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ABSTRACT

Background

Very preterm infants often require respiratory support and are therefore exposed to an increased risk of bronchopulmonary dysplasia
(chronic lung disease) and later neurodevelopmental disability. Caffeine is widely used to prevent and treat apnea (temporal cessation of
breathing) associated with prematurity and facilitate extubation. Though widely recognized dosage regimes have been used for decades,
higher doses have been suggested to further improve neonatal outcomes. However, observational studies suggest that higher doses may
be associated with harm.

Objectives

To determine the effects of higher versus standard doses of caffeine on mortality and major neurodevelopmental disability in preterm
infants with (or at risk of) apnea, or peri-extubation.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL, the World Health Organization (WHO) International Clinical Trials Registry Platform
(ICTRP), and clinicaltrials.gov in May 2022. The reference lists of relevant articles were also checked to identify additional studies.

Selection criteria

We included randomized (RCTs), quasi-RCTs and cluster-RCTs, comparing high-dose to standard-dose strategies in preterm infants. High-
dose strategies were defined as a high-loading dose (more than 20 mg of caffeine citrate/kg) or a high-maintenance dose (more than 10
mg of caffeine citrate/kg/day). Standard-dose strategies were defined as a standard-loading dose (20 mg or less of caffeine citrate/kg)
or a standard-maintenance dose (10 mg or less of caffeine citrate/kg/day). We specified three additional comparisons according to the
indication for commencing caffeine: 1) prevention trials, i.e. preterm infants born at less than 34 weeks' gestation, who are at risk for apnea;
2) treatment trials, i.e. preterm infants born at less than 37 weeks' gestation, with signs of apnea; 3) extubation trials: preterm infants born
at less than 34 weeks' gestation, prior to planned extubation.

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 1
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Data collection and analysis

We used standard methodological procedures expected by Cochrane. We evaluated treatment effects using a fixed-effect model with risk
ratio (RR) for categorical data and mean, standard deviation (SD), and mean difference (MD) for continuous data.

Main results

We included seven trials enrolling 894 very preterm infants (reported in Comparison 1, i.e. any indication).

Two studiesincluded infants for apnea prevention (Comparison 2), four studies for apnea treatment (Comparison 3) and two for extubation
management (Comparison 4); in one study, indication for caffeine administration was both apnea treatment and extubation management
(reported in Comparison 1, Comparison 3 and Comparison 4).

In the high-dose groups, loading and maintenance caffeine doses ranged from 30 mg/kg to 80 mg/kg, and 12 mg/kg to 30 mg/kg,
respectively; in the standard-dose groups, loading and maintenance caffeine doses ranged from 6 mg/kg to 25 mg/kg, and 3 mg/kg to 10
mg/kg, respectively.

Two studies had three study groups: infants were randomized in three different doses (two of them matched our definition of high
dose and one matched our definition of standard dose); high-dose caffeine and standard-dose caffeine were compared to theophylline
administration (the latter is included in a separate review).

Six of the seven included studies compared high-loading and high-maintenance dose to standard-loading and standard-maintenance
dose, whereas in one study standard-loading dose and high-maintenance dose was compared to standard-loading dose and standard-
maintenance dose.

High-dose caffeine strategies (administration for any indication) may have little or no effect on mortality prior to hospital discharge (risk
ratio (RR) 0.86, 95% confidence of interval (CI) 0.53 to 1.38; risk difference (RD) -0.01, 95% CI -0.05 to 0.03; I? for RR and RD = 0%; 5 studies,
723 participants; low-certainty evidence). Only one study enrolling 74 infants reported major neurodevelopmental disability in children
aged three to five years (RR 0.79,95% Cl1 0.51 to 1.24; RD -0.15,95% Cl -0.42 to 0.13; 46 participants; very low-certainty evidence). No studies
reported the outcome mortality or major neurodevelopmental disability in children aged 18 to 24 months and 3 to 5 years. Five studies
reported bronchopulmonary dysplasia at 36 weeks' postmenstrual age (RR0.75,95% CI 0.60 to 0.94; RD -0.08, 95% CI -0.15 to -0.02; number
needed to benefit (NNTB) = 13; I for RR and RD = 0%; 723 participants; moderate-certainty evidence). High-dose caffeine strategies may
have little or no effect on side effects (RR 1.66, 95% Cl 0.86 to 3.23; RD 0.03, 95% CI -0.01 to 0.07; 12 for RR and RD = 0%; 5 studies, 593
participants; low-certainty evidence). The evidence is very uncertain for duration of hospital stay (data reported in three studies could not
be pooled in meta-analysis because outcomes were expressed as medians and interquartile ranges) and seizures (RR 1.42,95% Cl 0.79 to
2.53; RD 0.14, 95% CI -0.09 to 0.36; 1 study, 74 participants; very low-certainty evidence).

We identified three ongoing trials conducted in China, Egypt, and New Zealand.

Authors' conclusions

High-dose caffeine strategies in preterm infants may have little or no effect on reducing mortality prior to hospital discharge or side effects.
We are very uncertain whether high-dose caffeine strategies improves major neurodevelopmental disability, duration of hospital stay or
seizures. No studies reported the outcome mortality or major neurodevelopmental disability in children aged 18 to 24 months and 3to 5
years. High-dose caffeine strategies probably reduce the rate of bronchopulmonary dysplasia.

Recently completed and future trials should report long-term neurodevelopmental outcome of children exposed to different caffeine
dosing strategies in the neonatal period. Data from extremely preterm infants are needed, as this population is exposed to the highest
risk for mortality and morbidity. However, caution is required when administering high doses in the first hours of life, when the risk for
intracranial bleeding is highest. Observational studies might provide useful information regarding potential harms of the highest doses.

PLAIN LANGUAGE SUMMARY

High-dose caffeine compared to standard-dose caffeine in preterm newborns at risk of lung disease

Key messages

+ Although caffeine is commonly given to babies born too early, its most effective dose is unclear.

+ Higher doses of caffeine might improve breathing and long-term development, but it potentially has unwanted effects.
Why give caffeine to babies born too early?

Newborns born too early (preterm), especially before 28 weeks of pregnancy, have a higher risk of death, lung disease, and brain
impairment than those born at or near term. For instance, some of these babies develop intellectual disabilities, blindness, or deafness.

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 2
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Caffeine is widely used in preterm infants, mainly to improve breathing and reduce apneic spells (that is temporal cessation of breathing)
and the need for breathing machines.

What did we want to find out?

We wanted to find out if high-caffeine dose was better than standard-dose caffeine in newborns born too early to improve:
« mortality prior to hospital discharge;

+ long-term development at age 18 to 24 months of age and at 3 to 5 years.

We also wanted to find out if high-caffeine dose was associated with any unwanted effects.

What did we do?

We searched for studies that looked at high doses of caffeine compared with standard doses of caffeine in babies born too early. We
compared and summarized the results of the studies and rated our confidence in the evidence, based on factors such as study methods
and sizes.

What did we find?

We included seven studies in our review, on a total of 894 preterm newborns. Two studies evaluated the use of caffeine for apnea
prevention, three studies its use for apnea treatment; one for extubation management (that is removing the tube placed in the windpipe);
and one study evaluated caffeine used either to treat apnea or help extubation.

In the high-dose groups, the loading dose (i.e. the very first dose) ranged from 30 mg/kg to 80 mg/kg; the maintenance (i.e. regular daily)
caffeine doses ranged from 12 mg/kg to 30 mg/kg.

High-dose caffeine strategies may have little or no effect on death prior to hospital discharge and unwanted side effects.

It is unclear whether the high-dose caffeine strategies reduce death prior to hospital discharge, duration of hospital stay or seizures; only
one small study reported on long-term development.

No studies reported the outcome "death or long-term development" in children aged 18 to 24 months and 3 to 5 years.
High-dose caffeine strategies probably reduce rates of chronic lung disease.

There are three ongoing studies.

What are the limitations of the evidence?

We are moderately confident in the evidence on chronic lung disease because the studies were small and used methods likely to introduce
errors in their results. We have little confidence in the evidence on mortality and unwanted effects because of how the studies were
conducted and there are not enough studies to be certain about the results of our outcomes. We are not confident in the evidence on long-
term development because of the reasons mentioned above and because only one small studies reported information. Overall, the results
of the studies are unlikely to reflect the results of all the studies that have been conducted in this area, some of which have not made their
results public yet.

How up to date is this evidence?

The evidence is up to date to May 2022.

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. High-dose compared to standard-dose strategies for any indication for preterm infants with or at risk for apnea of

prematurity

High-dose compared to standard-dose strategies for any indication for preterm infants with or at risk for apnea of prematurity

Patient or population: preterm infants with or at risk for apnea of prematurity
Setting: neonatal intensive care units
Intervention: high-dose strategies
Comparison: standard-dose strategies

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments
(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with stan-  Risk with high-
dard-dose dose strategies
strategies
All-cause mortality prior ~ Study population RR0.86 723 ®POO High-dose caffeine may have little or no effect
to hospital discharge (0.53t01.38) (5RCTs) Lowa,b in reducing all-cause mortality prior to hospital
91 per 1000 78 per 1000 discharge compared with standard-dose caf-
(48 to 125) feine.
RD -0.01 (-0.05
t0 0.03)
Major neurodevelop- See comments - - - - This outcome was not reported.
mental disability in
children aged 18 to 24
months CA
Major neurodevelop- Study population RR0.79 46 @000 We are uncertain whether high-dose caffeine
mental disability in chil- (1 RCT) Very lowc.d improves major neurodevelopmental disabili-
dren aged 3to 5years CA 720 per 1000 (0.51to1.24 ty in children aged three to five years compared
with standard-dose caffeine.
RD-0.15
(-0.42 t0 0.13)

Mortality or major neu-
rodevelopmental dis-
ability in children aged

See comments

This outcome was not reported.
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18 to 24 months and 3 to
5years CA

Bronchopulmonary dys- ~ Study population RR0.75 723 B0 High-dose caffeine probably reduces bron-
plasia/chronic lung dis- (0.60 to0 0.94) (5 RCTs) Moderate? chopulmonary dysplasia at 36 weeks' postmen-
ease (BPD) at 36 weeks' 335 per 1000 251 per 1000 strual age compared with standard-dose caf-
postmenstrual age (201 to 315) feine.
RD-0.08 (-0.15
t0-0.02)
NNTB=13
Side effects (tachycar- Study population RR 1.66 593 P00 High-dose caffeine may have little or no effect
dia, agitation, or feed (0.86 to0 3.23) (5 RCTs) Lowb.e in reducing side effects (tachycardia, agita-
intolerance) leading to 43 per 1000 72 per 1000 tion, or feed intolerance) compared with stan-
a reduction in dose or (37 to 139) dard-dose caffeine.
withholding of caffeine
RD 0.03 (-0.01
t0 0.07)
Duration of hospital stay =~ See comments - (3RCTs) - Three studies reported on this outcome (Mo-
(days) hammed 2015; Mohd 2021; Zhao 2016). Da-
ta could not be pooled in a meta-analysis be-
cause outcomes were expressed as medians
and IQRs.
Mohammed 2015: high dose (median 30.5 [IQR
20 to 51.5] days), standard dose (median 35
[IQR 25 to 51.5] days).
Mohd 2021: high dose (median 52 days), stan-
dard dose (median 49.50 days). IQR not report-
ed.
Zhao 2016: high dose (median 33 [IQR 25 to 49]
days), standard dose (median 39 [IQR 27 to 54]
days).
Seizures (clinically di- Study population RR 1.42 74 ICIolC) We are uncertain whether high-dose caffeine
agnosed; diagnosed by (0.79 to 2.53) (LRCT) Very lowd.f reduces seizures compared with standard-dose
electroencephalogra- 324 per 1000 461 per 1000 caffeine.
phy) (256 to 821)

RD 0.14 (-0.09
t0 0.36)
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

CA: corrected age; Cl: confidence interval; NNTB: number needed to treat to benefit; RD: risk difference; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded for study limitations by one level: unclear risk of bias in four domains (selection, detection, reporting, and other bias)

bDowngraded for imprecision by one level: few events and wide confidence intervals.

¢Downgraded for study limitations by one level: unclear risk of selection and reporting bias.

dDowngraded for imprecision by two levels: one small trial with few events.

eDowngraded for study limitations by one level: unclear risk of bias in four domains (selection, detection, reporting, and other bias) and high risk of performance bias.
fDowngraded for study limitations by one level: unclear risk of bias in two domains (selection and other bias).

Summary of findings 2. High-dose compared to standard-dose strategies for prevention of apnea for preterm infants with or at risk for apnea of
prematurity

High-dose compared to standard-dose strategies for prevention of apnea for preterm infants at risk for apnea of prematurity

Patient or population: preterm infants at risk for apnea of prematurity
Setting: neonatal intensive care units

Intervention: high-dose strategies

Comparison: standard-dose strategies

Outcomes Anticipated absolute effects” Relative effect N2 of partici- Certainty of Comments

(95% CI) (95% Cl) pants the evidence

(studies) (GRADE)

Risk with stan-  Risk with high-

dard-dose dose strategies

strategies
All-cause mortality prior to hospi-  Study population RR 1.32 152 BOCO We are uncertain whether high-dose
tal discharge (0.50 to 3.53) (2RCTs) Very lowa,b caffeine reduces compared with stan-

80 per 1000 106 per 1000 dard-dose caffeine.

(40 to 282)
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RD 0.03 (-0.06

t00.11)
Major neurodevelopmental dis- See comments - - - - This outcome was not reported.
ability in children aged 18 to 24
months CA
Major neurodevelopmental dis- Study population RR0.79 46 ®000 We are uncertain whether high-dose
ability in children aged 3to 5 (1RCT) Very low¢.d caffeine improves major neurodevel-
years CA 720 per 1000 (0.51t0 1.24) opmental disability in children aged

three to five year compared with stan-
dard-dose caffeine.

RD -0.15

(-0.42t0 0.13)
Mortality or major neurodevelop- ~ See comments - - - - This outcome was not reported.
mental disability in children aged
18 to 24 months and 3 to 5 years
CA
Bronchopulmonary dyspla- Study population RR 0.89 152 f2lelele) We are uncertain whether high-
sia/chronic lung disease (BPD) at (0.61 to 1.30) (2 RCTs) Very lowa,b dose caffeine reduces bronchopul-
36 weeks' postmenstrual age 427 per 1000 380 per 1000 monary dysplasia compared with

(260 to 555) standard-dose caffeine.

RD -0.05 (-0.20

10 0.10)
Side effects (tachycardia, agita- Seecomments - - - - This outcome was not reported.
tion, or feed intolerance) lead-
ing to a reduction in dose or with-
holding of caffeine
Duration of hospital stay (days) See comments - - 1RCT OO Mohd 2021 reported a median hospital

Very lowef stay of 52 days in the high-dose group

and 49.5 days in the standard-dose
group (IQR not reported).

Seizures (clinically diagnosed; di-
agnosed by electroencephalogra-
phy)

This outcome was not reported.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).
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CA: corrected age; Cl: confidence interval; IQR: interquartile range; RD: risk difference; RR: risk ratio;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded for study limitations by one level: unclear risk of bias in two domains (selection and other bias).
bDowngraded for imprecision by two levels: two small trials with few events and very wide confidence intervals.
¢Downgraded for study limitations by one level: unclear selection and reporting risk of bias.

dDowngraded for imprecision by two levels: one small trial with few events.

eDowngraded for study limitations by two levels: unclear risk of bias in most domains.

fDowngraded for imprecision by one level: three small trials.

Summary of findings 3. High-dose compared to standard-dose strategies for treatment of apnea for preterm infants with or at risk for apnea of
prematurity

High- dose compared to standard-dose strategies for treatment of apnea for preterm infants with or at risk for apnea of prematurity

Patient or population: preterm infants with or at risk for apnea of prematurity
Setting: neonatal intensive care units

Intervention: high-dose strategies

Comparison: standard-dose strategies

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments
(95% Cl) (95% ClI) pants the evidence
(studies) (GRADE)
Risk with stan-  Risk with high-
dard-dose dose strategies
strategies
All-cause mortality prior to hos- ~ Study population RR0.75 333 @000 We are uncertain whether high-dose caf-
pital discharge (0.40 to 1.40) (3RCTs) Very lowa,b feine reduces all-cause mortality prior to
120 per 1000 90 per 1000 hospital discharge compared with stan-
(48 to 168) dard-dose caffeine.
RD -0.03 (-0.10
t0 0.04)
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Major neurodevelopmental dis-
ability in children aged 18 to 24
months CA

See comments -

This outcome was not reported.

Major neurodevelopmental dis-
ability in children aged 3to 5
years CA

See comments -

This outcome was not reported.

Mortality or major neurodevel-
opmental disability in children
aged 18 to 24 months and 3to 5
years CA

See comments -

This outcome was not reported.

Bronchopulmonary dyspla- Study population RR0.72 333 @000 We are uncertain whether high-dose caf-
sia/chronic lung disease (BPD) (0.47to 1.11) (3RCTs) Very lowa,b feine reduces bronchopulmonary dys-
at 36 weeks' postmenstrual age 234 per 1000 168 per 1000 plasia compared with standard-dose
(110 to 259) caffeine.

RD -0.07 (-0.15

t00.02)
Side effects (tachycardia, agita- ~ Study population RR1.92 150 @000 We are uncertain whether high-dose caf-
tion or feed intolerance) lead- (0.53 t0 6.90) (2 RCTs) Very lowb.c feine reduces side effects (tachycardia,
ing to a reduction in dose or 39 per 1000 76 per 1000 agitation, or feed intolerance) compared
withholding of caffeine: high- (21to0 272) with standard-dose caffeine.

loading and high-maintenance
dose standard-loading and
standard-maintenance dose

RD 0.04 (-0.04
t00.12)

Duration of hospital stay (days)

See comments -

Two studies reported this outcome (Mo-
hammed 2015; Zhao 2016). Data could
not be pooled in a meta-analysis be-
cause outcomes were expressed as me-
dians and IQRs.

Mohammed 2015: high dose (median
30.5[IQR 20 to 51.5] days), standard
dose (median 35 [IQR 25 to 51.5] days).

Zhao 2016: high dose (median 33 [IQR 25
to 49] days), standard dose (median 39
[IQR 27 to 54] days).

Seizures (clinically diagnosed;
diagnosed by electroen-
cephalography)

See comments -

This outcome was not reported.
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

CA: corrected age; Cl: confidence interval; RD: risk difference; RR: risk ratio;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

aDowngraded for study limitations by one level: unclear risk of bias in three domains (selection, detection, and reporting bias).
bDowngraded for imprecision by two levels: few events and very wide confidence intervals.
¢Downgraded for study limitations by one level: unclear risk of bias in three domains (selection, detection, and reporting bias) and high risk of performance bias.

Summary of findings 4. High-dose compared to standard-dose strategies for the prevention of re-intubation for preterm infants with or at risk for
apnea of prematurity

High-dose compared to standard-dose strategies for the prevention of re-intubation for preterm infants with or at risk for apnea of prematurity

Patient or population: preterm infants with or at risk for apnea of prematurity
Setting: neonatal intensive care units

Intervention: high-dose strategies

Comparison: standard-dose strategies

Outcomes Anticipated absolute effects® Relative effect  N° of partici- Certainty of Comments
(95% ClI) (95% CI) pants the evidence
(studies) (GRADE)
Risk with stan-  Risk with high-
dard-dose dose strategies
strategies
All-cause mortality prior to hospital dis-  Study population RR0.75 238 BOOO We are uncertain whether high-
charge (0.25t0 2.30) (LRCT) Very lowa,b dose caffeine reduces all-cause
57 per 1000 43 per 1000 mortality prior to hospital dis-
(14 to 132) charge compared with stan-
RD -0.01 (:0.07 dard-dose caffeine.
t0 0.04)

Major neurodevelopmental disability in See comments - - - -
children aged 18 to 24 months CA

This outcome was not reported.
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Major neurodevelopmental disability in
children aged 3 to 5 years CA

See comments

This outcome was not reported.

Mortality or major neurodevelopmen-
tal disability in children aged 18 to 24
months and 3 to 5 years CA

See comments

This outcome was not reported.

