
PERINATOLOGY • Vol 18 • No. 2 • Jul–Sep 2017

72

Use of Methylxanthines in 
Preterm Neonates
Naveen Bajaj*

Therapeutics

*Correspondence 
Dr Naveen Bajaj 
Head, Department of Neonatology 
481, Deep Hospital, Model Town 
Ludhiana 141002, Punjab 
India 

E-mail: bajajneo@yahoo.com 

Introduction
Apnea of prematurity (AOP) is common, particularly at 
very early gestational ages. Several episodes of ineffec-
tive breathing can lead to hypoxemia and bradycardia, 
sometimes severe enough to require drug therapy or 
positive pressure ventilation. For more than 30 years, 
AOP is being treated using methylxanthines (amino-
phylline/theophylline and caffeine). In 1973, Kuzemko 
and Paala1 described the use of aminophylline to treat 
apnea attacks in preterm neonates. In 1977, Aranda et 
al2 first reported the use of caffeine for the treatment 
of AOP. Today, they are among the most commonly 
prescribed drugs to treat neonatal apnea. 

Mechanism of action of 
methylxanthines
Methylxanthines produce a respirogenic effect. They 
act as antagonists at the level of adenosine receptors and 

inhibit phosphodiesterase, which results in an increase 
in cyclic adenosine monophosphate level and thus stim-
ulates the central nervous system (CNS) and ultimately 
increases the respiratory center output by
•	 increasing minute ventilation;
•	 causing a shift of the CO2 response curve to left, 

with or without increase in slope, and an increase 
in chemoreceptor sensitivity to CO2;

•	 improving the efficiency of diaphragmatic 
contractions;

•	 improving pulmonary mechanics; and
•	 decreasing hypoxic ventilation depression. 

Theophylline increases tidal volume and has minimal 
effect on respiratory frequency. In contrast, caffeine 
increases the respiratory frequency and not the tidal 
volume. Methylxanthines also relax bronchial smooth 
muscles, stimulate cardiac muscles, and act as mild 
diuretics.3,4
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Aminophylline 
(Theophylline)
Aminophylline, the ethylenediamine salt of theophyl-
line, is a complex of theophylline and ethylenediamine 
in the ratio 2:1 and is administered intravenously. 

In preterm neonates, aminophylline is primarily elim-
inated in an unchanged form, although significant 
interconversion to caffeine occurs. In very premature 
neonates, it has a prolonged serum half life of 20 to 30 
hours. In neonates of 55 weeks of postmenstrual age, 
theophylline is metabolized and eliminated as in adults. 
Aminophylline salt is 78.9% theophylline. When 
administered orally, bioavailability of theophylline is 
80%; hence, no dosage adjustment is necessary when 
changing from IV aminophylline to oral theophylline.5 

Dosage
Loading dose: 8 mg/kg IV infusion over 30 minutes 
or po

Maintenance dose: 1.5 to 3 mg/kg per dose of slow 
push IV infusion or po every 8 to 12 hours 

The maintenance dose is recommended to be initiated 
between 8 and 12 hours after the loading dose. 

In preterm neonates, changing from IV aminophylline 
to oral theophylline requires no dose adjustment.5

Adverse effects
Following are the adverse effects reported.5 
•	 Gastrointestinal: irritation, vomiting, and 

distension
•	 Cardiovascular: tachycardia
•	 CNS: irritability, jitteriness, and seizures
•	 Hyperglycemia

Monitoring
Neonates should be monitored for heart rate, glucose 
level, any agitation, and feed intolerance. If the heart 
rate is > 180 beats per minute, it is advised to consider 
withholding the next dose. 

In case lack of efficacy or clinical signs of toxicity are 
observed, serum trough concentration of the drug 

should be obtained. Therapeutic serum trough concen-
tration of the drug is 7 to 12 µg/mL, and levels above 
13 µg/mL are toxic.

Signs of toxicity include sinus tachycardia, failure to 
gain weight, vomiting, jitteriness, hyperreflexia, and 
seizures.5

Preparation
Injection: Aminophylline 25 mg/mL in 10 mL ampoule 
for IV use 

Solution compatibility: D5W, D10W, and NS 

Oral: Theophylline 50 mg/5mL (Theoped suspension)5

Caffeine
Caffeine is commonly available as caffeine citrate and 
can be administered both IV infusion and po. Orally 
administered caffeine citrate is rapidly and completely 
absorbed. There is almost no first-pass metabolism. The 
dose of caffeine base is one half the dose when expressed 
as caffeine citrate. Caffeine is rapidly distributed in the 
brain, with CNS levels approximating plasma levels. In 
neonates, approximately 86% is eliminated unchanged 
in urine, with the remainder metabolized by CYP1A2 
enzyme system. Its serum half-life ranges from 40 to 
230 hours, and decreases with advancing postmenstrual 
age until 60 weeks of postmenstrual age. Its serum half 
life is prolonged in neonates with cholestatic jaundice.5 

Dosage
Loading dose: 20 to 25 mg/kg of caffeine citrate IV 
over 30 minutes or po (equivalent to 10 to 12.5 mg/kg 
caffeine base)

Maintenance dose: 5 to 10 mg/kg per dose of slow-
push IV infusion or po every 24 hours (equivalent to 
2.5 to 5 mg/kg caffeine base) 

The maintenance dose should be started 24 hours after 
the loading dose. 

Additional loading dose and higher maintenance dose 
of caffeine citrate may be considered, if serum concen-
tration monitoring is possible.5
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Adverse effects
Adverse effects are usually mild and include restless-
ness, vomiting, and tachycardia. Caffeine is suggested 
to have an association with necrotizing enterocolitis; 
however, currently there is no evidence to prove this 
association.5 

Monitoring
Neonates should be monitored for heart rate; if the 
heart rate is > 180 beats per minute, it is advised to 
consider withholding the next dose.

