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ABSTRACT 
Purpose. Comparison of the efficiency of caffeine and aminophylline for the treatment of apnoea in premature 
neonates. 
Material and method. We conducted a retrospective study on two lots of premature infants admitted in the 
Regional Centre of Neonatal Intensive Care Unit of the “Cuza-Vodă” Clinical Hospital of Obstetrics and Gynae-
cology of Iasi during June 2012 – June 2015. 
Results. Neonates treated with caffeine had significantly less apnoea on day 3 and 14 of treatment comparing 
with those who received aminophylline. Caffeine treatment was associated with less need for CPAP and me-
chanical ventilation comparing with aminophylline, but there was no statistical significance. Anemia, intraven-
tricular hemorrhage, persistent ductus arteriosus and chronic lung disease were correlated with an increased 
duration of the treatment for apnoea of prematurity. Neonates from the caffeine group had more episodes of 
agitation, tachycardia and digestive intolerance, but at the same time a reduced incidence of necrotizing entero-
colitis, weight loss and hypertension, compared to those from the aminophylline group. The hospital stay dura-
tion was reduced in the infants that received caffeine treatment compared to those that received aminophylline. 
Conclusion. The therapeutic advantages of caffeine are remarkable due to low incidence of significant adverse 
effects and its long-term cost/efficiency ratio, which recommend it as the best treatment for apnoea of prematu-
rity. These facts justify the initiation of a multicentre national study including a higher number of premature neo-
nates for the evaluation of the efficiency of caffeine therapy in all gestational age groups. 
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INTRODUCTION 

Apnoea of prematurity, defined as the cessation 
of breathing for at least 20 seconds, or for less than 
20 seconds, but associated with bradycardia or cya-
nosis, in a neonate with a gestational age below 37 
weeks (1), is a consequence of the physiologic im-
maturity of the centres that control breathing. The 
incidence and severity of apnoea increase as the 
gestational age decreases. Apnoeic episodes in pre-
term infants may have central cause (absent inspi-
ratory efforts), obstructive mechanism (airway ob-
struction with present inspiratory efforts), or may 
be mixed (combination of central and obstructive 

mechanisms), with latter being the most common 
form (2).

Severe apnoeic episodes with duration of more 
than 20 seconds are often accompanied by brady-
cardia and desaturation which can lead to distur-
bances in cerebral haemodynamic and neurodevel-
opmental impairment (3). Treatment for apnoea of 
prematurity includes prone positioning, methylx-
anthines and CPAP (continuous positive airway 
pressure) or NIPPV (nasal intermittent positive 
pressure ventilation). Doxapram is a potent respira-
tory stimulant which increases minute-volume by 
increasing the respiratory rate in adult patients. Its 
use has been documented in newborns with recur-
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rent apnoea despite methylxanthine treatment, but 
its routine use is controversial because of the poten-
tial side effects and the lack of long term data (4).

Other therapeutic measures include sensory 
stimulation, CO2 inhalation and packed red cells 
transfusion, but they require additional studies and 
are not recommended as routine treatment (5).

Recurrent apnoea represents a frequent pathol-
ogy in premature infants, the incidence and severity 
being inversely correlated with the gestational age 
(6). Apnoea can be a spontaneous event attributed 
solely to prematurity, but it can also be triggered or 
aggravated by factors like infections, hypoxemia, 
anaemia, metabolic disturbances, intracranial pa-
thology, gastroesophageal reflux or certain drugs. 
Due to the well-known stimulatory effect of the 
methylxanthines on the respiratory centre, they 
have been used for treatment of apnoea since the 
1970’s. Their efficiency compared to placebo has 
been evaluated in a Cochrane review which has es-
tablished their role in reducing apnoeic events, but 
the mechanism of action could not be specified. 
Possibilities include increased chemoreceptor re-
sponsiveness (based on increased breathing re-
sponses to CO2), enhanced respiratory muscle per-
formance and generalized central nervous system 
excitation (7).

Caffeine has a potential therapeutic advantage 
over aminophylline due to its higher therapeutic ra-
tio, more reliable enteral absorption and longer 
half-life, which allows once daily administration (8).

The purpose of this paper is to compare the ef-
ficiency of two methylxanthines, caffeine and ami-
nophylline, for the treatment of apnoea in prema-
ture infants.