Bronchopulmonary dysplasia/chronic
lung disease (BPD) at 36 weeks' post-
menstrual age

Study population

418 per 1000

284 per 1000
(201 to 405)

RR0.68
(0.48 t0 0.97)

RD -0.13 (-0.25
t0 -0.01)

NNTB=8

238
(1RCT)

SDOO
Lowac

High-dose caffeine might re-
duce slightly bronchopul-
monary dysplasia at 36 weeks'
postmenstrual age compared
with standard-dose caffeine.

Side effects (tachycardia, agitation, or
feed intolerance) leading to a reduction
in dose or withholding of caffeine

See comments

This outcome was not reported.

Duration of hospital stay (days)

See comments

This outcome was not reported.

Seizures (clinically diagnosed; diag-
nosed by electroencephalography)

See comments

This outcome was not reported.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

CA: corrected age; Cl: confidence interval; NNTB: number need to benefit; RD: risk difference; RR: risk ratio;

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded for study limitations by one level: unclear risk of bias in three domains (selection, detection, and reporting bias).
bDowngraded for imprecision by two levels: few events and very wide confidence intervals.
¢Downgraded for imprecision by one level: few events.
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BACKGROUND

Description of the condition

Preterm infants have increased risk of respiratory morbidity
and long-term neurodevelopmental impairment. They are also
susceptible to apnea of prematurity, a developmental disorder in
preterm infants that is a consequence of immature respiratory
control. Apnea of prematurity occurs at increasing incidence
with decreasing gestational age (Henderson-Smart 1981). The
pathogenesis of this condition is linked to immaturity of the
central nervous system and reduced ventilatory drive. Apnea of
prematurity exposes the infant to intermittent hypoxia (low oxygen
in body tissues) and, potentially, hypotension (low blood pressure).
Itis associated with prolonged hospital stay (Eichenwald 1997),and
adverse neurodevelopmental outcome (Janvier 2004), although
this association has not been seen in other studies (Koons 1993).
Weaning from respiratory support may be prolonged in those with
poor respiratory drive. Even if extubation is achieved, frequent
episodes of apnea may occur in association with respiratory failure
(hypercarbia [increased carbon dioxide in the blood], hypoxemia
[low oxygen in the blood], and acidosis [excessive acid in the body
fluids]), leading to reintubation (Lee 2002). In addition, intermittent
hypoxic episodes in the first two months of life cause free radical
(unstable atoms) damage, which increases the risk of developing
chronic conditions such as retinopathy of prematurity (eye disease
that can happen in preterm infants), and is associated with adverse
neurodevelopmental outcome (Di Fiore 2010; Poets 2015).

Description of the intervention

Interventions designed to prevent extubation failure and prevent or
treat apnea include methylxanthines, various forms of respiratory
support, and kinesthetic stimulation. Theophylline,aminophylline,
and caffeine are three forms of methylxanthine used to increase
rates of successful extubation (Henderson-Smart 2010a), and
prevent or treat apnea in preterm infants (Henderson-Smart 2010b;
Henderson-Smart 2010c). Of these preparations, only caffeine has
a wide enough margin between therapeutic and toxic levels to
allow dosage to be substantially increased while minimizing the
risk of harm (Blanchard 1992). Plasma concentrations of caffeine
as low as three milligrams per liter (mg/L) to four mg/L have been
shown to eliminate apnea, but optimal levels range from 8 mg/
L to 20 mg/L (Aranda 1979). Typically, to maintain these caffeine
plasma concentration levels, a 'standard regime' is used, which
comprises a loading dose of 20 milligrams per kilogram of body
weight (mg/kg) of caffeine citrate (10 mg/kg of caffeine base) and
a maintenance dose of 5 mg/kg/day (2.5 mg/kg/day of caffeine
base) (Blanchard 1992). Preterm infants can tolerate higher doses
of caffeine very well, even at serum concentrations of 70 mg/L or
above (Lee 1997). The Caffeine for Apnea of Prematurity (CAP) trial
(Schmidt 2006), which is the largest trial of caffeine in preterm
infants, used an intravenous loading dose of 20 mg/kg caffeine
citrate followed by a daily maintenance dose of 5 mg/kg. If apneas
persisted, the daily maintenance dose could be increased to a
maximum of 10 mg/kg caffeine citrate. Serum caffeine levels were
not measured and dose adjustment (or titration) was made in
response to infants' symptoms. Since this trial, most neonatal units
use a similar approach.

Potential adverse effects of caffeine include jitteriness, tachycardia,
and tremors (Howell 1981). Although there have been concerns
that caffeine could affect the developing nervous system (Millar

2004), in the doses used in the CAP trial, caffeine reduced the
incidence of cerebral palsy and cognitive delay without significantly
affecting mortality, hearing loss, or blindness at two years of
corrected age (Schmidt 2007). Of note, caffeine metabolism in very
preterm infants increases with postnatal age, with a clearance of
1 milliliter per minute per kilogram of body weight (mL/min/kg)
on the first day of life, and 12 mL/min/kg at 45 days of life (Charles
2008), resulting in a shorter half-life over time (Doyle 2016).
Therefore, the use of higher doses of caffeine (i.e. maintenance
dose > 10 mg/kg) after the first weeks of life might be beneficial,
as suggested by a study investigating the effects on intermittent
hypoxic episodes (Dobson 2017). In addition, a retrospective
analysis of 198 infants born at less than 29 weeks' gestation,
suggested that high caffeine concentrations were associated with
lower rates of bronchopulmonary dysplasia (chronic lung disease)
and a shorter hospital stay (Alur 2015). However, this observation
was not confirmed by Tabacaru 2017. The use of higher doses
should be monitored by measuring circulating levels, ideally with
micro-sampling methods to minimize blood loss (Bruschettini
2016). The CAP trial allowed clinicians to commence and stop the
study drug when they considered it clinically indicated. This led
to variation in the time at starting (median 3 [interquartile range
[IQR] 1 to 5] days) and stopping (median 34 [IQR 33 to 36] weeks'
postmenstrual age) caffeine administration. Similar variability in
practice continues to the present day, although some authors
suggest continuing therapy to 37 weeks' postmenstrual age and
beyond (Rhein 2014). In addition, the CAP trial did not specify which
infants should be started on caffeine but asked clinicians to record
their reason for starting (i.e. apnea prophylaxis, apnea treatment,
or pre-extubation).

How the intervention might work

Methylxanthines have a number of mechanisms of action. They are
respiratory center stimulants, they block adenosine receptors, and
they improve the function of the respiratory muscles, particularly
the diaphragm. Caffeine acts as an antioxidative and anti-
inflammatory drug by reducing apoptosis (programmed cell death)
and apoptosis-associated factors in models of oxygen-induced lung
injury (Endesfelder 2020; Nagatomo 2016). In addition, beneficial
effects of caffeine might be mediated through a diuretic effect,
as reported in clinical (Gillot 1990), and preclinical studies
(Crossley 2012). Due to differences in the maturity of hepatic
and renal function amongst preterm infants, the response to
varying doses may be considerably different, with regard to both
potential benefits and harms (Stevenson 2007). Caffeine has been
shown to reduce the duration of ventilation in preterm infants,
prevent extubation failure, and reduce the incidence of patent
ductus arteriosus (hole in the blood vessel that connects the
aorta to the pulmonary artery) and bronchopulmonary dysplasia
(Schmidt 2006). It has also been shown to increase the rate of
survival without neurodevelopmental disability (Schmidt 2007).
A follow-up analysis of the CAP trial showed a reduced risk of
motor impairment at 11 years of age (Schmidt 2017), improved
visuomotor, visuoperceptual, and visuospatial abilities (Murner-
Lavanchy 2018), and no negative effects on general intelligence,
attention, and behavior. Shortening duration of endotracheal
intubation and overall respiratory support seem to be important to
improve respiratory function when the infant grows up, as well as
long-term neurodevelopmental outcomes that correlate with these
short-term respiratory outcomes. The CAP trial showed that earlier
discontinuation of any positive airway pressure in the caffeine
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group alone, accounted for half of the beneficial long-term effects
of the drug (Schmidt 2007).

Why it is important to do this review

A systematic review comparing methylxanthines with control (no
treatment) suggested that methylxanthines increase the likelihood
of successful extubation of preterm infants within one week of
commencing treatment (Henderson-Smart 2010a). Furthermore,
methylxanthines were shown to be effective in reducing the
number of apneic episodes in preterm infants (Henderson-
Smart 2010c). Caffeine has been shown to increase the rate of
survival without neurodevelopmental disability (Schmidt 2007),
and improve neurobehavioral outcomes (Murner-Lavanchy 2018),
and motor outcomes at 11 years of age (Schmidt 2017). However,
the optimal dose of caffeine has not been established. It is
important to determine the optimal dosing regimen for caffeine
to facilitate extubation in preterm infants and to prevent and
treat apnea without increasing the risk of harms. Moreover, it has
been suggested that maintaining higher caffeine levels might have
economic benefits because of reduced length of hospital stay and
need for oxygen at discharge (Alur 2015; Montenegro 2017).

Publication of the CAP trial led to "treatment creep" in the use
of caffeine (Jobe 2017a; Jobe 2017b), whereby more infants were
treated either earlier, at higher doses, or for longer than previously.
The safety profile demonstrated in earlier trials may not persist
under these conditions.

OBJECTIVES

To determine the effects of higher versus standard doses of caffeine
on mortality and major neurodevelopmental disability in preterm
infants with (or at risk of) apnea, or peri-extubation.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) and quasi-RCTs
(i.e. with parallel groups). We planned to include cluster-RCTs.

We did not consider cross-over RCTs as eligible for inclusion. We
also deemed non-randomized cohort studies not to be eligible for
this review, because they are prone to bias due to confounding by
indication or by residual confounding - both of which may influence
results of the studies (Fewell 2007; Kyriacou 2016).

Types of participants

« Forprevention trials: preterm infants born at less than 34 weeks'
gestation, who are at risk of apnea

« For treatment trials: preterm infants born at less than 37 weeks'
gestation, with signs of apnea

« Forextubation trials: preterm infants born at less than 34 weeks'
gestation, prior to planned extubation

We included preterm and term infants of postmenstrual age (PMA)
up to 46 weeks and 0 days.

Types of interventions

We considered any combination of high-dose and standard-dose
strategies, which were defined as follows.

High-dose strategies:

« high-loading dose (> 20 mg of caffeine citrate/kg);
« high-maintenance dose (> 10 mg of caffeine citrate/kg/day).

Standard-dose strategies:

« standard-loading dose (= 20 mg of caffeine citrate/kg);
« standard-maintenance dose (< 10 mg of caffeine citrate/kg/day).

We included any duration of treatment. We defined loading dose
as the total amount of caffeine administered in the first 23 hours
after the initial dose. We included both parenteral and enteral
administration.

Types of outcome measures

Outcomes were measured after trial entry.

Primary outcomes

« All-cause mortality prior to hospital discharge.

+ Major neurodevelopmental disability: cerebral palsy,
developmental delay (Bayley Mental Developmental Index
(Bayley 1993; Bayley 2006), or Griffiths Mental Development
Scale (Griffiths 1954), assessment greater than two standard
deviations (SDs) below the mean), intellectual impairment
(intelligence quotient (IQ) greater than two SDs below the
mean), blindness (vision less than 6 out of 60 in both eyes), or
sensorineural deafness requiring amplification (Jacobs 2013).
We separately assessed outcomes at age 18 months to 24
months corrected age (CA) and at 3 to 5 years CA.

o Mortality or major neurodevelopmental disability. We
separately assessed outcomes at age 18 to 24 months CA and at
3to 5years CA.

Secondary outcomes

« Failure to extubate within one week of commencing treatment.
 Reintubation within one week of commencing treatment.

+ Failed apnea reduction (less than 50% reduction in apnea) after
two to seven days, for infants treated for apnea.

« Apnea: number of episodes (defined as interruption of breathing
for more than 20 seconds) after 24 hours from commencing
treatment, in a 24-hour period and over one week.

« Apnea: number of infants with at least one episode (defined
as interruption of breathing for more than 20 seconds) after 24
hours of commencing treatment, in a 24-hour period and over
one week.

« Side effects (tachycardia, agitation, or feed intolerance) leading
to a reduction in dose or withholding of caffeine.

« Bronchopulmonary dysplasia or chronic lung disease: defined
as 28 days of oxygen exposure (NIH 1979), at 36 weeks'
postmenstrual age (Jobe 2001), and using the 'physiological
definition' (Walsh 2004).

« Number of days of respiratory support (mechanical ventilation,
continuous positive airway pressure [CPAP], high-flow nasal
cannula, non-invasive positive-pressure ventilation [NIPPV]).
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« Number of days of mechanical ventilation.
« Number of days of supplemental oxygen.
« Need for mechanical ventilation (yes/no).

« Need for non-invasive respiratory support (CPAP, NIPPV, high-
flow nasal cannulae).

« Duration of hospital stay.

« Neonatal mortality (up to 28 days).

« Intraventricular hemorrhage on brain ultrasound (any and
severe [Papile grade three to four]) (Papile 1978).

« Cerebellar hemorrhage on brain ultrasound (yes/no).

« Magnetic resonance imaging (MRI) abnormalities at term
equivalent age (yes/no), defined as white matter lesions (i.e.
cavitations (Rutherford 2010) and punctate lesions (Cornette
2002), germinal matrix-intraventricular hemorrhage (Parodi
2015), or cerebellar hemorrhage (Limperopoulos 2007)).

« Periventricular leukomalacia.

« Necrotizing enterocolitis
greater]) (Bell 1978).

« Patent ductus arteriosus (PDA) requiring treatment (cyclo-
oxygenase inhibitors or surgical ligation).

« Retinopathy of prematurity (ROP) (any and severe [stage three
or greater]) (International Committee 2005).

o Seizures  (clinically  diagnosed or
electroencephalography).

« Cost of neonatal care.

(proven [Bell stage two or

diagnosed by

« Each component of the composite outcome 'major
neurodevelopmental disability' (described in  Primary
outcomes).

Search methods for identification of studies
Electronic searches

We searched the following databases:

« Cochrane Central Register of Controlled Trials (CENTRAL; 2022,
Issue 5) in the Cochrane Library (searched 17 May 2022);

o MEDLINE via Pubmed (1946 to 17 May 2022);

« Embase (1974 to 20 May 2022);

« CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; 1982 to 17 May 2022);

« US National Institutes of Health Ongoing Trial Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 20 May
2022);

« World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; searched 20 May 2022).

The full search strategy is available in Appendix 1. We did not apply
language restrictions.

Searching other resources

We searched for errata or retractions for included studies published
in full text on PubMed (www.ncbi.nlm.nih.gov/pubmed).

We also reviewed the reference lists of all identified articles for
relevant studies not located in the primary search.

Data collection and analysis

We used standard methods of Cochrane Neonatal, as described
below.

Selection of studies

We planned to use Cochrane’s Screen4Me workflow to help assess
the search results (not performed as we identified fewer than 1000
records). Screen4Me comprises the following three components:

« known assessments (a service that matches records in the
search results to records that have already been screened and
labeled as 'RCT' or 'not an RCT' in Cochrane Crowd (Cochrane’s
citizen science platform where the crowd help to identify and
describe health evidence; www.crowd.cochrane.org);

« the RCT classifier (a machine-learning model that distinguishes
RCTs from non-RCTs);

« Cochrane Crowd (www.crowd.cochrane.org), if appropriate.

For more information about Screen4dMe and the
evaluations that have been undertaken, please go to
the Screen4dMe webpage on the Cochrane Information
Specialist’s portal: https://community.cochrane.org/sites/default/
files/uploads/Reporting_Guidance_Screen4Me_FINAL.pdf. In
addition, more detailed information regarding evaluations of
the Screen4Me components can be found in the following
publications: Marshall 2018; McDonald 2017; Noel-Storr 2018;
Thomas 2017.

Two review authors (PB, CR) independently searched for and
identified eligible studies that met the inclusion criteria. We
screened the titles and abstracts to identify potentially relevant
citations and retrieved the full texts of all potentially relevant
articles. We independently assessed the eligibility of studies
by filling out eligibility forms designed in accordance with the
specified inclusion criteria. We excluded studies published only
in abstract form unless the final results of the study were
reported and all necessary information could be ascertained
from the abstract or authors, or both. We reviewed studies
for relevance by assessing study design, types of participants,
interventions provided, and outcome measures reported. We
resolved disagreements by discussion and, if necessary, by
consultation with a third review author (MB). We provided details of
excluded studies in the Characteristics of excluded studies tables,
along with reasons for exclusion. We contacted the study authors if
details of a primary study were unclear. We recorded the selection
process in sufficient detail to complete a PRISMA flow diagram
(Moher 2009), and Characteristics of included studies table.

Data extraction and management

Two review authors (PB, CR) independently extracted data using
a data extraction form integrated with a modified version of the
Cochrane Effective Practice and Organisation of Care Group data
collection checklist (Cochrane EPOC Group 2017). We piloted the
form within the review team, using a sample of included studies. We
extracted the following characteristics from each included study:

« methods: study design, type, duration, and completeness of
follow-up (e.g. > 80%), country and location of study, informed
consent, ethics approval;

« participants: sex, birth weight, gestational age, number of
participants;
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« interventions: and duration of caffeine

administration;
« outcomes: as mentioned above under Types of outcome
measures;

initiation, dose,

o administrative details: study author(s), published or
unpublished, year of publication, year in which the study was
conducted, presence of vested interest, details of other relevant
papers cited.

We resolved disagreements by discussion or by consultation with a
third review author (MB). We described ongoing studies identified
by our search, when available, detailing the primary author,
research question(s), methods, and outcome measures, together
with an estimate of the reporting date, in the Characteristics of
ongoing studies tables.

If any queries arose (e.g. discrepancies in the way outcomes were
defined in the studies and the definitions in Types of outcome
measures), or if additional data had been required, we would have
contacted the study authors for clarification. Two review authors
(PB, CR) used Review Manager Web for data entry (RevMan Web
2020).

Assessment of risk of bias in included studies

Two review authors (PB, CR) used the Cochrane risk of bias tool to
independently assess the risk of bias (low, high, or unclear) of all
included studies for the following domains (Higgins 2011):

« sequence generation (selection bias);

« allocation concealment (selection bias);

« blinding of participants and personnel (performance bias);
« blinding of outcome assessment (detection bias);

« incomplete outcome data (attrition bias);

« selective reporting (reporting bias);

« any other bias.

We resolved any disagreements by discussion or by consultation
with a third review author (WO). A more detailed description of risk
of bias for each domain is given in Appendix 2.

Measures of treatment effect

We used risk ratios (RR), risk differences (RD), number needed
to treat for an additional beneficial outcome (NNTB) or number
needed to treat for an additional harmful outcome (NNTH)
for categorical variables. We used mean differences (MD) for
continuous variables. We reported 95% confidence intervals (Cl) for
each statistic. We replaced any within-group standard error of the
mean (SEM) reported in a study with its corresponding standard
deviation (SD).

Unit of analysis issues

We included all RCTs and quasi-RCTs in which the unit of allocation
was the individual infant. We planned to include eligible cluster-
RCTs (none were identified), and adjust the analysis using the
methods stated in Chapter 23 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022).

Dealing with missing data

We calculated a follow-up rate for each study. If we identified a
loss to follow-up over 20%, we contacted the study author(s) to

request additional data. If a study reported outcomes only for
participants completing the study or only for participants who
followed the protocol, we contacted study author(s) to ask them
to provide additional information to facilitate an intention-to-
treat (ITT) analysis. In instances when this was not possible, we
performed a complete-case analysis.

Assessment of heterogeneity

We assessed clinical heterogeneity by comparing the distribution
of important participant factors between studies and study factors
(allocation concealment, blinding of outcome assessment, loss to
follow-up, and treatment type and co-interventions). We assessed
statistical heterogeneity by examining the I statistic (Higgins 2019),
a quantity that describes the proportion of variation in point
estimates that is due to variability across studies rather than to
sampling error. We interpreted the |12 statistic as follows:

+ 0% to 40%: might not be important;

» 30% to 60%: may represent moderate heterogeneity;
« 50% to 90%: may represent substantial heterogeneity;
« 75% to 100%: considerable heterogeneity.

