CONCLUSION  

 

The role of CXR has evolved over time, from NRDS diagnosis and severity classification to 

differential diagnosis and surfactant treatment surveillance. Still, CXR is considered a standard 

tool for NRDS diagnosis. Although new complementary exams to assess NRDS in newborns 

have been studied over the years, the clinical practices kept the importance for establishing or 

assisting the diagnosis of NRDS.  

 

The scarcity of studies dedicated to assessing the relevance of CXR for NRDS evaluation has 

left it uncertain whether CXR assessment is mandatory for the diagnosis and severity 

classification of NRDS.  The results highlight the importance of guidelines for the usage of 

CXR to mitigate unnecessary ionization exposure and ensure timely access to essential clinical 

information for proper newborn care. 
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ABBREVIATIONS 

CXR: chest X-ray  

NRDS: neonatal respiratory distress syndrome 

CPAP: continuous positive airway pressure 

NICU: neonatal intensive care unit 

LMIC: lower middle-income country 

NOS: Newcastle-Ottawa Scale  

HIC: High income country 

UMIC: Upper middle-income country 

GA: Gestational age 

LBW: Low birth weight  

ELBW: Extremely low birth weight 

US: Ultrasound 
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SUPPLEMENTARY FILES 

Supplementary file 1. The search strategy performed in each database. 

Database URL to search strategy 

PUBMED ("Infant, Newborn" OR "Infants, Newborn" OR Neonate OR Neonates OR 

Newborn OR "Newborn Infant" OR "Newborn Infants" OR Newborns) 

AND ("Respiratory Distress Syndrome, Newborn" OR "Hyaline 

Membrane Disease" OR "Neonatal Respiratory Distress Syndrome" OR 

"Disease, Hyaline Membrane" OR "Diseases, Hyaline Membrane" OR 

"Hyaline Membrane Diseases") AND (Radiography OR "Diagnostic X 

Ray" OR "Diagnostic X Ray Radiology" OR "Diagnostic X-Ray" OR 

"Diagnostic X-Ray Radiology" OR "Diagnostic X-Rays" OR "Radiology, 

Diagnostic X Ray" OR "Radiology, Diagnostic X-Ray" OR "X Ray 

Radiology, Diagnostic" OR "X Ray, Diagnostic" OR "X-Ray Radiology, 

Diagnostic" OR "X-Ray, Diagnostic" OR "X-Rays, Diagnostic") AND 

(Lung OR Chest) 

SCOPUS ALL(( ( ( "Diagnostic Imaging" OR radiography OR "Imaging, 

Diagnostic" OR "Imaging, Medical" OR "Medical Imaging" OR 

"Diagnostic X Ray" OR "Diagnostic X Ray Radiology" OR "Diagnostic 

X-Ray" OR "Diagnostic X-Ray Radiology" OR "Diagnostic X-Rays" OR 

"Radiology, Diagnostic X Ray" OR "Radiology, Diagnostic X-Ray" OR 

"X Ray Radiology, Diagnostic" OR "X Ray, Diagnostic" OR "X-Ray 

Radiology, Diagnostic" OR "X-Ray, Diagnostic" OR "X-Rays, 

Diagnostic" ) AND ( "Lung" ) ) AND ( ( "Respiratory Distress Syndrome, 
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Newborn" OR "Hyaline Membrane Disease" OR "Neonatal Respiratory 

Distress Syndrome" OR "Disease, Hyaline Membrane" OR "Diseases, 

Hyaline Membrane" OR "Hyaline Membrane Diseases" ) ) ) AND ( ( 

"Infant, Newborn" OR "Infants, Newborn" OR neonate OR neonates OR 

newborn OR "Newborn Infant" OR "Newborn Infants" OR newborns ) ) 

AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( SUBJAREA 

, "MEDI" ) OR LIMIT-TO ( SUBJAREA , "HEAL" ) ) AND ( LIMIT-TO 

( EXACTKEYWORD , "Newborn" ) OR LIMIT-TO ( 

EXACTKEYWORD , "Thorax Radiography" ) ) AND ( EXCLUDE ( 

LANGUAGE , "German" ) OR EXCLUDE ( LANGUAGE , "Chinese" ) ) 

AND ( EXCLUDE ( LANGUAGE , "Dutch" ) ) AND ( EXCLUDE ( 

LANGUAGE , "Italian" ) OR EXCLUDE ( LANGUAGE , "Russian" ) ) 

AND ( EXCLUDE ( LANGUAGE , "Polish" ) OR EXCLUDE ( 

LANGUAGE , "Turkish" ) ) AND ( EXCLUDE ( LANGUAGE , "Czech" 

) ) AND ( EXCLUDE ( LANGUAGE , "Swedish" ) ) AND ( EXCLUDE ( 

LANGUAGE , "Bulgarian" ) OR EXCLUDE ( LANGUAGE , "Croatian" 

) OR EXCLUDE ( LANGUAGE , "Danish" ) OR EXCLUDE ( 

LANGUAGE , "Japanese" ) )) AND NOT ("case report") 

WEB OF 

SCIENCE 

(((("Infant, Newborn" OR "Infants, Newborn" OR "Neonate" OR 

"Neonates" OR "Newborn" OR "Newborn Infant" OR "Newborn Infants" 

OR "Newborns" )) AND TS=(("Respiratory Distress Syndrome, Newborn" 

OR "Hyaline Membrane Disease" OR "Neonatal Respiratory Distress 

Syndrome" OR "Disease, Hyaline Membrane" OR "Diseases, Hyaline 
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Membrane" OR "Hyaline Membrane Diseases"))) AND TS=(("Lung" OR 

"Chest"))) AND TS=(("radiography" OR "x ray")) 

COCHRANE ("Infant, Newborn" OR "Infants, Newborn" OR Neonate OR Neonates OR 

Newborn OR "Newborn Infant" OR "Newborn Infants" OR Newborns) 

AND ("Respiratory Distress Syndrome, Newborn" OR "Hyaline 

Membrane Disease" OR "Neonatal Respiratory Distress Syndrome" OR 

"Disease, Hyaline Membrane" OR "Diseases, Hyaline Membrane" OR 

"Hyaline Membrane Diseases") AND (Radiography OR "Diagnostic X 

Ray" OR "Diagnostic X Ray Radiology" OR "Diagnostic X-Ray" OR 

"Diagnostic X-Ray Radiology" OR "Diagnostic X-Rays" OR "Radiology, 

Diagnostic X Ray" OR "Radiology, Diagnostic X-Ray" OR "X Ray 

Radiology, Diagnostic" OR "X Ray, Diagnostic" OR "X-Ray Radiology, 

Diagnostic" OR "X-Ray, Diagnostic" OR "X-Rays, Diagnostic") AND 

(Lung OR Chest) 

EMBASE (newborn) and ('neonatal respiratory distress syndrome') and (radiography 

or x ray) and (lung or thorax or chest) 

BVS (recém-nascido OR "Infant, Newborn" OR "Recién Nacido" OR nouveau-

né OR "Criança Recém-Nascida" OR "Crianças Recém-Nascidas" OR 

"Lactente Recém-Nascido" OR "Lactentes Recém-Nascidos" OR neonato 

OR neonatos OR recém-nascidos OR "Infants, Newborn" OR neonate OR 

neonates OR newborn OR "Newborn Infant" OR "Newborn Infants" OR 

newborns) AND ("Síndrome do Desconforto Respiratório do Recém-

Nascido" OR "Respiratory Distress Syndrome, Newborn" OR "Síndrome 
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de Dificultad Respiratoria del Recién Nacido" OR "Syndrome de détresse 

respiratoire du nouveau-né" OR "Síndrome da Angústia Respiratória do 

Recém-Nascido" OR "Síndrome do Desconforto Respiratório em Recém-

Nascidos" OR "Doença da Membrana Hialina" OR "Hyaline Membrane 

Disease" OR "Enfermedad de la Membrana Hialina" OR "Maladie des 

membranes hyalines" OR "Neonatal Respiratory Distress Syndrome" OR 

"Disease, Hyaline Membrane" OR "Diseases, Hyaline Membrane" OR 

"Hyaline Membrane Diseases") AND (radiografia OR radiography OR 

radiografía OR radiographie OR "Diagnóstico Radiológico por Raios X" 

OR "Diagnóstico por Raios X" OR "Diagnostic X Ray" OR "Diagnostic X 

Ray Radiology" OR "Diagnostic X-Ray" OR "Diagnostic X-Ray 

Radiology" OR "Diagnostic X-Rays" OR "Radiology, Diagnostic X Ray" 

OR "Radiology, Diagnostic X-Ray" OR "X Ray Radiology, Diagnostic" 

OR "X Ray, Diagnostic" OR "X-Ray Radiology, Diagnostic" OR "X-Ray, 

Diagnostic" OR "X-Rays, Diagnostic") AND (pulmão OR lung OR 

pulmón OR poumon OR tórax OR thorax OR tórax OR thorax) AND ( 

db:("LILACS" OR "IBECS" OR "BINACIS" OR "CUMED")) 
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Supplementary file 2. Newcastle-Ottawa Scale (NOS) adjusted for the context of the 

review. 

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

(adapted for case-control studies) 

 

Selection (4 stars) 

 

1. Is the case definition adequate? 

a) ☆ yes, with independent validation (researchers validated RDS diagnosis) 

NRDS diagnosis by chest x-ray, clinical findings or both described on medical records. Cases 

must be identified by qualified healthcare professionals or based on medical records and 

confirmed diagnoses. Cases must be properly documented, and medical records or sources 

of information used to identify cases must be clearly reviewed and recorded. 

b) zero: no description (or without independent validation) 

 

2) Representativeness of the cases 

a) ☆ consecutive or obviously representative series of cases (consecutive or random choice 

of cases) 

All eligible cases with NRDS diagnosis in the first 72 hours of life, all cases at NICU or 

sample calculation  

b) zero: potential for selection biases or not stated 

c) zero: Studies that evaluated specific subgroups of newborns (LBW, GA, diabetes) 

 

3) Selection of Controls 

a) ☆ community controls (control NRDS-no, with similar characteristics to NRDS) Control 

defined by the authors. Examples: newborns without NRDS or different age groups (preterm 

vs. term) or different birth weight ranges or use of surfactant replacement (yes vs. no) or 

other diagnostic test (CXR vs. US) 

b) zero: Evaluated under different conditions or time 

c) zero: no description 

 

4) Definition of Controls  

a) ☆ Explicit description (without NRDS and other diseases) 
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According to the definition of control by the author, the control conditions must be explicit. 