MATERIAL AND METHOD

We conducted a retrospective study on two 
groups of premature neonates admitted in the Re-
gional Centre of Neonatal Intensive Care Unit of 
the “Cuza-Vodă” Clinical Hospital of Obstetrics 
and Gynaecology of Iasi during June 2012 – June 
2015. The first group included 46 premature infants 
admitted in our unit between June 1st and Decem-
ber 31st 2012, who received aminophylline as a 
loading dose of 5 mg/kg at extubation, followed by 
a maintenance dose of 2-3 mg/kg divided in 2 daily 
doses until the apnoea resolved. The second group 
included 301 premature neonates admitted between 
January 1st 2013 and June 30th 2015 who received 
caffeine as a loading dose of 20 mg/kg followed by 
a maintenance dose of 5 mg/kg in a single daily 
dose.

In both groups we analysed the following pa-
rameters: gestational age (GA), birth weight (BW), 
Apgar score at 1, 5 and 10 minutes, primary pathol-
ogy, the need and duration of mechanical ventila-
tion, the moment when the methylxanthine treat-
ment was initiated, the duration of administration, 
the number, severity and evolution of apnoeic 
spells during treatment, associated pathology which 
could have influenced the duration and severity of 
apnoea (anaemia, patent ductus arteriosus, chronic 
lung disease) and the duration of hospital stay. 
Chronic lung disease was defined as need for sup-
plemental oxygen at 28 days or 36 weeks postcon-
ceptional age (9).

RESULTS

Of the total preterm neonates with a GA ≤ 35 
weeks admitted between June 2012 and June 2015 
in our unit, 22.61% had apnoea. The incidence var-
ies inversely with the gestational age: 61.38% (≤ 29 
wks.), 43.03% (30-31 wks.), 18.8% (32-33 wks.), 
2.99% (34-35 wks.), respectively. 

In the first group (aminophylline), the mean GA 
was 29.13 wks. (min = 25 wks., max = 34 wks.), 
and the mean birth weight was 1174.3 g (min = 650 g, 
max = 1,900 g). In the second group (caffeine), the 
mean GA was 29.92 wks. (min = 25 wks., max = 35 
wks.) (p = 0.037534; CI = 95%), and the mean birth 
weight was 1325.1 g (min = 500 g, max = 2,560 g) 
(p = 0.007798; CI = 95%). The median value for 
the Apgar score at 1, 5 and 10 minutes respectively 
was 5, 7 and 7 for group 1, and 6, 7 and 7 for group 
2 (p1 = 0.187460, p5 = 0.100796, p10 = 0.109985; CI 
= 95%).

In both groups the primary pathology was repre-
sented mainly by respiratory distress syndrome due 
to surfactant deficiency (89.13% vs. 60.13%; 
p=0.00014; CI=95%), followed by congenital 
pneumonia, (4.35% vs. 9.30%; p=0.265; CI=95%), 
pulmonary haemorrhage (2.17% vs. 2.33%; 
p=0.948; CI = 95%) and pneumothorax (2.17% vs 
2.66%; p=0.847; CI = 95%).

The analysis of the data concerning the need for 
mechanical ventilation as treatment for primary pa-
thology, showed that 17.39% of the infants from 
group 1 (aminophylline) and 11.63% from group 2 
(caffeine) were ventilated with HFOV (high 
frequency oscillatory ventilation) (p=0.26919; CI = 
95%), 73.91% of the neonates from group 1, and 
58.8% from group 2 with IPPV (intermitent positi-
ve pressure ventilation) (p=0.04532; CI = 95%), 
and 50% of the neonates from group 1, and 36.5% 
from group 2 were ventilated with SIMV (synchro-
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nized intermittent mechanical ventilation) 
(p=0.08044; CI = 95%). 95.65% of the patients 
from group 1, and 84.96% of the patients from 
group 2 needed non-invasive respiratory support 
like CPAP (p=0.02849; CI = 95%).

In both groups we analysed the duration of inva-
sive (HFOV+IPPV+SIMV) or non-invasive respi-
ratory support (CPAP), and the data showed a 
shorter duration in infants treated with caffeine 
comparing with those who received aminophylline, 

5.18 vs. 7.26 days (p=0.104364; CI = 95%) for me-
chanical ventilation and 6.31 vs. 7.13 days 
(p=0.506142; CI = 95%) for CPAP, respectively 
(Fig. 1). Although the differences in the mean dura-
tion of ventilation are significant for both invasive 
support and CPAP, the correlation cannot be con-
sidered statistically relevant because of the major 
size inequality between the two study groups. 