We considered statistical heterogeneity to be substantial when
the 12 value was 50% or greater. In addition, we employed
the Chi2 test of homogeneity to determine the strength of
evidence that heterogeneity is genuine. We explored clinical
variation across studies by comparing the distribution of
participant-important factors amongst studies and study factors
(randomization concealment, blinding of outcome assessment,
loss to follow-up, and treatment types and co-interventions). We
considered a threshold of P value less than 0.10 as an indicator
of whether heterogeneity (genuine variation in effect sizes) was
present.

Assessment of reporting biases

We examined the possibility of within-study selective outcome
reporting for each study included in the review. We searched
for protocols of included studies on electronic sources such as
PubMed, ClinicalTrials.gov, and the World Health Organization
(WHO) International Clinical Trials Registry Platform (ICTRP) to
assess whether outcome reporting seemed to be sufficiently
complete and transparent. We planned to investigate publication
bias using funnel plots if 10 or more clinical studies were included
in the systematic review (Egger 1997; Higgins 2019). However, we
did not investigate publication bias as fewer than 10 studies were
included in our review.

Data synthesis

We performed statistical analyses according to the
recommendations of Cochrane Neonatal, using RevMan Web 2020.
We analyzed all infants randomized on an ITT basis. We analyzed
treatment effects in the individual studies. We used a fixed-effect
model to combine the data. For all meta-analyses, we synthesized
data using RRs, RDs, NNTB, NNTH, MDs, and 95% Cls. We analyzed
and interpreted individual studies separately when we judged
meta-analysis to be inappropriate.

Subgroup analysis and investigation of heterogeneity

Tests for subgroup differences in effects are to be interpreted
with caution given the potential for confounding with other study
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characteristics and the observational nature of the comparisons
(Deeks 2022). In particular, subgroup analyses with fewer than
five studies per category are unlikely to be adequate to ascertain
valid difference in effects and are not planned to be shown in our
results. When subgroup comparisons were possible, we planned
stratified meta-analysis and a formal statistical test for interaction
to examine subgroup differences that could account for effect
heterogeneity (e.g. Cochran’s Q test, meta-regression) (Borenstein
2013; Higgins 2020).

Given the potential differences in the intervention effectiveness
related to gestational age, birth weight, need for mechanical
ventilation, dose of caffeine, and presence of titration, we planned
to conduct subgroup comparisons to see if the intervention is more
effective for the primary outcomes of this review.

We planned to carry out the following subgroup analyses of
factors that may contribute to heterogeneity in the effects of the
intervention (not performed as few studies reported the same
outcomes):

« gestational age: < 28 weeks versus 28 weeks to 32 weeks
versus =32 weeks, as infants with lower gestational age are more
vulnerable, at high risk of mortality and morbidity, and have
different caffeine metabolism;

« birth weight: < 1000 g versus 1000 g to 1500 g versus = 1500
g, as infants with lower birth weight are more vulnerable, at
high risk of mortality and morbidity, and have different caffeine
metabolism;

« for prevention studies only: intubated newborns versus non-
intubated newborns, as intubated infants are likely to be sicker
and outcomes such as apneic spells, would be affected;

« loading dose within the high-dose group: very high (=60 mg/kg/
day) versus moderately high (between 20 mg/kg/day and 60 mg/
kg/day), as higher doses might have additional benefit or harms;

« titration: dose titrated versus dose not titrated, as dose titration
might affect the outcomes in either direction.

Sensitivity analysis

We planned to conduct sensitivity analyses to explore the effect
of the methodological quality of studies and check to ascertain
whether studies with a high risk of bias (in at least two domains)
overestimated the effect of treatment (not performed as few
studies reported the same outcomes). Differences in study design
of included studies might also affect the results of the systematic
review. We planned to perform a sensitivity analysis to compare the
effects of caffeine in truly randomized trials as opposed to quasi-
randomized trials (not performed as no quasi-randomized trials
were identified). We also planned to perform a sensitivity analysis
to evaluate the overall results with and without inclusion of studies
with a high dropout rate.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to assess the certainty of evidence
(Schiinemann 2013), for the following clinically relevant outcomes:

« all-cause mortality prior to hospital discharge;

« major neurodevelopmental disability: cerebral palsy,
developmental delay (Bayley Mental Developmental Index or
Griffiths Mental Development Scale assessment greater than
two SDs below the mean), intellectual impairment (IQ greater
than two SDs below the mean), blindness (vision less than 6/60
in both eyes), or sensorineural deafness requiring amplification,
in children aged 18 to 24 months and 3 to 5 years CA;

« mortality or major neurodevelopmental disability in children
aged 18 to 24 months and 3 to 5 years CA;

« bronchopulmonary dysplasia (chronic lung disease) at 36
weeks' postmenstrual age;

« side effects (tachycardia, agitation, or feed intolerance) leading
to a reduction in dose or withholding of caffeine;

« duration of hospital stay;
« clinical seizures.

We created four tables that addressed the effect of caffeine dosage
in all enrolled infants:

« for caffeine administration for any indication (Summary of
findings 1);

« for prevention trials (Summary of findings 2);

« fortreatment trials (Summary of findings 3);

« for extubation trials (Summary of findings 4).

Two review authors (MB, CR) independently assessed the
certainty of the evidence for each of the seven outcomes
above. We considered evidence from RCTs as high-certainty, but
downgraded the evidence by one level for serious (or two levels
for very serious) limitations based upon the following: design (risk
of bias), consistency across studies, directness of the evidence,
precision of estimates, and presence of publication bias. We
used GRADEpro GDT to create a summary of findings table to report
the certainty of the evidence. The GRADE approach resulted in an
assessment of the certainty of a body of evidence in one of the
following four grades:

« high: we are very confident that the true effect lies close to that
of the estimate of the effect;

« moderate: we are moderately confident in the effect
estimate; the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different;

« low: our confidence in the effect estimate is limited; the true
effect may be substantially different from the estimate of the
effect;

« very low: we have very little confidence in the effect
estimate; the true effect is likely to be substantially different
from the estimate of effect.

RESULTS

Description of studies

We have provided results of the search for this review update in the
study flow diagram (Figure 1).
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For the included studies, see Characteristics of included

studies and Table 1.

For the other studies, see Characteristics of
excluded studies, Characteristics of studies awaiting
classification and Characteristics of ongoing studies, respectively.

Results of the search

We searched the databases in May 2022 and identified 1391
references. After screening, we assessed 18 full-text articles
for eligibility and included seven studies (McPherson 2015;
Mohammed 2015; Mohd 2021; Scanlon 1992; Steer 2003; Steer 2004;
Zhao 2016). We excluded seven studies (Autret 1985; Cherif 2003;
Gray 2016; Romagnoli 1992; Wan 2020; Yao 2021; Zhang 2019),
and classified one as awaiting classification (Gray 2018). We found
three relevant ongoing studies by searching clinical trial registries
(NCT03298347; NCT04144712; Oliphant 2020).

Included studies
Completed studies

Seven included studies (enrolling 894 preterm infants) were
described in 13 separate reports: three reports for two studies
(Mohammed 2015; Steer 2004), two reports for two studies
(McPherson 2015; Mohd 2021), and one report each for the three
remaining studies (Scanlon 1992; Steer 2003; Zhao 2016). Two
studies were conducted in Australia; the others were conducted in
China, Egypt, Malaysia, UK, and the USA. There were differences
in methods, participants, and interventions amongst the seven
included studies. Two studies included preterm infants with a
gestational age less than 33 weeks (Mohd 2021; Zhao 2016), two
less than 32 weeks (Mohammed 2015; Steer 2003), two less than 31
weeks (McPherson 2015; Scanlon 1992), and one less than 30 weeks
(Steer 2004). The exact gestational age means values in each study
and group are reported in Table 1.

In McPherson 2015, infants were randomized within 24 hours of life;
in Mohd 2021 median age at enrollment was two weeks; in the other
studies infants were exposed to caffeine within the first week of life.

Indication for caffeine administration was apnea prevention in
two studies (McPherson 2015; Mohammed 2015), apnea treatment
in three (Mohammed 2015; Scanlon 1992; Zhao 2016), and
extubation management in one (Steer 2003). In one study,
multiple indications were included, i.e. both apnea treatment and
extubation management (Steer 2004).

In the high-dose groups, the loading and maintenance caffeine
doses ranged from 30 mg/kg to 80 mg/kg, and 12 mg/kg to 30
mg/kg, respectively. In the standard-dose groups, the loading and
maintenance caffeine doses ranged from 6 mg/kg to 25 mg/kg, and
3 mg/kg to 10 mg/kg, respectively.

Two studies had three study groups: in Steer 2003, infants were
randomized in three different doses (two of them matched our
definition of high dose and one matched out definition of standard
dose); in Scanlon 1992, high- and standard-dose caffeine were
compared to theophylline administration (which was not included
in this review). Six of the seven included studies compared
high-loading and high-maintenance dose to standard-loading and
standard-maintenance dose, whereas in Zhao 2016 standard-
loading and high-maintenance dose was compared to standard-
loading and standard-maintenance dose.

Comparison 1 reports outcome data of all seven included trials,
whereas the following analyses refer to apnea prevention, apnea
treatment, and extubation management, respectively.

Detailed characteristics of the included studies are reported
in Characteristics of included studies and Table 1.

Ongoing studies

We identified three ongoing trials enrolling preterm infantsin China
(NCT03298347), Egypt (NCT04144712), and New Zealand (Oliphant
2020).

NCT03298347 has a planned sample size of 100 preterm infants with
a gestational age less than 32 weeks. Indication for administration
is treatment of apnea. Infants will be randomized to a loading dose
of either 80 mg/kg or 20 mg/kg of caffeine, but it is not clear if
multiple or maintenance doses are planned.

NCT04144712 has a planned sample size of 80 preterm infants with
two different gestational age thresholds: less than 32 weeks for
prophylactic caffeine administration and 32 weeks to 34 weeks for
treatment of apnea of prematurity within the first 10 days of life. All
infants were either in room air or CPAP at enrollment. The loading
and maintenance doses of caffeine have not been specified.

Oliphant2020 has a planned sample size of 120 late preterm infants
(i.e. gestational age 34 weeks to 36 weeks’ and 6 days). Infants
will be enrolled within 72 hours of birth and administered caffeine
or placebo daily until term corrected age. Four different enteral
caffeine doses are planned: loading doses of 10 mg/kg, 20 mg/kg,
30 mg/kg, or 40 mg/kg, and maintenance doses of 5 mg/kg, 10 mg/
kg, 15 mg/kg, or 20 mg/kg of caffeine citrate.

Excluded studies

Characteristics of excluded studies

In five studies, infants were randomized to two caffeine doses which
both fell within the "standard dose" definition used in this review
(Autret 1985; Romagnoli 1992; Wan 2020; Yao 2021; Zhang 2019), as
shown below:

+ Autret 1985: loading and maintenance doses were 20 mg/kg and
5 mg/kg caffeine in group one, respectively and 20 mg/kg and 3
mg/kg in group two, respectively; Romagnoli 1992: loading and
maintenance dose were 10 mg/kg and 5 mg/kg caffeine in group
one, respectively and 10 mg/kg and 2.5 mg/kg in group two,
respectively;

« Zhang 2019: loading and maintenance doses were 20 mg/kg
and 10 mg/kg caffeine in group one, respectively and 20 mg/
kg and 5 mg/kg in group two, respectively; Wan 2020: loading
and maintenance doses were 20 mg/kg and 10 mg/kg caffeine
in group one, respectively and 20 mg/kg and 5 mg/kg in group
two, respectively;

e Yao 2021: loading and maintenance doses were 20 mg/kg and
5 mg/kg caffeine in group one and two, whereas group one did
receive an additional dose caffeine one hour before ventilator
weaning.

Finally, two studies were not randomized trials and were therefore
excluded (Cherif 2003; Gray 2016).
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Risk of bias in included studies

The risk of bias in included studies is presented in Figure
2 and Figure 3. Details of the methodological quality of each study
are described in the Characteristics of included studies table.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias) [

Allocation concealment (selection bias) [N |

Blinding of participants and personnel (performance bias): All outcomes [N
Blinding of outcome assessment (detection bias): All outcomes [N ]
Incomplete outcome data (attrition bias): All outcomes [

Selective reporting (reporting bias) [N |

Other bias [N |

0% 25% 50% 75%  100%

I_. Low risk of bias ] Unclear risk of bias Bl High risk of bias |

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 19
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

We judged random sequence generation to be adequate in all
seven included studies. We judged two studies to be low risk of
bias for allocation concealment (Mohammed 2015; Mohd 2021). We
judged the other five studies to be at unclear risk of selection bias
because they provided no information on allocation concealment
(McPherson 2015; Scanlon 1992; Steer 2003; Steer 2004; Zhao 2016).

Blinding

We judged six of the included studies at low risk of performance bias
because they were double blinded (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2003; Steer 2004; Zhao 2016). We deemed
one study to be at high risk of performance bias as the two
concentrations of caffeine citrate used were not identical in
appearance (Scanlon 1992). We judged five studies to be at low risk
of detection bias because they adequately reported that outcome
assessors were blinded to treatment (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2003; Steer 2004). Scanlon 1992 did
not report that outcome assessors were blinded to treatment
allocation, while in Zhao 2016, assessors were not blinded for all
outcomes. We judged these two studies to be at unclear risk of
detection bias.

Incomplete outcome data

We judged all seven included studies to be at low risk of attrition
bias because follow-up was almost complete. In Steer 2004, 41
of 287 infants were excluded after randomization and were not
analyzed. This corresponds to 14% of the infants, which we judged
to be still acceptable for our review.

Selective reporting

We judged two studies to be at low risk of reporting bias (McPherson
2015; Mohd 2021). We judged five studies to be at unclear risk
of reporting bias. In four studies, the protocol was not available
(Scanlon 1992; Steer 2003; Steer 2004; Zhao 2016). In Mohammed
2015, hydrocephalus was listed as an outcome in the trial protocol
but not reported in the publication. Also, duration of CPAP and
postnatal steroid therapy for bronchopulmonary dysplasia were
reported in the publication but were not pre-specified outcomes in
the protocol.

Other potential sources of bias

We judged five studies to be at low risk of other bias (Mohammed
2015; Scanlon 1992; Steer 2003; Steer 2004; Zhao 2016). We judged
two studies to be at unclear risk of other bias. In McPherson
2015, the maternal age was higher in the high-dose caffeine group
than in the standard-dose group (P = 0.03). In Mohd 2021, more
infants in the standard-dose caffeine group were intubated at
baseline (97.4% and 92.5 % in the standard-dose caffeine and high-
dose caffeine groups, respectively) and needed surfactant (94.7%
and 80%, in the standard-dose caffeine and high-dose caffeine
groups, respectively).

Effects of interventions

See: Summary of findings 1 High-dose compared to standard-
dose strategies for any indication for preterm infants with or at
risk for apnea of prematurity; Summary of findings 2 High-dose
compared to standard-dose strategies for prevention of apnea for
preterm infants with or at risk for apnea of prematurity; Summary
of findings 3 High-dose compared to standard-dose strategies for

treatment of apnea for preterm infants with or at risk for apnea
of prematurity; Summary of findings 4 High-dose compared to
standard-dose strategies for the prevention of re-intubation for
preterm infants with or at risk for apnea of prematurity

The seven included studies (894 infants) comparing different doses
of caffeine are reported in Comparison 1. These studies are also
analyzed by indication for caffeine administration:

+ two studies on apnea prevention are reported in Comparison 2
(McPherson 2015; Mohd 2021);

 four studies on apnea treatment are reported in Comparison 3
(Mohammed 2015; Scanlon 1992; Steer 2004 Zhao 2016);

« two studies on extubation management are reported in
Comparison 4 (Steer 2003; Steer 2004).

The study with multiple indications, i.e. both apnea treatment
and extubation management (Steer 2004), is pooled in the overall
Comparison 1, and not in a separate comparison "multiple
indications". Steer 2004 provided separate outcome data for infants
treated for apnea (see Comparison 3) and extubation management
(see Comparison 4).

Comparison 1: high-dose versus standard-dose strategies for
any indication

Within Comparisons 1 and 3, outcome data from Zhao 2016, when
available, are reported within the second subgroup, i.e. "standard-
loading and high-maintenance dose versus standard-loading and
standard-maintenance dose". The other six studies are pooled in
the first subgroup, i.e. "high-loading and high-maintenance dose
standard-loading and standard-maintenance dose".

The certainty of the evidence is reported for the seven outcomes
specified for the summary of findings table (see Summary of
findings 1).

Primary outcome: all-cause mortality prior to hospital discharge

Five studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2004; Zhao 2016). High-dose caffeine may
have little or no effect in reducing all-cause mortality prior to
hospital discharge compared with standard-dose caffeine (RR 0.86,
95% Cl 0.53 to 1.38; 1> = 0%; RD -0.01, 95% CI -0.05 to 0.03; 1 = 0%; 5
studies, 723 participants; low-certainty evidence; Analysis 1.1).

Subgroup analysis: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Four studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2004). We are uncertain whether high-
loading and high-maintenance dose reduces all-cause mortality
prior to hospital discharge compared with standard-loading and
standard-maintenance dose (RR 0.92, 95% Cl 0.52 to 1.63; 12 = 0%);
RD -0.01, 95% -0.05 to 0.04; 1> = 0%; 4 studies, 559 participants; low-
certainty evidence; subgroup analysis 1.1.1in Analysis 1.1).

Subgroup analysis: standard-loading and high-maintenance dose
versus standard-loading and standard-maintenance dose

Zhao 2016 reported this outcome. We are uncertain
whether standard-loading and high-maintenance dose reduces
all-cause mortality prior to hospital discharge compared with
standard-loading and standard-maintenance dose (RR 0.73,95% ClI
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0.31 to 1.71; RD -0.04, 95% CI -0.13 to 0.06; 164 participants; very
low-certainty evidence; subgroup analysis 1.1.2 in Analysis 1.1).

Primary outcome: major neurodevelopmental disability

No studies reported this outcome in children aged 18 to 24 months
CA.

McPherson 2015 reported this outcome in children aged three
years to five years CA. We are uncertain whether high-dose
caffeine reduces major neurodevelopmental disability compared
with standard-dose caffeine (RR 0.79, 95% CI 0.51 to 1.24; RD
-0.15, 95% Cl -0.42 to 0.13; 46 participants; very low-certainty
evidence; Analysis 1.2).

Primary outcome: mortality or major neurodevelopmental
disability

No studies reported death or disability in children aged 18 to 24
months and those aged 3 to 5 years CA.

Steer 2004 (outcome data in the latest publication for this study
in 2011) reported death or disability at 12 months. The number of
events for this outcome was 16 out of 140 and 25 out of 147 infants
in the high-dose and standard-dose caffeine group, respectively.
We are uncertain whether high-dose caffeine reduces mortality or
major neurodevelopmental disability at 12 months compared with
standard-dose caffeine.

Secondary outcome: failure to extubate within one week of
commencing treatment

Four studies reported this outcome (Mohammed 2015; Mohd 2021;
Steer 2003; Steer 2004). High-dose caffeine likely results in a large
reduction of failure to extubate within one week of commencing
treatment compared with standard-dose caffeine (RR 0.54, 95% Cl
0.40t0 0.73; 12 =0%; RD -0.15, 95% CI -0.23 t0 -0.08; I = 10%; number
needed to treat for an additional benefit outcome [NNTB] = 7;
4 studies, 521 participants; moderate-certainty evidence; Analysis
1.3).

Subgroup analysis: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Four studies reported this outcome (Mohammed 2015; Mohd 2021;
Steer 2003; Steer 2004). High-loading and high-maintenance dose
likely results in a large reduction of failure to extubate within one
week of commencing treatment compared with standard-loading
and standard-maintenance dose (RR 0.54, 95% Cl 0.40 to 0.73; 1 =
0%; RD -0.15, 95% Cl -0.23 to -0.08; 12 = 10%; NNTB = 7; 4 studies, 521
participants; Analysis 1.3).

Standard-loading and high-maintenance dose versus standard-loading
and standard-maintenance dose

Zhao 2016 reported this outcome. However, without specifying the
number of intubated infants, we could not calculate the effect size.

Secondary outcome: reintubation within one week of
commencing treatment

Only one study reported this outcome (Steer 2004). High-loading
and high-maintenance dosing of caffeine may reduce the risk of
reintubation within one week of commencing treatment compared
with standard-loading and standard-maintenance dose (RR 0.36,
95% Cl 0.19 to 0.71; RD -0.15, 95% CI -0.24 to -0.06; NNTB =7, 95%
Cl 4 to 17; 238 participants; Analysis 1.4).