Example: controls have no report of NRDS or the division of different age groups (premature 

vs. term) or different birth weights or use of surfactant replacement (yes vs. no) or groups 

with different tests (CXR vs. US) 

b) zero: no description of source 

 

Comparability (2 stars) 

 

1) Comparability of cases and controls on the basis of the design or analysis 

a) ☆ study controls for NRDS diagnosis (if the control group was NRDS-no) 

b) ☆ study controls for any additional factor (when a second factor was match criterion) 

Examples: groups of age and birth weight, maternal characteristics: hypertension, diabetes, 

antenatal corticosteroids.  

 

Exposure (3 stars) 

 

1) Ascertainment of exposure (CXR): maximum one star 

a) ☆ secure record (CXR and clinical findings were obtained in medical charts) OR 

b) ☆ structured interview where blind to case/control status (CXR was retrospectively 

analysed blinded of NRDS diagnosis)  

c) zero: written self-report (CXR was analysed after case or control definition) 

d) zero: no description 

 

2) Same method of ascertainment for cases and controls 

a) ☆ yes (CXR and clinical findings were analysed similarly in case or control newborns) 

b) zero: no 

 

3) Non-Response rate 

a) ☆ same rate for both groups (Is there any newborn without X-ray or clinical findings? 

b) zero: non respondents described 

c) zero: rate different and no designation 

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

(adapted for cohort studies) 
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Selection (4 stars) 

1) Representativeness of the exposed cohort 

a) ☆ truly representative of the average (NRDS diagnosis based on CXR in the community) 

- population cohort on NRDS. 

b) ☆ somewhat representative of the average in the community (multicenter studies on 

NRDS, random sample of NRDS newborns)   

c) zero: selected group of users, sample from selected groups of study, convenience sample 

(e.g., Preterm, LBW) 

d) zero: no description of the derivation of the cohort 

2) Selection of the non-exposed cohort 

a) ☆ drawn from the same community as the exposed cohort - neonatal sample 

 with NRDS diagnosis based on clinical findings (additionally to CXR). 

b) zero: drawn from a different source (neonatal sample with NRDS diagnosis based only 

on CXR) 

c) zero: no description of the derivation of the non-exposed cohort  

 

3) Ascertainment of exposure 

a) ☆ secure record (CXR findings reported by researcher even based on medical records)   

b) zero: structured interview (non-applicable)  

c) zero: written self-report (CXR findings reported based on medical records without the 

researcher scrutiny) 

d) zero: no description 

 

4) Demonstration that outcome of interest was not present at start of study 

a) ☆ yes (NRDS diagnosis based on validated guidelines) 

b) zero: no 
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Comparability (2 stars) 

 

1. Comparability of cohorts on the basis of the design or analysis 

a) ☆ study controls for (clinical characteristics: GA, birth weight)  

b) ☆ study controls for any additional factor (Maternal characteristics such as hypertension 

or diabetes)  

 

Outcome (3 stars) 

 

1) Assessment of outcome  

a) ☆ independent blind assessment - NRDS vs. No-NRDS (Diagnosis based on CXR, 

medical records, by independent professionals / or diagnosis based on CXR blinded for the 

researcher/ studies for NRDS severity classification by independent professionals or 

researchers). 

b) ☆ record linkage (unified database according to methodology of data collection) 

c) zero: self-report  

d) zero: no description 

 

2) Was follow-up long enough for outcomes to occur 

a) ☆ yes (proper definition of follow-up to obtain a NRDS diagnosis)   

b) zero: no 

 

3) Adequacy of follow up of cohorts 

a) ☆ complete follow up - all subjects accounted for diagnosis at 72 hours of life  

b) ☆ subjects lost to follow up unlikely to introduce bias - small number lost to follow up 

< 5%, or description provided of those lost. Death before NRDS diagnosis, missing data. 

c) zero: follow up lost > 5% and no description of those lost 

d) zero:  no statement 
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

(adapted for cross-sectional studies) 

 

Selection (5 stars) 

 

1. Representativeness of the sample: 

a) ☆ Truly representative of the average in the target population (all subjects or random 

sampling). All eligible cases with NRDS diagnosis in the first 72 hours of life, all cases at 

NICU or sample calculation 

b) ☆ Somewhat representative of the average in the target group (non-random sampling). 

c) zero:  Selected group of users/convenience sample. 

d) zero:  No description of the derivation of the included subjects. 

 

2. Sample size: 

a) ☆ Justified and satisfactory (including sample size calculation).  

b) zero:  Not justified. 

c) zero:  No information provided 

 

3. Non-respondents: study group (CXR vs. US, CXR vs. clinic, RDS grades) 

a) ☆ Proportion of target sample recruited attains pre-specified target or basic summary 

of non-respondent characteristics in sampling frame recorded.  

b) zero:  Unsatisfactory recruitment rate, no summary data on non-respondents. 

c) zero:  No information provided 

 

4. Ascertainment of the exposure (risk factor): 

a) ☆☆ Medical records/chest x-ray diagnosis/clinical diagnosis  

b) ☆ structured interview where blind to case/control status  

c) zero:  Unsatisfactory information 
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Comparability (2 stars) 

 

1. Comparability of subjects in different outcome groups on the basis of design or analysis. 

Confounding factors controlled. 

a) ☆☆ Data/ results adjusted for relevant predictors/risk factors/confounders e.g., age, 

sex, etc.  

b) Zero: Data/results not adjusted for all relevant confounders/risk factors/information 

not provided.  

 

Outcome (3 stars): 

 

1. Assessment of outcome: 

a) ☆☆ independent blind assessment - NRDS vs. No NRDS (CXR, medical records, US, 

etc.)  

b) ☆☆ Unblinded assessment using objective validated methods.  

c) ☆☆Used non-standard or non-validated methods with gold standard.   

d) Zero: No description 

 

2. Statistical test: 

a) ☆ Statistical test used to analyse the data clearly described, appropriate and measures 

of association presented including confidence intervals and probability level (p value).  

b) Zero: Statistical test not appropriate, not described or incomplete. 
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3. OBJETIVOS 

3.1. OBJETIVO GERAL 

Avaliar a associação entre a maturidade pulmonar neonatal e a maturidade da pele, através de 

suas propriedades fotobiológicas. 

 

3.2. OBJETIVOS ESPECÍFICOS 

3.2.1. Verificar a associação entre a reflectância da pele e a Síndrome do Desconforto 

Respiratório do recém-nascido. 

3.2.2. Verificar a associação entre a reflectância da pele e a necessidade de suporte 

ventilatório nas primeiras 72 horas de vida. 

3.2.3. Verificar a associação entre a reflectância da pele e internação em Unidade de 

Terapia Intensiva Neonatal nas primeiras 72 horas de vida. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

 

4. MÉTODOS 

O presente estudo é parte do ‘Ensaio Clínico Multicêntrico: Detecção da prematuridade 

através da interação entre a luz e a pele neonatal: a validação do Preemie-teste’, RBR-3f5bm5, 

apresentado seus desfechos secundários previstos em protocolo. O protocolo de pesquisa 

encontra-se publicado na revista científica BMJ, intitulado Prematurity detection evaluating 

interaction between the skin of the newborn and light: protocol for the preemie-test multicentre 

clinical trial in Brazilian hospitals to validate a new medical device (1), APÊNDICE 1. O 

estudo recebeu financiamento da Fiocruz e Governo do Canadá, por contemplação na chamada 

internacional, Grand Challenges Canada Project Number: RSTPOC180713515. 

 

4.1. DESENHO DO ESTUDO 

Estudo caso-controle aninhado em uma coorte prospectiva, de um ensaio clínico 

multicêntrico com grupo único, mono-cego e braço único, linha do tempo apresentada na Figura 

2. 

 

 Seleção Avaliação Desfecho Alocação 

Tempo 0 0 72 horas Análise 

Seleção      

 Elegibilidade X    

 Termo de 

Consentimento Livre 

e Esclarecido 

X    

Intervenção      

 Dispositivo 

optoeletrônico 

 X  X 

Avaliação e 

Análise 

     

 Dados do dispositivo 

optoeletrônico 

 X  X 

 Ultrasom de 

referência 

X   X 

 Estudo caso-controle 

(maturidade 

pulmonar) 

    

 

Figura 2. Linha do tempo do estudo de pesquisa. 
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4.2. CENÁRIO E PERÍODO DO ESTUDO 

O estudo envolveu cinco hospitais brasileiros: Hospital das Clínicas da UFMG, Hospital 

Sofia Feldman, Hospital da Universidade Luterana do Brasil, Hospital Materno-Infantil de 

Brasília, e Hospital Universitário da Universidade Federal do Maranhão. Cada centro de 

referência obteve aprovação por comitê de ética de forma independente, sob o número CAAE: 

81347817.6.1001.5149, ANEXO 2, e todos os pais assinaram um formulário de consentimento 

informado em nome do recém-nascido antes de participar do estudo clínico.  

A obtenção da medida da reflectância da pele do recém-nascido ocorreu através do 

dispositivo optoeletrônico em protótipo, autorizado pela Agência Nacional de Vigilância 

Sanitária (ANVISA). Os dados foram disponibilizados para controle de qualidade e 

monitoramento da ANVISA e dos comitês de ética envolvidos. A medida da reflectância da 

pele foi realizada a partir do nascimento, até 24 horas de vida. Os participantes foram 

acompanhados por 72 horas ou até a alta ou morte, o que ocorresse primeiro, para o 

monitoramento de desfechos neonatais, alvo da atual pesquisa. Estes desfechos foram 

abordados a partir de prontuários médicos. A coleta de dados teve início em janeiro de 2019 e 

foi finalizada em maio de 2021. 

