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Aminophylline, Tachycardia, used but is associated with adverse effects such as
Preterm Neonates tachycardia. Caffeine, with a wider therapeutic index and
more predictable pharmacokinetics, is increasingly
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Published on 01 Oct 2025 versus aminophylline for apnea of prematurity. Methods:
This randomized controlled trial was conducted in the
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Dr Hira Younis (NICU), at Fauji Foundation Hospital, Lahore, from 18

Email: hira.younis15@gmail.com January 2025 to 18 july 2025 . A total of 60 preterm
neonates (<36 weeks + 7 days gestation, weight <2.5 kg)
with apnea of prematurity were enrolled using non-
probability consecutive sampling and randomized into two
groups: Group A received aminophylline (n=30) and
Group B received caffeine citrate (n=30). Results: Baseline characteristics including
gestational age, birth weight, and gender were comparable between groups (p>0.05).
Tachycardia occurred in 12 neonates (40.0%) in the aminophylline group compared to
3 neonates (10.0%) in the caffeine group, a statistically significant difference (p=0.01).
Stratification showed higher tachycardia rates among low birth weight (<1.5 kg) and
<32 weeks gestation neonates treated with aminophylline. Conclusion: Caffeine
therapy is associated with a significantly lower frequency of tachycardia compared to
aminophylline in preterm neonates with apnea of prematurity. These findings support
caffeine as the safer first-line pharmacological therapy.
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Introduction

Apnea of prematurity is the most common diagnosis in Neonatal Intensive Care Unit
(NICU) due to immature respiratory centers. Premature babies have immature
respiratory systems which are less capable of exchange of gasses hence resulting in
apnea [1]. Apnea is defined as an interruption of breathing for >20 seconds or less
respiratory pause with hypoxia or bradycardia, which causes potential damage to
brain tissue [2]. Apnea is higher in neonates between 30-31 weeks [1, 3]. In
premature infants, methylxanthines (include caffeine, theophylline, and pentoxifylline)
are used to cure episodic apnea until they complete a post-conceptional age of 34-35
weeks [4]. Apnea of prematurity (AOP) is defined as a cessation of breathing for
twenty seconds or less than twenty seconds as accompanied by bradycardia (heart rate
less than 100 bpm) or desaturation. AOP could be classified into central, obstructive,
and mixed types. The mixed type is the most common among premature infants [5, 6].
Premature infants are delivered earlier than after 36+6 gestational weeks [7, 8].
Caffeine and aminophylline were administered to treat apnea on ground of the
following reasons: Prematures who develop apnea or those at an increased risk of
apnea. Caffeine proves equally effective as theophylline (intravenous version called
aminophylline) in the reduction of apnea occurrence. Nonetheless, caffeine compared
to theophylline (aminophylline) has a wide therapeutic range and limited side effects,
as well as a long half-life. Thus, caffeine emerged as the treatment of AOP of choice
[9]. The decision regarding which of the two drugs to use is made after reviewing
various modalities of oxygen delivery devices (where applicable, either low flow
nasal cannula, CPAP or BiPAP, or the use of a mechanical ventilator) [10]. In this
research we evaluated the effectiveness of caffeine and aminophylline in the
management of infants with apnea based on the rates of recurrent apneic incidences
[11].

Caffeine does produce tachypnea, tachycardia, irritability and hypertonicity as well as
tonic-clonic movements which signify that the patient experiences seizures and
aminophylline produces tachycardia, dysrhythmia, and seizures [11]. Aminophylline
is known as less effective in treating apnea of prematurity than caffeine causes, and
tachycardia [10, 12]. In an evaluation of the impact of heart rate in newborns, beat-to-
beat rate variability of the newborns indicates that maintenance administration of
caffeine does not produce any effect on the heart rate [13]. The results of the study
published earlier revealed that there was rate of tachycardia >160 bpm being 8.3 and
34.4 in caffeine and aminophylline group respectively when tachycardia was defined
as an increased rate of heart rate by more than 10 beat/min above baseline, 41.7 and
63.5 in caffeine and aminophylline groups respectively [14].

The purpose of this study is to compare the frequency of tachycardia the of caffeine
versus aminophylline in apnea of prematurity treatment. | want to investigate this as
data is relatively scarce on this topic in Pakistan.

Objective
To compare the frequency of tachycardia after caffeine vs. aminophylline for
treatment of apnea of prematurity.

Methodology

This Randomized controlled trial was conducted in the Department of Pediatrics,
Neonatal Intensive Care Unit (NICU), at Fauji Foundation Hospital, Lahore from 18
January 2025 to 18 July 2025. A total of 60 cases (30 in each group) were enrolled.
The sample size is calculated using 80% power of the test, 5% level of significance,
and the expected frequency of tachycardia in caffeine group (8.3%) and
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aminophylline group (39.4%) [14]. Non-probability consecutive sampling technique
was used to collect the data.