Secondary outcome: failed apnea reduction after two to
seven days, for infants treated with apnea

Scanlon 1992 reported this outcome within 48 hours, rather than
after two to seven days. We are uncertain whether high-loading
and high-maintenance dosing of caffeine reduces failed apnea
reduction after two to seven days compared with standard-loading
and standard-maintenance dose (RR 0.38, 95% CI 0.02 to 8.59; RD
-0.06, 95% Cl -0.23 to 0.10; 10 participants). This study compared
high-loading and high-maintenance dose to standard-loading and
standard-maintenance.

Secondary outcome: apnea: number of episodes after 24 hours
from commencing treatment, in a 24-hour period and over one
week

Four studies reported this outcome (Mohammed 2015; Steer 2003;
Steer2004; Zhao 2016). Data could not be pooled in a meta-analysis
because outcomes were expressed as medians and interquartile
ranges (IQRs):

« Mohammed 2015: median 9 (IQR 6 to 16) episodes in the high-
dose group and 16 (IQR 14 to 17) episodes in the standard-dose
group:

« Steer 2003: median 0.2 (IQR 0 to 13) episodes in the very high-
dose group, 0.4 (IQR 0 to 11) episodes in the high-dose group,
and 1.3 (IQR 0 to 14) episodes in the standard-dose group:

« Steer 2004: median 4 (IQR 1 to 12) episodes in the high-dose
group and 7 (IQR 2 to 22) episodes in the standard-dose group
(only data on extubation management were reported);

« Zhao 2016: median 10 (IQR 8 to 15) episodes in the high-dose
group and 18 IQR 13 to 22) episodes in the standard-dose group.

Secondary outcome: apnea: number of infants with at least one
episode

One study reported this outcome (Mohd 2021). We are uncertain
whether high-loading and high-maintenance dosing of caffeine
reduces apnea (number of infants with at least one episode)
compared with standard-loading and standard-maintenance dose
reported this outcome (RR 1.01, 95% CI 0.59 to 1.75; RD 0.01, 95%
Cl-0.21 to 0.22; 78 participants; Analysis 1.5). This study compared
high-loading and high-maintenance dose to standard-loading and
standard-maintenance.

Secondary outcome: side effects (tachycardia, agitation, or feed
intolerance) leading to a reduction in dose or withholding of
caffeine

Five studies reported this outcome (Mohammed 2015; Mohd 2021;
Scanlon 1992; Steer 2003; Steer 2004). High-dose caffeine may have
little or no effect in reducing side effects (tachycardia, agitation, or
feed intolerance) compared with standard-dose caffeine (RR 1.66,
95% C10.86 to 3.23; 1*=0%; RD 0.03,95% CI -0.01 to 0.07; 1*= 0%); 593
participants; low-certainty evidence; Analysis 1.6). These studies
compared high-loading and high-maintenance dose to standard-
loading and standard-maintenance dose.

Secondary outcome: BPD: 28 days of oxygen exposure

One study reported this outcome (Steer 2004). We are uncertain
whether high-loading and high-maintenance dosing of caffeine
reduces BPD defined as 28 days of oxygen exposure compared
with standard-loading and standard-maintenance dose reported
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this outcome(RR 0.84, 95% CI 0.68 to 1.04; RD -0.10, 95% CI -0.23 to
0.02; 238 participants; Analysis 1.7).

Secondary outcome: BPD: at 36 weeks' postmenstrual age

Five studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2004; Zhao 2016). High-dose caffeine
probably reduces bronchopulmonary dysplasia at 36 weeks'
postmenstrual age compared with standard-dose caffeine (RR0.75,
95% C| 0.60 to 0.94; 12 = 0%; RD -0.08, 95% CI -0.15 to -0.02; 12 = 0%;
NNTB =13; 723 participants; moderate-certainty evidence; Analysis
1.8).

Subgroup analyses: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Four studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2004). High-loading and high-maintenance
dose probably reduces bronchopulmonary dysplasia at 36 weeks'
postmenstrual age compared with standard-loading and standard-
maintenance dose (RR 0.76, 95% CI 0.60 to 0.97; 12 = 0%; RD -0.09,
95% CI-0.16 t0 -0.01; 1> = 0%; NNTB = 13; 4 studies, 559 participants;
subgroup analysis 1.11.1 in Analysis 1.8).

Subgroup analyses: standard-loading and high-maintenance dose
versus standard-loading and standard-maintenance dose

Zhao 2016 reported this outcome. We are uncertain
whether standard-loading and high-maintenance dose reduces
bronchopulmonary dysplasia at 36 weeks' postmenstrual age
compared with standard-loading and standard-maintenance dose
(RR 0.68, 95% Cl 0.36 to 1.29; RD -0.07, 95% CI -0.19 to 0.05; 164
participants; subgroup analysis 1.11.2 in Analysis 1.8).

Secondary outcome: number of days using respiratory support

Four studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2004). Data could not be pooled in a meta-
analysis because they were expressed as medians and IQRs:

o McPherson 2015: median 4 (IQR 1 to 22) ventilator days in the
high-dose group and 3 (IQR 1 to 22) in the standard-dose group,
type of respiratory support not specified;

« Mohammed 2015: median 3 (IQR 1 to 10) CPAP days in the high-
dose group compared to 5 (IQR 1 to 10) days in those given a
standard dose of caffeine;

« Mohd 2021: median 18.50 in the high-dose group and 22 in the
standard-dose group (IQRs not reported);

« Steer 2004: median 5.0 (IQR 2.0 to 14.5) days in the high-dose
group and 6.9 (IQR 2 to 16.7) days in the standard-dose group;
median duration of NCPAP was 7.2 (IQR 2 to 17) days in the high-
dose group and 8.4 (IQR 4 to 19) days in the standard-dose group.

Secondary outcome: number of days using mechanical
ventilation

Five studies reported this outcome (McPherson 2015; Mohammed
2015; Steer2003; Steer 2004; Zhao 2016). McPherson 2015 and Steer
2003 were pooled in a meta-analysis (MD 0.01, 95% CI -0.85 to 0.87;
12 = 0%, 2; Analysis 1.9). Three studies were not pooled in a meta-
analysis because outcomes were expressed as medians and IQRs:

« Mohammed 2015: median 3.5 (IQR 1 to 10) days in the high-dose
group and 5 (IQR 2 to 13) days in the standard-dose group;

« Steer 2004: median 5.0 (IQR 2.0 to 14.5) in the high-dose group
and 6.9 (IQR 2 to 16.7) days in the standard-dose group;

« Zhao 2016: median 5.5 (IQR 1 to 8) days in the high-dose group
and 8.5 (IQR 2 to 11) days in the standard-dose group.

Secondary outcome: number of days using supplemental oxygen

Three studies reported this outcome (Mohammed 2015; Mohd 2021,
Zhao 2016). Data could not be pooled in a meta-analysis because
outcomes were expressed as medians and IQRs:

« Mohammed 2015 median 14.5 (IQR 5 to 28) daysin the high-dose
group and 20 (IQR 9 to 39) days in the standard-dose group;

« Mohd 2021: high dose 0 (IQR not clearly reported) and standard
dose 0 (IQR not clearly reported);

« Zhao 2016: median 15 (IQR 7 to 26) days in the high-dose group
and 21 (IQR 11 to 35) days in the standard-dose groups.

Secondary outcome: duration of hospital stay

Three studies reported this outcome (Mohammed 2015; Mohd
2021; Zhao 2016). We are uncertain whether high-dose caffeine
reduces the duration of hospital stay compared with standard-
dose caffeine. Data could not be pooled in a meta-analysis because
outcomes were expressed as medians and IQRs:

« Mohammed 2015: median 30.5 (IQR 20 to 51.5) days in the high-
dose group and 35 (IQR 25 to 51.5) days in the standard-dose
group;

« Mohd2021: median 52 daysin the high-dose group and 49.5 days
in the standard-dose group (IQRs not reported);

« Zhao2016: median 33 (IQR 25 to 49) days in the high-dose group
and 39 (IQR 27 to 54) days in the standard-dose group.

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, any grade

Two studies reported this outcome (McPherson 2015; Steer 2004.
High dose may result in little to no difference in intraventricular
hemorrhage at brain ultrasound any grade compared to standard
dose (RR 0.90, 95% CI 0.63 to 1.27; I* = 0%; RD -0.03, 95% C| -0.12 to
0.06; 12 = 0%; 361 participants; Analysis 1.10).

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, severe (Papile grade 3 to 4)

Five studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2003; Steer 2004). High dose may result
in little to no difference in severe intraventricular hemorrhage at
brain ultrasound compared to standard dose (RR 1.26, 95% CI
0.67 to 2.36; I = 0%; RD 0.01, 95% CI -0.02 to 0.05; I*= 0%; 686
participants; Analysis 1.11).

Secondary outcome: cerebellar hemorrhage at brain ultrasound

One study reported this outcome (McPherson 2015). High dose
caffeine may increase cerebellar hemorrhage at brain ultrasound
compared to standard dose (RR 3.33, 95% CI 1.00 to 11.15; RD
0.19, 95% CI1 0.02 to 0.36; number needed to treat for an additional
harmful outcome [NNTH] = 5 (3 to 50); 74 participants; Analysis
1.12).
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Secondary outcome: MRI abnormalities at term equivalent age

One study reported this outcome (McPherson 2015) reported this
outcome. High dose may result in little to no difference in MRI
abnormalities at term equivalent age compared to standard dose
(RR 0.50, 95% CI 0.10 to 2.56; RD -0.05, 95% Cl -0.18 to 0.07; 74
participants; Analysis 1.13).

Secondary outcome: periventricular leukomalacia

Three studies (McPherson 2015; Mohammed 2015; Mohd 2021),
reported this outcome. High dose may result in little to no
difference in periventricular leukomalacia compared to standard
dose (RR 1.42, 95% Cl 0.56 to 3.61; 1 = 0%; RD 0.02, 95% CI -0.04 to
0.08; 12 = 0%; 272 participants; Analysis 1.14).

Steer 2004 reported periventricular leukomalacia as part of
the composite outcome "Major cerebral abnormalities on
ultrasound", defined as one or more of porencephalic cysts, cystic
periventricular leukomalacia, or hydrocephalus. Major cerebral
abnormalities were found on ultrasound in 5 out of 140 participants
in the high-dose group and 11 out of 147 in the standard-dose
group, However, data could not be pooled as separate data for
periventricular leukomalacia was not reported.

Secondary outcome: necrotizing enterocolitis (proven = Bell
stage 2 or greater)

Five studies reported this outcome (McPherson 2015; Mohammed
2015; Mohd 2021; Steer 2003; Steer 2004). High dose may result
in little to no difference in necrotizing enterocolitis compared to
standard dose (RR 0.80, 95% Cl 0.43 to 1.51; I = 0%; RD -0.01, 95%
Cl-0.05 to 0.02; I> = 0%; 637 participants; Analysis 1.15).

Secondary outcome: patent ductus arteriosus (PDA) requiring
treatment

Two studies reported this outcome (McPherson 2015; Steer 2003).
High dose may result in little to no difference in PDA requiring
treatment compared to standard dose (RR 0.87, 95% ClI 0.59
to 1.27; 12 = 0%; RD -0.05, 95% Cl -0.17 to 0.08; I> = 0%; 201
participants; Analysis 1.16).

Secondary outcome: retinopathy of prematurity (ROP), any ROP

Two studies reported this outcome (Mohd 2021; Steer 2004). High
dose may result in little to no difference in any ROP compared to
standard dose (RR 0.85, 95% Cl 0.56 to 1.29; 1> = 38%; RD -0.03, 95%
Cl-0.11 to 0.05; I = 51%; 365 participants; Analysis 1.17).

Secondary outcome: retinopathy of prematurity (ROP), severe
ROP (stage 3 or greater)

Three studies (McPherson 2015; Mohammed 2015; Steer 2004)
reported this outcome. High dose may result in little to no
difference in severe ROP compared to standard dose (RR 0.57, 95%
Cl1 0.27 to 1.20; 12 = 0%; RD -0.03, 95% Cl -0.07 to 0.01; I%= 0%; 481
participants; Analysis 1.18).

Secondary outcome: seizures (clinically diagnosed; diagnosed by
electroencephalography)

McPherson 2015 reported this outcome. We are uncertain whether
high-dose caffeine reduces seizures compared with standard-dose
caffeine (RR 1.42, 95% Cl 0.79 to 2.53; RD 0.14, 95% CI -0.09 to 0.36;
74 participants; very low-certainty evidence; Analysis 1.19).

Secondary outcome: developmental delay (Bayley Mental
Developmental Index or Griffiths Mental Development Scale in
children aged 18 to 24 months)

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces developmental
delay compared with standard-dose caffeine (RR 1.45, 95% CI 0.52
t04.03;RD 0.10,95% CI-0.17 to 0.37; 44 participants; Analysis 1.20).

Secondary outcome: Bayley-Ill cognitive score in children at 18
to 24 months CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces Bayley-IIl cognitive
score compared with standard-dose caffeine (MD -1.90,95% Cl -8.60
to 4.80; 44 participants; Analysis 1.21).

Secondary outcome: cerebral palsy in children aged 18 to 24
months CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces cerebral palsy
compared with standard-dose caffeine (RR 1.82,95% CI10.34t09.77,
RD 0.07,95% CI-0.13t0 0.27, 44 participants, 1 study; Analysis 1.22).

Secondary outcome: blindness in children aged 18 to 24 months
CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces blindness compared
with standard-dose caffeine (no events, RR not estimable; RD 0.00,
95% CI -0.09 to 0.09; 44 participants; Analysis 1.23).

Secondary outcome: deafness in children aged 18 to 24 months
CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces deafness compared
with standard-dose caffeine (no events, RR not estimable; RD 0.00,
95% CI -0.09 to 0.09; 44 participants; Analysis 1.24).

Secondary outcomes

The following secondary outcomes were not reported:

« BPD using the 'physiological definition';

« need for mechanical ventilation;

+ need for non-invasive respiratory support;
« neonatal mortality; and

« cost of neonatal care.

Comparison 2: high-dose versus standard-dose strategies for
prevention of apnea

Two studies enrolled infants administered caffeine for prevention
of apnea (McPherson 2015; Mohd 2021). Within this comparison, the
certainty of the evidence is very low for all outcomes (see Summary
of findings 2).

Within Comparisons 2 and 4, no subgroups by dose strategy are
created because all studies are pooled in "high-loading and high-
maintenance dose standard-loading and standard-maintenance
dose".
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Primary outcome: all-cause mortality prior to hospital discharge

Two studies reported this outcome (McPherson 2015; Mohd 2021).
We are uncertain whether high-dose caffeine reduces all-cause
mortality prior to hospital discharge compared with standard-dose
caffeine (RR 1.32, 95% CI 0.50 to 3.53; 12 = 0%; RD 0.03, 95% CI -0.06
to0 0.11; 1> = 0%; 152 participants; Analysis 2.1).

Primary outcome: major neurodevelopmental disability

McPherson 2015 reported Bayley-IIl score in children aged 18 to
24 months CA (analyzed 24 out of 37 and 22 out of 37 infants
in the high-dose and standard-dose caffeine group, respectively).
Cognitive scores were 85.6 and 88.0 in the high-dose and standard-
dose caffeine group, respectively. Language scores were 90.5
and 88.9 in the high-dose and standard-dose caffeine group,
respectively. Motor scores were 85.3 and 85.9 in the high-dose
and standard-dose caffeine group, respectively. Data were reported
without SD and are not represented in any forest plot.

McPherson 2015 reported this outcome in children aged three to
five years. We are uncertain whether high-dose caffeine reduces
major neurodevelopmental disability compared with standard-
dose caffeine (RR0.79, 95% CI1 0.51 to 1.24; RD -0.15, 95% CI -0.42 to
0.13; 46 participants; Analysis 2.2).

Primary outcome: mortality or major neurodevelopmental
disability

No studies reported death or disability in children aged 18 to 24
months CA and those aged 3 to 5 years.

Secondary outcome: failure to extubate within one week of
commencing treatment

Mohd 2021 reported this outcome. We are uncertain whether
high-dose caffeine reduces failure to extubate within one week
of commencing treatment compared with standard-dose caffeine
(RR 0.95 95% Cl 0.34 to 2.69; RD -0.01, 95 % Cl -0.17 to 0.15; 78
participants; Analysis 2.3).

Secondary outcome: apnea: number of infants with at least one
episode

One study reported this outcome (Mohd 2021). We are uncertain
whether high-dose caffeine reduces apnea (number of infants
with at least one episode) compared with standard-dose caffeine
(RR 1.01, 95% Cl 0.59 to 1.75; RD 0.01 95% CI -0.21 to 0.22; 78
participants; Analysis 2.4).

Secondary outcome: side effects (tachycardia, agitation, or feed
intolerance) leading to a reduction in dose or withholding of
caffeine

Mohd 2021 reported this outcome. We are uncertain whether
high-dose caffeine reduces side effects (tachycardia, agitation,
or feed intolerance) compared with standard-dose caffeine (RR
1.19, 95% C| 0.34 to 4.09; RD 0.02, 95% Cl: -0.12 to 0.16; 78
participants; Analysis 2.5).

Secondary outcome: BPD: at 36 weeks' postmenstrual age

Two studies reported this outcome (McPherson 2015; Mohd 2021).
We are uncertain whether high-dose caffeine reduces BPD at 36
weeks' postmenstrual age compared with standard-dose caffeine
(RR0.89, 95% C10.61 to 1.30; 12 = 13%; RD -0.05, 95% CI -0.20 to 0.10;
12 = 0%; 152 participants; Analysis 2.6).

Secondary outcome: number of days using respiratory support

Two studies reported this outcome (McPherson 2015; Mohd 2021).
Data could not be pooled in a meta-analysis because they were
expressed as medians and IQRs:

« McPherson 2015: median 4 (IQR 1 to 22) ventilator days in the
high-dose group and 3 (IQR 1 to 22) in the standard-dose group,
type of respiratory support not specified;

« Mohd 2021: median 18.50 days in the high-dose group and 22
days in the standard-dose group (IQRs not reported).

Secondary outcome: number of days using mechanical
ventilation

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces number of days
using mechanical ventilation compared with standard-dose
caffeine (MD 3.50, 95% Cl -5.64 to 12.64; 74 participants; Analysis
2.7).

Secondary outcome: number of days using supplemental oxygen

One study (Mohd 2021) reported this outcome. We are uncertain
whether high-dose caffeine reduces number of days using
supplemental oxygen compared with standard-dose caffeine: high
dose 0 (IQR not reported) standard dose 0 (IQR not reported).

Secondary outcome: duration of hospital stay

One study reported this outcome (Mohd 2021). We are uncertain
whether high-dose caffeine reduces duration of hospital stay
compared with standard-dose caffeine (median duration of
hospital stay was 52 days in infants treated with high-dose caffeine
compared to 49.5 days for infants treated with standard-dose
caffeine; The IQRs were not reported).

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, any grade

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces intraventricular
hemorrhage any grade compared with standard-dose caffeine (RR
0.83, 95% Cl 0.41 to 1.69; RD -0.05, 95% Cl| -0.26 to 0.15; 74
participants; Analysis 2.8).

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, severe (Papile grade 3 to 4)

Two studies (McPherson 2015; Mohd 2021) reported this
outcome. We are uncertain whether high-dose caffeine reduces
severe intraventricular hemorrhage compared with standard-dose
caffeine (RR 0.68, 95% CI 0.22 to 2.15; 12 = 2%; RD -0.03, 95% CI -0.11
to 0.05; 12 = 0%; 152 participants; Analysis 2.9).

Secondary outcome: cerebellar hemorrhage at brain
ultrasound; MRI abnormalities at term equivalent age

One study reported this outcome (McPherson 2015). High dose
caffeine may increase cerebellar hemorrhage at brain ultrasound
compared to standard dose (RR 3.33,95% CI 1.00 to 11.15; RD 0.19,
95% Cl 0.02 to 0.36; 74 participants; Analysis 2.10).
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Secondary outcome: MRI abnormalities at term equivalent age

One study reported this outcome (McPherson 2015). High dose
may result in little to no difference in MRI abnormalities at term
equivalent age compared to standard dose (RR 0.50, 95% CI 0.10 to
2.56; RD -0.05, 95% CI -0.18 to 0.07; 74 participants; Analysis 2.11).