 

4.3. BOAS PRÁTICAS CLÍNICAS EM PESQUISA 

Todos os avaliadores que participaram da coleta de dados da pesquisa foram treinados e 

os centros colaboradores foram certificados para boas práticas clínicas em pesquisa, seguindo 

as exigências da ANVISA para ensaios clínicos envolvendo novos dispositivos médicos, 

normas da ISO14155:2011 (2). A Figura 3 ilustra um dos momentos de treinamento e o Quadro 

1. Protocolos desenvolvidos para qualidade em pesquisa. 
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Figura 3. Treinamento para boas práticas clínicas em pesquisa.  

Fonte: foto do acervo UFMG, com permissão dos participantes. 

 

Quadro 1. Protocolos desenvolvidos para qualidade em pesquisa. 

Procedimento Operacional 

Padrão 

Finalidade 

Critérios de elegibilidade Destina-se ao recrutamento de gestantes / puérperas, 

segundo critérios de elegibilidade para o Estudo 

Multicêntrico Brasileiro do Grupo Skinage (APÊNDICE 3). 

Algoritmo para avaliação da 

idade gestacional ao nascer 

 

Apresenta um algoritmo para avaliação da idade gestacional 

quando um último período menstrual confiável ou uma 

ultrassonografia obstétrica estão disponíveis no cenário do 

parto. Um software foi desenvolvido para processar 

automaticamente as entradas de dados na melhor estimativa 

da idade gestacional ao nascimento (3). 

Teste para avaliação da 

maturidade da pele do 

recém-nascido 

Descreve a técnica do exame para medida da reflexão 

cutânea, obtida por meio de aparelho optoeletrônico portátil, 

para estimar a idade gestacional do recém-nascido (4). 

O preemie-test  

(equipamento optoeletrônico 

desenvolvido) 

Destina-se à padronização do exame: inclui cuidados com 

o recém-nascido, procedimentos de limpeza do 

equipamento, o teste e seu descarregamento no tablet, 

assim como a notificação de problemas de funcionamento e 

eventos adversos (APÊNDICE 4). 

Registo de dados na 

plataforma skinage 

Destina-se aos procedimentos de registo de dados clínicos, 

imagens e sinais biológicos para os Estudos Multicêntricos 

do Grupo Skinage (APÊNDICE 5). 

Diagnóstico de SDR e 

TTRN 

Descreve os procedimentos para diagnóstico de distúrbios 

respiratórios relacionados à imaturidade nas primeiras 72 

horas de vida, a síndrome do desconforto respiratório do 

recém-nascido (SDR) e a taquipneia transitória do recém-

nascido (TTRN) (APÊNDICE 6) (5). 
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4.4. A ABORDAGEM DOS FAMILIARES 

Para conhecer a tecnologia envolvida e avaliar a participação no estudo, os familiares 

foram informados sobre a pesquisa através de folder ilustrativo, Figura 4. 

 

 

Figura 4. Folder ilustrativo sobre o equipamento optoeletrônico.  

Fonte: arquivo dos pesquisadores. 
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4.5. A INTERVENÇÃO E CEGAMENTO 

A tecnologia desenvolvida e patenteada pela Universidade Federal de Minas Gerais 

(UFMG), número BR1020170235688 (CTITPN862), é composta por três elementos: um 

conjunto sensor-receptor de luz, um processador e uma interface de comunicação com o 

usuário. O sensor emite a luz de LEDs no comprimento de onda de 400nm a 1200nm e, assim 

que a luz toca a pele sobre a sola do pé do recém-nascido, ele aciona 10 medições automáticas.  

O examinador toca a pele do recém-nascido por três vezes, no mesmo local, em sequência 

sinalizada pelo visor do equipamento, sendo o resultado final a mediana de 30 medidas. A luz 

interage com a pele sendo espalhada e o retorno da luz (refletância) em direção ao sensor é 

processado por uma unidade de controle e armazenado para análise. Sinais de alerta de erro são 

emitidos pelo aparelho em caso de movimento involuntário do recém-nascido ou do examinador 

sob a entrada de luz ambiente pelo sensor, sendo exigida uma nova tentativa (1). A Figura 5 

apresenta o protótipo do dispositivo utilizado pela equipe de pesquisa para a medida da 

reflectância da pele. A segurança deste dispositivo médico é classificada como Classe II, não-

invasiva e de médio risco, pela agência reguladora sanitária brasileira (ANVISA) (1). 

 

 

Figura 5. Dispositivo, em protótipo, utilizado na pesquisa, em uso para simulação em boneco.  

Fonte: arquivo dos pesquisadores. 
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O resultado obtido pelo equipamento foi cego para os pesquisadores. Desta forma, o 

código gerado era registrado pelo examinador. As leituras ficavam armazenadas no processador 

e, posteriormente, eram enviadas para base de dados eletrônica e armazenadas nos servidores 

de dados. O resultado, além de não acessível ao examinador, não era fornecido ao profissional 

cuidador da criança no cenário real, para que o estudo não interferisse na conduta clínica do 

profissional de saúde. Procedimento Operacional Padrão (POP) para execução do teste se 

encontra disponível no sitio Protocols.IO (6). 

Dados maternos, de parto e dos desfechos clínicos das 72 horas de vida do recém-

nascido eram coletados em formulário estruturado, APÊNDICE 7, a partir de prontuário médico 

e transferidos para um tablet com software desenvolvido para o estudo. A informação clínica e 

o valor de reflectância da pele (visualizado em código pelo examinador) eram armazenados em 

papel e eletronicamente, e eram ainda enviadas em tempo real para compor a base de dados 

digital. Cada pesquisador tinha seu kit, contendo o dispositivo optoeletrônico, o tablet e 

formulários impressos, Figura 6. 

 

 

 

 

 

 

 

 

Figura 6. Kit utilizado na pesquisa, contendo um equipamento optoeletrônico, um tablet e 

formulário de coleta de dados.  

Fonte: arquivo dos pesquisadores. 

 

 

O desenvolvimento do dispositivo incluiu etapas desde a bancada até a experimentação 

clínica (7). Foram analisados a melhor posição corporal para avaliar a refletância da pele e as 

influências ambientais, como umidade, temperatura, luz ambiente e tonalidade da pele do 

recém-nascido (8). A avaliação da pele pode ser realizada dentro de incubadoras, berço de calor 
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radiante, berço comum ou no colo da mãe, garantindo manipulação mínima e evitando o 

desequilíbrio das condições clínicas do recém-nascido. O sensor permite desinfecção completa 

com álcool antes e após o uso e, a calibração do equipamento foi realizada no início e no final 

do ensaio clínico (10). Os dados clínicos relacionados aos desfechos respiratórios foram 

coletados dos prontuários médicos. A Figura 7 ilustra as etapas da avaliação do recém-nascido 

durante o estudo. 

 

 

Figura 7. Etapas da avaliação da recém-nascido. 

Fonte: imagens do acervo do projeto, produzidas por designer. 

Nota: (1) Coletados dados sobre a gestação. (2) Gerado código da gestante participante pelo 

tablet e inserido no formulário de papel. (3) Exame da pele: o dispositivo optoeletrônico toca a 

sola do pé do recém-nascido. Três medições são feitas simultaneamente. (4) A luz LED interage 

com a pele, sendo então espalhada. A luz que retorna (refletância) em direção ao sensor é 

processada por uma unidade de controle e armazenada para análise. (5) Leitura da refletância 

da pele realizada pelo dispositivo optoeletrônico gera um código do recém-nascido, e é então 

enviado ao tablet. (6) Código referente ao exame da pele é visualizado no tablet e inserido no 

formulário de papel. (7) O examinador coleta dados clínicos relacionados ao desfecho 

respiratório após 72 horas do nascimento, a partir dos prontuários médicos. (8) Os dados 

clínicos são armazenados para análise.  

 

4.6. PARTICIPANTES 

Na coorte primária, um processo simultâneo e sequencial incluiu recém-nascidos com até 

24 horas de vida, de idade gestacional maior ou igual a 24 semanas, conforme determinado por 

ultrassom padrão, e foram recrutados entre 2 de janeiro de 2019 e 30 de maio de 2021. A 
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avaliação da maturidade da pele foi realizada nas primeiras 24 horas de vida, 

independentemente da localização do recém-nascido, seja na sala de parto, enfermaria ou 

unidade de internação intensiva. Nessa etapa foram excluídos recém-nascidos com 

malformação com alterações estruturais da pele e com modificadores da pele, como anidrâmnio, 

hidropisia, doenças congênitas da pele ou corioamnionite. 

  

4.6.1. Critérios de inclusão para o estudo caso-controle: a partir da coorte primária, os 

recém-nascidos com o desfecho nas primeiras 72 horas de vida de alta ou morte, 

o que ocorreu primeiro, com diagnóstico de Síndrome do Desconforto 

Respiratório ou sem diagnóstico respiratório foram selecionados. 

4.6.2. Critérios de exclusão: recém-nascidos com condições com taquipneia de causas 

não relacionadas à prematuridade, diagnóstico clínico ou laboratorial de 

infecção e malformação. Para evitar possível fator de confusão nas 

comparações, a TTRN, apesar de relatada em protocolo clínico, foi considerada 

critério de exclusão no estudo de caso-controle aninhado. A condição benigna 

e autolimitada, pode ser apresentada por recém-nascidos a termo ou prematuros, 

representando um dilema no diagnóstico, pois não se refere exclusivamente à 

maturidade pulmonar (11). 

 

4.7.  SELEÇÃO DOS GRUPOS DE ESTUDO 

A composição dos grupos de estudo, selecionado na coorte do ensaio clínico, atendeu aos 

seguintes critérios: 

4.7.1. Grupo caso: recém-nascido com diagnóstico de Síndrome do Desconforto 

Respiratório, em seguimento até 72 horas após o nascimento.  

4.7.2.  Grupo controle:  recém-nascido sem complicações respiratórias, em 

seguimento até 72 horas após o nascimento, pareados por idade gestacional. 
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4.8. HIPÓTESE 

O estudo testou a hipótese da sincronia entre a maturidade da pele do recém-nascido e a 

evolução do quadro clínico pulmonar nas primeiras 72 horas de vida, indicativo indireto da 

maturidade do sistema respiratório. Para isso, grupo de recém-nascidos com SDR foram 

comparados com um grupo sem complicações respiratórias, quanto à reflectância da pele à luz. 

