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Caffeine citrate is one of the most prescribed drug in the present day NICU for apnea. Its efficacy, tolerability, wide therapeutic index and safety margin has made it the drug of choice
among the methylxanthines. Its therapeutic uses in apnea of prematurity, mechanical ventilation, bronchopulmonary dysplasia has made it a “silver bullet” in neonatology. However, there
are still controversies surrounding this drug. This review is aimed to update the reader about
the basic pharmacology, current therapeutic uses, adverse effects, controversies as well as
present and future research of caffeine.
Copyright ª 2017, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

1. Introduction
Caffeine citrate is presently one of the most prescribed
medicines in neonatal units for apnea of prematurity. It is
the first choice among all methylxanthines because of
its efficacy, better tolerability and wider therapeutic
index as well as longer half-life.1 Although the use of
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methylxanthines has been present for more than 40 years,
it has gained wider acceptability in the last decade only.
The Caffeine for apnea of prematurity [CAP] trial has substantiated the efficacy, safety and tolerability of caffeine
in preterm infants. There were other trials before the CAP
trial, but all were smaller and focused on short-term use
only.2 With wider use after the CAP trial, caffeine has now
become one of the most preferred drugs for apnea among
neonatologists worldwide and has been named a “Silver” or
“Magic” bullet.3,4 Despite this, there are controversies
surrounding this drug which future research may resolve.
This review is intended to discuss brief history, updated
pharmacology, therapeutic uses, adverse effects and controversies as well as the future research of this drug.
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2. Brief history
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Coffee has been in use since the 15th Century as a rejuvenating drink. It was in the early 19th Century that pure
caffeine was extracted from Arabian mocha coffee beans
by the young physician, Friedlieb Ferdinand Runge.5 In
1973, Kuzemko and Paala first published their landmark
paper on the successful treatment of apnea in 10 preterm
babies using aminophylline.6 Further studies confirmed the
efficacy of aminophylline in the prevention of apnea.7,8 It
was not until 1977 that Aranda JV et al first used caffeine as
a therapy against apnea of prematurity successfully.9 After
many years of research, the CAP trial substantiated
caffeine as the ultimate drug for apnea of prematurity.

metabolism of caffeine is found to be higher in female than
male preterm neonates.16
Peak plasma concentration with both oral and intravenous route is almost the same and is reached within thirty
minutes to two hours. The clearance increases non-linearly
with increasing post-natal age, reaching a plateau at
120 days, and volume of distribution increases linearly with
increasing weight.1,17 The bioavailability of oral dose is not
disturbed by concomitant feeds. Renal route is the main
route of excretion in neonates, where almost 86% of the
drug is passed unchanged in urine, whereas in adults only
4% is excreted via renal route. The elimination half-life
starts to decrease from birth and reaches the adult values
at 60 weeks’ post-conception age.17

3. Physiochemical properties

5. Pharmacodynamics

In its pure form, caffeine is a white odorless powder with
melting point around 235 C.10 Caffeine is slightly basic in
nature with pKa value of around 0.6.11 The chemical
structure of caffeine is represented in Figure 1. Caffeine is
classified under an achiral molecule which may be synthesized from dimethylurea and malonic acid.12,13 However, as
caffeine is easily obtained as a by-product of decaffeination, it is rarely synthesized.14

5.1. Mechanisms of action

4. Pharmacokinetics
Caffeine is rapidly and completely absorbed orally with
almost no first pass metabolism. It is metabolized by the
enzymes in liver whose maturity progresses with increasing
gestational age. Hence, the metabolism of caffeine in
preterm neonates is much slower than in children and
adults.1 Microsomal cytochrome P450 mono-oxygenase and
enzyme xanthine oxidase are the enzymes responsible for
its metabolism. In preterm neonates, the predominant
process of caffeine metabolism is N7 demethylation, which
increases exponentially with postnatal age.15 The half-life
of caffeine in preterm neonates is very long, ranging from
65 h to 102 h. This is maintained even up to 38 weeks until
the maturity of hepatic biotransformation.15 The rate of

Figure 1 The chemical structure of caffeine.
Adapted from Comer AM, Perry CM, Figgitt DP. Caffeine citrate:
a review of its use in apnea of prematurity. Pediatric Drugs
2001;1:61e79.