Secondary outcome: periventricular leukomalacia

Two studies (McPherson 2015; Mohd 2021) reported this outcome.
High dose may result in little to no difference in periventricular
leukomalacia compared to standard dose (RR 1.64, 95% Cl 0.41 to
6.59; RD 0.03, 95% CI-0.05 to 0.10; 12 = 0%; 152 participants; Analysis
2.12).

Secondary outcome: necrotizing enterocolitis (proven = Bell
stage of 2 or greater)

Two studies (McPherson 2015; Mohd 2021) reported this outcome.
High dose may result in little to no difference in necrotizing
enterocolitis compared to standard dose (RR 1.23, 95% Cl 0.51
to 2.93; 12 = 0%; RD 0.02, 95% Cl -0.08 to 0.13; I> = 0%; 152
participants; Analysis 2.13).

Secondary outcome: patent ductus arteriosus (PDA) requiring
treatment

One study reported this outcome (McPherson 2015). High dose may
resultin little to no difference in PDA requiring treatment compared
to standard dose (RR 1.00, 95% CI 0.66 to 1.52; RD 0.00, 95% CI -0.23
to 0.23; 74 participants; Analysis 2.14).

Secondary outcome: retinopathy of prematurity (ROP), any ROP

One study reported this outcome (McPherson 2015). High dose may
result in little to no difference in any ROP compared to standard
dose (RR 1.66, 95% Cl 0.53 to 5.23; RD 0.07, 95% CI -0.08 to 0.22; 74
participants; Analysis 2.15).

Secondary outcome: retinopathy of prematurity (ROP), severe
ROP (stage 3 or greater)

One study reported this outcome (McPherson 2015). High dose may
result in little to no difference in severe ROP compared to standard
dose (RR 0.50, 95% C1 0.10 to 2.56; RD -0.05, 95% CI -0.18 t0 0.07; 74
participants; Analysis 2.16).

Secondary outcome: seizures (clinically diagnosed; diagnosed by
electroencephalography)

McPherson 2015 reported this outcome. We are uncertain whether
high-dose caffeine reduces seizures compared with standard-dose
caffeine (RR 1.42, 95% Cl 0.79 to 2.53; RD 0.14, 95% CI -0.09 to 0.36;
74 participants; Analysis 2.17).

Secondary outcome: developmental delay (Bayley Mental
Developmental Index or Griffiths Mental Development Scale in
children aged 18 to 24 months

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces developmental
delay compared with standard-dose caffeine (RR 1.45, 95% CI 0.52
t04.03;RD 0.10, 95% CI -0.17 to 0.37; 44 participants; Analysis 2.18).

Secondary outcome: Bayley-Ill cognitive score in children at 18
to 24 months CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces Bayley-IIl cognitive
score compared with standard-dose caffeine (MD -1.90,95% CI -8.60
to 4.80; 44 participants; Analysis 2.19).

Secondary outcome: cerebral palsy in children aged 18 to 24
months CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces cerebral palsy
compared with standard-dose caffeine (RR 1.82,95% CI1 0.34t09.77,
RD 0.07,95% CI -0.13 to 0.27; 44 participants; Analysis 2.20).

Secondary outcome: blindness in children aged 18 to 24 months
CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces blindness compared
with standard-dose caffeine (no events, RR not estimable; RD 0.00,
95% CI -0.09 to 0.09; 44 participants; Analysis 2.21).

Secondary outcome: deafness in children aged 18 to 24 months
CA

One study (McPherson 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces deafness compared
with standard-dose caffeine (no events, RR not estimable; RD 0.00,
95% CI -0.09 to 0.09; 44 participants, 1 study; Analysis 2.22).

Secondary outcomes

The following secondary outcomes were not reported:

« mortality or major neurodevelopmental disability;

« reintubation within one week of commencing treatment;

+ failed apnea reduction after two to seven days, for infants
treated with apnea;

« apnea: number of episodes;

« BPD: 28 days of oxygen exposure;

« BPD: using the 'physiological definition';

« need for mechanical ventilation;

« need for non-invasive respiratory support;

« neonatal mortality; and

« cost of neonatal care.

Comparison 3: high-dose versus standard-dose strategies for
treatment of apnea

Four studies enrolled infants administered caffeine for treatment
of apnea (Mohammed 2015; Scanlon 1992; Steer 2004; Zhao 2016).
For Steer 2004, within comparison 3, we include outcome data for
infants treated for apnea and exclude outcome data for infants
treated for prevention of re-intubation, which are reported in
comparison 4. Within this comparison, the certainty of the evidence
is very low (see Summary of findings 3).

Within comparison 1 and 3, outcome data from Zhao 2016,
when available, are reported within the second subgroup, i.e.
"standard-loading and high-maintenance dose standard-loading
and standard-maintenance dose". The other studies are pooled in
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the first subgroup, i.e. "high-loading and high-maintenance dose
standard-loading and standard-maintenance dose".

Primary outcome: all-cause mortality prior to hospital discharge

Three studies reported this outcome (Mohammed 2015; Steer
2004; Zhao 2016). We are uncertain whether high-dose caffeine
reduces all-cause mortality prior to hospital discharge compared
with standard-dose caffeine(RR 0.75, 95% CI 0.40 to 1.40; RD -0.03,
95% CI-0.10 to 0.04; 1> for RR and RD = 0%; 333 participants; Analysis
3.1).

Subgroup analysis: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Two studies reported this outcome (Mohammed 2015; Steer 2004).
We are uncertain whether high-loading and high-maintenance dose
reduces all-cause mortality prior to hospital discharge compared
with standard-loading and standard-maintenance dose (RR 0.78,
95% C1 0.31 to 1.95; 12 = 0%; RD -0.02, 95% Cl -0.11 to 0.07; I2 = 0%;
169 participants; subgroup analysis 3.1.1 in Analysis 3.1).

Subgroup analysis: standard-loading and high-maintenance dose
versus standard-loading and standard-maintenance dose

Zhao 2016 reported this outcome. We are uncertain whether
standard-loading and high-maintenance dose reduces all-cause
mortality prior to hospital discharge compared with standard-
loading and standard-maintenance dose (RR 0.73, 95% CI 0.31 to
1.71; RD -0.04, 95% Cl -0.13 to 0.06; 164 participants; subgroup
analysis 3.1.1 in Analysis 3.1).

Primary outcome: major neurodevelopmental disability

No studies reported this outcome in children aged 18 to 24 months
and those aged 3 to 5 years.

Steer 2004 (outcome data in the latest publication for this
study, i.e. 2011) reported major disability at 12 months corrected
for prematurity. This time point was not specified in our
protocol as it is a difficult age to obtain accurate data on
neurodevelopment. We are uncertain whether high-dose caffeine
reduces major neurodevelopmental disability compared with
standard-dose caffeine. Data could not be pooled with the other
studies or represented in a forest plot. Major disability (cerebral
palsy, bilateral blindness, and need for hearing aids) at 12 months
corrected for prematurity: 3 out of 24 and 1 out of 25 infants in
the high and standard dose group, respectively; Deaths up to 12
months of age: 0 out of 24 and 2 out of 25 infants in the high and
standard dose group, respectively.

Primary outcome: mortality or major neurodevelopmental
disability

No studies reported death or disability in children aged 18 to 24
months CA and those aged 3 to 5 years.

Steer 2004 (outcome data in the latest publication for this study, i.e.
2011) reported death or disability at 12 months: 3 out of 24 and 3
out of 25 infants in the high and standard dose group, respectively.
We are uncertain whether high-dose caffeine reduces mortality
or major neurodevelopmental disability compared with standard-
dose caffeine.

Secondary outcome: failure to extubate within one week of
commencing treatment

Mohammed 2015 reported this outcome. High-dose caffeine
probably reduces failure to extubate within one week of
commencing treatment compared with standard-dose caffeine (RR
0.47,95% Cl 0.24 to 0.92; RD -0.25, 95% Cl -0.45 to -0.04; NNTB = 4;
78 participants; Analysis 3.2).

Subgroup analysis: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Mohammed 2015 reported this outcome. High-dose caffeine
probably reduces failure to extubate within one week of
commencing treatment compared with standard-dose caffeine (RR
0.47, 95% CI 0.24 to 0.92; RD -0.25, 95% CI -0.45 to -0.04; 78
participants; subgroup analysis 3.2.1 in Analysis 3.2).

Subgroup analysis: standard-loading and high-maintenance dose
versus standard-loading and standard-maintenance dose

One study (Zhao 2016) reported this outcome however without
specifying the number of intubated infants: effect size can not be
calculated.

Secondary outcome: failed apnea reduction after two to
seven days, for infants treated with apnea

One study (Scanlon 1992) reported this outcome however within 48
hours, and not after two to seven days. We are uncertain whether
high dose reduces failed apnea reduction compared with standard
dose (RR 0.38, 95% CI 0.02 to 8.59; RD -0.06, 95% CI -0.23 to 0.10;
30 participants).

Secondary outcome: apnea: number of episodes after 24 hours
from commencing treatment, in a 24-hour period and over one
week

Mohammed 2015 and Zhao 2016 reported this outcome. Data could
not be pooled in a meta-analysis because outcomes were expressed
as medians and IQRs:

« Mohammed 2015: median 9 (IQR 6 to 16) episodes in the high-
dose group and 16 (IQR 14 to 17) episodes in the standard-dose
group;

« Zhao 2016: median 10 (IQR 8 to 15) episodes in the high-dose
group and 18 (IQR 13 to 22) episodesin the standard-dose group.

Secondary outcome: side effects (tachycardia, agitation, or feed
intolerance) leading to a reduction in dose or withholding of
caffeine

Two studies reported this outcome (Mohammed 2015; Scanlon
1992). We are uncertain whether high-dose caffeine reduces side
effects (tachycardia, agitation, or feed intolerance) compared with
standard-dose caffeine (RR 1.92, 95% Cl 0.53 to 6.90; I = 26%; RD
0.04, 95% CI -0.04 to 0.12; 12 = 47%); 150 participants; Analysis 3.3).

Secondary outcome: BPD: at 36 weeks' postmenstrual age

Three studies reported this outcome (Mohammed 2015; Steer 2004;
Zhao 2016). We are uncertain whether high-dose caffeine reduces
BPD at 36 weeks' postmenstrual age compared with standard-dose
caffeine (RR0.72,95% Cl 0.47 to 1.11; 12 = 0%; RD -0.07, 95% CI -0.15
t0 0.02; 12 = 26%; 333 participants; Analysis 3.4).
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Subgroup analysis: high-loading and high-maintenance dose versus
standard-loading and standard-maintenance dose

Two studies (Mohammed 2015; Steer 2004) reported this outcome.
We are uncertain whether high-dose caffeine reduces BPD at 36
weeks' postmenstrual age compared with standard-dose caffeine
(RR0.75,95% Cl 0.42 to 1.35; 1 = 0%; RD -0.06, 95% CI -0.18 to 0.06;
169 participants; I> = 59%; subgroup analysis 3.4.1 in Analysis 3.4).

Subgroup analysis: standard-loading and high-maintenance dose
standard-loading and standard-maintenance dose

One study (Zhao 2016) reported this outcome. We are
uncertain whether high-dose caffeine reduces BPD at 36 weeks'
postmenstrual age compared with standard-dose caffeine (RR 0.68,
95% C1 0.36 to 1.29; RD -0.07, 95% CI -0.19 to 0.05; 164 participants;
subgroup analysis 3.4.2 in Analysis 3.4).

Secondary outcome: number of days using respiratory support

One study reported this outcome (Mohammed 2015). Infants
treated with high-dose-caffeine spent a median of 3 (IQR 1 to 10)
days on CPAP compared to 5 (IQR 1 to 10) days for infants treated
with standard-dose caffeine.

Secondary outcome: number of days using mechanical
ventilation

Two studies reported this outcome (Mohammed 2015; Zhao 2016).
Data could not be pooled in a meta-analysis because they were
expressed as medians and IQRs:

« Mohammed 2015: median 3.5 (IQR 1 to 10) days in the high-dose
group and 5 (IQR 2 to 13) days in the standard-dose group;

« Zhao 2016: median 5.5 (IQR 1 to 8) days in the high-dose group
and 8.5 (IQR 2 to 11) days in the standard-dose group.

Secondary outcome: number of days using supplemental oxygen

Two studies reported this outcome (Mohammed 2015; Zhao 2016).
Data could not be pooled in a meta-analysis because outcomes
were expressed as median and IQR:

« Mohammed 2015: median 14.5 (IQR 5 to 28) days in the high-
dose group and 20 (IQR 9 to 39) days in the standard-dose group;

o Zhao 2016: median 15 (IQR 7 to 26) days in the high-dose group
and 21 (IQR 11 to 35) days in the standard-dose group.

Secondary outcome: duration of hospital stay

Two studies reported this outcome (Mohammed 2015; Zhao 2016).
We are uncertain whether high-dose caffeine reduces duration of
hospital stay compared with standard-dose caffeine. Data could not
be pooled in a meta-analysis because outcomes were expressed as
medians and IQRs:

« Mohammed 2015: median 30.5 (IQR 20 to 51.5) days in the high-
dose group and 35 (IQR 25 to 51.5) days in the standard-dose
group;

« Zhao2016: median 33 (IQR 25 to 49) days in the high-dose group
and 39 (IQR 27 to 54) days in the standard-dose group.

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, any grade

One study (Steer 2004) reported this outcome. We are uncertain
whether high-dose caffeine reduces intraventricular hemorrhage

any grade compared with standard-dose caffeine (RR 0.21, 95% ClI
0.03 to 1.66; RD -0.16, 95% CI -0.33 to 0.02; 49 participants; Analysis
3.5).

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, severe (Papile grade 3 to 4)

Two studies (Mohammed 2015; Steer 2004) reported this
outcome. We are uncertain whether high-dose caffeine reduces
severe intraventricular hemorrhage compared with standard-dose
caffeine (RR 1.14, 95% Cl 0.46 to 2.82; 12 = 0%; RD 0.01, 95% C| -0.08
t0 0.10; 12 = 0%; 169 participants; Analysis 3.6).

Secondary outcome: periventricular leukomalacia

One study (Mohammed 2015) reported this outcome. We are
uncertain whether high-dose caffeine reduces periventricular
leukomalacia compared with standard-dose caffeine (RR 1.25,
95% Cl 0.35 to 4.43; RD 0.02, 95% Cl -0.08 to 0.11; 120
participants; Analysis 3.7).

Secondary outcome: necrotizing enterocolitis (proven = Bell
stage of 2 or greater)

One study (Mohammed 2015) reported this outcome. We
are uncertain whether high-dose caffeine reduces necrotizing
enterocolitis compared with standard-dose caffeine (RR 0.67,
95% CI 0.20 to 2.24; RD -0.03, 95% Cl -0.13 to 0.07; 120
participants; Analysis 3.8).

Secondary outcome: retinopathy of prematurity (ROP), any ROP

One study (Steer 2004) reported this outcome. We are uncertain
whether high-dose caffeine reduces any ROP compared with
standard-dose caffeine (RR 4.17,95% Cl 0.50 to 34.66; RD 0.13, 95%
C1-0.04 to 0.29; 49 participants; Analysis 3.9).

Secondary outcome: retinopathy of prematurity (ROP), severe
ROP (stage 3 or greater)

Two studies (Mohammed 2015; Steer 2004) reported this outcome.
We are uncertain whether high-dose caffeine reduces severe ROP
compared with standard-dose caffeine (RR 0.85, 95% CI 0.29 to
2.54; 12 = 0%; RD -0.01, 95% Cl -0.09 to 0.07; 1> = 0%; 169
participants; Analysis 3.10).

Secondary outcomes

The following secondary outcomes were not reported:

« major neurodevelopmental disability children aged three to five
years;

« mortality or major neurodevelopmental disability in children
aged three to five years;

« apnea: number of infants with at least one episode;
« BPD: 28 days of oxygen exposure;

« BPD: using the 'physiological definition';

« need for mechanical ventilation;

« need for non-invasive respiratory support;

« neonatal mortality;

« cerebellar hemorrhage at brain ultrasound;

« MRl abnormalities at term equivalent age;

« patent ductus arteriosus (PDA) requiring treatment (cyclo-
oxygenase inhibitors or surgical ligation);
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o seizures (clinically diagnosed;
electroencephalography); and
« cost of neonatal care.

diagnosed by

Comparison 4: high-dose versus standard-dose strategies for
prevention of re-intubation

Two studies enrolled infants administered caffeine for prevention
of re-intubation (Steer 2003; Steer 2004). For Steer 2004, within
Comparison 4, we include outcome data for infants treated
for prevention of re-intubation and exclude for infants treated
for apnea, which are reported in Comparison 3. Within this
comparison, the certainty of the evidence is very low for
all outcomes due to imprecision of the estimate, except for
bronchopulmonary dysplasia at 36 weeks' (Analysis 4.6) which was
low certainty evidence (see Summary of findings 4).

Within comparison 2 and 4, no subgroups by dose strategy were
created because all studies were pooled in "high-loading and high-
maintenance dose standard-loading and standard-maintenance
dose".

Primary outcome: all-cause mortality prior to hospital discharge

Steer 2004 reported this outcome. We are uncertain whether
high-dose caffeine reduces all-cause mortality prior to hospital
discharge compared with standard-dose caffeine (RR 0.75,
95% Cl 0.25 to 2.30; RD: -0.01, 95% CI -0.07 to 0.04; 238
participants; Analysis 4.1).

Primary outcome: major neurodevelopmental disability

No studies reported this outcome in children aged 18 to 24 months
CA and those aged 3 to 5 years.

Steer 2004 reported about major disability at 12 months corrected
for prematurity. This time point was not specified in our
protocol as it is a difficult age to obtain accurate data on
neurodevelopment. We are uncertain whether high-dose caffeine
reduces major neurodevelopmental disability compared with
standard-dose caffeine. Data could not be pooled with the other
studies or represented in a forest plot. Major disability (cerebral
palsy, bilateral blindness, and need for hearing aids) at 12 months
corrected for prematurity: 6 out of 116 and 14 out of 122 infants
in the high and standard dose group, respectively; deaths up to 12
months of age: 7 out of 116 and 8 out of 122 infants in the high and
standard dose group, respectively; Death or disability at 12 months:
13 out of 116 and 22 out of 122 infants in the high and standard dose
group, respectively.

Primary outcome: mortality or major neurodevelopmental
disability

No studies reported this outcome in children aged 18 to 24 months
CA and those aged 3 to 5 years

Steer 2004 reported death or disability at 12 months: 13 out of 116
and 22 out of 122 infants in the high and standard dose group,
respectively. We are uncertain whether high-dose caffeine reduces
mortality or major neurodevelopmental disability compared with
standard-dose caffeine.

Secondary outcome: failure to extubate within one week of
commencing treatment

Two studies reported this outcome (Steer 2003; Steer 2004).
We are uncertain whether high-dose caffeine reduces failure to
extubate within one week of commencing treatment compared
with standard-dose caffeine (RR 0.52 95% CI 0.36 to 0.74; 1> =0%; RD
-0.17, 95 % Cl -0.26 to -0.08; I = 0%; 365 participants; Analysis 4.2).

Secondary outcome: reintubation within one week of
commencing treatment

Only one study reported this outcome (Steer 2004). High-loading
and high-maintenance dosing of caffeine may reduce the risk of
reintubation within one week of commencing treatment compared
with standard-loading and standard-maintenance dose (RR 0.36,
95% Cl 0.19 to 0.71; RD -0.15, 95% CI -0.24 to -0.06; NNTB = 7, 95%
Cl 4 to 17; 238 participants; Analysis 4.3).

Secondary outcome: apnea: number of episodes after 24 hours
from commencing treatment, in a 24-hour period and over one
week

Two studies reported this outcome (Steer 2003; Steer 2004). Data
could not be pooled in a meta-analysis because outcomes were
expressed as medians and IQRs:

» Steer 2003: median 0.2 (IQR 0 to 13) episodes in the very high-
dose group, 0.4 (IQR 0 to 11) episodes in the high-dose group,
and 1.3 (IQR 0 to 14) episodes in the standard-dose group;

« Steer 2004: median 4 (IQR 1 to 12) episodes in the high-dose
group and 7 (IQR 2 to 22) episodes in the standard-dose group.