4.9. VARIÁVEIS COLETADAS 

Foram coletados dados: (I) maternos: datação da gravidez, fatores de risco (distúrbios 

hipertensivos, diabetes, gestação múltipla, etc), uso de corticóide, infecções antenatais; (II) de 

parto: ressuscitação, hipóxia fetal intraparto, local de internação, sedação; (III) desfechos 

clínicos: dados vitais, suporte ventilatório, radiografia de tórax, hemograma, PCR, diagnóstico 

de complicações neonatais (SDR, TTRN, Icterícia, Sepsis), alta, internação ou óbito. Cada 

variável coleta no estudo foi devidamente definida em um dicionário de dados e coletada de 

forma padronizada, após o treinamento em Boas Práticas Clínicas. A descrição completa das 

variáveis encontra-se em APÊNDICE 8, retirado de Reis et al., 2022 (10). Durante a curadoria 

dos dados, os pesquisadores sêniores analisaram e confirmaram o diagnóstico de SDR de acordo 

com as diretrizes previamente descritas no protocolo do estudo (1).  

 

4.10. DESFECHOS 

4.10.1. Desfechos primários do estudo caso-controle: 

A associação entre a medida a refletância da pele do recém-nascido e a ocorrência de 

SDR. O diagnóstico de SDR foi feito através de critérios clínicos e radiológicos, por revisão do 

prontuário clínico, conforme procedimento padrão registrado (1). Estes achados foram 

observados durante as primeiras 72 de vida: (I) necessidade de oxigênio até 6 horas de vida, 

continuando até idade de 24 horas, (II) sinais de falência dentro das primeiras 24 horas, (III) 

necessidade de suporte ventilatório acima de 24 horas de idade, (IV) raio X alterado dentro das 

primeiras 24 horas, (V) administração de surfactante dentro das primeiras 24 horas de vida. 

  

Os sinais clínicos frequentes era taquipneia, cianose, gemência. Os sinais radiológicos 

compatíveis eram pulmões pouco insuflados e o padrão de opacidades reticulo-granulares em 

"vidro fosco" difusas e volume pulmonar reduzido, com broncogramas aéreos. A evolução do 
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quadro geralmente se caracterizava por insuficiência respiratória progressiva precoce com 

necessidade de suporte ventilatório e uso de surfactante, saturação abaixo de 92-95%, com piora 

progressiva e necessidade de maior fração inspirada de oxigênio (FiO2) acima de 35 a 45% para 

manter PO2> 50mmHg. Além de gasometria compatível com insuficiência pulmonar 

progressiva. Os diagnósticos diferenciais mais frequentes descartados eram sepse neonatal 

precoce e pneumonia congênita. 

 

4.10.2. Desfechos secundários do estudo caso-controle:  

A associação entre a medida a refletância da pele do recém-nascido e a taxa de admissão 

em UTIN e, o uso de suporte ventilatório nas primeiras 72 horas de vida. Foram considerados 

suportes ventilatórios invasivos e não invasivos: oxigênio suplementar por cânula nasal ou 

Hood, pressão positiva contínua nasal nas vias aéreas (CPAP), ventilação não invasiva (VNI) 

com pressão positiva bifásica nas vias aéreas e ventilação mecânica invasiva por tubo 

endotraqueal. 

 

4.11. ANÁLISE ESTATÍSTICA 

A estatística descritiva explorou as características demográficas e clínicas dos recém-

nascidos segundo grupos de interesse, RDS ou controle. A análise foi realizada por meio do 

cálculo de frequências e percentuais para variáveis categóricas. Foram calculados tendência 

central, média e mediana, dispersão, desvio padrão e intervalo interquartil (IQR) para variáveis 

quantitativas. O teste t para amostras independentes ou teste de Mann-Whitney foi utilizado para 

comparar variáveis contínuas, e o teste qui-quadrado ou teste exato de Fisher foi utilizado para 

comparar variáveis categóricas de acordo com a natureza de sua distribuição. 

 

A análise estatística inferencial avaliou a relação entre a refletância da pele e a ocorrência 

do desfecho. A aquisição do sensor produzida pela reflectância da pele foi a variável 

independente. A regressão logística foi utilizada para identificar potenciais influenciadores na 

ocorrência de SDR, como peso ao nascer e exposição pré-natal de corticoides. Análises 

semelhantes foram realizadas com os desfechos secundários, admissão na UTIN e necessidades 

de suporte ventilatório. A inferência foi estimada calculando Exp (B) com intervalos de 

confiança (IC) de 95%. O Nagelkerke R Square foi utilizado para medir quão bem as variáveis 
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independentes explicaram a variância no modelo. O teste de Wald foi utilizado para confirmar 

se um conjunto de variáveis independentes era coletivamente significativo para o modelo. As 

variáveis correspondentes a valores de P inferiores a 0,05 na análise univariada foram 

selecionadas para a análise multivariada, e as análises foram realizadas utilizando os dados 

disponíveis com imputação dos dados faltantes. O software estatístico SPSS 25.0 foi utilizado 

para a análise. 
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5. RESULTADOS E DISCUSSÃO 

Os resultados e discussão do estudo serão apresentados em formato de artigo, intitulado 

‘Assessment of skin maturity by LED light at birth and its association with lung maturity: 

clinical trial secondary outcomes’, aceito para publicação pela revista JMIR Biomedical 

Engineering em 27/10/2023, ANEXO 10. 

 

5.1. ARTIGO 2 

 

Assessment of skin maturity by LED light at birth and its association with lung 

maturity: clinical trial secondary outcomes 

 

Abstract  

Background: Clinicians face barriers when assessing lung maturity at birth due to global 

inequalities. Still, strategies for testing based solely on gestational age to predict the likelihood 

of respiratory distress syndrome (RDS) do not offer a comprehensive approach to addressing 

the challenge of uncertain outcomes. We hypothesize that a noninvasive assessment of skin 

maturity may indicate lung maturity. Objective: To assess the association between newborn’s 

skin maturity with RDS occurrence. Methods: We conducted a case-control nested in a 

prospective cohort study, a secondary endpoint of a multicenter clinical trial. The study was 

carried out in five Brazilian urban reference centres for highly complex perinatal care. Of 781 

newborns from the cohort study, 640 were selected for the case-control analysis. Newborns 

with RDS formed the case group and newborns without RDS were the controls. All newborns 

with other diseases exhibiting respiratory manifestations were excluded. Skin maturity was 

assessed from the newborn's skin over the sole by an optical device that acquired a reflection 

signal through a light-emitting diode sensor. The device, previously validated, measured and 

recorded skin reflectance for the purpose of comparative analysis. Clinical data related to 

respiratory outcomes were gathered from medical records during the 72-hour follow-up of the 

newborn, or until either discharge or death, whichever occurred first. The main outcome 

measure was the association between skin reflectance and RDS, using univariate and 

multivariate binary logistic regression. Additionally, we assessed the connection between skin 

reflectance and factors such as neonatal intensive care unit (NICU) admission and the need for 
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ventilatory support.  Results: Out of 604 newborns included, 470 (73.4%) were from the RDS 

group and 170 (26.6%) from the control group. According to comparisons between groups, 

newborns with RDS had lower gestational age (31.6 weeks vs. 39.1 weeks, P<.001), and birth 

weight (1491 grams vs. 3121 grams, P<.001) than controls, respectively. Skin reflectance was 

associated with RDS, Exp(B): .982 (95% CI: .979 to .985), model R2 .632, P<.001. This 

relationship kept significance when adjusted by cofactors of antenatal corticosteroid and birth 

weight, Exp(B): .994 (95% CI: .990 to .998), model R2 .843, P<.001. Secondary outcomes also 

showed differences in skin reflectance between Yes vs. No groups. The mean difference was 

.219 (95% CI: .200 to .238) and .223 (95% CI: .205 to .241) for ventilatory support and NICU 

admission analysis, respectively. Skin reflectance was associated with ventilatory support, 

Exp(B): .996 (.992 to .999), model R2 .814, P=.01, and with NICU admission, Exp(B): .994 

(.990 to .998), model R2 .867, P=.004. Conclusions: Our findings present a potential marker 

of lung immaturity at birth by an indirect method of skin assessment. Using the RDS clinical 

condition and a medical device, this study signalised the synchrony between lung and skin 

maturity. Trial Registration: RBR-3f5bm5 

 

Keywords 

Newborn infant; Prematurity; Neonatal respiratory distress syndrome; Skin physiological 

phenomena; Photometer; Gestational age 

 

INTRODUCTION   

 

Respiratory system maturation occurs in late gestation, in preparation for the time of birth [1], 

extending into early childhood [2]. Essential for normal lung development, epigenetic 

mechanisms are influenced by the environment throughout gestation and postnatally [3]. 

Therefore, whether term or preterm, newborns might have immature ventilatory function that 

may foster respiratory instability [1]. 

 

Difficulties in assessing lung maturity arise when a single parameter is considered since the 

systems and organs may be at different stages of matureness. This is noticeable when judging 

maturity by gestational age when divergent pulmonary functional maturity is found between 

peers of age [4]. Whilst at different stages of development, organs can be affected by growth 

and differentiation factors released from other organs, as suggested by studies with 
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multidimensional scaling and hierarchical cluster analysis of growth patterns during the foetal 

period [5]. 

Regarding the ability to interact with the external environment through the skin, a full-term 

newborn presents a complete or near entire competent epidermal barrier at birth. The skin 

barrier maturity, with an efficient stratum corneum, achieved at around 34 weeks [6], prevents 

transepidermal water loss from the skin surface, maintaining the newborn infant temperature 

[7]. An immature skin barrier at birth leads to hypothermia, which in turn increases the 

likelihood of developing respiratory distress syndrome (RDS), intraventricular haemorrhage, 

late-onset sepsis, and mortality [8].  

 

Similarly to the skin, the lung shows signs of readiness for extrauterine life in the last trimester 

of gestation [9], with peak of alveoli maturation and surfactant production at 35 weeks of 

gestation [10]. Reduced surfactant, the major cause of RDS, causes low functional residual lung 

capacity, increasing the work of breathing and terminal airways collapse. As a result, an 

increased ventilation-perfusion mismatch can lead to the need for ventilatory support [11], 

which in turn increases the metabolic and caloric demand to maintain temperature [12].  

