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Abstract 
Background: Prematurity apnea is described as inability to breathe for 20 seconds or less, 

accompanied by bradycardia (heart rate <100/minute) or cyanosis, in neonates under 37 weeks 

gestational age. Since the 1970s, methylxanthines have been used to treat apnea by stimulating 

breathing. Few developing country trials compare caffeine with aminophylline for efficacy and safety.  

The aim of the study: To compare the efficacy and the safety of the Caffeine versus the 

Aminophylline in prophylaxis and treatment of apnea of prematurity in Preterm Neonates (<34 weeks). 

Methods: A prospective, open-label, randomized controlled trial was conducted from October 2017 to 

January 2018 in Al-Yarmouk Teaching Hospital's tertiary NICU. Patients were followed up at Child's 

Central Teaching Hospital if they were referred for weight gain until 35 weeks of gestational age, 

infants were randomly assigned to two therapy groups (aminophylline and caffeine) based on their 

birth date (odd or binary), given loading and maintenance doses, and documented for apnea, 

bradycardia, cyanosis, tachycardia, CPAP, mechanical ventilator, seizure, NEC, and ICH. 

Results: There were no significant statistical differences in the mean of (sex, gestational age, twin or 

single, mother age, methods of delivery, apnea occurrence, NEC, ICH, length of treatment, and 

mortality) between the two therapy groups for the 55 preterm neonates. Compared to the Caffeine 

group, the Aminophylline group had a significant association with CPAP and mechanical ventilator 

use, but not duration. 

Conclusion: Caffeine decreases the need for CPAP and mechanical ventilation, Caffeine is considered 

as having the efficacy and the safety outcome in comparison with the Aminophylline. 

 

Keywords: Compare, efficacy, safety, caffeine, aminophylline, prophylaxis, treatment, apnea, 

prematurity, preterm, neonates 

 

Introduction 

Preterm birth (PTB), defined as the delivery of a baby before 37 completed weeks of 

gestation, is a significant health concern globally, categorized based on the gestational age 

into extremely preterm (before 28 weeks), very preterm (between 28 and 31 weeks), and 

moderate-to-late preterm (between 32 and 36 weeks) [1, 2]. PTB is distinguished from low 

birth weight (LBW), which is defined as infants born weighing less than 2,500 grams and 

further categorized into very low birth weight (less than 1,500 grams) and extremely low 

birth weight (less than 1,000 grams) [1]. Although prematurity and LBW are related, they are 

not identical; about two-thirds of LBW infants are preterm, and others may be term but small 

for gestational age due to factors like fetal growth restriction or genetic syndromes [1]. 

Preterm birth is the leading cause of neonatal morbidity and mortality, accounting for over 

10% of births worldwide in 2010, with an estimated 15 million babies born preterm 

annually, and this number is increasing [2, 3]. Infants born preterm face higher risks of long-

term health issues, including neurodevelopmental disorders, chronic lung disease, infection 

risks, visual and gastrointestinal impairments, and challenges in weight gain and 

development [3, 4]. Assessment of gestational age is vital for newborn care, utilizing physical 

and neuromuscular maturity signs to accurately estimate fetal age [5]. This assessment, along 

with the Apgar score, which measures newborns' vital signs and response to resuscitation, 

forms the basis of initial neonatal care [6]. Apnea of prematurity (AOP) is a condition 

characterized by the cessation of breathing in infants born before 37 weeks of gestation, 

often accompanied by bradycardia or cyanosis [7, 8]. 
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AOP and its causes, including central hypoventilation and 

obstructive apnea, are significant concerns in neonatal care, 

necessitating interventions like the use of methylxanthines 

(e.g., caffeine and theophylline) to stimulate breathing [9]. 