When administering the suggested doses, it is not 
necessary to measure the serum drug concentration 
routinely. If required, monitoring of the serum drug 
concentration should be based on trough levels deter-
mined on approximately day 5 of therapy. Thera-
peutic serum trough concentration of the drug is 5 to  
25 µg/mL; concentration > 40 to 50 µg/mL is toxic.5 

Preparation
Injection: Caffeine citrate 20 mg/mL (equivalent to 
10 mg of caffeine base) for IV use 

Solution compatibility: D5W, NS

Oral: Caffeine citrate 20 mg/mL (equivalent to 10 mg 
of caffeine base) oral solution

Caffeine is now available in India as Cafirate injection 
and oral solution (20 mg/mL in 3-mL vial).5

Indications for 
Methylxanthine Therapy
Apnea of prematurity
Methylxanthines serve as a basis of pharmacologic 
therapy for AOP. A recent Cochrane review concludes 
that methylxanthines are effective in reducing the 
number of apnea attacks and the use of mechanical 
ventilation.6 However, methylxanthine therapy does 
not have a prophylactic role in AOP.7

Neonatologists administer methylxanthine therapy 
based on their discretion as currently there are no estab-

lished guidelines. Commonly, treatment is indicated for 
recurrent apnea (> 6 episodes in 12 h or > 12 episodes 
in 24 h), apneas not resolving spontaneously or with 
minimal stimulation, and a single episode requiring 
positive pressure ventilation. For discontinuation of 
treatment, a combination of factors including postcon-
ceptional age (PCA), length of time since the last apnea 
episode, and general health are considered. Generally, 
the therapy can be discontinued at 34 to 36 weeks of 
PCA, if no episode of apnea is reported during the 
last 5 to 7 days. Once the therapy is stopped, neonate 
should be monitored for 3 to 8 days, during drug 
washout, before concluding that the neonate is ready 
for discharge.8

Extubation of ventilated neonates
Methylxanthines are used to facilitate weaning after 
extubation of ventilated neonates, especially in very-
low-birth-weight neonates. A Cochrane review states 
that methylxanthines increase the chances of successful 
extubation of preterm neonates, within 1 week of age.9 
Methylxanthines are usually administered 24 hours 
before a planned extubation and continued for 5 days. 

Postoperative apnea
Preterm neonates under general anesthesia for surgery, 
at about term equivalent age, may have episodes of 
apnea, cyanosis, and bradycardia during the early 
postoperative period. Caffeine can be administered 
to prevent apnea/bradycardia and episodes of oxygen 
desaturation in these neonates in the postoperative 
period.10 

Apnea associated with 
prostaglandin E1 infusion
Prostaglandin E1 (PGE1) infusion, which is used to 
maintain the patency of the ductus arteriosus in ductal-
dependent congenital heart diseases, can cause respira-
tory depression and apnea, thus necessitating intubation 
and mechanical ventilation. Aminophylline is an effec-
tive respiratory stimulant and helps prevent apnea and 
intubation, especially in cases where apnea results from 
PGE1 infusion.11 
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Bronchopulmonary dysplasia
A study on caffeine therapy for AOP shows that caffeine 
substantially reduces the frequency of bronchopul-
monary dysplasia (BPD).12 Another study shows that 
early initiation of caffeine (within 3 days of birth) 
is associated with a decrease in the incidence of BPD 
in extremely preterm neonates.13 Caffeine remains a 
potential first-line therapy of choice for the prevention 
of BPD in preterm neonates.

Improved neurodevelopmental 
outcome
The CAP trial also studied the long-term efficacy and 
safety of methylxanthine therapy for AOP in very-low-
birth-weight neonates. In this study, it was found that 
caffeine significantly improved survival without causing 
neurodevelopmental disability at a corrected age of 18 
to 21 months. Caffeine reduced the incidence of cere-
bral palsy and cognitive delay but had no significant 
effect on the rates of mortality, severe hearing loss, or 
bilateral blindness. Neonates who received respira-
tory support appeared to derive more neurodevelop-
mental benefits from caffeine than neonates who did 
not receive respiratory support.14,15 Though caffeine was 
not found to be associated with the survival without 
disability at 5 years of age, there was an overall trend 
toward improved neurodevelopmental outcome. In the 
subgroup analysis, there were fewer caffeine-treated 
neonates with evidence of cerebral palsy and scores on 
gross motor classification scale were also better.16 

Comparison of 
Aminophylline/
Theophylline and Caffeine
Aminophylline and caffeine are equally effective in 
the treatment of AOP in neonates. A recent Cochrane 
review concludes that caffeine has an efficacy similar 
to that of theophylline in bringing about short-term 
reductions of apnea/bradycardia.17 Caffeine has a higher 
therapeutic ratio, more reliable enteral absorption, less 
fluctuation of plasma level owing to its long half-life, 
ease of administration (once daily), and a few periph-

eral side effects compared with aminophylline/theo-
phylline.17,18 Caffeine is also found to be effective in the 
management of apneas unresponsive to theophylline.19 
Hence, caffeine is the preferred drug for the treatment 
of AOP in neonates. 

Conclusions
Methylxanthines are known for their respirogenic and 
CNS-stimulating activities. They are beneficial in the 
treatment of AOP, facilitate extubation, and prevent 
postoperative and PGE1-induced apneas in preterm 
neonates. Both aminophylline and caffeine are equally 
effective in the treatment of apneas in neonates. 
Caffeine is preferred to aminophylline because of its 
wider therapeutic index, easier dosing schedule, and 
lesser side effects in addition to its long-term safety and 
better neurodevelopmental outcome. 
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