The analysis of apnoea frequency after the ini-
tiation of methylxanthine treatment revealed a sta-
tistically relevant reduction of apnoeic events after 
day 3 and 14th of treatment in the neonates from the 
caffeine group, compared to those from the amino-
phylline group (Fig. 2).

FIGURE 1. Statistical indicators for the duration of 
respiratory support as treatment for the primary pathology
CPAP – continuous positive airway pressure

FIGURE 2. Frequency of apnoeic events after the initiation 
of methylxanthine treatment 

The mean duration of aminophylline treatment 
was 15.98 days, whereas for caffeine, 22.8 days 
(p=0.006454; CI = 95%).

Concerning the severity of apnoea, in both 
groups the events that required intervention (tactile 
stimulation, positive pressure ventilation or CPAP) 
were predominant – 86.96% in group 1 vs. 88.37% 
in group 2 – while the events with spontaneous res-
olution had a prevalence of 13.04% and 11.63%, 
respectively. As for the required measures, in the 
caffeine group tactile stimulation was reported in 
91.36% of the events vs. 60.87% in the aminophyl-
line group (p<<0.001; CI = 95%). In return, the 
neonates from the aminophylline group required 
PPV and CPAP more frequently (5.32% vs. 2.17%; 
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p=0.35788; CI = 95% and 63.04% vs. 49.50%; 
p=0.08701; CI = 95%, respectively).

We also analysed the incidence of the side ef-
fects of the methylxantine treatment comparatively 
in both groups, and found a higher incidence of 
agitation, tachycardia and digestive intolerance in 
premature infants treated with caffeine, but a lower 
incidence of NEC (necrotizing enterocolitis), weight 
loss and hypertension compared to those in the 
aminophylline group (Fig. 3).

FIGURE 3. Comparative analysis of the methylxanthine treatment side effects 
NEC – necrotizing enterocolitis

Knowing the fact that anaemia, intraventricular 
haemorrhage, patent ductus arteriosus and chronic 
lung disease are involved in the pathogenesis of ap-
noea, we analysed their incidence in both study 
groups (Fig. 4) and also their influence of the dura-
tion of methylxanthine treatment (Fig. 5).

The mean duration for hospital admission of the 
infants in the aminophylline group was 69.85 days 
vs. 59.33 days in the caffeine group (p=0.0052; 
CI = 95%).

FIGURE 4. Associated pathology (comparison between study groups)
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DISCUSSION

Approximately 70% of babies born before 34 
weeks of gestation have clinically significant ap-
noea, bradycardia, or desaturation during their hos-
pital stay. Apnoea may occur during the postnatal 
period in 25% of neonates who weighed less than 
2,500 g at birth and in 84% of neonates who weigh 
less than 1,000 g (10). Carlo and Barrington showed 
that apnoea may begin on the first day of life in 
neonates without respiratory distress syndrome 
(11,12). The incidence of apnoea varies depending 
on the gestational age. Martin et al. reported that 
7% of neonates born at 34 to 35 weeks gestation, 
15% at 32 to 33 weeks, 54% at 30 to 31 weeks (13), 
while Robertson et al. established that nearly all in-
fants born at <29 weeks gestation or <1,000 g ex-
hibit AOP (14). However, it’s important to keep in 
mind that apnoea of prematurity is always a dia-
gnosis of exclusion, as many conditions like intra-
partum magnesium exposure, systemic infections 
or the fetal inflammatory response syndrome, pne-

umonia, intracranial pathology, seizures, hypogly-
cemia and other metabolic disturbances may mani-
fest with apnoea (10). The incidence of apnoea 
reported by our study, respectively 61.38% (≤ 29 
wks.), 43.03% (30-31 wks.), 18.8% (32-33 wks.) 
and 2.99% (34-35 wks.), are lower comparing with 
those stated in the studies mentioned above.

Of all neonates admitted in our unit between 
June 2013 and June 2015, we included in the study 
premature infants with GA < 35 weeks who requi-
red methylxanthines for prophylaxis or treatment 
of apnoea or to facilitate extubation.

