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Abstract
Background: Caffeine is commonly used to prevent or treat apnea in preterm neonates. The present trial was designed to determine 
the effect of caffeine on reducing the time required for nasal continuous positive airway pressure (NCPAP) in neonates with 
respiratory distress syndrome (RDS). 
Methods: In a randomized controlled trial, a total of 90 neonates (birth weight between 1250 and 2000 g) who were clinically 
diagnosed with RDS were subjected to random assignment to one of the two groups of caffeine (n = 45) or control (n = 45). Infants 
in the caffeine group received 20 mg/kg caffeine as the initial dose, and then 10 mg/kg daily as the maintenance dose. Infants in 
the control group did not receive any placebo or similar drugs. The primary outcome was the duration time of respiratory support 
with NCPAP. 
Results: The mean (SD) duration of NCPAP differed significantly and was shorter among the infants in the caffeine group than those 
assigned to the control group (41.53 (43.25) versus 78.48 (114.25) hours, respectively; mean difference: -36.95; 95%CI: -73.14, 
-0.76; P = 0.04). Apnea of prematurity (AOP) occurred in 2 (4.4%) newborns in the caffeine group and in 9 (20%) of the infants in 
the control condition [proportion difference: -15.6% (-29.8,-1.8); (P = 0.02)]. The incidence of intraventricular hemorrhage (IVH) 
was higher in the control group than in the caffeine group after one week (P = 0.03). The incidence of chronic lung disease (CLD), 
infection, necrotizing enterocolitis (NEC), seizure, vomiting and pneumothorax was similar in the two groups.
Conclusion: The results suggest that preventative caffeine can reduce the duration of NCPAP support in neonates with RDS.
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Introduction
Methylxanthines have been used to prevent and decrease 
the rate of apnea in preterm neonates for many years.1 
Among methylxanthines, caffeine is one of the most 
widely used prescription drugs because of its clinical 
efficacy, safety and minimal side effects and morbidity.2 
The positive effects of caffeine are not limited to the 
prevention and treatment of apnea of prematurity (AOP).3

Studies have revealed additional significant benefits 
of caffeine on reducing the incidence of other neonatal 
complications, such as bronchopulmonary dysplasia,4 
retinopathy of prematurity (ROP),5 intraventricular 
hemorrhage (IVH)6 and patent ductus arteriosus (PDA), 
especially in infants with birth weights less than 1250 
g.7 Studies have addressed that prophylactic caffeine 
therapy reduces neurodevelopmental disorder at the ages 
of 18 and 24 months in extremely preterm neonates.8,9 

Studies have shown the beneficial effect and safety of 
caffeine in earlier extubation and decreased the severity 
of chronic lung disease (CLD) in very low birth weight 
neonates.10,11 Currently, prophylactic caffeine is usually 
prescribed in the neonatal intensive care unit (NICU) 

for preterm neonates with respiratory distress syndrome 
(RDS) weighing less than 1250 g.12 Although the effect of 
respiratory stimulant caffeine in the neonatal population 
has been well established, routine use of prophylactic 
caffeine for preterm infants with birth weights greater 
than 1250 g receiving noninvasive respiratory support is 
not common.12,13 Our trial evaluated the effectiveness of 
prophylactic caffeine in premature infants with RDS who 
were under respiratory support with nasal CPAP, and their 
birth weights were 1250–2000 g. We examined the effect 
of caffeine therapy in reducing the duration of noninvasive 
respiratory support and oxygen requirements in two 
caffeine-treated and control groups. We also compared 
other factors, such as AOP, bronchopulmonary dysplasia, 
PDA, NEC, pneumothorax, IVH, seizure, nosocomial 
sepsis, ROP, and duration of hospitalization in the NICU, 
between the two groups.

Materials and Methods
Design and Subjects of the study
The present experiment was a prospective randomized 
controlled trial performed in the NICU of two distinct 
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hospitals (Beheshti and Alzahra) both affiliated to Isfahan 
University of Medical Sciences, Iran, between December 
2019 and June 2020.

The inclusion criteria were premature neonates with 
a gestation age of less than 37 weeks and birth weight 
between 1250 and 2000 g; weight appropriate for age; 
spontaneous respiration in neonates as well as clinical 
signs of respiratory distress requiring nasal CPAP. The 
exclusion criteria included sepsis in the first 3 days of 
birth; cyanotic cardiac disease; complex congenital 
anomalies; restriction of intrauterine growth; requirement 
for intubation and mechanically assisted ventilation in the 
initial 24 hours of life; and neonatal asphyxia (Apgar score 
of 0–3 at min 5, metabolic acidosis with umbilical cord 
blood gas analysis of pH <7 and base deficit <-12 mEq/L). 