Although the point of view of care for lung immaturity is often related to the inability of the 

epidermal barrier to retain heat, there are few studies in this regard. Taesch et al., 1972 

demonstrated that skin age is an indicator of lung age by studying rabbits [13]. 

 

In terms of access to lung maturity assessment, as well as advanced neonatal care, there is 

inequality around the world [14]. In these circumstances, knowing the risks of respiratory 

morbidity with accuracy might help in making more balanced decisions and determining the 

most appropriate care. Still, testing strategies based on gestational age for predicting the 

likelihood of RDS does not provide a complete approach to addressing the dilemma of 

indeterminate outcomes [10]. In response, non-invasive assessment methods have been 

proposed. A new photobiological device proved to correctly classify preterm newborns, with 

91.4% accuracy, using a mathematical algorithm based on skin maturity and clinical adjusters 

[15]. In this context, the ability to accurately assess skin maturation and the potential synchrony 

of skin-lung development enables a study of a possible marker of lung maturation. The aim of 

this study was to assess the relationship between the newborn’s skin maturity with RDS.  
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METHODS 

 

Setting 

 

The present study was carried out in five Brazilian urban reference centres for highly complex 

perinatal care in different regions: Southeast, Hospital de Clínicas of Universidade Federal de 

Minas Gerais (as coordinator) and Hospital Sofia Feldman; South, Hospital of Universidade 

Luterana do Brasil; Center-west, the Hospital Materno Infantil de Brasília; and Northeast, the 

University Hospital of Universidade Federal do Maranhão.  

 

Ethics Approval 

 

The trial protocol received approval from the independent ethics review board at each reference 

center, under the CAAE number: 81347817.6.1001.5149 at the Brazilian National Research 

Council. The procedures followed the Helsinki Declaration of 1975, as revised in 2013 [16], 

and all parents provided informed consent on behalf of their newborns before participating in 

the clinical trial. 

 

Study design 

 

This was a case-control nested in a prospective cohort study to investigate a secondary outcome 

within a multicenter clinical trial investigation with a single group, single-blinded, and single-

arm. The clinical trial protocol was disclosed in the World Health Organization’s International 

Clinical Trial Platform—Brazilian Clinical Trials (registered under trial number RBR-3f5bm5). 

 

Participants 

 

In the primary cohort, a concurrent and sequential process enrolled newborns who were up to 

24 hours old, had a gestational age of at least 24 weeks as determined by standard ultrasound, 

and were recruited between January 2, 2019, and May 30, 2021. Skin maturity assessment was 

conducted within the first 24 hours of life, regardless of the newborn’s location, whether it was 

in an incubator, heated crib, bassinet in the hospital room, or on the mother’s lap. All 

participants were followed for a period of 72 hours or until discharge, or in the event of death, 

whichever occurred first, for the assessment of lung maturity. The examiner, who was blind to 
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the results of skin assessment, collected respiratory outcome data from medical charts. This 

study focused on the 72 hours follow-up data. More details about the study protocol can be 

found in a previous publication [17]. Timeframe of enrolment, intervention with the optical 

device and respiratory outcome measurements is depicted in a schematic diagram (Figure 1), 

adapted from Reis et al., 2019 [18]. 

 

 

Figure. 1. Participant enrollment timeline. 

 

We included newborns diagnosed with RDS based on clinical and radiological criteria after 

reviewing their clinical records. Newborns with immature lungs, those diagnosed with RDS, 

formed the case group, and newborns with mature lungs, those without a respiratory diagnosis, 

were randomly paired by gestational age ranges to form the control group. Newborns with 

extrapulmonary conditions, tachypnea due to other causes than prematurity, and diagnosis of 

infection were excluded. 

 

Skin assessment 

 

The skin assessment occurred with an optical device previously detailed [15], Figure 2.  Briefly, 

to obtain the skin reflectance a light emitting diode (LED) sensor of wavelengths from 400 nm 
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to 1200 nm touches the newborn's sole for a few seconds and triggers 10 automated 

measurements. Three measurements were performed, resulting in 30 automatic values to obtain 

the average reflection. The processor then captured the variations resulting from the interaction 

of skin and LED light and kept it in storage for analysis. The data processor estimates lung 

maturity using machine learning algorithms. The evaluation advocated minimal manipulation, 

being performed in the position where the newborn was, after hand hygiene and sensor 

disinfection. The best body position to assess skin reflectance and possible influences such as 

humidity, temperature, ambient light, and skin tone of the newborn were evaluated beforehand 

[19-20]. The reliability of skin assessment with the device was previously reported. The 

intraobserver and interobserver variability were: 1,97% (95% CI 1.84% to 2.11%) and 2.6% 

(95% CI:  2.1% to 3.1%), respectively [15]. 

 

Figure. 2. Steps of skin assessment. 

Note: (1) The device touches the skin. (2) The standard body position for assessing skin 

reflectance in newborns is the sole. (3) Three measurements are taken simultaneously. (4) The 

LED light interacts with the skin, scattering the light, and the returned light (reflectance) 

towards the sensor is processed by a control unit and stored for analysis. (5) The user inputs 

clinical data such as birth weight and prenatal corticosteroid use. (6) The user collects vital data 

during the procedure. (7) The data is recorded and stored for analysis. (8) The data processor 

estimates lung maturity using machine learning algorithms, associating light reflection and 

respiratory outcomes. 
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The results obtained by the equipment were concealed from the researchers. The readings were 

stored in the processor and later transmitted to an electronic database, where they were stored 

on data servers. The results, apart from being inaccessible to the examiner, were also not shared 

with the professionals responsible for the child's care in the actual scenario. This approach 

ensured that the study did not interfere with the clinical decisions made by the healthcare 

professionals. 

 

Clinical Data  

 

To ensure proper data acquisition, all examiners were trained according to good clinical practice 

as recommended by the Brazilian Regulatory Health Agency [17]. Data related to respiratory 

outcomes were collected from medical records. During the data curation, the senior clinician 

analyzed and confirmed the RDS diagnosis according to the guidelines previously described in 

the study protocol [21]. The framework of the clinical variables and skin acquisitions is 

available in Multimedia Appendix 1, as documented in the previous report by Reis et al., 2022 

[15].   

 

We developed dedicated software to collect structured clinical data and associate them with the 

skin reflection of each newborn from five perinatal centers simultaneously. Examiners used 

individual sets of instruments, including a tablet, optical device, and paper versions of the 

clinical data forms. A double approach, on paper and electronically, allowed verification of 

clinical data for reliability and validity, later validated by specialists in data curation.  

 

Primary outcome 

 

The primary outcome was the association between RDS occurrence and skin light reflection.  

The diagnosis of RDS was based on a previously published clinical trial protocol [21]. In brief, 

it considered clinical, laboratory, and radiological findings. The observations made during the 

first 72 hours of life included tachydyspnea, the need for oxygen or ventilatory support after 24 

hours of age, the requirement for surfactant replacement, and abnormal X-ray findings. The 

main radiological signs included underinflated lungs and a pattern of diffuse 'ground glass' 

reticulo-granular opacities, along with reduced lung volume and air bronchograms. 

 

 



93 
 

 

Secondary outcomes 

 

The secondary outcomes were the association between the skin reflectance and NICU 

admission and the need for ventilatory support. Both invasive and noninvasive ventilatory 

supports were taken into account: supplemental oxygen by nasal cannula or Hood, nasal 

continuous positive airway pressure (CPAP), noninvasive ventilation (NIV) with biphasic 

positive airway pressure, and invasive mechanical ventilation through the endotracheal tube.  

 

Statistical analysis 

 

Descriptive statistics explored the demographic and clinical characteristics of newborns 

according to groups of interest, RDS, or control. Analysis was performed by calculating 

frequencies and percentages for categorical variables. The central tendency, mean and median, 

dispersion, standard deviation, and interquartile range (IQR) were calculated for quantitative 

variables. The independent sample t-test or Mann-Whitney test was used to compare continuous 

variables, and the chi-squared test or Fisher's exact test was used to compare categorical 

variables according to the nature of their distribution.  

 

The inferential statistical analysis evaluated the relationship between skin reflectance and 

outcome occurrence. The sensor acquisition produced by the skin reflection was the 

independent variable. Logistic regression was used to identify potential influencers on RDS 

occurrence as birth weight and antenatal corticoid exposition. Similar analyses were conducted 

with the secondary outcomes, NICU admission, and ventilatory support needs. Inference was 

estimated by calculating Exp (B) with 95% confidence intervals (CI). The Nagelkerke R Square 

was used to measure how well the independent variables explained the variance in the model. 

Wald test was used to confirm if a set of independent variables were collectively significant for 

the model. The variables corresponding to P-values less than 0.05 in the univariate analysis 

were selected for the multivariate analysis, and analyses were performed using the available 

data with imputation of the missing data. The statistical software SPSS 25.0 was used for the 

analysis.  
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RESULTS 

 

At the end of the cohort study of 781 newborns, 640 were selected for the case-control analysis 

according to eligibility criteria (Figure 3). 

 

 
 

Figure. 3. Flow diagram of participants included in the 72-hour follow-up study.  

The main characteristics of antenatal care and newborn infants are shown in Table 1, overall 

and by groups. There were five missing data, all from four newborns, 1: referring to information 

on the use of ACTMF; 2: the presence of diabetes; 3: the first minute APGAR score and; 4: the 

5th minute Apgar score. According to comparisons between groups, newborns with RDS had 

lower gestational age (31.6 weeks vs. 39.1 weeks, P<.001), and birth weight (1491 grams vs. 

3121 grams, P<.001) than controls, respectively. During the 72 hours follow-up, significantly 

different rates were found between groups regarding NICU admission, 170 (100%) vs 16 

(3.4%), P<.001, mortality 5 (9.2%) vs 0 (0%), P<.001, and need for ventilatory support 160 

(100%) vs. 6 (1.3%), P<.001, RDS and control respectively. 
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Table. 1. Clinical characteristics of the studied newborns. 