Inclusion Criteria:

Babies born <36 weeks + 7 days of gestational age

Weight <2.5 kg

Both genders with apnea of prematurity

Exclusion Criteria:

Babies presenting >48 hours after onset of apnea

Babies who have already received caffeine or aminophylline

Babies with congenital anomalies, congenital heart disease, chromosomal
malformations, or metabolic disorders

Data Collection:

After approval from the ethical committee and review board of Fauji Foundation
Hospital, Lahore Eligible neonates admitted with apnea of prematurity (gestational
age <36 weeks + 7 days confirmed by ultrasonography) were enrolled after obtaining
informed written consent from parents or guardians. Patients were randomized into
two groups using a blocked randomization technique:

Group A: Aminophylline therapy

Group B: Caffeine citrate therapy

Medications were administered as per operational definitions, and neonates were
closely monitored for seven days. The occurrence of tachycardia was documented
daily and managed according to hospital protocol.

Data Analysis:

Data were analyzed using SPSS version 20.0. Qualitative variables such as gender and
presence of tachycardia were presented as frequencies and percentages, while
quantitative variables such as age and weight were summarized as mean + standard
deviation. Stratification was performed with respect to age, gender, and weight to
control for confounders. Post-stratification, the chi-square test was applied to compare
outcomes between the groups, with a p-value <0.05 considered statistically significant.

Results

Data were collected from 60 patients. The mean gestational age was 32.1 *+ 2.1 weeks
in the aminophylline group and 32.5 + 1.9 weeks in the caffeine group. Similarly, the
mean birth weight was 1.48 + 0.32 kg and 1.52 £ 0.28 kg in the aminophylline and
caffeine groups, respectively. Male neonates comprised 60.0% of the aminophylline
group and 56.7% of the caffeine group. No statistically significant differences were
observed between the groups in terms of gestational age, birth weight, or gender
distribution (p > 0.05).

Table 1: Baseline Characteristics of Study Participants (n = 60)

Variable Aminophylline Group | Caffeine Group | p-value
(n=30) (n=30)

Mean gestational age |32.1+2.1 325+19 0.48

(weeks)

Mean birth weight (kg) 1.48 +0.32 1.52+0.28 0.62

Gender: Male n (%) 18 (60.0%) 17 (56.7%) 0.79

Gender: Female n (%) 12 (40.0%) 13 (43.3%)
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Tachycardia occurred in 12 neonates (40.0%) in the aminophylline group compared to
only 3 neonates (10.0%) in the caffeine group. This difference was statistically
significant (p = 0.01). Overall, tachycardia was documented in 15 out of 60 neonates

(25.0%), with the majority occurring in those treated with aminophylline.

Table 2: Frequency of Tachycardia in Both Groups (n = 60)

Group Tachycardia Present | Tachycardia Absent | Total p-value
n (%) n (%)

Aminophylline | 12 (40.0%) 18 (60.0%) 30 0.01*

Caffeine 3 (10.0%) 27 (90.0%) 30

Total 15 (25.0%) 45 (75.0%) 60

(*Significant at p < 0.05)

o Tachycardia Frequency by Treatment Group

40.0%
40

30 4

20 4

Tachycardia (%)

10.0%
10 ~

0_

Aminophylline Caffeine

When stratified by gender, tachycardia was more common in males (28.6%)
compared to females (20.0%), although the difference was not statistically significant
(p = 0.42). With respect to birth weight, neonates weighing <1.5 kg had a higher
frequency of tachycardia (32.1%) compared to those weighing >1.5 kg (18.8%), but
again this difference was not statistically significant (p = 0.18). Similarly, tachycardia
was more frequent among neonates born at <32 weeks gestation (34.6%) compared to
those born at >32 weeks (17.6%), though the difference did not reach statistical
significance (p = 0.21).

Table 3: Stratification of Tachycardia by Gender and Weight (n = 60)

Variable Tachycardia Present | Tachycardia Absent | p-value
n (%) n (%)

Gender

Male (n=35) 10 (28.6%) 25 (71.4%) 0.42

Female (n=25) | 5 (20.0%) 20 (80.0%)
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Birth Weight

<1.5kg (n=28) | 9(32.1%) 19 (67.9%) 0.18
>1.5 kg (n=32) | 6 (18.8%) 26 (81.2%)

Gestational Tachycardia Present | Tachycardia Absent | p-value
Age n (%) n (%)

<32 weeks (n = | 9 (34.6%) 17 (65.4%) 0.21
26)

>32 weeks (n = | 6 (17.6%) 28 (82.4%)

34)

Tachycardia by Gestational Age (Overall)

Tachycardia (%)

34.6%

<32 wks

17.6%

=32 wks

Within the aminophylline group, tachycardia occurred in 38.9% of male neonates and
41.7% of female neonates. In the caffeine group, tachycardia was observed in 11.8%
of males and 7.7% of females. The difference between genders was not statistically
significant (p = 0.84), indicating that gender did not play a major role in modifying
the risk of tachycardia within treatment groups.