Three underlying mechanisms constitute the basis of caffeine’s pharmaceutical effects. Firstly, it is the adenosine
receptor antagonist, secondly, it is a phosphodiesterase
inhibitor, and thirdly, it is an active intracellular calcium
mobilizer.17 Figure 2 represents the proposed mechanisms
of actions of caffeine citrate.
Adenosine is a purine nucleoside present in the brain
whose level rises with inflammation. It has four known receptors e A1 and A2a, A2b and A3. These receptors, with
their effects upon adenylate cyclase, lead to numerous
effects such as central respiratory depression, sedation,
anti-diuresis and decreased GFR, smooth muscles
constriction and dilation, locomotor activity, etc. Caffeine,
a trimethylxanthine, is a known specific inhibitor of at least
two of these receptorseA1 and A2a. By blocking these receptors, caffeine manifests the most important pharmacological effects in preterm neonates.2,17
Caffeine is also an inhibitor of phosphodiesterase and
prevents breakdown of cyclic adenosine monophosphate
[cAMP]. Increased level of cAMP leads to stimulation of the
central nervous system. However, being a weak inhibitor, a
much higher concentration of caffeine is required and at
therapeutic doses caffeine is unlikely to mediate this
effect.17,18
Caffeine also binds to calcium channels and releases
calcium from intracellular sites. It also inhibits voltage-

Figure 2

Mechanisms of action of caffeine citrate.
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sensitive calcium channels and may inhibit neurotransmission. However, the dose required for these effects may be
in toxic levels.18 On the other hand, considering the wide
therapeutic index, its actions of phosphodiesterase inhibition and calcium metabolism might be relevant. Further
research is warranted into these aspects of mechanism of
action of caffeine.

up to 20 mg/kg has been shown to be more effective in
reducing apneic episodes and facilitating extubation in
comparison to standard dose. Table 1 shows the two
possible doses for caffeine in preterm neonates. However,
no consensus has been reached regarding this new, higher
therapeutic dose of caffeine and future studies are awaited
on this subject.

5.2. Pharmacologic actions

5.4. Drug interactions

Caffeine stimulates the respiratory center, sensitizing it to
hypercapnia. This leads to increase in mean respiratory
rate and tidal volume, improved pulmonary blood flow,
better carbon dioxide sensitivity and enhanced diaphragmatic function and breathing pattern.1,17 It also acts as a
central stimulant as well as a somnolytic agent. The
adenosine blocking action of caffeine is also known to
secondarily affect several other neurotransmitters in the
brain like dopamine, serotonin, noradrenaline, acetylcholine, gamma-aminobutyric acid [GABA], etc.17 Caffeine
stimulates the myocardium and increases heart rate, cardiac output, stroke volume as well as mean arterial blood
pressure. In kidneys, caffeine increases glomerular filtration rate and produces diuresis. This is primarily mediated
via its adenosine antagonistic activity in the kidneys.
Caffeine also increases basal metabolic rate, enhances
catecholamine secretion and alters glucose homeostasis.15

The dependency of caffeine upon cytochrome P450 monooxygenase makes it susceptible to interact with those drugs
which are a substrate for, or inhibit or induce, this hepatic
enzyme. Drugs like ketoconazole and cimetidine inhibit
caffeine metabolism and hence lower doses of caffeine may
be required while these drugs are being used concomitantly. Anti-convulsant drugs like phenytoin and phenobarbitone, on the other hand, potentiate caffeine
metabolism and may necessitate higher doses of caffeine
when used together.15,17