Variable Total 

(n=640) 

RDS 

(n=170) 

Controls 

(n=470) 

P-value 

(Cases x 

Control) 

Maternal characteristics  

 ACTMFa, n/N (%) 192 (30.0) 147 (87.0) 45 (9.6) <.001 

 Diabetes, n/N (%) 90 (14.1) 41 (24.1) 49 (10.4) <.001 

 HDPb, n/N (%) 129 (20.2) 66 (38.8) 63 (13.4) <.001 

 Multiple gestation, n/N (%) 101 (15.8) 67 (39.4) 34 (7.2) <.001 

Demographic data at the birth 

 GAc (weeks), median (IQR) 38.1 (6.0) 31.6 (3.6) 39.1 (2.7) <.001 

 Preterm, n/N (%) 250 (39.1) 169 (99.4) 81 (17.2) <.001 

 Sex, male, n/N (%) 320 (50.0) 89 (52.4) 231 (49.1) .53 

 Birth weight (g), median 

(IQR) 

2688 (905) 1491 (513) 3121 (561) <.001 

 Birth weight classification:       <.001 

   >2500 grams, n/N (%) 420 (65.6) 4 (1.0) 416 (99.0)  

   LBWd, n/N (%) 130 (20.3) 79 (46.5) 51 (10.9)  

   VLBWe, n/N (%) 58 (9.1) 55 (32.4) 3 (0.6)  

   ELBWf, n/N (%) 32 (5.0) 32 (18.8) 0 (0)  

 1-minute Apgar score, 

median (min,max) 

9 (1,10) 8 (1,9) 9 (2,10)  

 5-minute Apgar score, 

median (min,max) 

9 (5,10) 9 (5,10) 9 (6,10)  

 Neonatal resuscitation first 

steps, n/N (%) 

268 (41.9) 160 (94.1) 108 (23.0)  

 Neonatal resuscitation steps, 

PPVg, n/N (%) 

95 (14.8) 75 (44.1) 20 (4.3)  

 Neonatal resuscitation steps, 

intubation, n/N (%) 

26 (4.1) 24 (14.1) 2 (0.4) <.001 

 Advanced resuscitation, n/N 

(%) 

2 (0.3) 2 (1.2) 0 <.001 

Follow-up within 72 hours      

 NICUh admission, n/N (%) 186 (29.1) 170 (100.0) 16 (3.4) <.001 

 Discharge, n/N (%) 395 (61.7) 0 (0) 395 (84.0) <.001 

 Mortality, n/N (%) 5 (0.8) 5 (2.9) 0 (0) .07 

 Incubator, n/N (%) 166 (25.9) 152 (89.4) 14 (3.0) <.001 

 Ventilatory support, n/N 

(%): 

176 (27.5) 170 (100.0) 6 (1.3) <.001 

  MVi, n/N (%) 54 (8.4) 51 (30.0) 3 (0.6) <.001 

  NIVj, n/N (%) 43 (6.7) 43 (25.3) 0 (0) <.001 

  CPAPk, n/N (%) 156 (24.4) 153 (90.0) 3 (0.6) <.001 

  NCL, n/N (%) 2 (0.3) 2 (1.2) (0) <.001 

 Surfactant therapy, n/N (%) 73 (11.4) 73 (42.9) (0) <.001 

a Antenatal Corticosteroid Therapy for Fetal Maturation Exposition. b Hypertensive Disorders 

of Pregnancy. c Gestational Age. d Low birth weight (LBW): <2500 grams. e Very low birth 
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weight (VLBW): <1500 grams. f Extremely low birth weight (ELBW): <1000 grams. g Positive 

Pressure Ventilation. h Neonatal Intensive Care Unit. I Invasive mechanical ventilation. j 

Noninvasive mechanical ventilation with bilevel-   positive airway pressure. k Continuous 

positive airway pressure. L Oxygen by nasal cannula. 

Concerning the primary outcome, different reflectance of the skin over the sole was observed 

between the groups studied (Figure 4). The reflectance range for the RDS group was between 

.588 to 1.208 with a mean of .945 ± .118, and for the control group was between .717 to 1.274 

with a mean of 1.172 ± .103. The mean difference of reflectance between groups was -.227 

(95% IC: -0.246 to - 0.208), P<.001. 

 

 

 

Figure. 4. Primary outcomes: newborn skin reflection acquired on the sole of the foot on the 

first day of life, according to groups of study. 

 

The univariate analysis showed correlation between skin reflection and RDS. The skin 

reflectance was associated with RDS in univariate analysis Exp(B): .982 (95% CI: .979 to .985), 

R2 .632, P<.001 and adjusted by cofactors, Exp(B): .994 (95% CI: .990 to .998), model R2 .843, 

P<.001, Table 2. Skin reflection was associated with RDS regardless of ACTMF and birth 

weight introduction in the multivariate model. 
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Table. 2. Univariate and multivariate analysis of the association between skin maturity and the 

occurrence of RDS, acquired by the optical device. 

Variable Univariate analysis Multivariate analysis 

 Exp (B) 

(95% CI) 

Wald 

test 

R2 Exp (B) 

(95% CI) 

Wald 

test 

R2 

Skin 

reflection 

.982  

(.979 to .985)a 

P<.001 .632 .994  

(.990 to .998) 

P=.001  .843b 

Birth weight  .995 

(.994 to .996)  

P<.001 .825 .996 

(.996 to .997) 

P<.001    

ACTMFc 63.106  

(36.655 to 108.646) 

P<.001 .621 2.854 

(1.207 to 6.749) 

P=.02   

R2: Nagelkerke R square. a 103. b P-value for the multivariate model. c Antenatal Corticosteroid 

Therapy for Fetal Maturation Exposition 

 

Secondary outcomes data showed differences in skin reflectance between studied groups (Yes 

vs. No) for both analysed variables, ventilatory support and NICU admission, Figure 5 and 

Figure 6 respectively. Regarding ventilatory support, the skin reflectance ranged from .588 to 

1.305 with a mean of .952 ± .009, and .717 to 1.474 with a mean of 1.172 ± .005, for the Yes 

and No groups, respectively. The mean difference was .219 (95% IC: .200 to .238), P<.001. 

For NICU admission analysis, the skin reflectance ranged from .588 to 1.304 with a mean of 

.953 ± .009, and .717 to 1.473 with a mean of 1.176 ± .005, for Yes and No groups, respectively. 

The mean difference was .223 (95% IC: .205 to .241), P<.001.  
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Figure. 5. Secondary outcomes: newborn skin reflection acquired on the sole of the foot in the 

first 24h of life, according to Ventilatory support use, yes or no. 

 

 

 

Figure. 6. Secondary outcomes: newborn skin reflection acquired on the sole of the foot in the 

first 24h of life, according to NICU admission, yes or no. 
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Univariate and multivariate analysis of secondary outcomes are summarised in Tables 3 and 4, 

for ventilatory support and NICU admission respectively. Skin reflection was associated with 

the need for ventilatory support in the univariate analysis, Exp(B): .983 (.981 to .986), model 

R2 .598, P<.001, as well as in the cofactor-adjusted analysis, Exp(B): .996 (.992 to .999), model 

R2 .814, P=.01. Similarly, there was association between skin maturity and NICU admission in 

the univariate analysis, Exp(B): .928 (.979 to .985), model R2 .635, P<.001, and multivariate 

analysis, Exp(B): .994 (.990 to .998), model R2 .867, P=.004. 

 

 

Table. 3. Secondary outcomes: univariate and multivariate analysis of the association between 

skin maturity and the need for ventilatory support, during 72 hours of life. 

 

Variable Univariate analysis Multivariate analysis 

 Exp (B) 

(95% CI) 

Wald 

test 

R2 Exp (B) 

(95% CI) 

Wald 

test 

R2 

Skin 

reflection 

.983 

(.981 to .986) a 

P<.001 .598 .996  

(.992 to .999) 

P=.01 .814b 

Birth 

weight  

.996 

(.995 to .993) 

P<.001 .801 .997  

(.996 to .998) 

P<.001  

ACTMFc 56.108  

(33.307 to 94.520) 

P<.001 .607 2.677  

(1.209 to 5.924) 

P=.01  

R2: Nagelkerke R square. a 103. b P-value for the multivariate model. c Antenatal Corticosteroid 

Therapy for Fetal Maturation Exposition 
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Table. 4. Secondary outcomes: univariate and multivariate analysis of the association between 

skin maturity and NICU admission, during 72 hours of life. 

Variable Univariate analysis Multivariate analysis 

 Exp (B) 

(95% CI) 

Wald 

test 

R2 Exp (B) 

(95% CI) 

Wald 

test 

R2 

Skin 

reflection 

.928  

(.979 to .985)a 

P<.00

1 

.635 .994  

(.990 to .998) 

P=.004 .867b 

Birth 

weight  

.995  

(0.994 to .996) 

P<.00

1 

.852 .996  

(.995 to .997) 

P<.001   

ACTMFc 72.288  

(42.238 to 123.715) 

P<.00

1 

.648 2.908  

(1.223 to 6.9155) 

P=.02   

R2: Nagelkerke R square. a 103. b P-value for the multivariate model. c Antenatal Corticosteroid 

Therapy for Fetal Maturation Exposition 

 

 

DISCUSSION 

 

Principal Findings  

The main contribution of this study is to demonstrate the skin maturity assessment as a potential 

marker of lung maturation. We found an association between skin immaturity and the 

occurrence of RDS, as well as a similar association with other respiratory outcomes such as 

NICU admission and the need for ventilatory support. Skin reflectance at newborns’ soles, 

assessed within the first 24 hours of life using an optical device, indicated its maturity. 

Respiratory outcomes related to lung maturity at 72 hours of life were obtained from medical 

records. These results could enhance neonatal care, as knowledge of lung maturity, regardless 

of the newborn's gestational age, can facilitate individualised care in the first hours of life. 