Secondary outcome: side effects (tachycardia, agitation, or feed
intolerance) leading to a reduction in dose or withholding of
caffeine

Two studies reported this outcome (Steer 2003; Steer 2004). We
are uncertain whether high-dose caffeine reduces side effects
(tachycardia, agitation, or feed intolerance) compared with
standard-dose caffeine (RR 1.86, 95% Cl 0.68 to 5.09; I = 0%; RD
0.03, 95% Cl -0.02 to 0.07; I = 0%); 365 participants; Analysis 4.4).

Secondary outcome: BPD: 28 days of oxygen exposure

One study reported this outcome (Steer 2004). We are uncertain
whether high-loading and high-maintenance dosing of caffeine
reduces BPD defined as 28 days of oxygen exposure compared
with standard-loading and standard-maintenance dose reported
this outcome(RR 0.84, 95% CI 0.68 to 1.04; RD -0.10, 95% CI -0.23 to
0.02; 238 participants; Analysis 4.5).

Secondary outcome: BPD: at 36 weeks' postmenstrual age

Steer 2004 reported this outcome. High-dose caffeine might reduce
slightly bronchopulmonary dysplasia at 36 weeks' postmenstrual
age compared with standard-dose caffeine (RR 0.68, 95% ClI
0.48 to 0.97; RD -0.13, 95% CI: -0.25 to -0.01; NNTB = 8; 238
participants; Analysis 4.6).

Secondary outcome: number of days using respiratory support

Steer 2004 reported the median duration of mechanical ventilation
was 7.4 (IQR 3.3to 16.5) daysin the high-dose caffeine group and 9.0
(IQR0O.5to 77) days in the standard-dose caffeine group. For NCPAP,
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median duration was 10.1 (IQR 2.3 to 21.2) and 9.8 (IQR 4.3 t0 20.1)
in the high-dose and standard-dose groups, respectively.

Secondary outcome: number of days using mechanical
ventilation

Two studies reported this outcome (Steer 2003; Steer 2004). Steer
2004 could not be included in the meta-analysis as outcomes were
expressed as median and IQR: high dose 7.4 (IQR 3.3 to 16.5) days
and standard dose 9.0 (IQR 0.5 to 77) days. For Steer 2003: MD -0.02,
95% Cl-0.89 to 0.85; 12 = 0%; Analysis 4.7

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, any grade

One study (Steer 2004) reported this outcome. High dose may result
in little to no difference in intraventricular hemorrhage at brain
ultrasound any grade compared to standard dose (RR 1.02, 95% ClI
0.68t0 1.53; RD 0.01, 95% Cl -0.11 to 0.12; 238 participants; Analysis
4.8).

Secondary outcome: intraventricular hemorrhage at brain
ultrasound, severe (Papile grade 3 to 4)

Two studies (Steer 2003; Steer 2004) reported this outcome. High
dose may result in little to no difference in severe intraventricular
hemorrhage at brain ultrasound compared to standard dose (RR
4.08, 95% Cl 0.74 to 22.55; 12 = 0%; RD 0.03, 95% CI -0.00 to 0.06; I2
=0%; 365 participants; Analysis 4.9).

Secondary outcome: periventricular leukomalacia

Steer 2004 reported periventricular leukomalacia as part of
the composite outcome "major cerebral abnormality at six
weeks", defined as one or more of the following: cerebral cystic
formation (porencephalic cystic or periventricular leucomalacia
or encephaloclastic porencephaly) or hydrocephalus. We are
uncertain whether high dose reduces he composite outcome
"major cerebral abnormality at six weeks" compared with standard
dose (7 out of 116 and 10 out of 122 infants in the high-dose and
standard-dose caffeine group, respectively).

Secondary outcome: necrotizing enterocolitis (proven = Bell
stage of 2 or greater)

Two studies (Steer 2003; Steer 2004) reported this outcome. High
dose may result in little to no difference in necrotizing enterocolitis
compared to standard dose (RR 0.38, 95% Cl 0.08 to 1.79; I* = 60%;
RD -0.02, 95% CI -0.05 to 0.01; I? = 43%; 365 participants; Analysis
4.10).

Secondary outcome: patent ductus arteriosus (PDA) requiring
treatment

One study (Steer 2003) reported this outcome. High dose may result
in little to no difference in PDA requiring treatment compared to
standard dose (RR 0.65, 95% Cl 0.30 to 1.41; RD -0.08, 95% Cl -0.22
to 0.07; 127 participants; Analysis 4.11).

Secondary outcome: retinopathy of prematurity (ROP), any ROP

One study (Steer 2004) reported this outcome. High dose may result
in little to no difference in any ROP compared to standard dose
(RR 0.65, 95% CI 0.40 to 1.05; RD -0.10, 95% CI -0.20 to 0.01; 238
participants; Analysis 4.12).

Secondary outcome: retinopathy of prematurity (ROP), severe
ROP (stage 3 or greater)

One study (Steer 2004) reported this outcome. High dose may result
in little to no difference in severe ROP compared to standard dose

(RR 0.39, 95% CI 0.11 to 1.45; RD -0.04, 95% Cl -0.09 to 0.01; 238
participants; Analysis 4.13).

Secondary outcomes

The following outcomes were not reported:

» major neurodevelopmental disability children aged 18 to 24
months and those aged 3 to 5 years;

« mortality or major neurodevelopmental disability in children
aged 18 to 24 months and those aged 3 to 5 years;

. failed apnea reduction after two to seven days, for infants
treated with apnea;

» apnea: number of infants with at least one episode;

« BPD: using the 'physiological definition';

« number of days using supplemental oxygen;

« need for mechanical ventilation;

« need for non-invasive respiratory support;

« duration of hospital stay;

« neonatal mortality; cerebellar hemorrhage at brain ultrasound;
« MRl abnormalities at term equivalent age;

« periventricular leukomalacia;

« seizures (clinically diagnosed;
electroencephalography); and

« cost of neonatal care.

diagnosed by

DISCUSSION

Summary of main results

We evaluated the benefits and harms of high compared to low
dose strategies for preterm infants. Amongst the seven included
studies (894 infants), the indication for caffeine administration was
apnea prevention in two studies (McPherson 2015; Mohammed
2015), apnea treatment in three (Mohammed 2015; Scanlon
1992; Zhao 2016), and extubation management in one (Steer
2003). In one study, multiple indications were included, i.e. both
apnea treatment and extubation management (Steer 2004). Six
of the seven included studies compared high-loading and high-
maintenance dose to standard-loading and standard-maintenance
dose. The remaining study compared a standard-loading and
high-maintenance dose to a standard-loading and standard-
maintenance dose (Zhao 2016).

The use of high-dose strategies may have little or no effect on
all-cause mortality prior to hospital discharge. Amongst the other
primary outcomes of this review, we are uncertain whether
high or low dose improves major neurodevelopmental disability
because of serious imprecision of the estimates and limitations
in study design; none of the studies reported the composite
outcome mortality or major neurodevelopmental disability. High
dose probably reduces extubation failure (by nearly 50%) and
bronchopulmonary dysplasia (approximately 25% lower rate).
High-dose caffeine strategies might have little or no effect on side
effects; we are uncertain whether they reduce seizure rates and
duration of hospital stay.
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Different dosage regimens were used across studies, but no clear
relationship to effect could be found. We identified three ongoing
studies; one of them will enroll late preterm infants, i.e. gestational
age 34 weeks to 36 weeks’ and six days.

Overall completeness and applicability of evidence

To date, seven studies comparing high-dose versus low-dose
caffeine in preterm infants have enrolled 894 newborns. Study
authors reported extremely limited data on critical outcomes
such as long-term neurodevelopmental assessment. We could
not perform an appropriate a priori subgroup analysis to detect
differential effects because of the paucity of the included
studies. However, we created separate comparisons for caffeine
indication, i.e. apnea prevention, apnea treatment, and extubation
management. We identified three ongoing studies. Larger trials are
required to obtain clear conclusions.

Quality of the evidence

According to the GRADE approach, the overall certainty of
evidence for critical outcomes for caffeine administration for any
indication ranged from moderate to very low (see Summary of
findings 1). All outcomes were downgraded (one level) because
of limitations in study design, i.e. unclear high risk of bias
in different domains, mainly selection bias, detection bias and
reporting bias. Critical outcomes with moderate certainty of
the evidence were extubation failure and chronic lung disease.
Mortality prior to hospital discharge and side effects were rated
low certainty, i.e. were downgraded due to limitations in study
design (one level) and imprecision of the estimates (one level).
Major neurodevelopmental disability and the composite outcome
mortality or major neurodevelopmental disability at 24 months of
corrected age were rated very low certainty, i.e. were downgraded
due to limitations in study design (one level) and imprecision of the
estimates (two levels).

When the studies were analyzed by indication (i.e. apnea
prevention, apnea treatment, extubation management), the small
number of trials and limited sample size resulted in very low
certainty for all outcomes.

We did not explore publication bias using funnel plots because
fewer than 10 studies met the inclusion criteria of this Cochrane
Review.

Potential biases in the review process

We used the standard methods of Cochrane Neonatal in conducting
this systematic review. It is unlikely that the literature search
missed relevant studies. We are confident that this systematic
review summarizes all the presently available evidence from
RCTs comparing different caffeine dosing regimens in preterm
infants. We applied no language restrictions. We succeeded
in obtaining additional information from study authors. Five
studies were excluded because the doses did not match our
inclusion criteria, i.e. both doses fell within the "standard dose"
definition used in this review (Autret 1985; Romagnoli 1992; Wan
2020;Yao 2021; Zhang 2019). We excluded two studies (Cherif 2003;
Gray 2016), because were not randomized trials. The authors of this
Cochrane Review are not involved in any of the included studies.
However, some of us conducted primary studies (both clinical and
preclinical) on caffeine administration to preterm newborns: this
might generate an intellectual bias in preparing this review.

The main limitations of this review are the post-hoc changes
to our published protocol: to harmonize this review with
"Methylxanthine for the prevention and treatment of apnea in
preterm infants" (Marques 2021), and to optimally address a
request from the World Health Organization, we changed the
structure of the comparisons, reporting by indication rather than
by dose strategies. As a consequence, we removed the following
subgroup analyses: chronological age; timing of caffeine initiation;
post-extubation respiratory support; and high- and standard-
loading dose. Moreover, we removed intubation (intubated
newborns; non-intubated newborns) for indications other than
prevention of apnea; changed the definition of high-loading dose
(more than 20 mg of caffeine citrate/kg to more than 25 mg
of caffeine citrate/kg); and we included studies with different
maintenance doses in the comparison high-loading dose versus
standard-loading dose (in the protocol we specified "each arm
of this comparison had to give identical maintenance doses
following the different loading doses"). Overall, we believe that
these changes led toimproved analyses and reporting of this review
without introducing bias to the review process.

Agreements and disagreements with other studies or
reviews

A number of non-Cochrane systematic reviews have been
published on the same topic (Brattstrom 2019; Chen 2018; Saroha
2020; Vliegenthart 2018). Two reviews authored by our group
(Brattstrom 2019; Vliegenthart 2018), used lower definitions of high
and standard dose and structured the comparisons differently. The
main findings of these non-Cochrane reviews are in agreement with
this Cochrane Review, despite the addition of several recent trials.
Another systematic review, conducted without a pre-registered
protocol, identified only three randomized trials (Pakvasa 2018).
Major limitations affect other reviews, e.g. Chen 2018, where
definition thresholds for high and standard dose were not specified.

Thefindings of this Cochrane Review contrast with several narrative
reviews. In one review "Caffeine for preterm infants: fixed standard
dose, adjustments for age or high dose?", reviewers concluded that
high-dose caffeine may increase the risk of cerebellar hemorrhage
and seizures (Saroha 2020). However, according to the GRADE
methodology, the certainty of the evidence for these outcomes is
very low. Moreover, these harms have been identified in studies
where the caffeine was given in the very first hours of life,
when risk for damage is highest: interpretation of these findings
is complicated (Davis 2020; Nylander Vujovic 2020), and should
probably be restricted to the studies on prevention of apnea.

AUTHORS' CONCLUSIONS

Implications for practice

High-dose caffeine strategies in preterm infants with or at risk
for apnea of prematurity may have little or no effect on reducing
mortality prior to hospital discharge or side effects (tachycardia,
agitation, or feed intolerance). We are uncertain whether high-dose
caffeine strategies improves major neurodevelopmental disability
or duration of hospital stay. No studies reported the outcome
"mortality or major neurodevelopmental disability" in children
aged 18 to 24 months and 3 to 5 years. High-dose caffeine strategies
probably reduce the rate of bronchopulmonary dysplasia.
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Implications for research

Recently completed and future trials should report long-term
neurodevelopmental outcome of children exposed to different
caffeine dosing strategies in the neonatal period. Data from
extremely preterm infants are needed, as this population is
exposed to the highest risk for mortality and morbidity. However,
cautionis required when administering high doses of caffeine in the
very first hours, when the risk for intracranial bleeding is highest.
Observational studies might provide useful information regarding
potential harms of the highest doses.
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Study characteristics

Methods Study design: RCT

Location: USA

Setting: NICU (St. Louis Children’s Hospital, Missouri)

Duration: November 2008 to June 2010

Participants

Inclusion criteria: 74 infants < 32 weeks' gestational age admitted to the NICU.

Exclusion criteria: infants who had a known congenital anomaly, were moribund or in respiratory fail-
ure (defined as requiring > 80% FiO2 for 6 hours and/or having more than 2 inotropic drugs excluding
hydrocortisone), or had severe brain injury (grade 3 to 4 intraventricular hemorrhage (IVH)) in the first
24 hours of life. Infants who were not expected to survive past 72 hours of life were also excluded.

Interventions

High dose: loading dose of 40 mg/kg followed by 20 mg/kg 12 hours later, then 10 mg/kg at 24 and 36

hours after the initial dose (80 mg/kg total over 36 hours).

Low dose: 20 mg/kg followed by 10 mg/kg 24 hours after the initial dose (30 mg/kg total over 36 hours).

Outcomes

« mortality during first admission;

Outcomes reported that are considered for this review:

« chronic lung disease at 36 weeks of corrected age;
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McPherson 2015 (Continued)

» severelVH = grade 3;

« IVH, any grade;

« cerebellar hemorrhage;

+ periventricular leukomalacia (PVL);

« lesions indicative of brain injury (detected by US and MRI): IVH, any grade; PVL; white matter injury,
deep grey matter injury; cerebellar hemorrhage;

« duration of MV;

« retinopathy of prematurity = grade 3;

« cognitive delay (at 2 years of age): assessed with Bayley-Ill scores for cognitive development;
« seizure before discharge;

« need for treatment of PDA;

« necrotizing enterocolitis (NEC); and

« at 5 years of age: standardized neurodevelopmental tests; parent reports of child socioemotional
problems.

Notes Caffeine initiation time: within 24 hours of birth

Baseline imbalances: in the high-dose caffeine group the maternal age was higher than in the low
dose group (P =0.03)

This study was reported as two different publications:
- McPherson 2015: A pilot randomised trial of high-dose caffeine therapy in preterm infants

- Vesoulis 2016: Early high-dose caffeine increases seizure burden in extremely preterm neonates: a pre-
liminary study

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Group assignment was performed by a parallel 1:1 blocked randomization,
tion (selection bias) generated by the dispensing pharmacist who was not involved in clinical care.
Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants Low risk The clinical and research team remained blinded to each infant's randomiza-
and personnel (perfor- tion until completion of developmental assessment at two years of age.
mance bias)

All outcomes

Blinding of outcome as- Low risk All testers were blinded to study assignment and past medical history, includ-
sessment (detection bias) ing imaging findings.
All outcomes

Incomplete outcome data  Low risk Out of 37 infants allocated to each group:

(attrition bias)

All outcomes » 28versus 30 underwent MRl and 28 and 31 underwent neurodevelopmental
testing at term-equivalent age, in the high- and low-dose groups respective-
ly.

o 24 and 22 underwent two year developmental assessment in the high- and
low-dose groups respectively.

« 8infantsin the high-dose group and 7 in the low-dose group were excluded
due to corrupt data files or recordings equal or less than five hours in length
from the EEG recording (for the assessment of seizures) through the 72 first
hours of postnatal life
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McPherson 2015 (Continued)
Selective reporting (re- Low risk The trial protocol is available at www.clinicaltrials.gov/ct2/show/
porting bias) NCT00809055

(25 April 2018). All pre-specified outcomes were reported in the manuscript.

Other bias

Unclear risk In the high-dose caffeine group, the maternal age was higher than in the stan-

dard-dose group (P =0.03).

Mohammed 2015

Study characteristics

Methods

Study design: double-blind, pilot RCT

Location: Egypt

Setting: Neonatal Intensive Care Unit (NICU) of Mansoura University Children’s Hospital, Mansoura

Duration: July 2011 to July 2012

Participants

Inclusion criteria: 120 infants < 32 weeks' gestational age who exhibited apnea of prematurity within
first 10 days of life.

Exclusion criteria: major congenital malformations and chromosomal anomalies.

Interventions

High dose: loading dose 40 mg/kg/day and maintenance dose 20 mg/kg/day

Low dose: loading dose 20 mg/kg/day and maintenance dose 10 mg/kg/day

Outcomes

Outcomes reported that are considered for this review:

mortality during first admission;

chronic lung disease at 36 weeks of corrected age;

severe IVH = grade 3;

periventricular leukomalacia (PVL);

lesions indicative of brain injury (detected by US and MRI): IVH, any grade; PVL;
apnea;

retinopathy of prematurity, = grade 3;

extubation failure (defined as need for re-intubation within 72 hours of extubation from mechanical
ventilation);

any tachycardia;

need for treatment of PDA;
necrotizing enterocolitis (NEC); and
somatic growth.

Notes

Caffeine initiation time: postnatal mean (SD) age of 2.5 (2.6) days in the high-dose group 2.7 (2.8) days
in the low-dose group.

Baseline imbalances: none

The trial protocol is available at www.clinicaltrials.gov/ct2/show/NCT02103777 (19 April 2018)

Risk of bias

Bias

Authors' judgement  Support for judgement
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Mohammed 2015 (continued)

Random sequence genera-  Low risk Enrolled infants were assigned randomly to treatment groups using Inter-
tion (selection bias) net-based random table technique. A designated pharmacist was responsible
for the randomization of selected infants and the preparation of caffeine dose.

Allocation concealment Low risk Cards in opaque, sealed envelopes.
(selection bias)

Blinding of participants Low risk Nursing staff and family were blinded to patient's allocation.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded to patient's allocation.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Data available on all of the infants randomized. No exclusions or attrition after
(attrition bias) randomization.
All outcomes

Selective reporting (re- Unclear risk The protocol is available at www.clinicaltrials.gov/ct2/show/NCT02103777 (24
porting bias) April 2018).

The study did not report on hydrocephalus as pre-specified in the trial proto-
col. Furthermore, the duration of CPAP and postnatal steroid therapy for BPD
were reported as outcomes in the study but not pre-specified in the protocol.

Other bias Low risk None known
Mohd 2021

Study characteristics

Methods Study design: parallel RCT

Location: Malaysia
Setting: ICU (Hospital Universiti Sains Malaysia (USM), Kota Bharu, Kelantan)

Duration: June 2019 to August 2020

Participants Inclusion criteria: preterm infants < 32 weeks' gestational age
Exclusion criteria: hydrops fetalis

Interventions High dose: loading dose 40 mg/kg/day and maintenance dose 20 mg/kg/day

Low dose: loading dose 20 mg/kg/day and maintenance dose 10 mg/kg/day

Outcomes Outcomes reported that are considered for this review:

« frequency and number of days with apnea;

« extubation failure;

« duration of non-invasive ventilation (e.g. Optiflow, Bipap, Duopap and CPAP);

« duration of oxygen therapy (nasal prong oxygen);

« chronic lung disease defined, as the need for oxygen at 36 weeks' post-menstrual age;
 tachycardia;

 hypertension;
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Mohd 2021 (continued)

« time to reach full enteral feeding;

« weight gain;

« length of hospital stay;

« neonatal mortality;

« necrotizing enterocolitis (NEC);

« intraventricular hemorrhage (IVH);

«+ periventricular leukomalacia (PVL);

« retinopathy of prematurity (ROP);

« number of infants for whom caffeine was withheld early because of suspected side effects; and
« death before hospital discharge.