5.3. Dosing and route
Caffeine is available as caffeine citrate, which is available
in both oral and injectable formulations. Earlier, caffeine
was also available as an intramuscular injection of caffeine
benzoate. However, in view of bilirubin displacement from
the albumin binding sites in the neonates, this formulation
has gone out of favor.19 The dose of caffeine base is half
that of caffeine citrate. The most popular dosing of
caffeine citrate is 20 mg/kg loading and 5 mg/kg of maintenance dose OD, given either as slow intravenous infusion
over twenty to thirty minutes or as oral formulation. This
standard dosing is known to achieve therapeutic level of
eight to 20 mg/L in more than 70% of neonates.15 However,
many studies have shown higher doses of caffeine to be
more effective with negligible adverse effects.20e23
Loading dose of up to 50 mg/kg and maintenance dose of

Table 1

5.5. Drug level
The caffeine level can be measured in blood, plasma,
serum or urine. The plasma caffeine level in regular coffee
drinkers is around two to ten mg/L.24 The therapeutic range
of caffeine for apnea in preterm neonates is eight to 20 mg/
L. It is a drug with wide therapeutic index and has been
shown to be safe even at higher levels of 50 to 84 mg/
L.1,15,17 The caffeine level in acute overdose may be above
40e400 mg/L. In sports, urinary concentration above
15 mg/L is taken as abuse level.24 Considering a wide safe
margin and minimal adverse effects, regular monitoring of
serum level may not be required, unless there is suspicion
of toxicity or lack of clinical effects.25e27

6. Therapeutic uses
6.1. Apnea
The most important therapeutic value of caffeine has been
in reducing apnea of prematurity. Henderson-Smart and De
Paoli concluded methylxanthines to be effective in
reducing the frequency of apnea of prematurity and the use

The regular and alternate doses of caffeine citrate.

Age (PMA)

Usual dosea

Optional dose/
alternate dosea

Birth to
34 weeks

Loading e 20 mg/kg
Maintenance e 5e10 mg/kg
(Start at 5e8 mg/kg and
increase to 10 mg/kg) once daily
Not established

Loading e up to 80 mg/kg
Maintenance e up to 20 mg/kg

More than
34 weeks

Not studied

a

The doses refer to caffeine citrate dose. The caffeine base dose is half of caffeine citrate dose. The dose is same for both oral and
injectable solutions.
Adapted from Dobson NR, Hunt CE. Pharmacology review: Caffeine use in neonates: Indications, pharmacokinetics, clinical effects,
outcomes. Neoreviews 2013;14:e540.
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of mechanical ventilation in two to seven days after starting treatment.28 Among the methylxanthines, caffeine has
been the choice of drug over theophylline because of its
efficacy and better safety profile. A systematic review of
three trials of comparative study between caffeine and
theophylline found equal efficacy of caffeine with lesser
adverse effects.29 The post hoc analysis of the CAP trial also
showed that infants treated with caffeine had better clinical outcomes.30e32 Considering the improved outcomes
and better safety profile of caffeine, the reviewers
concluded caffeine to be the “preferred drug” for the
treatment of apnea of prematurity. Although caffeine has
been effective for treatment, Henderson-Smart and De
Paoli found that there is not enough evidence at present to
determine the prophylactic role of caffeine.33 However,
considering the various positive clinical effects as shown in
the CAP trial with minimal adverse effects, early caffeine
therapy may be justified in the premature infants. Besides
apnea of prematurity, caffeine was also found to be
effective in other causes of apnea like post-operative
apnea, general anesthesia-related apnea, viral infectionrelated apneas, and apneas associated with apparent lifethreatening events.1

6.2. Ventilation
The systematic review of methylxanthines prophylaxis for
weaning and facilitating extubation in mechanically ventilated preterm infants has concluded that there is significant
reduction of extubation failure within 1 week (RR 0.48, 95%
CI 0.32e0.71).34 Several trials provided the evidence that
high dose caffeine in the periextubation period reduced
extubation failure as well as duration of mechanical
ventilation with negligible side effects.20,21,23 The CAP trial
mentioned that caffeine helped in reducing the days of
oxygen use, positive pressure ventilation and endotracheal
intubation but did not substantiate the extubation rate
directly.30 The exact mechanism by which caffeine facilitates extubation is not known but it may be related to the
effect of caffeine which leads to improved respiratory
muscle strength.35

