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Abstract

Apnea of prematurity is a common diagnosis in neonatal intensive care units, especially in preterm patients under 35
weeks or patients born with low birth weight (<1500g). From this perspective, the use of caffeine citrate has short and
long-term benefits in this pathology, in addition to reducing the incidence of complications. Methodology: A narrative
review of the literature was carried out using the PUBMED database, using the following keywords: “Apnea
Prematurity”, “Caffeine” and “Treatment”, with a 6-year filter, analyzing 164 articles, of which only 34 were included
and 130 were excluded. Results and Discussion: Apnea of prematurity is a common pathology in preterm and
extremely preterm infants, with an incidence of 10% of newborns after 34 weeks and 20-85% of newborns born
between 30-34 weeks. The pathophysiology of the disease is explained by the immaturity of the central nervous
system in maintaining respiratory drive, in addition to impaired sensitivity in response to chemoreceptors and
difficulty in maintaining REM sleep, in addition to the chronic losses inherent to chronic hypoxia. Methylxanthines,
the active ingredient in caffeine, have the activation mechanism of inhibiting adenosine Al and A2 receptors coupled
to G protein. The recommended initial dose for therapy is 10 mg/kg for apnea of prematurity, but it must be monitored
with concentrations serum levels of the drug to a safe therapeutic range, in addition to monitoring side effects in view
of the patient's clinical impairment. The main signs of side effects from the use of caffeine are tachycardia,
hyperglycemia, reduced growth rate, jaundice, irritability, agitation and convulsions. Conclusion: Apnea of
prematurity is a very prevalent pathology in preterm newborns and its therapeutic possibility must be taken into
account in view of its possible short and long-term complications, since the use of methylxanthines has different
evidence of clinical improvement.

Keywords: Apnea prematurity; Caffeine; Primary treatment; Infant, premature.

Resumo

Introducdo: A apnéia da prematuridade é um diagndstico comum em unidades de cuidados intensivos neonatais,
especialmente, em pacientes pré-termos menores de 35 semanas ou pacientes que nasceram com baixo peso (<1500g).
Nessa perspectiva, 0 uso do citrato de cafeina apresenta beneficios a curto e longo prazo nessa patologia, além de
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reduzir a incidéncia de complica¢Bes. Metodologia: Foi realizada uma revisdo narrativa da literatura com base de
dados no PUBMED banco de dados, utilizando as seguintes palavras-chave: “Apnea Prematurity”, “Caffeine” e
“Treatment”, com o filtro de 6 anos, sendo analisados 164 artigos, dos quais apenas 34 foram incluidos e 130 foram
excluidos. Resultados e Discussdo: A apneia da prematuridade é uma patologia comum em pré-termos e pré-termos
extremos com incidéncia de 10% dos neonatos ap6s 34 semanas e 20-85% nos neonatos nascidos entre 30-34
semanas. A fisiopatologia da doenca é explicada pela imaturidade do sistema nervoso central em manter drive
respiratorio, além de prejuizo na sensibilidade de resposta a quimiorreceptores e dificuldade de manutencéo do sono
REM, além dos prejuizos cronicos inerentes a hipoxia crénica. As metilxantinas, principio ativo da cafeina, tem como
mecanismo de ativacdo inibir os receptores de adenosina Al e A2 acoplados a proteina G. A dose inicial recomendada
para terapéutica é 10 mg/kg para a apneia da prematuridade, porém deve ser acompanhado com as concentragdes
séricas da droga para faixa terapéutica segura, além de monitorar os efeitos colaterais diante do prejuizo clinico do
paciente. Os principais sinais de efeitos colaterais do uso da cafeina: taquicardia, hiperglicemia, reducéo da taxa de
crescimento, ictericia, irritabilidade, agitacdo e convulsdes. Conclusdo: Apneia da prematuridade é uma patologia
bastante prevalente em neonatos pré-termos que deve ser levada em consideracdo sua possibilidade terapéutica diante
de suas possiveis complicagdes a curto e longo prazo, uma vez que o uso de metilxantinas possui diferentes evidéncias
de melhora clinica.

Palavras-chave: Apneia da prematuridade; Cafeina; Treatmento primario; Récem-nascido prematuro.