Methylxanthines have been used in clinical practice since 

the 1970s to manage AOP, proving effective in reducing 

apneic episodes and the need for mechanical ventilation [10, 

11]. Despite their benefits, these drugs require careful 

monitoring due to potential adverse effects, especially in 

extremely low birth weight infants who are more susceptible 

to complications [10]. Caffeine is preferred for its lower 

toxicity and wider therapeutic window, shown to reduce the 

rate of bronchopulmonary dysplasia, promote survival 

without neurodevelopmental disability, and facilitate 

extubation in preterm infants [12, 13]. The administration of 

caffeine, including dosing and monitoring, is tailored to 

each neonate's condition to optimize outcomes while 

minimizing risks [9, 14]. Management of apnea in preterm 

infants also involves strategies beyond pharmacotherapy, 

such as the application of continuous positive airway 

pressure (CPAP) to support breathing without invasive 

ventilation. CPAP, particularly in forms like bubble CPAP 

(b-CPAP), has been recognized for its effectiveness and cost 

efficiency in treating respiratory distress and apnea in 

preterm infants [15, 16]. The aim of study is to compare the 

efficacy and the safety of the Caffeine versus the 

Aminophylline in prophylaxis and treatment of apnea of 

prematurity in Preterm Neonates (<34 weeks). 

 

Methods 

A prospective, open-label, randomized controlled trial was 

conducted from October 2017 to January 2018 at Al-

Yarmouk Teaching Hospital's Neonatal Intensive Care Unit 

(NICU), extending follow-up to the Child's Central 

Teaching Hospital for patients referred for weight gain until 

reaching 35 weeks of Gestational Age. The study received 

ethical approval from the neonatal department committees 

of both hospitals, and verbal consent was obtained from the 

parents. The investigation aimed to compare the effects of 

aminophylline and caffeine, both approved treatments for 

apnea of prematurity by the Ministry of Health of Iraq, on 

preterm newborns with less than 34 completed weeks of 

gestational age who could breathe spontaneously with or 

without resuscitation at birth. Exclusion criteria included 

major congenital anomalies, infants with pulmonary 

hemorrhage, and those unable to breathe spontaneously after 

birth and resuscitation. Randomization was based on the 

birth date, assigning newborns born on odd dates to the 

aminophylline group and those on even dates to the caffeine 

group. All infants underwent screening for hypoglycemia, 

hypocalcemia, and other conditions as deemed necessary, 

with treatment protocols for aminophylline (loading dose of 

5 mg/kg, followed by maintenance doses of 2 mg/kg every 8 

hours) and caffeine (loading dose of 20 mg/kg, followed by 

maintenance doses of 5 mg/kg/day). Baseline parameters 

including gestational age, birth weight, 5-minute APGAR 

score, gender, and maternal age were recorded. The study 

lacked surfactant availability at Al-Yarmouk Teaching 

Hospital. Medication discontinuation criteria were 

tachycardia (>200 beats/minute) and seizure development. 

Outcomes monitored included apnea occurrence, CPAP 

need and duration, mechanical ventilation necessity and 

duration, and adverse events such as tachycardia and 

seizures. Data were analyzed using SPSS v24, with 

continuous variables presented as means and discrete 

variables as numbers and percentages. The Chi-square test 

assessed associations between discrete variables, and T-tests 

or Mann-Whitney tests evaluated differences in means 

between groups. Odds ratios (OR) estimated the risk of 

unwanted outcomes, considering a p-value of ≤0.05 as 

significant. 

 

Results 

A total number of participants in this study was 55 preterm 

neonates admitted at the NICU of Al-Yarmouk Teaching 

Hospital, from them there were 10 preterm neonates referred 

and admitted to the Child`s Central Teaching Hospital. 

Mean gestational age of the 55 participants was 31.3 weeks 

with a standard deviation of + 2.1 weeks. The minimum 

gestational age was 26 weeks, and the maximum gestational 

age was 34 weeks. Mean Apgar score of the 55 participants 

was 8.1 with a standard deviation of + 1.6. The mean of the 

duration of treatment at the NICU of Al-Yarmouk teaching 

hospital was 6.4 days with a standard deviation of + 3.5 

days. The minimum duration of treatment at the NICU of 

Al-Yarmouk teaching hospital was 1 day and the maximum 

duration of 18 days. Mean weight of the 10 participants at 

the time of admission at Child`s Central Teaching Hospital 

was (1.1kg+0.2), with a minimum weight of 0.8kg and a 

maximal weight of 1.5kg. Mean duration of admission of 

the 10 participants at Child`s Central Teaching Hospital was 

23 days, with a standard deviation of 16.3 days. The 

minimal duration of admission was 5 days, and the maximal 

duration was 56 days. 