 

Our findings reinforce the theory of the parallel development of the organs, with the similarity 

between the stages, which may allow the indirect evaluation of an organic system based on the 

measurements of another, regardless of age [13]. Studies in animal models have shown the 
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similarity in the process of lipids production between stratum corneum and pulmonary 

surfactant [22]. Predicting surfactant deficiency before respiratory deterioration depends on a 

combination of clinical signs and lung imaging [23]. Therefore, a timely indication of surfactant 

therapy may be postponed due to various factors such as the lack of specificity in the initial 

phase of the imaging methods or the absence of the exam in low-and-middle income countries 

(LMIC), and the masked signs of RDS severity by early CPAP protocols [24, 25]. In this 

context, skin assessment appears to be a potential alternative, as the present study demonstrated 

an association between skin reflectance and the need for ventilatory support in the first 72 hours 

of life. To the best of our knowledge, this is a pioneering study of pulmonary assessment using 

an indirect and non-invasive method.  

 

The study presented no intention of predicting RDS or other complications related to pulmonary 

immaturity since it had a nested case-control design. Removing confounding disease as sepsis, 

malformations and other respiratory diagnoses was essential to analyse the relationship between 

skin maturity and RDS. This analysis plan was stated in the clinical trial protocol [18]. Besides, 

ACTMF and birth weight were included in the multivariate model aiming at the association of 

skin-lung maturity, independently and adjusted. A comprehensive sample of newborns with 

train-test procedures on machine learning approaches is still necessary to provide valuable 

models of RDS prediction using skin reflection. 

 

Furthermore, the current work found an association between skin reflection and NICU 

admission when adjusted by cofactors of birth weight and ACTMF. Previous reports 

demonstrated the likelihood of preterm newborns, especially those with low birth weight, 

requiring NICU monitoring due to hypothermia [22]. This population is prone to uncontrolled 

heat loss, leading to hypoglycemia and hypoxemia, resulting in metabolic acidosis and, 

eventually, associated respiratory distress [26]. Predicting which infants will become 

symptomatic of RDS is not always possible before birth. If not recognised and managed 

quickly, respiratory distress can escalate to respiratory failure and cardiopulmonary arrest [27]. 

Clinical evaluation of foetal lung maturity based on analysis of lecithin/sphingomyelin (L/S) 

ratio and lamellar body count demands amniocentesis, which is an invasive procedure that poses 

potential risks, such as preterm labour, fetomaternal haemorrhage or even death [28]. Besides, 

there is a large difference in sensitivity and specificity among laboratory analyses, depending 

on the test [25]. Therefore, antenatal assessment of foetal lung maturity is limited and we 
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believe that a noninvasive method to assess lung maturity at birth can meet the actual clinical 

needs. 

Medical technologies for monitoring fetal and maternal health are not equally accessible [29]. 

In LMIC, among the challenges is the transfer of the newborn to specialised services due to 

suboptimal modes of transport and difficult and time-consuming routes [30]. Therefore, early 

assessment of lung maturity could improve resource allocation, supporting the indication for 

transport, and potentially lowering the mortality risk. The studied device can be easily applied 

by several health professionals, favouring assistance especially in low-resource settings. The 

present study is the first step in this context, showing a possible agreement between lung and 

skin maturation, relying on RDS strictly due to immaturity.  

 

Limitations  

To assess pulmonary readiness to the extrauterine life, data analysis was based on the RDS 

scenario strictly caused by immaturity and, therefore, unable to predict the occurrence of RDS. 

Since this case-control study excluded other neonatal conditions, a comprehensive analysis 

including all causes of respiratory distress at birth is necessary.  

 

Strengths 

As far as we know, this was the first research to demonstrate the phenomenon of association 

between skin and lung maturity assessed postnatally. Through an accessible technological tool, 

which can be integrated into current clinical practice, a therapeutic possibility arises for the 

indirect assessment of lung maturity.  

Despite the case-control methodology, data collection was prospective, the research protocol 

was previously published, and the team was trained and certified [17].  
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Future Directions 

 

To develop and validate a predictive model for RDS, a study that includes all causes of 

respiratory distress at birth is necessary. We already have a study underway for this purpose. 

 

 

CONCLUSION 

The study showed the potential to identify RDS and immediate respiratory complications in the 

first 72 hours of life through skin assessment based on the synchronous development between 

lung and skin. Results, however, may not be applicable for predicting RDS, ventilatory support, 

or NICU admission. 
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6. CONSIDERAÇÕES FINAIS 

Para abordar o desenvolvimento da tecnologia inovadora, foi realizado um estudo 

multidisciplinar integrando a Medicina, Física e Computação, o que gerou um ambiente de 

pesquisa rico e promissor, mas também inerentemente complexo. Dentre os desafios 

enfrentados, estavam a criação de uma linguagem comum a todas as áreas de conhecimento, a 

integração de diferentes métodos de pesquisa em um único estudo, e o gerenciamento, 

processamento e análise de maneira eficiente e precisa de um grande volume de dados de várias 

fontes, como imagens médicas, dados físicos e informações computacionais.  A colaboração 

interdisciplinar foi essencial para superar os desafios da saúde e da tecnologia contemporâneas. 

Os dispositivos médicos desempenham um papel importante na prática da medicina, 

contribuindo para a melhoria da qualidade e eficácia dos cuidados de saúde. Entretanto, existem 

alguns desafios quanto a definição dos resultados relevantes para ensaios clínicos em 

dispositivos médicos, em parte, devido à grande variação na complexidade e aplicação dos 

diferentes tipos de dispositivos, como produtos diagnósticos, de prevenção ou tratamento e 

cuidado de doenças (1). Além disso, a disseminação de tecnologia na área da saúde é 

desafiadora em países em desenvolvimento. Realizar um ensaio clínico no Brasil envolvendo 

uma nova tecnologia envolve diversos desafios, como um sistema regulatório de ensaios 

clínicos complexo e rigoroso, com aprovações de protocolos demoradas e burocráticas; 

disparidades regionais quanto a infraestrutura de pesquisa; diversidade étnica e a distribuição 

geográfica dos participantes pode afetar a representatividade dos estudos; variações regionais 

na assistência médica pode afetar a padronização do cuidado e a qualidade dos dados coletados; 

além da dificuldade em garantir financiamento adequado (2-5). Superar esses desafios 

demandou uma colaboração eficaz entre pesquisadores, patrocinadores, reguladores e 

instituições de saúde e, um planejamento de pesquisa cuidadoso. 

A pandemia da COVID-19 também trouxe desafios significativos para a pesquisa clínica e 

a coleta de dados, pois a segurança dos participantes e da equipe de pesquisa se tornou uma 

prioridade máxima. Manter a pesquisa durante a pandemia exigiu uma abordagem cuidadosa e 

adaptativa, e dentre os desafios e estratégias para garantir a segurança de todos os envolvidos, 

foram o seguimento das diretrizes das autoridades de saúde e reguladoras, a interrupção 

temporária da coleta de dados, e o treinamento em medidas de prevenção da COVID-19 e 

acesso ao equipamento de proteção pessoal. 
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Outro desafio enfrentado pelos pesquisadores foi o cuidado com a qualidade da evidência 

científica dos resultados e a redução de viés. O problema do viés da indústria nos relatórios de 

resultados dos dispositivos médicos tem grande relevância, sendo essenciais o embasamento 

científico e a transparência (1). O protótipo do dispositivo estudado foi construído pela UFMG, 

em laboratórios universitários por físico, engenheiro elétrico e técnicos de informática, com 

apoio de empresa contratada.  Seu desenvolvimento seguiu a regulamentação nacional 

pertinente prevista na Resolução RDC N°10, de 20 de fevereiro de 2015 da ANVISA e, teve 

apoio direto desta, para liberar o uso do equipamento em protótipo para o estudo. A conquista 

de várias fontes de financiamento foi fator essencial para garantir a viabilidade da pesquisa. Os 

testes realizados com o dispositivo da presente pesquisa foram planejados e executados em 

conformidade com as Boas Práticas para Ensaios Clínicos Multicêntricos previstos no 

Documento da Américas 2005 da Organização Mundial de Saúde / Organização Pan-americana 

de Saúde. Para isso foram atendidos os requisitos e padrões internacionais de qualidade ética e 

científica para delinear, conduzir, registrar e relatar resultados de ensaios clínicos envolvendo 

seres humanos. Toda equipe realizou o curso de Boas Práticas Clínicas, treinamento para 

utilização do equipamento e abordagem segura e ética dos voluntários da pesquisa, normas da 

ISO14155:2020. Os centros colaboradores foram certificados, monitorados e apoiados pela 

coordenação do estudo na Faculdade de Medicina da UFMG, com suporte do Centro de 

Pesquisas Clínicas da Universidade Federal de Minas Gerais, vinculado à Rede Nacional de 

Pesquisa Clínica (RNPC) em Hospitais de Ensino. Além disso, para garantir dados confiáveis 

e para que a nova tecnologia fosse avaliada com a melhor evidência científica e imparcialidade, 

foi realizado um minucioso processo de conferência e validação dos dados. Um sistema duplo, 

em papel e eletrônico, revisado na íntegra por avaliador independente, permitiu auditoria quanto 

à confiabilidade e validade.  

A realização desse projeto não teria sido possível sem o empenho, dedicação e colaboração 

de todos os envolvidos no estudo.  O comprometimento e entusiasmo dos profissionais de saúde 

e dos alunos de iniciação científica desempenharam um papel fundamental na coleta de dados. 

O suporte tecnológico excepcional ao longo do projeto desempenhou um papel crítico na coleta 

e análise de dados garantindo eficiência e precisão à pesquisa. A equipe responsável pela 

calibração e manutenção dos equipamentos utilizados em nosso estudo garantiu as perfeitas 

condições de funcionamento, proporcionando resultados confiáveis. A pesquisa foi uma 

colaboração complexa e multifacetada que envolveu muitos esforços e habilidades diferentes. 

Cada um da equipe desempenhou um papel único e valioso nesse empreendimento. O sucesso 
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deste estudo foi um testemunho da capacidade da equipe de trabalhar juntos de forma eficaz, 

mesmo em face de desafios complexos.  