Resumen

Introduccion: La apnea del prematuro es un diagnostico comln en las unidades de cuidados intensivos neonatales,
especialmente en pacientes prematuros menores de 35 semanas 0 pacientes nacidos con bajo peso al nacer (<15009).
Desde esta perspectiva, el uso de citrato de cafeina tiene beneficios a corto y largo plazo en esta patologia, ademas de
reducir la incidencia de complicaciones. Metodologia: Se realiz6 una revision narrativa de la literatura utilizando la
base de datos PUBMED, utilizando las siguientes palabras clave: “Apnea Prematurity”, “Caffeine” y “Treatment”,
con un filtro de 6 afios, analizando 164 articulos, de los cuales solo 34 fueron incluidos y 130 excluidos. Resultados y
Discusion: La apnea del prematuro es una patologia comin en los recién nacidos prematuros y extremadamente
prematuros, con una incidencia del 10% de los recién nacidos después de las 34 semanas y del 20-85% de los recién
nacidos entre las 30-34 semanas. La fisiopatologia de la enfermedad se explica por la inmadurez del sistema nervioso
central para mantener el impulso respiratorio, ademas de la alteracion de la sensibilidad en respuesta a los
quimiorreceptores y la dificultad para mantener el suefio REM, ademés de las pérdidas cronicas inherentes a la
hipoxia cronica. Las metilxantinas, ingrediente activo de la cafeina, tienen el mecanismo de activacién de inhibicion
de los receptores de adenosina Al y A2 acoplados a la proteina G. La dosis inicial recomendada para el tratamiento es
de 10 mg/kg para la apnea del prematuro, pero debe controlarse con concentraciones séricas. niveles del medicamento
a un rango terapeutico seguro, ademas de monitorear los efectos secundarios en vista del deterioro clinico del
paciente. Los principales signos de efectos secundarios del uso de cafeina son taquicardia, hiperglucemia, reduccion
de la tasa de crecimiento, ictericia, irritabilidad, agitacién y convulsiones. Conclusion: La apnea del prematuro es una
patologia muy prevalente en los recién nacidos prematuros y se debe tener en cuenta su posibilidad terapéutica ante
sus posibles complicaciones a corto y largo plazo, ya que el uso de metilxantinas tiene diferentes evidencias de
mejoria clinica.

Palabras clave: Apnea del prematuro; Cafeina; Tratamiento primario; Recien nacido prematuro.

1. Introduction

Apnea of prematurity is defined as interruption of breathing for at least 20 seconds or more than 10 seconds if
accompanied by bradycardia, cyanosis and/or desaturation in infants who were born at less than 37 weeks (Long et al., 2021;
Yun et al., 2022; Schmidt et al., 2019) and can be classified as central, obstructive or mixed (Long et al., 2021; Guo et al,
2022). It is a very common diagnosis, especially in intensive care units (ICU), occurring in the majority of pre terms under 29
weeks and in half of those born between 32 and 35 weeks, in addition to affecting 85% of newborns born weighing less than
1500g. (EImowafi et al., 2021; Miao et al., 2023, He et al., 2020). It has been seen that ventilatory responses to hypoxia and
inhibitory reflexes are greater in premature infants, predisposing to the development of apnea. Furthermore, there is a genetic
factor associated with this condition, a fact which leads to a greater predisposition for apnea to occur (Guo et al, 2022).

These episodes in recent Premature births generally occur between the third and seventh day of life in babies who

have respiratory distress syndrome (Elmowafi et al., 2021). It is possible to say that episodes do not controlled, prolonged and
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repeated apnea followed by hypoxia and bradycardia in the newborn can lead to numerous problems, such as the increased
need for mechanical ventilation, difficulties in extubation and longer hospital stay (Guo et al, 2022; Kori et al., 2021).

Pharmacological therapy with methylxanthines, such as caffeine and theophylline, has been used for at least 40 years,
being the therapy of choice for apnea of prematurity (Long et al., 2021). Of the two, caffeine is an adenosine receptor
antagonist drug which leads to an increase in central respiratory drive, thus reducing the frequency of apneas. Due to this fact
and its better effectiveness, fewer effects adverse effects, better absorption via the enteral route and longer half-life, caffeine is
the methylxanthine of choice for treatment of apneas of prematurity (Miao et al., 2022; Elmowafi et al., 2021; He, et al., 2020).
Caffeine citrate is generally used at a loading dose of 20 mg/kg followed by a maintenance dose of 5-10 mg/kg per day, which
may be associated with a reduction in superior mesenteric artery flow for at least 2 hours. However, there is much debate about
the optimized dose of this drug, as there is still no consensus defined on this aspect (Dai, et al., 2022; Rebentisch, Kovey, &
Denslow, 2021).