 
Table 1: Characteristics of sampled patients that admitted to the NICU of Al- Yarmouk Teaching Hospital 

 

Treatment Group 

Variables 
Total Sample Aminophylline Caffeine 

P value 
N 100.0% N 100.0% N 100.0% 

Gestational Age (wk); M ± SD 31.3±2.1 31.5±2.0 31.2±2.2 0.669 

Sex 0.221 

Male 20 36.4% 8 28.6% 12 44.4%  

Female 35 63.6% 20 71.4% 15 55.6%  

M: F ratio  0.6  0.4  0.8  

Mother Age (y); M ± SD 25.2±7.4 24.7±7.5 25.7±7.4 0.599 

Single vs. Twin 0.686 

Single 44 80.0% 23 82.1% 21 77.8%  

Twin 11 20.0% 5 17.9% 6 22.2%  

Mode of Delivery 0.680 

Normal Vaginal 29 52.7% 14 50.0% 15 55.6%  

Caesarian Section 26 47.3% 14 50.0% 12 44.4%  
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Weight at Birth (Kg) 1.4±0.4 1.5±0.4 1.3±0.3 0.019 

APGAR score 5 min; M ± SD 8.1±1.6 7.4±1.8 8.9±0.9 <0.001 

Apnea 10 18.2% 7 25.0% 3 11.1% 0.182 

Bradycardia 8 14.5% 4 14.3% 4 14.8% 0. 956 

Cyanosis 10 18.2% 6 21.4% 4 14.8% 0.525 

Tachycardia 0 0.0% 0 0.0% 0 0.0% --- 

Sepsis 2 3.6% 0 0.0% 2 7.4% 0.142 

CPAP 18 32.7% 14 50.0% 4 14.8% 0.005 

Days on CPAP; M ± SD 1.6±1.2 1.7±1.2 1.3±1.2 0.504 

Ventilator 11 20.0% 9 32.1% 2 7.4% 0.022 

Days on Ventilator; M ± SD 1.4±1.2 1.5±1.2 0.8±0.4 0.397 

Necrotizing Enterocolitis 3 5.5% 1 3.6% 2 7.4% 0.531 

Intracranial Hemorrhage 0 0.0% 0 0.0% 0 0.0% --- 

Days on treatment; M ± SD 6.4±3.5 6.1±3.6 6.8±3.4 0.440 

Fate 0.271 

Death 16 29.1% 10 35.7% 6 22.2%  

Discharged well/Referred 39 70.9% 18 64.3% 21 77.7%  

 
Table 2: Characteristics of participants admitted to Child`s Central Teaching Hospital 

 

Total Sample Aminophylline Caffeine 
P value 

Variables N=10 100.0% N=2 100.0% N=8 100.0% 

Gestational Age (wk); M ± SD 31.3±2.1 31.5±2.0 31.2±2.2 0.669 

Sex 0.067 

Male 7 70.0% 0 0.0% 7 87.5%  

Female 3 30.0% 2 100.0% 1 12.5%  

M: F ratio 2.3  0:2  7  

Weight on admission (Kg); M ± SD 1.1±0.2 1.1±0.3 1.1±0.2 0.790 

Single vs. Twin --- 

Single 10 100.0% 2 100.0% 8 100.0%  

Twin 0 0.0% 0 0.0% 0 0.0%  

Mode of Delivery --- 

Normal Vaginal 7 70.0% 2 100.0% 5 62.5%  

Caesarian Section 3 30.0% 0 0.0% 3 37.5%  

Apnea 1 10.0% 0 0.0% 1 12.5% 0.378 

Bradycardia 0 0.0% 0 0.0% 0 0.0% --- 

Cyanosis 1 10.0% 0 0.0% 1 12.5% 0.378 

Tachycardia 0 0.0% 0 0.0% 0 0.0% --- 

Sepsis 0 0.0% 0 0.0% 0 0.0% --- 

CPAP 0 0.0% 0 0.0% 0 0.0% --- 

Necrotizing Enterocolitis 0 0.0% 0 0.0% 0 0.0% --- 

Intracranial Hemorrhage 0 0.0% 0 0.0% 0 0.0% --- 

Days of hospitalization; M ± SD 23.0±16.3 14.0±7.1 25.3±17.4 0.414 

Completion of treatment 10 100.0% 2 100.0% 8 100.0% --- 

 
Table 3: Risk estimation for developing certain studied outcomes in patients treated with Aminophylline compared to patients treated with 

caffeine 
 

Outcomes of First Admission P value ORb(95% CI) 