Intervention
The selected infants were randomly allocated in two 
groups: the caffeine (intervention) group, who had 
received intravenous caffeine citrate, and the control 
group, who had not received any placebo or similar drugs. 
Therefore, this study was not blinded. The initial loading 
dose of caffeine prescribed in the intervention group was 
20 mg/kg. The researchers randomized the participants 
using random numbers generated by a computer in an 
algorithmic process. Allocation to treatment was not 
revealed until the study began.

Identical ventilator support protocols were used for the 
treatment of the neonates in both groups. Nasal continuous 
positive airway pressure (NCPAP) was initiated at a 
pressure of 6 cm of water. We used binasal midline prongs, 
supplied by Fisher & Paykel Healthcare (New Zealand). 
NCPAP was performed using a mechanical ventilator 
(Fabian, Acutronic Medical Systems; Zurich, Switzerland). 
In both groups, the levels of FIO2 were adjusted to keep 
the patients’ O2 saturation at 89%–95%.

Surfactant (Survanta; AbbVie Inc, Chicago, USA or 
Curosurf; Chiesa Pharmaceuticals, Parma, Italy) was 
prescribed if the neonates had FiO2 levels >30% to keep 
SPO2 at the desired levels. Surfactant was administered 
in accordance with the INSURE procedure (intubation-
surfactant administration-extubation). In both groups, 
when the FiO2 level fell below 30% and respiratory distress 
improved, the patients were weaned to free oxygen in an 
incubator or an oxyhood; furthermore, when FiO2 levels 
reached 21%, oxygenation was terminated. NCPAP failure 
was considered in case of apnea or pH less than 7.2 and 
PaCO2 more than 60 mm Hg.

In the caffeine group, a daily dose of 10 mg/kg of 
caffeine was used as the daily maintenance dose until the 
infants tolerated without respiratory support with NCPAP 
or free oxygen administration. Maintenance doses were 
prescribed orally when enteral feeding was completed 
and the infants did not need intravenous fluids. Serum 
caffeine levels were not measured in this trial. Caffeine was 
discontinued if symptoms in favor of caffeine poisoning 
occurred, such as persistent tachycardia, unexplained 

seizures and significant vomiting.

Outcomes
The duration of respiratory support with NCPAP was 
considered the primary outcome. AOP, duration of 
need for oxygen, need for endotracheal intubation and 
mechanical ventilator, duration of NICU admission, 
diagnosis of PDA, unexplained seizure, necrotizing 
enterocolitis (NEC), nosocomial infection, air leak such 
as pneumothorax, IVH, ROP, CLD, vomiting, tachycardia, 
pulmonary hemorrhage and time required to achieve 
complete enteral feeding were regarded as secondary 
outcomes.

According to the definition, infants with CLD were 
considered when the need for supplemental oxygen 
persisted after the 28th day of life.14,15 The diagnostic 
criteria for NEC were intramural bowel gas (pneumatosis 
intestinalis), hepatobiliary gas, or free intraperitoneal air 
on radiography or the need for related surgical measures. 
IVH was detected using brain ultrasound. Cranial 
ultrasonography was recommended between the 3rd and 
7th days of life by a trained neonatologist. The definition 
of IVH was based on the Papile classification.16 PDA was 
established by echocardiography. Tachycardia was defined 
as sinus rate exceeding 160-180 beats/min.17 The definition 
of AOP was considered by the cessation of breathing 
for more than 20 seconds and associated by hypoxia or 
bradycardia.18 ROP was recorded by an ophthalmologist 
according to the international classification.19 Late-onset 
sepsis was diagnosed with positive blood culture after 3 
days of age.20

Everyday, a fellowship of neonatology closely monitored 
the primary and secondary outcomes. The data were 
entered in distinct forms after extraction from the NICU 
record sheets. 

Statistical Analysis
The sample size, was calculated based on the formula: 
N = (φ+1/φ) (Z1-α/2 + Z1-β)

 2/Δ2 + (Z1-α/2)
2/4. To detect a 

standardized effect size Δ = 0.621 based on the difference 
in the average time nasal CPAP as primary outcome in 
this study between the intervention and control groups, 
considering type one error rate α = 0.05, statistical power 
1-β = 0.8 and attrition rate 20%, and equal number of 
patients in the intervention and control groups (φ = 1), the 
sample size needed for the current study was determined 
to be 45 patients in each group.

