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Abstract: 

Caffeine is the most commonly administered drug in neonatal critical care units. It is used for the prevention and 

treatment of apnea, despite being linked to a decreased risk of bronchopulmonary dysplasia (BPD) in infants aged 18 

to 21 months. We conducted a comprehensive search of EMBASE, the Cochrane Database of Systematic Reviews 
(CDSR), and PubMed from inception to January 2022 using variations of the key phrases "apnea," "caffeine," 

"intensive care, neonatal," and "baby, newborn" to discover relevant literature. However, its influence on BPD and 

neurodevelopmental outcomes may be mediated by its anti-inflammatory mediator, white matter protection, and 

induction of surfactant protein B effects. Despite the fact that long-term studies have demonstrated the safety of 

caffeine as it is currently administered, it is evident that additional research is required to determine the optimal 

dosage, as well as the timing of initiation and cessation. 
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INTRODUCTION: 

Apnea of prematurity (AOP) is a common 

developmental complication in preterm infants that 

may have various causes, primarily constituting two 

different types of AOP: a central apnea due to no or 

insufficient respiratory drive due to the immaturity of 

the brain stem, and an obstructive apnea due to 

obstruction of the infants' (upper) airways. Based on 

these, the possibility of mixed apnea also exists [1]. 
Additional causes of neonatal apnea include brain 

tissue damage, respiratory disease, infection, 

gastrointestinal reflux, cardiac issues, and metabolic 

disorders [2]. This can result in hypoxemia and reflex 

bradycardia, which may necessitate active 

resuscitative efforts if prolonged. 

 

Caffeine, theophylline, and aminophylline have been 

used for AOP for over four decades as respiratory 

stimulants. Since the mid-1970s, caffeine, a 

methylxanthine derivative, has been used in the 
neonatal intensive care unit (NICU) to treat AOP [3, 

4]. According to the Caffeine for Apnea of Prematurity 

(CAP) trial, caffeine reduced duration of ventilation 

and oxygen dependence and improved disability and 

survival without disability [5]. At the age of 11 years, 

the CAP trial revealed a significant advantage for the 

caffeine group in terms of motor skills compared to the 

placebo group [6]. 

 

The incidence of apnea of prematurity increases with 

decreasing gestational age, from 7% of neonates born 

between 34 and 35 weeks to nearly 100% of those born 
before 29 weeks [7]. This significantly extends the 

length of hospitalization [8]. Severe apnea (lasting 

longer than 20 s) is typically accompanied by 

bradycardia or desaturation, which may result in 

cerebral hemodynamic disturbances, subsequently 

affecting neurodevelopment [7,8]. Moreover, in a 

post-hoc analysis of data from extremely premature 

neonates, prolonged hypoxemic episodes during the 

first three months after birth were associated with a 

variety of adverse outcomes, such as increased 

mortality after 36 weeks, motor impairment, cognitive 
or language delay, severe hearing loss, and bilateral 

blindness [9]. 

 

Methylxanthine therapy is the cornerstone of 

pharmacologic treatment for prematurity apnea [9]. 

Both caffeine citrate and theophylline have 

comparable efficacy, although caffeine citrate is 

associated with a more favorable safety profile and a 

lower incidence of adverse effects [10]. Moreover, 

compared to theophylline, caffeine citrate has a longer 

half-life and does not require drug-level monitoring; 

therefore, it is generally preferred [10] according to 

guidelines. However, the majority of the evidence 

supporting these therapy recommendations come from 

very small, older research, with only one big, long-

term follow-up investigation [11,12]. 

 

DISCUSSION: 

A 2018 systematic review and meta-analysis (SRMA) 

conducted by Chen et al. [13] compared the efficacy 

and safety of high (10–20 mg/kg daily) versus low (5–
10 mg/kg daily) caffeine citrate maintenance dosages 

for the treatment of apnea in premature infants. This 

analysis comprised 13 randomized controlled trials 

(RCTs) involving 1515 infants. Compared to the low-

dose group, the high-dose group had a higher rate of 

successful treatment (risk ratio [RR] 1.37, 95% 

confidence interval [CI] 1.18–1.60) and success rate 

for ventilator removal (RR 1.74, 95% CI 1.04–2.40). 