Apnea 0.192 2.667(0.611-11.643) 

Bradycardia 0.956 0.958(0.214-4.292) 

Cyanosis 0.527 10.568(0.389-6.319) 

Poor feeding 0.274 10.944(0.590-6.404) 

Sepsis 0.998 0.000(0.000) 

CPAP 0.008 5.750(1.575-20.986) 

Ventilator 0.034 5.921(1.144-30.653) 

NEC 0.540 0.463(0.040-5.426) 

Death 0.566 10.444(0.412-5.069) 

Referral 0.147 0.325(0.071-1.487) 
afor Wald statistic 
bfor all outcomes, null values are the negative outcomes; exposure level is Aminophylline and 

reference level is caffeine
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Table 4: Distribution of sampled patients according to maternal age and to each of gestational age and to the mode of delivery 
 

Mother Age < 18 y or > 34 y 

 Yes No  

Variables N=16 100.0% N=39 100.0% P value 

Gestational Age 0.448* 

Extreme preterm 1 6.3% 1 2.6%  

Very preterm 5 31.3% 18 46.2%  

Moderate to late preterm 10 62.5% 20 51.3%  

Mode of Delivery 0.147 

Normal Vaginal 6 37.5% 23 59.0%  

Caesarian Section 10 62.5% 16 41.0%  

*after condensing gestational age into two groups; extreme to very preterm & moderate to late preterm 

 
Table 5: Birth weight of studied patients according to having apnea or not, and to treatment group 

 

Sample 

Apnea 

P value 
No Yes 

Weight at Birth (Kg) Weight at Birth (Kg) 

N Mean SD N Mean SD 

Total Sample 45 1.43 0.40 10 1.39 0.37 0.760 

Aminophylline Group 21 1.57 0.44 7 1.47 0.42 0.612 

Caffeine Group 24 1.31 0.32 3 1.20 0.10 0.557 

 