Continuous variables are presented as mean and 
standard deviation (SD), and categorical data are shown 
as frequencies (percentages). Normality of continuous 
variables was evaluated using Kolmogorov-Smirnov test 
and Q-Q plot, and non-normality positive skewed data 
were subjected to logarithmic transformation. The chi-
square or Fisher exact tests were used to compare the 
proportions between the intervention and control groups. 
Independent samples t test or Mann-Whitney U test 
were used to compare the normally and non-normally 
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distributed continuous data, respectively. The statically 
analyses were performed using SPSS version 20 (IBM, 
Armonk, NY, USA). All P values are two-sided and P < 
0.05 was considered as statistically significant.

Results
Throughout the trial, overall 182 preterm newborns with 
birth weight ranging from 1250 to 2000 g underwent 
assessment for study eligibility. Totally, 92 infants were 
excluded for different reasons (Figure 1). Ninety-five 
subjects were randomly allocated into two groups, and 

90 neonates completed the study (45 infants in each 
group). The demographic variables of the neonates were 
comparable for both groups at birth (Table 1). Baseline 
prenatal steroid use, steroid type (dexamethasone or 
betamethasone), number, age of surfactant administration 
and type of surfactant were not significantly different 
between the caffeine and control groups (Table 2).

Outcome Assessment
Outcomes in the two groups are shown in Table 3. The mean 
duration of NCPAP requirement, that was considered as 

Figure 1. Consort Flowchart of the Study.

Table 1. Demographic and Basic Clinical Characteristics of Neonates in the Two Study Groups

Variables 
Caffeine Group

(n = 45)
Control Group

(n = 45)
P Value

Gender
Female* 17 (37.8%) 16 (35.6%)

0.82a

Male* 28 (62.2%) 29 (64.4%)

Method of delivery
Caesarian* 40 (88.9%) 39 (86.7%)

0.74 a

Vaginal delivery* 5 (11.1%) 6 (13.3%)

Gestational age, weeks** 31.37 (1.55) 31.50 (1.50) 0.70

Weight, g** 1573.22 (220.99) 1624.44 (223.29) 0.27

Height, cm** 41.64 (2.86) 42.34 (2.72) 0.23

Head circumference, cm** 29.22 (1.18) 28.98 (4.57) 0.74

Apgar score, first minute** 6.17 (1.84) 6.15 (2.28) 0.96

Apgar score, fifth minute** 8.35 (1.28) 8.22 (1.56) 0.65

*Frequency (percentage), ** Mean (SD). 
a Results from chi-square or Fisher exact tests and others were obtained from independent samples t test
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Table 2. Prenatal Steroid Therapy and Surfactant Status of Neonates in the Two Groups

Variables
Caffeine Group

(n = 45)
Control Group

(n = 45)
P Value

Received prenatal steroids* 34 (75.6%) 26(57.8%) 0.07

Type of steroid*
Dexamethasone 2(4.4%) 2(4.4%)

0.19
Betamethasone 32(71.1%) 24(53.3%)

Received surfactant* 26 (57.8%) 23 (51.1%) 0.52

Type of surfactant*
Curusurf 14(31.1%) 13(28.9%)

0.80
Survanta 12(26.7%) 10(22.2%)

Age when receiving surfactant, hour** 5.42 (6.15) 6.78(8.53) 0.52¥

Number of surfactant 
received* 

Once 21 (80.8%) 12 (52.2%)

0.17
Twice 3 (11.5%) 6 (26.1%)

Three times 2(7.7%) 4(17.4%)

Four times 0 1(4.3%)

*Frequency (percentage), ** Mean (SD). 
a Resulted from non-parametric Mann-Whitney U test and other P values were obtained from chi-square or Fisher exact tests.

Table 3. Primary and Secondary Outcomes in the Two Study Groups 

Outcomes
Caffeine Group

(n = 45)
Control Group

(n = 45)
Mean/Proportion 

Difference (95% CI)
P Value

Duration requires NCPAP, hours (primary outcome)** 41.53(43.25) 78.48 (114.25) -36.9 (-73.14, -0.76) 0.04b

Requires intubation and mechanical ventilator (NCPAP failure)* 0 3 (6.7) -6.7% (-17.9, 2.31) 0.07

Need to free O2 after discontinuation of CPAP* 43 (95.6) 43 (95.6) - 1

Duration of free O2 need after discontinuation of NCPAP, hours 157.84 (275.84) 224.97 (298.36) -67.1 (-187.5, 53.2) 0.27 b

Intraventricular Hemorrhage, 
72 hours after Birth*

Normal 38 (84.4) 36 (80) 4.4% (-11.7, 2.3)