The use of caffeine citrate has short and long-term benefits, including reducing the incidence of retinopathy of
prematurity, bronchopulmonary dysplasia and benefits in motor function at 5 years (He et al., 2020). Despite this, it is possible
to observe some side effects related to the use of this substance, being they tachycardia, increased oxygen consumption, food
intolerance, nervousness and reduced heart rate growth (Philip et al., 2018; Zhang et al., 2020). It is worth noting that the
answer varies between each individual, and apnea may persist in around 50% of treated babies, which can lead to some
complications such as increased risk of intracranial bleeding and mortality during periods vulnerable in premature babies, in
addition to increasing the need for more rigorous procedures, such as ventilation mechanics and intubation (Williamson et al.,
2021; Shah, et al., 2023). Despite this, the The use of this substance is still quite controversial due to its future effects and the
lack of studies that establish protocols for the use of this drug (Kelly et al., 2018; Mirner-Lavanchy et al., 2018).

Therefore, the objective of the current study is to analyze the scientific literature of the main database, the relationship
of efficacy and safety in the use of caffeine and its active ingredients in the face of different managements therapeutics in
neonatal intensive care units, since there is still no dose unification, in addition to the absence of monitoring protocols for the
use of methylxanthines in view of their potential effects collateral, thus justifying the need for the current study to review and

compare the information existing.

2. Methodology
A narrative review of the literature was carried out (Rother, E.T; 2007; Snyder, H.; 2019), based on the PUBMED

database, using the following keywords: “Apnea Prematurity”, “Caffeine” and “Treatment”, with the 6 year old filter. 164
articles were analyzed, of which only 34 were included and 130 were excluded due to lack of have titles directly related to the
keywords, abstracts unrelated to the topic, case reports, opinion articles, letters to the editors, dissertations or comments, or

articles that had access restrictions online.

3. Results and Discussion
3.1 Epidemiology

It is extremely important to study the epidemiological characteristics of apnea of prematurity, as which alerts certain
patients at high risk of developing this condition and, consequently, provides an earlier diagnosis, reducing the chances of
hypoxemia and bradycardia that can lead to a severe disability and even death (Irimu et al., 2023).
Apnea of prematurity is a common condition in preterm newborns, especially in extreme preterms. Its incidence is closely

related to gestational age of the newborn, as it occurs in around 10% of newborns born after 34 weeks and in around 20-85 %
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of cases born between 30-34 weeks (Long et al., 2021). Furthermore, in live births under 30 weeks or with extremely low
weight (< 1000g), the incidence varies from 90 - 100% of cases (Long et al., 2021; Miao et al., 2022).

It is worth mentioning that the frequent occurrence of apnea in newborns is one of the most common problems.
challenging to manage in the neonatal ICU, greatly increasing hospitalization time. The biggest Some cases occur in the first
three days of life, however, they normally begin 3 to 7 days after birth. birth in babies who have respiratory distress syndrome
(Guo et al, 2022; EImowafi et al., 2021; Du et al., 2020).

The severity of apnea of prematurity varies depending on several factors, including sex, as has been seen that boys are
more susceptible to more severe conditions and, consequently, require more supplemental oxygen, ventilatory assistance and
surfactant administration than premature women (McDonald et al., 2018).

Regarding the therapy used, caffeine citrate is one of the most used types of methylxanthine for treatment and the
response related to its use in these newborns varies greatly, considering that approximately 50% of them show a reduction in

apnea episodes after administration of this medication (Guo et al, 2022; EImowafi et al., 2021).

3.2 Pathophysiology and Mechanism of action

Premature newborns may have difficulty breathing due to immaturity in the development of the neurological and
respiratory system (Guo et al, 2022). The pathophysiology can be explained by consequences of this immaturity, which will
cause central insufficiency of the drive respiratory system, hyperactive responses of peripheral chemoreceptors, difficulty in
maintaining the airway and REM sleep prevalent (Williamson et al., 2021).