Discussion 

This study, conducted in the NICU of Al-Yarmouk 

Teaching Hospital and followed up at the Child's Central 

Teaching Hospital, aimed to compare the efficacy and safety 

of aminophylline and caffeine in treating apnea of 

prematurity among neonates born before 34 weeks of 

gestation. Recognizing that approximately 70% of such 

infants exhibit clinically significant apnea, bradycardia, or 

desaturation during hospitalization, the research underlined 

the importance of diagnosing apnea of prematurity as a 

condition of exclusion, due to its potential association with 

various other conditions [17]. Throughout the admission 

period in the NICU of Al-Yarmouk Teaching Hospital, the 

study revealed no significant differences in most baseline 

characteristics between the aminophylline and caffeine 

groups, including mean gestational age, gender, mother's 

age, singleton or twin status, cyanosis, mode of delivery, 

and occurrence of intracranial hemorrhage (ICH), with all P 

values exceeding 0.05 [Table 2]. However, infants in the 

aminophylline group had a significantly higher mean birth 

weight than those in the caffeine group (1.5 kg vs. 1.3 kg, 

p< 0.05) [Table 2]. Despite 10 out of 55 neonates 

developing apnea, with a higher incidence in the 

aminophylline group, the difference was not statistically 

significant, aligning with previous studies by Henderson-

Smart and Steer (2013), Hendy (2014), and Zonda (2016) [8, 

17, 18]. The occurrences of bradycardia and tachycardia 

showed no significant statistical differences between the 

treatment groups, contrasting with findings from 

Henderson-Smart and Steer (2013) and Zonda (2016), 

which noted discrepancies in tachycardia rates between 

theophylline and caffeine treatments [8, 18]. The lack of 

significant difference in sepsis occurrences between groups, 

despite two cases in the caffeine group, also mirrored the 

broader findings of non-significant differences in adverse 

events between treatments Table 2. Significantly, infants on 

aminophylline were more likely to require CPAP and 

mechanical ventilation compared to those on caffeine, with 

P values less than 0.05, suggesting a higher propensity for 

aminophylline-treated infants to need respiratory support 

[Table 2]. This finding is partially supported by Zonda 

(2016), which indicated a reduced need for CPAP in some 

cases [8]. No significant differences were observed in the 

duration of CPAP use, mechanical ventilation, treatment of 

NEC, or treatment duration between the two groups, nor in 

outcomes related to mortality or discharge [Table 2], 

consistent with findings from Shivakumar et al. (2017) and 

Hendy (2014) [19, 20]. Upon transfer to the Child's Central 

Teaching Hospital, the continuation of treatment revealed 

no significant differences in gestational age, gender, weight 

at admission, apnea occurrence, cyanosis, or treatment 

success between the aminophylline and caffeine groups 

[Table 3]. All patients from this stage were singletons, with 

only one participant from the caffeine group experiencing 

an apneic and a cyanosis attack, both without statistical 

significance [Table 3]. Risk estimation for developing 

specific outcomes during NICU admission highlighted that 

infants treated with aminophylline were significantly more 

likely to require CPAP and mechanical ventilation 

compared to those receiving caffeine, with P values less 

than 0.05 [Table 4]. No significant associations were found 

between treatment groups and other outcomes such as 

apnea, bradycardia, cyanosis, sepsis, NEC, death, and 

referral, nor between maternal risk age and gestational age 

or mode of delivery [Table 4, Table 5]. Mean birth weight 

differences between apneic and non-apneic babies within 

each treatment group were also not significant [Table 5], 

underscoring the complexity of treating apnea of 

prematurity and the nuanced effects of aminophylline and 

caffeine in this vulnerable population. 

 

Conclusion 

Caffeine significantly reduces CPAP and mechanical 

ventilator use. There was no significant correlation between 

apnea incidence, fatality, and suggested adverse effects 

while taking caffeine, therefore it is deemed more effective 

and safe than Aminophylline. 

 

Conflict of Interest 

Not available. 

 

Financial Support 

Not available. 

 

http://www.paediatricjournal.com/


International Journal of Paediatrics and Geriatrics http://www.paediatricjournal.com 

~ 52 ~ 

References 

1. Aschner JL, Patrick SW, Stark AR, Lee SK. The Scope 

and Organization of Neonatology: North American and 

Global Comparisons. In: MacDonald M, Seshia M, 

editors. AVERY`S Neonatology Pathophysiology and 

Management of the Newborn. 7th ed. Wolters Kluwer; 

c2016. p. 1-3. 

2. WHO. Preterm birth. WHO [Internet]. 2017 [cited 2018 

Mar 19]. Available from:  

http://www.who.int/mediacentre/factsheets/fs363/en/ 

3. Howson CP, Kinney MV, Lawn JE, eds. Born Too 

Soon: The Global Action Report on Preterm Birth. 

Geneva, Switzerland: World Health Organization; 

c2012. 

4. Goldenberg RL, Culhane JF, Iams JD, et al. 

Epidemiology and causes of preterm birth. Lancet 

2008;371:75. 

5. Gowen CW. Fetal and Neonatal Medicine. In: 

Marcdante KJ, Kliegman RM, editors. Nelson 

Essentials of Pediatrics. 7th ed. Canada: Elsevier 

Saunders; c2015. p. 197-198. 

6. Eakin PJ. Neonatal Resuscitation. In: Schafermeyer 

RW, Tenenbein M, Macias CG, Sharieff GQ, 

Yamamoto L, editors. Strange and Schafermeyer`s 

Pediatrics Emergency Medicine. 4th ed. Mc. Graw. Hill; 

c2015. p. 108-109. 

7. Chaudhuri M, Garg SK, Narang A, Bhakoo ON. 

Kinetics of theophylline in apnea of prematurity in 

small for gestational age babies. Indian Pediatr. 