0.43
Grade 1 4 (8.9) 2 (4.4) 4.5% (-17.2, 16.8)

Grade 2 3 (6.7) 6 (13.3) -6.6 (-20.2, 6.6)

Grade 3 0 1(2.2) -2.2% (-11.5, 5.9)

Intraventricular Hemorrhage, 
7days after birth*

Normal 40 (88.9) 34 (75.6) 13.3% (-2.7, 28.8)

0.03
Grade 1 5 (11.1) 5 (11.1) -

Grade 2 0 6 (13.3) -13.3% (-26.1, -273)

Grade 3 - - -

AOP* 2(4.4) 9 (20) -15.6% (-29.8, -1.8) 0.02

Tachycardia* 2(2.2) 3 (6.7) -4.5% (-15.9, 5.8) 0.64

PDA* 5 (11.1) 9 (20) -8.9% (-24.1, 6.5) 0.24

CLD* 9 (20) 8 (17.8) 2.2% (-18.4, 14.1) 0.23

NEC* 0 1 (2.2) -2.2% (-11.5, 5.9) 0.31

ROP* 1(2.2) 2 (4.4) -2.2 (-12.7,7.7) 0.55

Pulmonary hemorrhage* 0 0 - -

Pneumothorax* 0 2 (4.4) -4.4% (-14.8, 4.1) 0.15

seizure 0 1 (2.2) -2.2% (-11.5, 5.9) 0.31

Nosocomial infection* 3(6.7) 4 (8.9) -2.2% (-14.8,10.2) 0.69

Age when oral feeding began, hours** 31.31 (22.81) 36.4 (26.64) -5.1 (-15.5, 5.3) 0.33 b

Duration of full oral feeding, hours** 153.86 (53.28) 171.2 (68.45) -17.3 (-43.0, 8.4) 0.18 b

Time of hospitalization in NICU, day** 9.22 (7.77) 13.68 (11.84) -4.5 (-8.7, -0.3) 0.04 a

Number of vomiting during study*

None 28 (62.2) 29 (64.4) -2.2% (-21.3, 17.1)

0.47

Once 8 (17.8) 4 (8.9) 8.9% (-5.5, 23.5)

Twice 5 (11.1) 4 (8.9) 2.2% (-11.2, 15.7%)

Three times 4 (8.9) 5 (11.1) -2.2% (-15.7%, 11.2)

Four times 0 1 (2.2) -2.2% (-11.5, 5.9)

Five times 0 2 (4.4) -4.4% (-14.8, 4.1)

NCPAP, nasal continuous positive airway pressure; AOP, apnea of prematurity; PDA, patent ductus arteriosus; CLD, Chronic lung disease; NEC, necrotizing 
enterocolitis; ROP, retinopathy of prematurity; 
*Frequency (percentage), ** Mean (SD), 
a Obtained based on Mann-Whitney test, b Resulted from independent samples t test and other P values were obtained by chi-square or Fisher exact tests.
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the primary outcome, was statistically shorter in neonates 
who received caffeine than the neonates of the control 
group (P = 0.04)

IVH had a greater frequency among infants in the 
control group, compared to those in the caffeine group 
at 7 days after birth, showing a significant difference 
(P = 0.03), but during the first 72 hours after birth, the 
frequency of IVH was not significantly different between 
the two groups (P = 0.4; Table 3).

The mean duration of hospitalization in the NICU was 
statistically longer in the control group than the caffeine 
group (P = 0.04; Table 3). The incidence of apnea of 
prematurity (AOP) differed between the two groups. 
Apnea was observed in only two newborns in the caffeine 
group, in comparison with nine (20%) in the control 
group (P = 0.02).

Other secondary outcomes, such as NCPAP failure 
(need for intubation and ventilator), incidence of PDA, 
pneumothorax, ROP, seizure, vomiting, nosocomial 
infection, pulmonary hemorrhage, CLD, and enterocolitis 
were not significantly different in the intervention and 
control groups (Table 3). Additionally, there were no 
deaths in either group.