Notes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random sequence was generated by a researcher not involved in the recruit-
ment
of patients and data collection, using blocks of variable sizes known only to
the randomizer.

Allocation concealment
(selection bias)

Low risk Concealment of allocation was ensured by the use of opaque, sealed, and se-
quentially
numbered envelopes.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Doctors, nursing staff, and family were blinded to the allocation.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Investigators were blinded to the allocation.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Allinfants received intended treatment until they exited the study. All included

infants
were analyzed for primary outcome.

Selective reporting (re-
porting bias)

Low risk The trial protocol is available at
www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=377580. All pre-
specified
outcomes were reported in the manuscript.

Other bias

Unclear risk More infants in the standard-dose caffeine were intubated at the baseline
(97% and 92% in the standard- and high-dose caffeine groups, respectively)
and needed surfactant (95% and 80% in the standard- and high-dose groups,
respectively)

Scanlon 1992

Study characteristics

Methods

Study design: RCT
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Scanlon 1992 (continued)

Location: UK
Setting: regional Neonatal Intensive Care Unit (Birmingham Maternity Hospital)

Duration: not reported

Participants

Inclusion criteria: 44 infants < 31 weeks' gestational age with either 10 or more apneic attacks in 8
hours or 4 apneasin 1 hour

Exclusion criteria: not specified

Interventions

High dose: loading dose 50 mg/kg/day and maintenance dose 12 mg/kg/day

Low dose: loading dose 25 mg/kg/day and maintenance dose 6 mg/kg/day

Outcomes Outcomes reported that are considered for this review:
« reduction of number of apneas
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random numbers in sealed envelopes.
tion (selection bias)
Allocation concealment Unclear risk Not described
(selection bias)
Blinding of participants High risk The two strengths of caffeine citrate were not identical in appearance.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Only eight of 44 randomized infants were excluded.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Trial protocol not available.
porting bias)
Other bias Low risk None known
Steer 2003
Study characteristics
Methods Study design: double-blind RCT
Location: Australia
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Steer 2003 (Continued)

Setting: one neonatal intensive care nursery of a large maternity teaching hospital (Mater Mothers’
Hospital, Brisbane)

Duration: September 1993 to November 1995

Participants Inclusion criteria: 127 infants <31 weeks' gestational age who had received or who were anticipated
to receive at least 48 hours of mechanical ventilation

Exclusion criteria: major congenital abnormality, infection, major neurological condition, severe in-
traventricular hemorrhage, MV for a period greater than 28 days, previous exposure to methylxanthine
therapy.

Interventions This study contained three study arms with different doses. According to our definition outlined in the
protocol, two of them were high doses (very high and moderately high) and one was a low dose.

Very high dose: loading dose 60 mg/kg/day and maintenance dose 30 mg/kg/day
Moderately high dose: loading dose 30 mg/kg/day and maintenance dose 15 mg/kg/day

Low dose: loading dose 6 mg/kg/day and maintenance dose 3 mg/kg/day

Outcomes Outcomes reported that are considered for this review:

» severeIVH = grade 3;

« lesions indicative of brain injury (detected by US and MRI): severe IVH = grade 3;
« duration of MV;

« retinopathy of prematurity = grade 3;

 extubation failure (defined as either an inability to extubate from mechanical ventilation within 48
hours of caffeine loading for a planned extubation or the use of reintubation or doxapram within seven
days of commencing caffeine therapy;

+ any tachycardia;

« tachycardia leading to suspension of study intervention;
« necrotizing enterocolitis (NEC); and

« somatic growth.

Notes Caffeine initiation time: postnatal mean (SD) age of 4.4 (2.5) days in the very high-dose group, 3.8 (2.1)
days in the moderately high-dose group, and 3.5 (1.5) days in the low-dose group

Baseline imbalances: none

The trial was terminated after an interim analysis after enrolling infants corresponding to approximate-
ly 50 % of the a priori calculated sample size

No trial protocol available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Enrolled infants were allocated to one of three group using a computer-gener-

tion (selection bias) ated list of random numbers by a hospital pharmacist. The pharmacist was not
associated in any other way with the study or with the clinical management of
the infants.

Allocation concealment Unclear risk Not described.

(selection bias)

Blinding of participants Low risk The identity of the treatments was not disclosed to the medical or nursing

and personnel (perfor- staff.

mance bias)
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Steer 2003 (Continued)
All outcomes

Blinding of outcome as- Low risk The identity of the treatments was not disclosed to the investigators.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk 8 out of 127 randomized infants failed to receive caffeine therapy after ran-
(attrition bias) domization; 9 out of 127 did not complete the planned seven day course of
All outcomes caffeine. Outcomes for these 17 infants are included in the ITT analysis.
Selective reporting (re- Unclear risk Trial protocol not available.
porting bias)
Other bias Low risk None known.

Steer 2004
Study characteristics
Methods Study design: multi-centre RCT

Location: Australia

Setting: four neonatal intensive care units (Mater Mothers’ Hospital, Brisbane; Royal Prince Alfred Hos-
pital, Sydney; Mercy Hospital for Women, Melbourne; and Royal Hobart Hospital, Tasmania)

Duration: September 1996 to April 1999

Participants

Inclusion criteria: 287 infants < 30 weeks' gestational age requiring methylxanthines for treatment

of apnea of prematurity or as a part of peri-extubation management. Eligible for the peri-extubation
group were infants who received or who were expected to receive at least 48 hours of mechanical venti-
lation

Exclusion criteria: infants with major congenital abnormality, infection (sepsis confirmed by blood
culture), major neurological condition, grade 3 or 4 IVH, and previous exposure to methylxanthine ther-
apy. Infants who received short-term caffeine (< seven days)

Interventions

High dose: loading dose 80 mg/kg/day and maintenance dose 20 mg/kg/day

Low dose: loading dose 20 mg/kg/day and maintenance dose 5 mg/kg/day

Outcomes Outcomes reported that are considered for this review:

« mortality during first admission;

« chronic lung disease at 36 weeks of corrected age;

« severeIVH, = grade 3;

« IVH, any grade;

« cerebellar hemorrhage;

« periventricular leukomalacia (PVL);

« lesions indicative of brain injury (detected by US and MRI): IVH, any grade; major cerebral abnormal-
ities (defined as one or more of porencephalic cysts, cystic periventricular leukomalacia or hydro-
cephalus);

« apnea;

« extubation failure (defined as an inability to extubate from mechanical ventilation within 48 hours
of caffeine loading for a planned extubation or the use of reintubation or doxapram within 7 days of
caffeine loading);

« retinopathy of prematurity, = grade 3;

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 45

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Steer 2004 (Continued)

« anytachycardia;

« tachycardia, leading to suspension of study intervention;

« necrotizing enterocolitis (NEC);

« major cerebral abnormalities at 6 weeks; and

« major disability (cerebral palsy, bilateral blindness, need for hearing aids at 12 months corrected for

prematurity).

Notes

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Infants were randomized using a computer generated list of random numbers
tion (selection bias) by a hospital pharmacist who was not associated in any other way with the
study or with the clinical management of infants.
Allocation concealment Unclear risk Not reported.
(selection bias)
Blinding of participants Low risk The two strengths of caffeine citrate were identical in appearance. Investiga-
and personnel (perfor- tors and clinical staff were blind to treatment allocation.
mance bias)
All outcomes
Blinding of outcome as- Low risk Investigators were blind to treatment allocation.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk 41 out 287 infants were excluded after randomization and were not analyzed.
(attrition bias) This correspond to 14% of the infants, which is still acceptable for our review.
All outcomes
Selective reporting (re- Unclear risk Trial protocol not available.
porting bias)
Other bias Low risk None known.
Zhao 2016
Study characteristics
Methods Study design: double-blind RCT

Location: China

Setting: one neonatal unit (Tianjin Central Hospital of Gynaecology Obstetrics)

Duration: October 2013 to December 2014

Participants

Inclusion criteria: 164 infants <32 weeks' gestational age who were diagnosed with apnea

Exclusion criteria: infants with congenital malformations and chromosomal abnormalities, central
nervous system diseases, primary lung diseases, serious infection, metabolic diseases, obstructive ap-

nea etc.

Interventions

High dose: loading dose 20 mg/kg/day and maintenance dose 15 mg/kg/day
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Zhao 2016 (Continued)

Low dose: loading dose 20 mg/kg/day and maintenance dose 5 mg/kg/day

Outcomes Outcomes reported that are considered for this review:

« mortality during first admission;

« chronic lung disease at 36 weeks of corrected age;
« apnea;

« success in ventilator removal;

 any tachycardia.

Notes Baseline imbalances: none

No trial protocol available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Patients were allocated into low-dose or high-dose group using a random

tion (selection bias) number table by a researcher who did not participate in data collection or
analysis.

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants Low risk Researchers, nurses, and family members did not know about the grouping

and personnel (perfor- arrangement.

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Described, but not for all outcomes.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All patients were analyzed for the outcomes.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Trial protocol not available.

porting bias)

Other bias Low risk None known

BPD: bronchopulmonary dysplasia; CPAP: continuous positive airway pressure; FiO2: fraction of inspired oxygen; ITT: intention-to-treat;
kg: kilogram; mg: milligram; MRI: magnetic resonance imaging; MV: mechanical ventilation; NICU: neonatal intensive care unit; PDA:
patent ductus arteriosus; RCT: randomized controlled trial; SD: standard deviation; US: ultrasound

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Autret 1985 Infants were randomized to two caffeine doses which both fall within the "standard dose" defin-
ition used in this review. Loading and maintenance dose were 20 mg/kg and 5 mg/kg caffeine in
group one, respectively; 20 mg/kg and 3 mg/kg in group two, respectively.

Cherif 2003 Not an RCT
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Study Reason for exclusion

Gray 2016 Not an RCT

Romagnoli 1992 Infants were randomized to two caffeine doses which both fall within the "standard dose" defin-
ition used in this review. Loading and maintenance dose were 10 mg/kg and 5 mg/kg caffeine in-
group one, respectively; 10 mg/kg and 2.5 mg/kg in group two, respectively.

Wan 2020 Infants were randomized to two caffeine doses which both fall within the "standard dose" defini-
tion used in this review. Loading and maintenance dose were 20 mg/kg and 10 mg/kg caffeine in-
group one, respectively; 20 mg/kg and 5 mg/kg in group two, respectively.

Yao 2021 Infants were randomized to two caffeine doses which both fall within the "standard dose" defin-
ition used in this review. Loading and maintenance dose were 20 mg/kg and 5 mg/kg caffeine in
both group one and group two, whereas group one received am additional dose caffeine one hour
before ventilator weaning.

Zhang 2019 Infants were randomized to two caffeine doses which both fall within the "standard dose" defini-
tion used in this review. Loading and maintenance dose were 20 mg/kg and 10 mg/kg caffeine in-
group one, respectively; 20 mg/kg and 5 mg/kg in group two, respectively.

Characteristics of studies awaiting classification [ordered by study ID]

Gray 2018

Methods Conference abstract with no full text; unclear if randomized.

Participants Infants < 28 weeks’ gestation who received a loading dose of caffeine within the first 36 hours of life
from 2011 to 2013 were included in the study.

Interventions High-dose group: median dose of 80 mg/kg
Standard-dose group: median dose of 20 mg/kg

Outcomes Neonatal outcomes including results of cranial ultrasound were compared. The infants were fol-
lowed up at 2 years of age and had a neurological assessment, the Bayley Scales of Infant and Tod-
dler Development, 3rd Edition and the Neurosensory Motor Developmental Assessment (NSDMA)
The incidence of cerebellar hemorrhage was 4 (2.5%) in the high-dose group and 1 (1.7%) in the
standard-dose group, with no difference in the incidence of IVH. The mean cognitive score on the
Bayley for the high-dose group was 97.4 compared with 91.9 for the standard-dose group (P = 0.06).
There were no differences in the language or motor scores, the NSMDA results, or the incidence of
cerebral palsy between the groups.

Notes

IVH: intraventricular hemorrhage; kg: kilogram; mg: milligram

Characteristics of ongoing studies [ordered by study ID]

NCT03298347
Study name Caffeine for preterm infants with apnea of prematurity (AOP)
Methods Study type: interventional
Estimated enrollment: 100 participants
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Allocation: randomized
Intervention model: parallel assignment

Intervention model description: 100 preterm infants admitted to Daping Hospital and the Research
Institute of Surgery of the Third Military Medical University (Chongging, China), divided in two
groups.

Masking: quadruple (participant, care provider, investigator, outcomes assessor)

Primary purpose: treatment

Participants

Preterm infants with gestational age less than 32 weeks and AOP

Interventions

80 versus 20 mg/kg of caffeine (not clear if single or multiple administration)

Outcomes

Rate of AOP within 100 days

Starting date

1 October 2017

Contact information

Ma Juan 416767068@qqg.com

Shi Yuan petshi530@vip.163.com

Notes

NCT04144712
Study name High- versus low-dose caffeine as respiratory stimulant in preterm infants
Methods Study type: interventional (clinical trial)

Estimated enrollment: 80 participants
Allocation: randomized
Intervention model: parallel assignment

Intervention model description: 80 preterm infants admitted to the Neonatal Intensive Care Unit
(NICU), Ain Shams University (Cairo, Egypt), divided into two groups

Masking: double (participant, care provider)

Primary purpose: prevention

Participants

Preterm infants with a gestational age < 32 weeks in room air or CPAP (prophylactic).

Preterm infants with gestational age 32 to 34 weeks who exhibited apnea of prematurity within the
first 10 days of life in room air or CPAP

Interventions

High and low dose of caffeine citrate (doses are not specified)

Outcomes

Rate of occurrence of apnea of prematurity between infants receiving high- and low-dose caffeine

Starting date

1 April 2019

Contact information

Eslam M Mazrou eslammazrou@gmail.com
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NCT04144712 (Continued)

Notes

Unclear whether this study, once completed, will be included in this review, as doses are not speci-

fied in the protocol.

Oliphant 2020

Study name Caffeine prophylaxis to improve intermittent hypoxemia in infants born late preterm: a randomized
controlled dosage trial (Latte Dosage Trial)
Methods Phase: IIB

Study type: controlled trial
Allocation: randomized
Intervention model: parallel assignment, five-arms

Intervention model description: late preterm infants admitted to the neonatal unit and postnatal
wards at Auckland City and Middlemore Hospitals (Auckland, New Zealand), randomized into five
groups within 72 hours of birth to receive 5 mg/kg, 10 mg/kg, 15 mg/kg, or 20 mg/kg/day caffeine

citrate or matching placebo daily until term corrected

Masking: double-blind

Primary purpose: prevention

Participants

Infants born between 34 weeks and 36 weeks’ and 6 days gestation without contradiction to caf-
feine treatment.

Sample size: 120.

Interventions

Enteral loading dose of the study drug (10 mg/kg, 20 mg/kg, 30 mg/kg, or 40 mg/kg of caffeine cit-
rate or water), followed by a daily dose each morning (5 mg/kg, 10 mg/kg, 15 mg/kg, or 20 mg/kg of
caffeine citrate or placebo) until term equivalent age (40 weeks’ post-menstrual age)

Outcomes

Primary outcome: frequency of intermittent hypoxemia (events/hour)

Secondary outcomes:

respiratory: frequency of intermittent hypoxemia on overnight oximetry at term equivalent age;
mean overnight oxygen saturation at 2 weeks and term equivalent age; use of respiratory support,
including oxygen, until term equivalent age;

growth: growth velocity from birth to term equivalent age for weight gain, length and head cir-
cumference; failure to regain birth weight by 2 weeks of age;

side effects: feed intolerance as reported by parents; duration of tube feeding; sleep and arousal
as reported by parents (measured by sub scale nine on the Infant Behaviour Questionnaire-Re-
vised, modified for neonates); tachycardia; study drug stopped due to presumed side effects;
neonatal seizures requiring anticonvulsant treatment before 44 weeks' postmenstrual age;
neonatal or infant death;

maternal and infant salivary caffeine concentration at two weeks after randomization;
readmission to hospital until 44 weeks' postmenstrual age or open-label caffeine use; and
maternal caffeine intake at birth, 2 weeks and term corrected age and mental health (Edinburgh
post-natal depression score) at birth and term corrected age.

Starting date

Unknown

Contact information

Elizabeth Anne Oliphant: e.oliphant@auckland.ac.nz
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Oliphant 2020 (continued)

Notes

AOP: apnea of prematurity; CPAP: continuous positive airway pressure; kg: kilogram; mg: milligram

DATA AND ANALYSES

Comparison 1. High- versus standard-dose strategies for any indication

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 All-cause mortality prior to hospital dis- 5 723 Risk Ratio (M-H, 0.86[0.53, 1.38]

charge Fixed, 95% Cl)

1.1.1 High-loading and high-maintenance dose 4 559 Risk Ratio (M-H, 0.92[0.52, 1.63]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.1.2 Standard-loading and high-mainte- 1 164 Risk Ratio (M-H, 0.73[0.31, 1.71]

nance dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.2 Major neurodevelopmental disability in 1 Risk Ratio (M-H, Totals not select-

children aged three to five years Fixed, 95% Cl) ed

1.2.1 High-loading and high-maintenance dose 1 Risk Ratio (M-H, Totals not select-

versus standard-loading and standard-mainte- Fixed, 95% Cl) ed

nance dose

1.3 Failure to extubate within one week of com- 4 Risk Ratio (M-H, Subtotals only

mencing treatment Fixed, 95% Cl)

1.3.1 High-loading and high-maintenance dose 4 521 Risk Ratio (M-H, 0.54[0.40,0.73]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.4 Reintubation within one week of commenc- 1 Risk Ratio (M-H, Subtotals only

ing treatment Fixed, 95% Cl)

1.4.1 High-loading and high-maintenance dose 1 238 Risk Ratio (M-H, 0.36[0.19,0.71]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.5 Apnea: number of infants with at least one 1 78 Risk Ratio (M-H, 1.01[0.59,1.75]

episode (defined as interruption of breathing Fixed, 95% Cl)

for more than 20 seconds) after 24 hours from

commencing treatment, in a 24-hour period

and over one week

1.5.1 High-loading and high-maintenance dose 1 78 Risk Ratio (M-H, 1.01[0.59, 1.75]

versus standard-loading and standard-mainte-
nance dose

Fixed, 95% CI)
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1.6 Side effects (tachycardia, agitation, or feed 5 Risk Ratio (M-H, Subtotals only

intolerance) leading to a reduction in dose or Fixed, 95% Cl)

withholding of caffeine

1.6.1 High-loading and high-maintenance dose 5 593 Risk Ratio (M-H, 1.66 [0.86, 3.23]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.7 Bronchopulmonary dysplasia/chronic lung 1 Risk Ratio (M-H, Subtotals only

disease: 28 days of oxygen exposure Fixed, 95% Cl)

1.8 Bronchopulmonary dysplasia/chronic lung 5 723 Risk Ratio (M-H, 0.75[0.60, 0.94]

disease at 36 weeks' postmenstrual age Fixed, 95% Cl)

1.8.1 High-loading and high-maintenance dose 4 559 Risk Ratio (M-H, 0.76 [0.60, 0.97]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.8.2 Standard-loading and high-mainte- 1 164 Risk Ratio (M-H, 0.68[0.36, 1.29]

nance dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.9 Number of days using mechanical ventila- 2 Mean Difference (IV, Subtotals only

tion Fixed, 95% Cl)

1.9.1 High-loading and high-maintenance dose 2 201 Mean Difference (IV, 0.01[-0.85,0.87]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

1.10 Intraventricular hemorrhage, any grade 2 Risk Ratio (M-H, Subtotals only
Fixed, 95% Cl)

1.10.1 High-loading and high-maintenance 2 361 Risk Ratio (M-H, 0.90[0.63, 1.27]

dose versus standard-loading and stan- Fixed, 95% CI)

dard-maintenance dose

1.11 Intraventricular hemorrhage, grade3to4 5 Risk Ratio (M-H, Subtotals only
Fixed, 95% Cl)

1.11.1 High-loading and high-maintenance 5 686 Risk Ratio (M-H, 1.26[0.67,2.36]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.12 Cerebellar hemorrhage at brain ultra- 1 Risk Ratio (M-H, Subtotals only

sound (yes/no) Fixed, 95% Cl)