Table 4: Stratification of Tachycardia by Treatment Group and Gender (n = 60)

Group Male Female Total p-
Tachycardia n | Tachycardia  n | Tachycardia n | value
(%) (%) (%)

Aminophylline | 7/18 (38.9%) 5/12 (41.7%) 12/30 (40.0%) 0.84

Caffeine 2/17 (11.8%) 1/13 (7.7%) 3/30 (10.0%)

In the aminophylline group, tachycardia was markedly higher among neonates with
birth weight <1.5 kg (50.0%) compared to those weighing >1.5 kg (31.3%).
Conversely, in the caffeine group, only 14.3% of low birth weight neonates and 6.3%

Page 1270




of higher birth weight neonates developed tachycardia. The difference between
groups was statistically significant (p = 0.03).

Table 5: Stratification of Tachycardia by Treatment Group and Birth Weight (n = 60)

Group <15 kg | 1.5 kg | Total p-
Tachycardia n | Tachycardia n | Tachycardia n | value
(%) (%) (%)

Aminophylline | 7/14 (50.0%) 5/16 (31.3%) 12/30 (40.0%) 0.03*

Caffeine 2/14 (14.3%) 1/16 (6.3%) 3/30 (10.0%)

(*Significant at p < 0.05)
Tachycardia by Birth Weight and Treatment

60 1 B Aminophylline
[ Caffeine

50.0%
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Y
o
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0 .
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Discussion
Apnea of prematurity (AOP) is a frequent complication among preterm neonates, and
pharmacological therapy with methylxanthines remains the cornerstone of
management.
This study was undertaken to assess the incidence of tachycardia in the preterm baby
treated with aminophylline and compared with incidence in the baby treated with
caffeine. Our data show that tachycardia was significantly more prevalent with
aminophylline (40%) as opposed to caffeine (10%). This would support the fact that
caffeine possesses safety benefits in the setting of neonatal intensive care. The
findings of the present study are in agreement with other studies that have several
times asserted the cardiovascular safety of caffeine relative to aminophylline [15].
Inherent with a more limited therapeutic window and variability in serum levels,
aminophylline has a higher reported incidence of tachycardia in earlier trials
conducted in both developed and developing countries, possibly because
aminophylline must be monitored more often. Compared to placebo, caffeine has a
longer half-life and predictability of pharmacokinetics mitigating variability that
predisposes to adverse effects [16].
Another old study indicated that the rates of tachycardia were about 35-40 with
aminophylline and caffeine was less than 10 thus akin to our findings. Another study
also returned emphasis to the likelihood of caffeine in reducing the tachyarrhythmias
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as well as the extubation and the risk of bronchopulmonary dysplasia [17]. These
results support the superiority in terms of efficacy and safety of caffeine in preterm
infants with apnea of prematurity. In our study, tachycardia was mainly evident in
neonates with lower birth weights (<1.5 kg) and in those whose gestational age was
<32 weeks and especially the aminophylline group. This finding is clinically
important, as neonates that are at high risk of having hemodynamic instability because
they were born extremely early and weigh less than average are already at risk. Such
heightened incidences of tachycardia amongst the at-risk groups drive home the
significance of grasping the process of drug selection [19]. There was no significant
impact of the gender on the frequency of tachycardia, reflecting most likely that the
differences result more likely as a result of the pharmacodynamics of the drug and
maturity of the newborn and not of the sex differences. The results have direct
implications on the neonatal practice in Pakistan. Caffeine is not always cheap and
readily accessible as aminophylline, which makes its usage prevalent to some extent
in most of the NICUs. Nonetheless, this increased incidence of tachycardia in relation
to aminophylline is of specific concern regarding its own safety profile. In resource-
poor settings, the treatment option needs to be cost-effective, available and safe [21].
The magnitude of difference in effects highlights the need to use caffeine as the first-
choice agent in AOP, even in low- and middle-resource regions, to enhance better
outcomes in neonates and minimal effect adverse events. The major strong point in
this study is that it is randomized controlled; in this way, we minimize selection bias
and increase the validity of comparisons between the two drugs. The calculation of
the sample size was founded on an anticipated effect size, so that adequate power is
available to determine clinically significant differences. Nonetheless, there are some
limitations that one should consider. First, the study is located in one tertiary NICU
and the findings may not be extrapolated to other facilities that may have different
patient populations and treatment guidelines. Second, and importantly, serum drug
levels were not collected and this would have given further information regarding
pharmacokinetic variability. Three, the duration of follow-up covered a 7-day period
and a long-term cardiovascular outcome was not measured.

Conclusion

It is concluded that caffeine therapy is associated with a significantly lower frequency
of tachycardia compared to aminophylline in preterm neonates with apnea of
prematurity. Both groups were comparable in baseline characteristics, indicating that
the difference observed was attributable to the intervention itself. Stratified analysis
further highlighted that tachycardia was more common in low birth weight and
extremely preterm neonates treated with aminophylline. These findings support the
preferential use of caffeine as a safer first-line therapy in neonatal intensive care units.
Wider availability of caffeine in resource-limited settings such as Pakistan should be
encouraged to optimize outcomes and reduce cardiovascular complications in this
vulnerable population.
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