These phenomena will generate episodes of bradycardia, decreased saturation and a chronic state of hypoxia
(Williamson, Poorun & Hartley, 2021). Hypoxia will cause increased instability respiratory, leading to an increase in the
number of apneas. Furthermore, it has been shown that chronic hypoxia it also decreases anti-oxidative defenses and increases
the production of reactive oxygen species (Laouafa et al., 2019). This becomes a vicious cycle, which can lead to possible
complications due to damage in neurodevelopment (Du et al., 2020; Zhang, et al., 2020). The main risks are the need to
extensive mechanical ventilation, retinopathy of prematurity, bronchopulmonary dysplasia and system disorders long-term
neurological. (Guo et al, 2022; Lin et al., 2022; Yun et al., 2022).

Although the mechanism of methylxanthines, like caffeine, is not completely understood and explored (Lin et al.,
2022), several studies demonstrate that caffeine acts on the nervous system peripheral and central nervous system in order to
stimulate breathing (Dai et al., 2022). That stimulus will occur through the inhibition of adenosine receptors Al and A2, which
are receptors coupled to the G protein (Dai et al., 2022; Philip et al., 2018). After the inhibition of these receptors, the
increased central sensitivity to carbon dioxide, generating greater activation of the respiratory response (Williamson et al.,
2021).

This will generate an activation of the pro-inflammatory reaction cascade in newborns, improving contractility and
action of the diaphragm, dilation of the bronchi, induction of surfactant protein B transcription cyclic adenosine and improves

minute ventilation, reducing respiratory depression caused by hypoxia. (Miao et al., 2023; Zahra et al., 2019).

3.3 Therapeutic Management

Despite the frequent use of caffeine in neonatal practice, there are still controversies surrounding its therapeutic
management and, mainly, about the ideal dose of administration and the need for monitoring therapeutic (TDM). Generally,
caffeine is presented as caffeine citrate, in oral or injectables, with the dose of caffeine being half the dose of caffeine citrate
(Long et al., 2021).
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In 1977, the first study on the use of caffeine in the treatment of AOP was published, in which 18 preterm infants
received an induction dose of 20 mg/kg of caffeine citrate, followed by doses maintenance dose of 5-10 mg/kg once to twice a
day for two to three days, and a reduction in significant in apnea episodes (Heuzé et al., 2020; Rosen et al., 2021). In the
following years, several studies with different samples were carried out, using the described scheme, becoming considered the
standard dose of the medicine. (Du, 2020; Zhang, et al., 2020).

In 2006, a large multicenter, randomized, placebo-controlled study tested the same dose regimen and demonstrated its
short-term and long-term efficacy and safety, such as higher survival rates without neurodevelopmental disabilities and lower
incidences of retinopathy of prematurity severe cerebral palsy and cognitive delay (Long et al., 2021). Due to the study, the
standard dose regimen caffeine remains widely used, including as prophylactic therapy in the first 24 hours of life,
significantly decreasing the duration of oxygen therapy, invasive and non-invasive ventilation in preterm newborns (EImowafi
etal., 2021).

Despite the proof of efficacy and safety of the standard regimen, there is insufficient evidence regarding the use of
higher doses, for example in the context of apnea refractory to high-dose caffeine therapy standard. In these cases, it is
suggested to use therapeutic serum level monitoring (TDM) when performing dose optimization, due to the need to reach the
desired target concentrations, since concentrations of caffeine in the blood of 5 to 20 or 8 to 20 mg/L are considered effective
therapeutic concentrations, when in use of the standard dose (Zulgarnain et al., 2019; Long et al., 2021). Despite this, it is
observed that the current therapy with standard dose of caffeine leads to variable clinical results, as seen in case reports of
newborns that, although their caffeine levels were within the therapeutic concentration range, they did not they responded
clinically satisfactorily (Zahra et al., 2019).

It is not yet clear which factors are associated with the response to caffeine therapy. However, it was since newborns
born to pregnant women with gestational diabetes responded better to therapy with best doses of caffeine citrate, regardless of
gestational age (Rosen et al., 2021). Furthermore, the study showed that groups with preterm infants of lower gestational age
required higher doses (Zhang et al., 2019). In this scenario, the genetic variants AHR, ADORA2A and CLOCK were
significantly associated with a better response to standard dose caffeine therapy (Xie & Lin., 2022).