In addition, the high-dose group had a lower 

extubation failure rate (RR 0.5, 95% CI 0.35–0.71), 

frequency of apnea (weighted mean difference 
[WMD] 1.55, 95% CI 2.72 to 0.39), apnea duration 

(WMD 4.85, 95% CI 8.29 to 1.39), and incidence of 

bronchopulmonary dysplasia (BPD) However, the 

incidence of tachycardia was higher (RR 2.02, 95% CI 

1.30–3.12) None or moderate heterogeneity was 

observed across all evaluated outcomes. There were 

no significant differences between groups in adverse 

events such as retinopathy of prematurity (ROP), 

necrotizing enterocolitis (NEC), intraventricular 

hemorrhage (IVH), and periventricular leukomalacia 

(PVL), or in-hospital mortality. 

Henderson-Smart et al. [14] conducted a Cochrane 

review to determine the effect of caffeine versus 

theophylline treatment on the risk of apnea in preterm 

infants with recurrent apnea. Included were a total of 

five trials with 108 infants. The treatment failure rate 
(less than 50% reduction in apnea/bradycardia) and the 

mean apnea rate did not differ between groups 

following 1–3 days and 5–7 days of treatment, 

respectively. Change in dose due to tachycardia or 

feed intolerance was significantly reduced in the 

caffeine group (RR 0.17, 95% CI 0.04–0.75). 

Another study [15] by the same authors compared the 

effectiveness of doxapram and methylxanthines in 

preterm infants with recurrent apnea. This review 

included 91 infants with recurrent apnea across four 

trials. Without heterogeneity, there were no 

differences in the incidence of treatment failure within 

48 hours (RR 0.91, 95% CI 0.45–1.85) between 

groups. In the trials, no infants were exposed to MV 

regardless of treatment. Moreover, none of the studies 
provided safety information. 
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Another Cochrane review [16] conducted by the same 

research team evaluated the effects of methylxanthine 

treatment on the incidence of apnea. Significantly 

fewer treatment failures and less use of intermittent 

positive pressure ventilation were observed with 

theophylline and caffeine compared to placebo. There 

was no significant difference between the 

methylxanthines and the control group in terms of the 

low rate of death before discharge. Two infants in the 
theophylline group exhibited tachycardia, according to 

one study. Age at the time of last endotracheal tube use 

(MD 0.60 weeks, 95% CI 1.03 to 0.17) and age at the 

time of last positive pressure ventilation (MD 0.90, 

95% CI 1.04 to 0.48) were all lower in the caffeine 

group. 

Vliegenthart et al. [17] compared a high versus a 

standard caffeine treatment regimen in infants with a 

gestational age of 32 weeks, with loading doses of 10–

80 mg/kg versus 10–30 mg/kg and maintenance 

dosages of 5–30 mg/kg versus 2.5–10 mg/kg/day, 

respectively. This analysis included six RCTs with 

620 infants. A meta-analysis revealed a significant 

reduction in BPD (RR 0.72, 95% CI 0.54–0.97), the 

combined outcome BPD or mortality (RR 0.76, 95% 
CI 0.59–0.98), and failure to extubate [typical relative 

risk (TRR) 0.51, 95% CI 0.37–0.70] in infants 

assigned to a higher caffeine dose. There were no 

differences between the groups regarding the adverse 

events NEC, spontaneous intestinal perforation, 

hyperglycemia, ROP, and IVH. There was observed 

heterogeneity due to the inconsistent definition of high 

and low caffeine dosages. 

 

The most recent SRMA [18] included six randomized 

controlled trials (including 816 preterm infants) that 

compared high- and low-dose caffeine, with loading 
doses of over versus under 20 mg/kg and maintenance 

doses of over versus under 10 mg/kg/day, respectively. 