Os resultados encontrados no estudo mostram a necessidade de se desenvolver ferramentas 

de apoio diagnóstico pós-natal para a SDR ao mesmo tempo em que aponta um ponto de partida 

para um potencial marcador de maturidade pulmonar.  O estudo mostrou que radiografia 

torácica ainda é considerada uma ferramenta padrão para auxiliar no diagnóstico de SDR, no 

entanto a prática clínica tem evoluído ao longo dos anos e, uma abordagem baseada em 

evidências clínicas pode ser mais benéfica, especialmente quando se leva em consideração que 

a exposição à radiação é uma preocupação em recém-nascidos. A escassez de estudos dedicados 

a avaliar a relevância da radiografia torácica para a avaliação da SDR deixou incerto se o uso 

do exame se faz obrigatório para o diagnóstico e classificação da gravidade.  Dessa forma, 

justifica-se a busca por uma ferramenta de apoio diagnóstico para SDR. Essa foi a primeira 

pesquisa realizada em recém-nascidos a evidenciar um importante fenômeno associativo entre 

maturidade cutânea e pulmonar, através de uma ferramenta tecnológica não-invasiva, acessível 

e de fácil manuseio.  O equipamento optoeletrônico desenvolvido surge como um potencial 

marcador de maturidade pulmonar, fundamental nos cenários de nascimento sob risco de 

desenvolver SDR, para auxiliar na tomada de decisão clínica. Este estudo foi a primeira etapa 

para avaliar a capacidade da tecnologia em detectar a maturidade pulmonar. Para avaliar o 

potencial preditor de SDR do equipamento, foi desenvolvido outro estudo pela equipe de 

pesquisa, que encontra-se em fase final de publicação. 

Extrapolando o potencial preditor de SDR para o âmbito da Fisioterapia respiratória 

neonatal, o equipamento tem potencial para auxiliar na prática clínica, especialmente nos casos 

de recém-nascidos sem deterioração do quadro respiratório ao nascer, no entanto sob o risco de 

piora ao longo das primeiras horas de vida, como os prematuros tardios. O teste da maturidade 

pulmonar pode vir a direcionar a monitorização mais rigorosa daqueles identificados como 

maior risco de desenvolver a SDR, antecipar as melhores práticas no manejo da síndrome como 

adequação de suporte ventilatório e tratamento com surfactante em tempo hábil. 

Com relação a garantia de que os benefícios e danos da aplicação do dispositivo em 

ambientes do mundo real sejam semelhantes aos dados de ensaios clínicos existentes, a 

avaliação pré-comercialização e a aprovação de dispositivos médicos de alto e médio risco 

devem ser combinadas com a vigilância pós-comercialização contínua (1). Diante disso, um 

estudo pós-mercado está sendo planejado em cenário com poucos recursos tecnológicos, nas 
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regiões do Amazonas, Rio Grande do Norte, Mato Grosso do Sul e Minas Gerais. O objetivo 

principal do estudo será analisar o impacto do dispositivo optoeletrônico em cenário real na 

morbidade respiratória e mortalidade infantil até os 6 meses de vida, além da usabilidade do 

equipamento e seu possível impacto na tomada de decisão no cuidado ao recém-nascido. 
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7. ANEXOS 

7.1. ANEXO 1. Comprovante de submissão do artigo de revisão sistemática à revista 

Global Health Action. 
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7.2. ANEXO 2. Registro do estudo na Plataforma Brasil 

 

 



115 
 

 

 



116 
 

 

 



117 
 

 

 



118 
 

 

 



119 
 

 

 



120 
 

 

 



121 
 

 

 



122 
 

 

 



123 
 

 



124 
 

 

 



125 
 

 

 



126 
 

 

 

 



127 
 

 

 



128 
 

 

 



129 
 

 

 



130 
 

 

 



131 
 

 

 



132 
 

 

 



133 
 

 

 



134 
 

 

 



135 
 

 

 



136 
 

 

 

 

 

 

 

 

 



137 
 

 

8. APÊNDICES  

8.1. APÊNDICE 1. Protocolo da revisão registrado em base de dados internacional 

prospero. 
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8.2. APÊNDICE 2. Protocolo de pesquisa publicado na BMJ Open 
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8.3. APÊNDICE 3. Procedimento Operacional Padrão: Critérios de elegibilidade. 
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8.4. APÊNDICE 4. Procedimento Operacional Padrão: Procedimento Operacional 

Padrão: O PREEMIE-TEST 
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8.5. APÊNDICE 5. Procedimento Operacional Padrão: Registo de dados na 

plataforma skinage 
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8.6. APÊNDICE 6. Procedimento Operacional Padrão com os critérios diagnóstico. 
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8.7. APÊNDICE 7. Formulário de coleta de dados. 
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8.8. APÊNDICE 8. Dados clínicos coletados, retirado de Reis et al., 2022 (33).  

Table S1: Database of clinical variables collected from each newborn 

Variables Description 
Types and 

categories 

Identification 

id_hospital Hospital identification Integer 

id_user Researcher Identification Integer 

nome_usuario Researcher name String 

cod_sistema Application registration code Integer 

ig_semanas Gestational age (weeks) Integer 

ig_dias Gestational Age (Days) Integer 

name_woman Mother's name String 

age_woman Mother's age integer 

prontuario_mulher Women's medical record code String 

Pregnancy and birth data 

data_parto Delivery date and time Datetime 

us1_data 

US1 - Date at the first ultrasound ( < 14 

weeks) date 

us1_ig_sem US1 - Gestational Age (GA) in weeks integer 

us1_ig_dias US1 - GA (days) integer 

us1_cnn US1 - CCN (mm) integer 

us2_data US2 - Date at the second ultrasound date 

us2_ig_sem US2 - GA (weeks) integer 

us2_ig_dias US2 - GA (days) integer 

us2_bdp US2 - Biparietal Diameter (BDP) float 

us2_femur US2 - Femur float 

us2_cir_cefalica US2 - Head circumference float 

us2_cir_abdominal US2 - Abdominal circumference float 

dum_data LMP - Last Menstrual Period date 

dum_confianca LMP - Do you have confidence in LMP? Yes / No 

dum_cicloregulares LMP - Are your menstrual cycles regular? Yes / No 

dum_concepcao_contracep

cao 

LMP - Did the current conception occur within 

2 months of using hormonal contraceptives? Yes / No 
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dum_concepcao_aborto 
LMP - Did the current conception occur within 

2 months of abortion or childbirth? Yes / No 

dum_ig_1visita 

GA at the first antenatal care assessment 

(weeks) integer 

pront_altorisco High-risk pregnancy Yes / No 

pront_diabetes Diabetes Yes / No 

pront_hipertensao Hypertensive disturb during pregnancy Yes / No 

pront_malformacao Major malformation Yes / No 

pront_oligo Oligohydramnios Yes / No 

pront_gemeos Multiple gestations Yes / No 

pront_gemeos_ordem Birth order of twins integer 

pront_outra_doencamaterna Other maternal or fetal disease String 

cort_uso 

Antenatal Corticosteroid Therapy for Fetal 

Maturation exposure (ACTFM) Yes / No 

cort_esquema Corticotherapy scheme used 2 doses / 4 doses 

cort_doses Number of doses ACTFM applied integer 

rn_sexo Newborn sex integer 

rn_peso Birthweight (g) 300 - 6000 

rn_apgar1 1-minute Apgar score 0 - 10 

rn_apgar5 5-minute Apgar score 0 - 10 

me_local Accommodation  

Ward / NICU / Birth-

room 

me_tipo_leito Type of bed of the neonate 

Incubator / 

incubators-radiant 

warmer / common 

crib / other 

condrni_uso_foto Phototherapy at the skin assessment Yes / No 

During 72h hours of life 

diag_ictericia Jaundice Yes / No 

alta_condicoes Discharge Conditions 

discharge / death / 

internal 

alta_data Discharge date and time Datetime 

obito_data Neonatal death date and time Datetime 

obito_causa Death cause String 

fcg1 Antenatal care book photo - Side A Image 

fcg2 Antenatal care book photo - Side B Image 
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fus1 US1 - Ultrasound report photo (<14 weeks) Image 

fus2 US2 - Ultrasound report photo (>=14 weeks) Image 

Photometer adverse events 

Photometer_aquecimento Adverse events: equipment heating Yes / No 

Photometer_choque Adverse events: electric shock Yes / No 

Photometer_marcaspele 

Adverse events: neonate's skin marks or 

irritation 
Integer 

Photometer_display_nao_ind

ica Device: display indicates nothing 
Integer 

Photometer_nao_carrega Device: equipment not charging Integer 

Photometer_disparo Device: trigger not fired Integer 

Photometer_led_nao_acend

e Device base: red LED does not light Yes / No 

Photometer_outroevento Other adverse events String 

Photometer_ processid 

Equipment serial number and sequential 

number Integer 

Photometer_ dt Exam date and time Datetime 

Photometer_json JSON file - Photometer reflection File 

 

 

 

 

 

Table S2: Dataset of Photometer acquisitions 

Variables Description 
Types and 

categories 

Photometer_ processid 

Equipment serial number and sequential 

number Integer 

Photometer_ dt Exam date and time Datetime 

Photometer_json JSON file - Photometer reflection File 

Duration Duration [1..3] Integer 

Temperature Temperature [1..3] Integer 

Gain Gain [1..3] Integer 

Integration Time Integration Time [1..3] Integer 

Current Current [1..3] Integer 

SetupTime SetupTime [1..3] Integer 

LedOffRaw LedOffRaw [1..3] Integer 
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LedOffRawMedian LedOffRawMedian [1..3] Integer 

LedOffRawMean LedOffRawMean [1..3] Integer 

LedOffRawStdDev LedOffRawStdDev [1..3] Integer 

LedOffCal LedOffCal [1..3] Integer 

LedOffCalMedian LedOffCalMedian [1..3] Integer 

LedOffCalMean LedOffCalMean [1..3] Integer 

LedOffCalStdDev LedOffCalStdDev [1..3] Integer 

LedOnRaw LedOnRaw [1..3] Integer 

LedOnRawMedian LedOnRawMedian [1..3] Integer 

LedOnRawMean LedOnRawMean [1..3] Integer 

LedOnRawStdDev LedOnRawStdDev [1..3] Integer 

LedOnCal LedOnCal [1..3] Integer 

LedOnCalMedian LedOnCalMedian [1..3] Integer 

LedOnCalMean LedOnCalMean [1..3] Integer 

LedOnCalStdDev LedOnCalStdDev [1..3] Integer 

 

 

 