Discussion
In our randomized clinical trial, caffeine could reduce 
the mean duration required for NCPAP in infants with 
RDS. Furthermore, the mean duration of hospitalization 
in the NICU, rate of IVH and incidence of AOP in the 
caffeine group were clearly reduced compared to those 
in the control group. Concerning the other secondary 
outcomes, the researchers did not find any differences of 
significance between the caffeine and the control groups 
(Table 3). Studies have reported the incidences of CPAP 
failure requiring “rescue” to range from 22% to 36% for 
VLBW infants22 and 46% to 66% for extremely preterm 
infants.23 Multiple studies have shown that early caffeine 
administration is effective and safe to decrease both 
the incidence of apnea of prematurity and the use of 
mechanical ventilation in premature infants with RDS.24,25 
In the CAP trial (Caffeine for Apnea of Prematurity trial), 
infants weighing 500 to1250 g were divided into caffeine 
and placebo groups in the first 10 days of life.26 In this 
randomized trial, caffeine-treated infants were separated 
from mechanical ventilator and oxygen therapy one week 
earlier than infants receiving placebo. In addition, this trial 
showed that as prophylaxis for AOP, caffeine can reduce 
the incidence of BPD. Currently, caffeine is widely used as 
a prophylactic drug for apnea in preterm infants with RDS 
and birth weights less than 1250 g.12 However, few studies 
have evaluated whether prescription of prophylactic 
caffeine from the first day of birth can increase the 
success rate of noninvasive treatment (such as NCPAP), 
particularly in VLBW newborns with birth weights greater 
than 1250 g. Our study supports the hypothesis that early 
caffeine therapy has beneficial effects, even in premature 
neonates with a birth weight more than 1250 g. However, 

our study did not show a decreased incidence of NCPAP 
failure or BPD. This study revealed that early caffeine 
therapy reduces the incidence of AOP and the duration 
of noninvasive respiratory support. The reason why our 
study did not demonstrate the effectiveness of caffeine in 
reducing BPD may be because we selected infants with 
birth weights greater than 1250 g.

Furthermore, studies have demonstrated that caffeine 
has other benefits, such as reduced need for PDA treatment, 
decrease in severity of ROP and a significant decrease in 
the incidence of intracranial hemorrhage.26-28 Our trial 
did not show that caffeine prophylaxis was associated 
with a reduction in the incidence of ROP and PDA but 
could decrease the incidence of IVH at 7 days after birth. 
We know that the incidence of PDA and ROP is inversely 
related to weight and gestational age. Our neonates in the 
caffeine and control groups were not extremely premature. 
We assumed that the incidence of BPD and ROP was low 
in both groups. Therefore, the difference between the 
two groups may not be significant. However, it is also 
possible that if we had a larger sample size, the difference 
would have been significant similar to IVH. Caffeine has 
various dose-related adverse effects on different organs. 
Methylxanthines may delay the emptying of stomach 
content and reduce the tonicity of the lower esophageal 
sphincter; therefore, they may increase gastroesophageal 
reflux in premature neonates.29 Clinical trials have not 
reported an increased incidence of gastroesophageal 
reflux in caffeine-treated preterm infants.30 In the current 
study, caffeine citrate administration did not aggravate 
vomiting. Furthermore, our trial showed that caffeine 
did not increase the time required to complete oral 
feeding compared to the no-caffeine group. Studies have 
demonstrated that caffeine administration in infants is not 
associated with an increased risk of NEC compared to the 
control group.31 Our study also showed that caffeine did 
not aggravate the incidence of NEC. Caffeine intoxication 
in preterm infants is associated with tachycardia, 
tachypnea, tremor, and seizure activity.32 However, studies 
have shown that caffeine citrate with an initial dose of 20 
mg/kg and then a daily maintenance dose of 5–10 mg/kg 
does not cause significant side effects such as tachycardia 
and seizure.26,27 In the present study, the researchers did 
not find any significant increments in the incidence of 
tachycardia or seizures in the caffeine group. These results 
suggest that early prophylactic caffeine therapy is safe to 
reduce the duration of respiratory therapy with NCPAP 
in infants with respiratory distress even in premature 
neonates with birth weights more than 1250 g.

Our study had some limitations. First, due to some 
ethical limitations, placebo was not used in the control 
group; therefore, our trial was not double-blinded. 
Therefore, there is a possibility of bias of evaluation in 
our study. Second, although the primary outcome was 
significantly different between the intervention and 
control groups, caution should be taken in interpreting 
these results. Our sample size was small, and for routine 
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use of caffeine as part of a non-invasive respiratory 
treatment in all premature newborns diagnosed with 
RDS, further trials, particularly multicenter research, are 
needed.

In conclusion, this randomized controlled trial 
concluded that initial prophylactic caffeine therapy in 
premature neonates with birth weights of 1250–2000 
g is effective in decreasing the duration of noninvasive 
support, AOP and hospitalization. In addition, this study 
did not reveal any significant adverse effects with routine 
caffeine doses. However, to be able to recommend the 
widespread use of caffeine as a prophylactic treatment in 
managing all preterm neonates with RDS, there is need for 
further research.
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