There was no statistically significant difference in 

mortality between the two groups (RR 0.85, 95% CI 

0.53–1.38). At high heterogeneity, however, high-

dose caffeine was associated with fewer instances of 

extubation failure (RR 0.51; 95% CI 0.36–0.71), 

apneas (MD 5.68; 95% CI 6.15 to 5.22), and BPD (RR 

0.76; 95% CI 0.60–0.96), as well as a shorter duration 

of mechanical ventilation (MD 1.69; 95% CI 2.15 to 

Other studies [13, 17] reported no differences in the 
incidence of serious adverse events; however, a higher 

incidence of tachycardia was observed with the higher 

dose, but this did not result in the discontinuation of 

caffeine treatment in infants. The greater caffeine dose 

was also perhaps associated with an increase in 

cerebellar hemorrhage; however, this association was 

only observed when the high dose was administered 

early. 

Theophylline compared to caffeine: 

Caffeine is currently the most frequently utilized 

xanthine treatment, accounting for 96% of all 

methylxanthines used in clinical practice despite not 

being globally accessible. This is the outcome of 

multiple decades of comparative research. In a double-

blind research, Bairam et al. found that although both 

theophylline and caffeine were beneficial, the former 

tended to have more side effects, while the latter 

shown more pharmacologic stability, allowing for a 

single daily maintenance dose. This has led to the 
widespread agreement that therapeutic drug 

monitoring of caffeine when used to treat apnea of 

prematurity is often ineffective and unnecessary [19]. 

Interestingly, neonates may methylate theophylline 

into caffeine [20]. This may contribute to its efficacy, 

raising doubts about whether plasma concentrations of 

both xanthines should be evaluated in infants treated 

with theophylline. 

Physiologic/biologic mechanisms of action: 

There is little doubt that xanthines boost respiratory 

neuronal output, and it appears that this effect is most 

pronounced in neonates [21]. (Fig. 1). The strong 

effect on respiratory control in neonates may be 

attributable to neurodevelopmental maturational 

variations and/or the comparatively high circulation 
amounts of caffeine administered to preterm 

newborns, both of which are poorly understood. There 

are both central and peripheral mechanisms involved. 

The former comprises the reversal of adenosinergic 

inhibition (described later) of inspiratory neurons in 

the brainstem, an increase in CO2 responsiveness, and 

perhaps a decrease in hypoxic depression of breathing 

[22,23]. Animal studies [24,25] have also suggested an 

influence of xanthines on peripheral chemosensitivity. 

For caffeine or aminophylline to improve ventilation 

and reverse hypoxic respiratory depression, peripheral 

chemorceptors must be functional. 

The hypothesis of diaphragmatic fatigue as a cause of 

respiratory failure appears to have gotten less attention 

in recent years. Theophylline increased 
transdiaphragmatic pressures in adult patients with 

chronic obstructive pulmonary disease via an 

influence on cellular calcium metabolism, as reported 

in an adult rodent model [26]. While newborn studies 

failed to establish an impact of aminophylline on 

diaphragm contraction in a softly breathing piglet [27], 

Parikka et al. found an increase in diaphragmatic 

electrical activity 30 minutes after a caffeine-loading 
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dosage [28]. The benefits of bronchodilator 

medication in the neonatal intensive care unit (NICU) 

are mixed, despite the fact that increased airway 

responsiveness is a key long-term concern for former 

premature newborns. Xanthines can serve as 

bronchodilators, and a group of infants with 

bronchopulmonary dysplasia (BPD) had improved 

respiratory performance after receiving caffeine [29]. 

Using adenosine receptor activation, persistent 
hypoxia causes periventricular white matter damage in 

neonatal animals. This suggests that caffeine may 

provide a protective effect by inhibiting adenosine 

receptors. Caffeine prevented hypoxia-induced 

aberrant oligodendrocyte development in newborn 

mice [30]. Since adenosine production generated by 

hypoxia may, in theory, also have a neuroprotective 

effect, it is debatable whether caffeine directly induces 

white matter protection in premature newborns [31]. 