6.3. Bronchopulmonary dysplasia
Caffeine has been shown to reduce the incidence of bronchopulmonary dysplasia in preterm infants. Besides vitamin
A, caffeine is the only drug with high quality evidence to
support routine use for prevention of bronchopulmonary
dysplasia in preterms.36 Studies have suggested that early
initiation of caffeine has been associated with significantly
reduced rates of bronchopulmonary dysplasia.32,37,38 This
action of caffeine may be indirectly related to its
strengthening of the chest muscles or lesser use of oxygen
or both. The exact dose, timing and role of early caffeine
therapy have not yet been delineated, but it is expected
that further research will justify this assertion.

B. Shrestha, G. Jawa
elicited. However, studies have shown that it may be
correlated with severity of retinopathy of prematurity
along with adverse neurodevelopmental outcomes.1
Caffeine has been shown to significantly reduce the number of intermittent hypoxic episodes at postmenstrual age
[PMA] of 35e36 weeks.39 Future studies should perhaps
clarify whether caffeine use and intermittent hypoxia episodes were correlated with long-term neurodevelopmental
outcomes.

6.5. Patent ductus arteriosus [PDA]
Caffeine use has been associated with PDA closure. The CAP
study analysis showed that the group with caffeine use
required less intervention for PDA closure in comparison to
placebo (29% vs. 38% with p value < 0.001 and adjusted
odds ratio 0.67). The requirement of PDA ligation in
caffeine group was 4.5%, whereas it was 12.6% in the placebo group with a statistically significant p value and
adjusted odds ratio of 0.32.30 Other studies also showed
that early caffeine use within 3 days was associated with
less intervention for PDA in comparison to later caffeine
use.37,38 The beneficial effect of caffeine on PDA may be
correlated with its diuretic and anti-prostaglandin
effects.15

6.6. Neurodevelopmental outcome
Prolonged caffeine intake may have a neuroprotective effect, presumably by up regulating adenosine A1 receptors.40 The CAP trial showed reduced likelihood of
death, clinical disability and neurocognitive impairment at
18 months PMA in infants weighing less than 1250 g when
caffeine was used from day 3 until 34 weeks PMA (40.2% vs.
46.2% infants with p value 0.008 and odds ratio 0.77).31
Subsequent follow up of CAP trial at five years did not
show any difference in the composite outcome of death or
severe impairment. However, the same study revealed
statistically significant improvement in visual perception
and motor coordination.41 The exact mechanism by which
caffeine has positive effects on CNS is unknown but it may
be related to its ability to reduce intermittent hypoxia and
perhaps its direct neuroprotective effects.1

6.7. Retinopathy of prematurity
The CAP trial showed reduced incidence of severe retinopathy of prematurity in caffeine group when compared
to placebo (5.1% vs. 7.9% with adjusted odds ratio 0.61).31
This effect would perhaps be explained by reduced oxygen
and ventilation days and reduced incidence of intermittent
hypoxia with caffeine group.1

7. Possible effects
7.1. Renal effect

6.4. Intermittent hypoxia
Intermittent hypoxia is a common occurrence among premature infants but its clinical significance is not well

Caffeine induces diuresis by enhancing renal blood flow as
well as glomerular filtration rate. It also increases creatinine clearance and urinary calcium excretion; however, it
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does not induce any changes in serum sodium, potassium,
phosphorus or calcium concentration.15 Future studies may
perhaps clarify how significant the renal effects of caffeine
are.

5
wide therapeutic index, the adverse effects are relatively
minor and the risk-benefit ratio appears extremely
negligible.