The administration protocols for the two meth-
ylxanthines were different. In the aminophylline 
group, the loading dose was administered at extu-
bation, followed by the maintenance dose until the 
apnoea resolved. In the caffeine group, depending 
on the gestational age, the pathology and clinical 
status of the neonate, the loading dose was given 
either in the first 3 days of life, at extubation or as 
treatment for apnoea, followed by a daily mainte-
nance dose until 34-36 weeks postconceptional age 

FIGURE 5. Correlation between associated pathology and treatment duration
PDA – patent ductus arteriosus
CLD – chronic lung disease
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or until the apnoea resolved, resulting in a longer 
administration of caffeine, compared to amino-
phylline.

Neonates that received caffeine had a significant 
reduction of apnoea on day 3 and 14 of treatment 
compared to those in the aminophylline group, with 
no statistically relevant difference on day 7 and af-
ter the 14th day of treatment. This proves the effi-
ciency of methylxanthines for AOP treatment and a 
quicker effect of caffeine compared to aminophyl-
line. Overall, on the short-term, caffeine and ami-
nophylline seem to have similar effects in reducing 
apnoea/bradycardia, as reported by other authors 
(8).

Weaning and extubating preterm infants on 
mechanical ventilation may be difficult because of 
the relatively poor respiratory drive and tendency 
to develop hypercarbia and apnoea, particularly in 
very preterm infants. Thus, methylxanthine treat-
ment started before extubation may be effective in 
facilitating removal of the respiratory support in 
ventilated neonates by stimulating breathing and 
reducing postextubation apnoea (15). Our study 
also showed that caffeine treatment was associated 
with a slight decrease of need for CPAP and me-
chanical ventilation compared to aminophylline, 
but the differences were not statistically relevant. 

On the long-term, our study showed that in the 
caffeine group the incidence of chronic lung dis-
ease was significantly lower compared to the ami-
nophylline group, in accordance with the data re-
ported by other authors (15). On the other hand, 
anaemia, intraventricular haemorrhage, persistent 
ductus arteriosus and chronic lung disease were 
statistically correlated with a prolonged duration of 
treatment for apnoea of prematurity.

Analysis of the side effects of mehylxanthines 
showed that neonates from the caffeine group had 
more episodes of agitation, tachycardia and feed 
intolerance, but aminophylline treatment was asso-
ciated with a higher incidence of NEC, hyperten-
sion and weight loss. Henderson-Smart and Steer 
(8) performed a meta-analysis of 5 studies that in-

cluded 108 premature infants with a mean GA of 30 
weeks, who received methylxanthines for AOP (54 
– caffeine, 54 - teophylline). The authors concluded 
that theophylline was associated with a higher tox-
icity rate (tachycardia, agitation, feed intolerance, 
NEC, poor weight gain). Our result was not con-
current with the existing reports, but this could be 
explained by the much smaller number of infants in 
the aminophylline group (46), compared to those in 
the caffeine group (301).

The shorter hospital stay of infants from the caf-
feine group compared to those in aminophylline 
group in addition to the reduction in the need for 
invasive and non-invasive respiratory support, 
pleads for a better cost/benefit ratio in the case of 
caffeine, which recommends it as the drug of choice 
for treatment of apnoea in premature infants.

CONCLUSION

Both caffeine and aminophylline have proved to 
be efficient in reducing the number of apnoea and 
facilitation of weaning of the ventilator and extuba-
tion of extremely premature infants. Also, caffeine 
administration was correlated with lower rates of 
bronchopulmonary dysplasia.

The therapeutic advantages of caffeine com-
pared to aminophylline, including better enteral ab-
sorption, longer half-life which makes it efficient in 
a single daily dose, lower rate of side effects and a 
favourable long-term cost/benefit ratio, recom-
mend it as the first choice drug for the treatment of 
apnoea in premature neonates.

Considering the advantages of caffeine treat-
ment against the higher cost comparing to amino-
phylline, it would be extremely useful to develop a 
set of national guidelines regarding prophylaxis 
and treatment for apnoea in premature infants, as 
well as a broader multicentre study on a larger 
number of neonates, in order to establish the effi-
ciency and safety of caffeine administration on the 
long term neurodevelopment and growth.
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