In the context of drug refractoriness, the need to use higher doses is questioned to control apnea episodes in these
newborns, who are subject to a greater risk of adverse reactions (Zhang et al., 2019). In order to establish consensus regarding
the maintenance dose, studies compared the efficacy and safety of high and low maintenance doses, and evidence that the use
of maintenance doses higher are more effective and safe (Gu. et al., 2020; Vliegenthart, R. et al., 2018), resulting in greater
treatment efficacy and success rates for ventilator removal, as well as a lower incidence of dysplasia bronchopulmonary
disease, lower extubation failure rates (Zhang et al., 2019; Heuzé et al., 2020), frequency and duration of apnea. The use of
higher doses is associated with episodes of tachycardia, but without need to interrupt therapy or negative impacts on
therapeutic effects or clinical outcome. There were no significant differences between the groups regarding other adverse
events, including death hospital (Chen et al., 2018).

However, there is still controversy regarding the administration of high doses due to fear of reactions. adverse effects,
also considering the heterogeneity of cases and individual characteristics, such as age and weight at birth, gender, genetic and
environmental factors, and others among the studies analyzed. (Xie, Lin, 2022; He, et al., 2020). Therefore, a higher initial
dose of caffeine citrate (up to 10 mg/kg) can be considered in the treatment of apnea of prematurity in premature newborns (<
29 weeks), however There is a recommendation to perform routine monitoring of serum levels, as the standard dose is effective

and significantly maintains serum drug concentrations in a safe therapeutic range (He, 2020; Rosen et al., 2021).
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3.4 Side Effects and Associated Risks

There is a vast literature that cites the possible risks of caffeine citrate in relation to the management of apnea in
prematurity, these are: tachycardia, hyperglycemia, food intolerance, reduction in the rate of growth, jaundice, irritability,
agitation, oxygen consumption, convulsions, necrotizing enterocolitis, peri-intraventricular hemorrhage, retinopathy of
prematurity and neonatal mortality (Chen et al., 2018; Vliegenthart et al., 2018). However, these stand out in studies of
populations of different ethnicities and age groups, in addition to the fact that, often, studies rule out previous diagnoses and
disregard very high or very low dosages (Du et al., 2020; Miao et al., 2023).

First of all, it was observed that there is a difference in the risk potential of side effects to depend on the dose of
caffeine citrate offered to the newborn (Rosen et al., 2021; Alhersh et al., 2020). Likewise, it has been considered that higher
doses cause more tachycardia (Heuzé et al., 2020; Vliegenthart et al., 2018) and were more closely associated with abstinence
(Long et al., 2021). But This is not sufficient to discontinue caffeine treatment in newborns. A lot of studies demonstrated that
the use of higher doses of caffeine was more effective, with negligible adverse effects long term.

Furthermore, the literature compares the use of caffeine with other possible treatments such as aminophylline. In
study therapy shows when compared, less tachycardia and food intolerance but similar risk when it comes to hyperglycemia,
electrolyte disturbances and hypertension (Chen et al., 2018; Vliegenthart et al., 2018).

Recent studies have also shown that caffeine citrate increases metabolism and consumption of oxygen, which can lead
to irritability in children. (Miao et al., 2022). Increased maturation of adenosinergic system in central cardiorespiratory areas
could partially explain the effects pharmacological effects observed in premature babies (Guo et al, 2022). In some of these
works, the effects side effects were not better explained by previous illnesses or interventions, so it was decided to discontinue
the treatment (EImowafi et al., 2021). Finally, it was seen that this treatment was not associated with significant adverse effects
or that impact on the patient's quality of life (Du et al., 2020; Miao. et al., 2023; Kori et al., 2021).

The bibliography mentions that the risks involved with hypoxia, recurrent apnea and the threat of dysplasia
bronchopulmonary disease is more deleterious than the risks involved with the therapy. The lack of it shows effects on
cardiorespiratory function and neurocognitive outcome, such as changes in behavior and attention, which is very unfavorable
in the long term (McDonald et al., 2018; Irimu, et al., 2023).

4. Conclusion

Therefore, given the pathophysiological impact and possible complications inherent to sleep apnea, prematurity, the
use of caffeine and its active derivatives is extremely important for the clinical practice of neonatal intensive units. In this way,
the correct management of therapeutic doses, as well as knowledge about its side effects are relevant to effectively treat apnea,
reducing its risks and complications, and in the same way, without exposing the neonatal patient to immediate and future
complications.

Still, more studies are needed to corroborate the clinical application of the medication, in addition to retrospective
studies that evaluate neonatal patients who are currently in adulthood, in order to evaluate whether there are complications or

neurological or behavioral changes associated with the neonatal use of caffeine and its active derivatives.
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