 
Fig. 1. Proposed pathways by which neonatal caffeine therapy results in improved longer-term outcomes.  

 

Randomly assigning 18 newborns to a treatment or 

control group for 15 days [32]. The nine neonates who 

received caffeine citrate experienced a significant 

decrease in apnea from baseline on the first day of 

treatment; those in the control group did not 

experience any improvement in apnea throughout the 

duration of the research. In a second study, 85 

neonates were randomly assigned to receive caffeine 

citrate or a placebo for up to 10 days. Caffeine citrate 

was again associated with a rapid improvement in 

apnea, with the difference between the caffeine citrate 

treatment and the placebo treatment approaching 
significance within two days [33]. 

The Caffeine for Apnea of Prematurity (CAP) 

research, in which almost 2,000 newborns were 

randomized to receive caffeine citrate or a placebo 
[34] followed these relatively small early 

investigations. During the first three weeks after 

randomization, neonates receiving caffeine citrate 

gained significantly less weight than those in the 

placebo group, as measured by a drop in mean weight 

from baseline. In fact, failure to thrive and feeding 

intolerance are recognized as adverse effects of 

caffeine citrate (although their incidence is unknown), 

and one study suggests that long-term administration 
of caffeine in preterm neonates is associated with an 

increase in oxygen consumption and a subsequent 

decrease in weight gain [35,36]. The current study's 

bodyweight statistics are therefore particularly 

comforting, as the majority of newborns gained weight 

between the baseline and Visit 3 (Week 2), and all 

neonates gained weight between Visits 3 and 4. 

 

The primary objective of the current trial, change from 

baseline in the number of apnea occurrences following 

the initial loading dosage, was evaluated in the entire 

population, all of whom had had at least four apnea 
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events within 24 h. Such newborns are at risk for a 

variety of unfavorable long-term outcomes, including 

neurological development [4]. The CAP trial, in which 

participants were followed for 11 years, is one of the 

few trials assessing the long-term advantages of 

caffeine citrate in neonates. Those who took caffeine 

citrate as neonates had better expiratory flow and a 

lower risk of motor impairment at follow-up compared 

to those who did not [35,36]. 
 

Concerns concerning safety included known side 

effects, such as tachycardia and potential diuresis, but 

were primarily centered on the behavioral and 

metabolic implications of xanthine therapy. Despite 

the clear stimulating effect of coffee in later life, sleep 

organization appeared unaffected in premature infants, 

given the limitations of available monitoring 

techniques; this view holds to this day. Unsurprisingly, 

a higher respiratory drive may be related with a higher 

metabolic rate [37]. In the CAP Trial, a delay in weight 
gain between caffeine-exposed and placebo-exposed 

neonates verified this. However, this weight loss trend 

was not maintained, and the benefits of caffeine 

appeared to prevail. Historically, this issue prompted 

efforts to keep xanthine levels as low as feasible. A 

third issue has been a potential effect on cerebral blood 

flow; nevertheless, multiple investigations applying 

non-invasive techniques on neonates have yielded 

inconclusive results with no discernible adverse effect 

on outcome [38]. 

 

CONCLUSION: 
In the first few months of life, the use of caffeine for 

the prevention and treatment of apnea of prematurity 

has been associated with a decreased incidence of 

bronchopulmonary dysplasia (BPD). Although the 

neurodevelopmental advantage was no longer 

statistically significant at 5 years of age, caffeine was 

associated with sustained improvement in 

coordination and less gross motor impairment than 

placebo. Due to the low number and quality of relevant 

evidence, it is not possible to draw definitive 

conclusions regarding the comparative efficacy and 
safety of different administration times and doses of 

caffeine. To confirm the varied elements of caffeine 

use in newborn apnea, particularly the optimal dosage 

regimen, larger and longer-term studies are required. 
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