1996;33:181-187. 

8. Zonda GI, Avasiloaiei A, Moscalu M, Stamatin M. 

Comparison of the Efficiency of Caffeine Versus 

Aminophylline for the Treatment of Apnea of 

Prematurity. Rom J Pediatr. 2016;65(1):28-35. 

9. Ainsworth SB, editor. Neonatal Formulary 7: Drug Use 

in Pregnancy and the First Year of Life. 7th ed. John 

Wiley & Sons, Ltd.; c2015. p. 120-121. 

10. Henderson-Smart DJ, De Paoli AG. Methylxanthine 

treatment for apnoea in preterm infants. Cochrane 

Database Syst. Rev., 2010, 12. Available from: 

http://doi.wiley.com/10.1002/14651858.CD000140.pub

2 

11. Henderson-Smart DJ. Recurrent apnoea. Evidence 

Based Pediatrics. Oxford: Blackwell; c2004. 

12. Lodha A, Seshia M, McMillan DD, Barrington K, Yang 

J, Lee SK, et al. Association of Early Caffeine 

Administration and Neonatal Outcomes in Very 

Preterm Neonates. JAMA Pediatr. 2015 Jan 1 [cited 

2018 Mar 2];169(1):33. Available from:  

http://archpedi.jamanetwork.com/article.aspx?doi=10.1

001/jamapediat rics.2014.2223 

13. Gray PH, Flenady VJ, Charles BG, Steer PA; Caffeine 

Collaborative Study Group. Caffeine citrate for very 

preterm infants: effects on development, temperament 

and behaviour. J Paediatr. Child Health. 

2011;47(4):167-172. 

14. Taketomo CK, Hodding JH, Kraus DM. Pediatrics & 

Neonatal Dosage Handbook. 23rd ed. Lexi-Comp. Inc.; 

c2016, p. 295-296. 

15. Aly H, Mohamed MA. Bubble Nasal Continuous 

Positive Airway Pressure. In: MacDonald MG, 

Ramasethu J, Rais-Bahrami K, editors. Atlas of 

Procedures in Neonatology. 5th ed. Lippincott Williams 

& Wilkins, a Wolters Kluwer Business; c2013. p. 231. 

16. Nowadzky T, Pantoja A, Britton JR. Bubble continuous 

positive pressure, a potentially better practice, reducing 

the use of mechanical ventilation among very low birth 

weight infants with respiratory distress syndrome. 

Pediatrics. 2009;123:1534. 

17. Nimavat DJ, Sherman MP, Santin RL. Apnea of 

Prematurity. 

http://emedicine.medscape.com/article/97497, updated 

May 29, 2014, accessed November 20, 2015. 

18. Henderson-Smart DJ, Steer PA. Caffeine versus 

theophylline for apnea in preterm infants (Review). 

Cochrane Database Syst. Rev, 2013, 1. Available from: 

http://doi.wiley.com/10.1002/14651858.CD000273.pub

2 

19. Hendy W, Wandita S, Kardana IM, James KL, Barlow 

D, McArtney R, et al. Efficacy of aminophylline vs. 

caffeine for preventing apnea of prematurity. Paediatr. 

Indones. 2014;17(6):365-371. 

20. Shivakumar M, Jayashree P, Najih M, Lewis LES, 

Ramesh Bhat R, Kamath A, et al. Comparative efficacy 

and safety of caffeine and aminophylline for apnea of 

prematurity in preterm (≤34 weeks) neonates: A 

randomized controlled trial. Indian Pediatr. 

2017;54(4):279-283. 

 
How to Cite This Article 

Bashar RA, Hameed SAW, Khaleq HLA. Compare the efficacy and the 

safety of caffeine versus aminophylline for prophylaxis and treatment of 

apnea of prematurity in preterm neonates (≤34 weeks). International 

Journal of Paediatrics and Geriatrics. 2024;7(1):48-52. 

 

 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the terms 

of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 

International (CC BY-NC-SA 4.0) License, which allows others to remix, 

tweak, and build upon the work non-commercially, as long as appropriate 

credit is given and the new creations are licensed under the identical terms. 

http://www.paediatricjournal.com/