9. Controversies
7.2. Effect on growth

Caffeine has been known to induce gastroesophageal
reflux. This is mediated by increased gastric secretions and
reduced lower esophageal sphincter tone.15 Preterm infants are known to have reflux and thus it is difficult to
correlate the effects of caffeine over gastroesophageal
reflux.1 It has also been shown that caffeine reduces
splanchnic blood flow.15 One study documented a higher
tendency of necrotizing enterocolitis with the use of
caffeine although it was not statistically significant.42
However, further studies, including the CAP trial, were
unable to substantiate this association.21,30 In view of GI
effects of caffeine, along with its role in inflammation,
there appears to be a potential for considerable research
upon this topic.

One of the significant controversies surrounding caffeine
has been the dose. The standard dose of caffeine (20 mg/kg
loading and five mg/kg OD maintenance) may have been an
under-dose as many studies have suggested that a higher
dose is more efficacious.20,21,23 Considering the wide therapeutic index and safety margin, the present dose may
perhaps be under-represented. Besides the dose, there has
been no consensus regarding whether early caffeine or late
caffeine is preferable or if there is any role of prophylactic
caffeine therapy.
The fact that the CAP trial and other studies have shown
a reduction in apnea frequency between two to seven days
after starting caffeine also leaves us with the query of how
long to continue administration. As apnea of prematurity is
known to occur until 34 weeks, is it worthwhile and
effective to continue caffeine in extreme preterms for so
long?
Caffeine has also been implicated as a risk factor for
spontaneous abortion. Some studies showed that daily
intake of high doses of caffeine before pregnancy led to
spontaneous abortions.46e48 Other studies did not show
such association.49e51 Despite its association with fetal loss,
use of caffeine in neonates would perhaps not be contraindicated as the dose used in neonates is relatively much
smaller than the amount of caffeine consumption in the
study. 52

7.4. Inflammatory role

10. Future research

Caffeine modulates immune cell functions by adenosine
receptor antagonism as adenosine receptors are expressed
on immune cells.43 A recent study elucidated the interactive role of caffeine over inflammation. At therapeutic
dose, caffeine had an anti-inflammatory role via reduction
of cytokines like interleukin-6 and tumor necrosis factoralpha and increment of interleukin-10. At higher therapeutic doses, it mediated the pro-inflammatory role.44 The
inflammatory role of caffeine may perhaps explain the
mechanism of beneficial effects it has upon bronchopulmonary dysplasia. However, future studies may explain
the exact nature of the effect which caffeine has upon
inflammation.

In view of the various therapeutic roles of caffeine in neonates, there is no doubt that this is the most used and
preferred drug among neonatologists worldwide. However,
there is requirement of extensive research on this drug,
especially with regard to its dose, timing, duration,
consideration of prophylaxis, possible effects in various
systems, its role in inflammation, and questions over longterm adverse effects. In view of ongoing research, it is
expected that future will address these issues.

It has been shown that caffeine increases oxygen consumption and energy expenditure, leading to less weight
gain.15 It was also shown in the CAP study that early weight
gain was lower with caffeine use but subsequent study
showed that the difference was insignificant at
18e21 months.30,31 Hence, at present, the effects of
caffeine upon growth, although minor, seem only
temporary.

7.3. GI effects

8. Adverse effects
Caffeine is generally a very safe drug. It has known side
effects that are comparatively minor. The CAP trial substantiated that it does not have any apparent short or longterm adverse effects upon the neonates.30,31
The common transient side effects attributed to
caffeine include tachycardia, hypertension, tremors, vomiting and rarely opisthotonus, hyperglycemia, hypokalemia,
etc.23,45 Acute overdose may result in jitteriness, seizures,
hypertonia, hypercalcemia, etc.1 However, in view of its

11. Summary and conclusions
Caffeine citrate is one of the most important medicines in
use in NICU. Its efficacy, tolerability, wide therapeutic
index, safety and its use in apnea, mechanical ventilation
as well as bronchopulmonary dysplasia has made it the
“Silver bullet” in neonatology. However, there is a
requirement for further research on this drug regarding
extensive possible effects, the most effective dose and
long-term safety profile.
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