1.12.1 High-loading and high-maintenance 1 74 Risk Ratio (M-H, 3.33[1.00, 11.15]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.13 Magnetic resonance imaging (MRI) abnor- 1 Risk Ratio (M-H, Subtotals only

malities at term equivalent age (yes/no), de-
fined as white matter lesions (i.e. cavitations
[Rutherford 2010]) and punctate lesions (Cor-
nette 2002); germinal matrix-intraventricular

Fixed, 95% Cl)
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hemorrhage (Parodi 2015); or cerebellar hem-

orrhage (Limperopoulos 2007)

1.13.1 High-loading and high-maintenance 1 74 Risk Ratio (M-H, 0.50[0.10, 2.56]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.14 Periventricular leukomalacia 3 272 Risk Difference (M-H,  0.02 [-0.04, 0.08]
Fixed, 95% Cl)

1.14.1 High-loading and high-maintenance 3 272 Risk Difference (M-H,  0.02 [-0.04, 0.08]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.15 Necrotizing enterocolitis (proven = Bell 5 Risk Ratio (M-H, Subtotals only

stage of 2 or greater) (Bell 1978) Fixed, 95% Cl)

1.15.1 High-loading and high-maintenance 5 637 Risk Ratio (M-H, 0.80[0.43, 1.51]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.16 Patent ductus arteriosus (PDA) requiring 2 Risk Ratio (M-H, Subtotals only

treatment (cyclo-oxygenase inhibitors or surgi- Fixed, 95% Cl)

cal ligation)

1.16.1 High-loading and high-maintenance 2 201 Risk Ratio (M-H, 0.87[0.59, 1.27]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.17 Retinopathy of prematurity (ROP) (any 2 Risk Ratio (M-H, Subtotals only

ROP) (International Committee 2005) Fixed, 95% Cl)

1.17.1 High-loading and high-maintenance 2 365 Risk Ratio (M-H, 0.85[0.56, 1.29]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.18 Retinopathy of prematurity (ROP) (severe 3 Risk Difference (M-H,  Subtotals only

ROP [stage 3 or greater]) (International Com- Fixed, 95% Cl)

mittee 2005)

1.18.1 High-loading and high-maintenance 3 481 Risk Difference (M-H,  -0.03[-0.07,0.01]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.19 Seizures (clinically diagnosed; diagnosed 1 Risk Ratio (M-H, Subtotals only

by electroencephalography) Fixed, 95% CI)

1.19.1 High-loading and high-maintenance 1 74 Risk Ratio (M-H, 1.42[0.79, 2.53]

dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

1.20 Developmental delay (Bayley Mental De- 1 Risk Ratio (M-H, Totals not select-

velopmental Index or Griffiths Mental Develop-
ment Scale in children aged 18 to 24 months

Fixed, 95% Cl)

ed
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1.20.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-
dose versus standard-loading and stan- Fixed, 95% Cl) ed
dard-maintenance dose
1.21 Bayley-Ill cognitive score in children at 18 1 42 Mean Difference (IV, -1.90 [-8.60, 4.80]
to 24 months CA Fixed, 95% Cl)
1.22 Cerebral palsy in children aged 18 to 24 1 Risk Ratio (M-H, Totals not select-
months Fixed, 95% Cl) ed
1.22.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-
dose versus standard-loading and stan- Fixed, 95% Cl) ed
dard-maintenance dose
1.23 Blindness in children aged 18 to 24 1 Risk Ratio (M-H, Totals not select-
months Fixed, 95% Cl) ed
1.23.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-
dose versus standard-loading and stan- Fixed, 95% Cl) ed
dard-maintenance dose
1.24 Deafness in children aged 18 to 24 months 1 Risk Ratio (M-H, Totals not select-

Fixed, 95% Cl) ed
1.24.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-

dose versus standard-loading and stan-
dard-maintenance dose

Fixed, 95% Cl)

ed
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Analysis 1.1. Comparison 1: High- versus standard-dose strategies for
any indication, Outcome 1: All-cause mortality prior to hospital discharge

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.1.1 High-loading and high-mai e dose versus dard-loading and standard-mai e dose
Steer 2004 5 140 7 147 20.8% 0.751[0.24, 2.31] PR 20000
Mohammed 2015 7 60 9 60  27.4% 0.78[0.31, 1.95] J CXON NN RN )
Mohd 2021 1 40 1 38 31%  0.95[0.06,14.65] N 000000
McPherson 2015 7 37 5 37 152% 1.40[0.49, 4.01] J 20000
Subtotal (95% CI) 277 282 66.5% 0.92 [0.52, 1.63] ’
Total events: 20 22
Heterogeneity: Chi2 = 0.87, df = 3 (P = 0.83); 2= 0%
Test for overall effect: Z = 0.29 (P = 0.77)
1.1.2 Standard-loading and high-mai e dose versus standard-loading and dard e dose
Zhao 2016 8 82 11 82  335% 0.73[0.31, 1.71] .l X X EX )
Subtotal (95% CI) 82 82 335% 0.73[0.31,1.71] -
Total events: 8 11
Heterogeneity: Not applicable
Test for overall effect: Z = 0.73 (P = 0.47)
Total (95% CI) 359 364 100.0% 0.86 [0.53, 1.38]
Total events: 28 33 ?
Heterogeneity: Chi2 = 1.08, df = 4 (P = 0.90); I = 0% ol o1 H o 100
Test for overall effect: Z = 0.65 (P = 0.52) Favors high dose Favors standard dose
Test for subgroup differences: Chi2 = 0.20, df = 1 (P = 0.66), I = 0%
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 1.2. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 2: Major neurodevelopmental disability in children aged three to five years
High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.2.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
McPherson 2015 12 21 18 25 0.79 [0.51, 1.24] 209000
01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.3. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 3: Failure to extubate within one week of commencing treatment

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.3.1 High-loading and high-mai e dose versus dard-loading and standard-mai e dose
Mohammed 2015 9 40 18 38 21.7% 0.47[0.24,0.92] ——
Steer 2004 (1) 17 116 36 122 41.2% 0.50 [0.30, 0.83] -
Steer 2003 11 45 10 21 16.0% 0.51[0.26, 1.02] —
Steer 2003 (2) 10 40 9 21 13.9% 0.58 [0.28, 1.21] —a
Mohd 2021 (3) 6 40 6 38 7.2% 0.95[0.34, 2.69] —
Subtotal (95% CI) 281 240 100.0% 0.54 [0.40, 0.73] ‘
Total events: 53 79
Heterogeneity: Chi2 = 1.44, df = 4 (P = 0.84); I2= 0%
Test for overall effect: Z = 3.97 (P < 0.0001)
Test for subgroup differences: Not applicable 0‘61 Ofl 1=0 160

Favors high dose Favors standard dose

Footnotes

(1) In this forest plot, outcome data refer to the subgroup of infants treated for extubation management (and not to the 140 + 147 infants treated for apnea treatment)
(2) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)
(3) Time frame not specified

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.4. Comparison 1: High- versus standard-dose strategies for any

indication, Outcome 4: Reintubation within one week of commencing treatment
High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.4.1 High-loading and high-maintenance dose versus dard-loading and dard e dose
Steer 2004 (1) 10 116 29 122 100.0% 0.36[0.19, 0.71] g5 2000600
Subtotal (95% CI) 116 122 100.0% 0.36 [0.19, 0.71] ‘
Total events: 10 29
Heterogeneity: Not applicable
Test for overall effect: Z = 2.96 (P = 0.003)
k + + {
0.01 0.1 1 10 100
Footnotes Favors high dose Favors standard dose
(1) In this forest plot, outcome data refer to the subgroup of infants treated for extubation management (and not to the 140 + 147 infants treated for apnea treatment)
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.5. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 5:
Apnea: number of infants with at least one episode (defined as interruption of breathing for more
than 20 seconds) after 24 hours from commencing treatment, in a 24-hour period and over one week

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.5.1 High-loading and high e dose versus dard-loading and standard e dose
Mohd 2021 16 40 15 38 100.0% 1.01[0.59, 1.75] 000000
Subtotal (95% CI) 40 38 100.0% 1.01 [0.59, 1.75]
Total events: 16 15
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% CI) 40 38 100.0% 1.01 [0.59, 1.75]
Total events: 16 15

Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

10 100
Favors standard dose

001 01 1
Favors high dose

Analysis 1.6. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 6: Side
effects (tachycardia, agitation, or feed intolerance) leading to a reduction in dose or withholding of caffeine

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
1.6.1 High-loading and high e dose versus dard-loading and dard e dose
Steer 2003 0 45 0 21 Not estimable N )
Scanlon 1992 0 14 1 16 10.8% 0.38[0.02, 8.59] - e P 92 O
Mohd 2021 5 40 4 38 31.5% 1.19[0.34, 4.09] R ® @®
Steer 2003 (1) 1 40 0 21 50%  1.61[0.07,37.88] |, 1 9002 0
Steer 2004 (2) 9 116 5 122 37.4% 1.89[0.65, 5.48] S o9®: 0
Mohammed 2015 6 60 2 60 153%  3.00[0.63,14.27] i (Y X XX )
Subtotal (95% CI) 315 278 100.0% 1.66 [0.86 , 3.23] ‘
Total events: 21 12
Heterogeneity: Chi2 = 1.76, df = 4 (P = 0.78); 12 = 0%
Test for overall effect: Z = 1.50 (P = 0.13)
b + t |
0.01 0.1 1 10 100
Footnotes Favors high dose Favors standard dose

(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)
(2) In this forest plot, outcome data refer to the subgroup of infants treated for extubation management (and not to the 140 + 147 infants treated for apnea treatment)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 1.7. Comparison 1: High- versus standard-dose strategies for any indication,

Outcome 7: Bronchopulmonary dysplasia/chronic lung disease: 28 days of oxygen exposure

High-dose strategi Standard-dose str Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Steer 2004 (1) 64 116 80 122 0.84[0.68 , 1.04] 20000
001 01 1 10 100
Footnotes Favors high dose Favors standard dose

(1) In this forest plot, outcome data refer to the subgroup of infants treated for extubation management (and not to the 140 + 147 infants treated for apnea treatment)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.8. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 8: Bronchopulmonary dysplasia/chronic lung disease at 36 weeks' postmenstrual age

High-dose strategies

Standard-dose strategies

Risk Ratio

Risk Ratio

Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDEFG
1.8.1 High-loading and high-maintenance dose versus dard-loading and standard e dose

Mohd 2021 10 40 14 38 11.9% 0.681[0.34, 1.34] el 000000
Mohammed 2015 13 60 19 60 15.7% 0.68[0.37 , 1.26] —al ([ X X X X NN }
Steer 2004 35 140 52 147 41.9% 0.71[0.49 , 1.01] ™ 020000
McPherson 2015 19 37 18 37 14.9% 1.06 [0.67 , 1.67] . 2000 ® 2
Subtotal (95% CI) 277 282  843% 0.76 [0.60 , 0.97] ’|

Total events: 77 103

Heterogeneity: Chi2 = 2.37, df = 3 (P = 0.50); I2= 0%

Test for overall effect: Z = 2.22 (P = 0.03)

1.8.2 Standard-loading and high e dose versus standard-loading and dard e dose

Zhao 2016 13 82 19 82  157% 0.681[0.36, 1.29] el N X EX )
Subtotal (95% CI) 82 82 15.7% 0.68 [0.36, 1.29] ‘

Total events: 13 19

Heterogeneity: Not applicable

Test for overall effect: Z = 1.17 (P = 0.24)

Total (95% CI) 359 364 100.0% 0.75 [0.60 , 0.94] ‘

Total events: 90 122

Heterogeneity: Chi2 = 2.52, df = 4 (P = 0.64); I = 0%
Test for overall effect: Z = 2.51 (P = 0.01)
Test for subgroup differences: Chi2 = 0.09, df = 1 (P = 0.76), I = 0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

001 01 1
Favors high dose

10 100
Favors standard dose
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Analysis 1.9. Comparison 1: High- versus standard-dose strategies for
any indication, Outcome 9: Number of days using mechanical ventilation

High-dose str Standard-dose strategi Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.9.1 High-loading and high-maintenance dose versus standard-loading and standard e dose
Steer 2003 (1) 31 2.2 40 3.5 2.3 21 521%  -0.40[-1.60, 0.80]
Steer 2003 39 2.7 45 3.5 2.3 21 47.0% 0.40 [-0.86 , 1.66] :
McPherson 2015 15.2 22.4 37 11.7 17.4 37 0.9%  3.50[-5.64, 12.64] 4
Subtotal (95% CI) 122 79 100.0% 0.01 [-0.85, 0.87]

Heterogeneity: Chi2 = 1.38, df = 2 (P = 0.50); 2= 0%
Test for overall effect: Z = 0.02 (P = 0.98)

Footnotes

-100

Favors high dose

50 100
Favors standard dose

50 0

(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each

Analysis 1.10. Comparison 1: High- versus standard-dose strategies for
any indication, Outcome 10: Intraventricular hemorrhage, any grade

High-dose strategies Standard-dose strategies Risk Ratio

Risk

Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.10.1 High-loading and high: e dose versus dard-loading and standard-maintenance dose

McPherson 2015 10 37 12 37 24.0% 0.83[0.41 , 1.69] 0000
Steer 2004 34 140 39 147 76.0% 0.92[0.62, 1.36] 09000 0
Subtotal (95% CI) 177 184 100.0% 0.90 [0.63 , 1.27]

Total events: 44 51

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.82); I*= 0%
Test for overall effect: Z = 0.62 (P = 0.53)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

001 01
Favors high dose

1 0 100
Favors standard dose
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Analysis 1.11. Comparison 1: High- versus standard-dose strategies for
any indication, Outcome 11: Intraventricular hemorrhage, grade 3 to 4

Risk Ratio
Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

High-dose strategies
Events Total

Standard-dose strategies

Study or Subgroup Events Total

Risk of Bias

A B CDETFG

dard-l,

e dose versus

1.11.1 High-loading and high ding and standard-maintenance dose

Steer 2003 (1) 0 40 0 21 Not estimable

Mohd 2021 0 40 2 38 15.9% 0.19[0.01, 3.84] —
McPherson 2015 4 37 4 37 24.8% 1.00[0.27, 3.70] R —
Mohammed 2015 7 60 5 60  31.0% 1.40[0.47 ,4.17] JR S —

Steer 2004 7 140 4 147 24.2% 1.84[0.55, 6.14] R S —

Steer 2003 2 45 0 21 4.2% 2.39[0.12, 47.72] R S
Subtotal (95% CI) 362 324 100.0% 1.26 [0.67 , 2.36] ’

Total events: 20 15

Heterogeneity: Chi2 = 2.23, df = 4 (P = 0.69); 2= 0%
Test for overall effect: Z = 0.71 (P = 0.48)

001 01 1 0 100
Footnotes Favors high dose Favors standard dose
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.12. Comparison 1: High- versus standard-dose strategies for any

indication, Outcome 12: Cerebellar hemorrhage at brain ultrasound (yes/no)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.12.1 High-loading and high e dose versus dard-loading and standard-maintenance dose
McPherson 2015 10 37 3 37 100.0%  3.33[1.00,11.15] Il @ 0000
Subtotal (95% CI) 37 37 100.0% 3.33[1.00, 11.15] 0
Total events: 10 3

Heterogeneity: Not applicable
Test for overall effect: Z = 1.95 (P = 0.05)

001 01 10 100
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.13. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 13:
Magnetic resonance imaging (MRI) abnormalities at term equivalent age (yes/no), defined as white
matter lesions (i.e. cavitations [Rutherford 2010]) and punctate lesions (Cornette 2002); germinal
matrix-intraventricular hemorrhage (Parodi 2015); or cerebellar hemorrhage (Limperopoulos 2007)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
1.13.1 High-loading and high e dose versus standard-loading and standard-maintenance dose
McPherson 2015 2 37 4 37 100.0% 0.50[0.10, 2.56] 1* 2000 ® 2
Subtotal (95% CI) 37 37 100.0% 0.50 [0.10, 2.56] ’
Total events: 2 4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.83 (P = 0.41)
b + + {
0.01 0.1 1 10 100

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favors high dose

Favors standard dose

(G) Other bias
Analysis 1.14. Comparison 1: High- versus standard-dose strategies
for any indication, Outcome 14: Periventricular leukomalacia
High-dose strategies Standard-dose strategies Risk Difference Risk Difference Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.14.1 High-loading and high-maintenance dose versus dard-loading and dard e dose
Mohammed 2015 5 60 4 60  44.1% 0.02 [-0.08, 0.11] 000000
Mohd 2021 2 40 1 38 28.7% 0.02 [-0.06 , 0.11] (XXX XX K
McPherson 2015 3 37 2 37 27.2% 0.03[-0.09, 0.14] 270000
Subtotal (95% CI) 137 135 100.0% 0.02 [-0.04 , 0.08]
Total events: 10 7

Heterogeneity: Chi2 = 0.02, df = 2 (P = 0.99); I = 0%
Test for overall effect: Z = 0.74 (P = 0.46)

Total (95% CI) 137

Total events: 10 7
Heterogeneity: Chi2 = 0.02, df = 2 (P = 0.99); I = 0%

Test for overall effect: Z = 0.74 (P = 0.46)

Test for subgroup differences: Not applicable

135 100.0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0.02 [-0.04 , 0.08]

b 4

4 y

4100 -50
Favors high dose

50 100
Favors standard dose
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Analysis 1.15. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 15: Necrotizing enterocolitis (proven = Bell stage of 2 or greater) (Bell 1978)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total ‘Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
1.15.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
Steer 2003 0 45 0 21 Not estimable 20
Steer 2004 (1) 0 116 5 122 26.7% 0.10[0.01, 1.71] —— ®2 e
Mohammed 2015 4 60 6 60  29.9% 0.67[0.20 , 2.24] _ ml PO @
McPherson 2015 6 37 5 37 249% 1.20 [0.40, 3.59] J— @® @®
Mohd 2021 4 40 3 38  153% 1.27[0.30, 5.29] — e + +
Steer 2003 (2) 2 40 0 21 3.2% 2.68[0.13, 53.45] E— ® ®
Subtotal (95% CI) 338 299 100.0% 0.80 [0.43, 1.51] ’
Total events: 16 19
Heterogeneity: Chi2 = 3.71, df = 4 (P = 0.45); 2= 0%
Test for overall effect: Z = 0.68 (P = 0.50)

001 01 1 0 100
Footnotes Favors high dose Favors standard dose
(1) In this forest plot, outcome data refer to the subgroup of infants treated for extubation management (and not to the 140 + 147 infants treated for apnea treatment)
(2) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.16. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 16:
Patent ductus arteriosus (PDA) requiring treatment (cyclo-oxygenase inhibitors or surgical ligation)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total ‘Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.16.1 High-loading and high-mai e dose versus dard-loading and dard-mail e dose
Steer 2003 (1) 3 40 4 21 16.4% 0.39[0.10, 1.60] N 2006
Steer 2003 9 45 5 21 21.3% 0.84[0.32, 2.20] R — 2000 >
McPherson 2015 20 37 20 37 62.4% 1.00 [0.66, 1.52] 20000
Subtotal (95% CI) 122 79 100.0% 0.87 [0.59, 1.27] :
Total events: 32 29
Heterogeneity: Chi? = 1.67, df = 2 (P = 0.43); 2= 0%
Test for overall effect: Z = 0.74 (P = 0.46)

001 0.1 1 10 100
Footnotes Favors high dose Favors standard dose
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 1.17. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 17: Retinopathy of prematurity (ROP) (any ROP) (International Committee 2005)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.17.1 High-loading and high-maintenance dose versus dard-loading and dard e dose
Steer 2004 25 140 35 147 89.3% 0.751[0.47 , 1.19] 20000
Mohd 2021 7 40 4 38 10.7% 1.66 [0.53, 5.23] PPPPOS®
Subtotal (95% CI) 180 185 100.0% 0.85 [0.56 , 1.29]
Total events: 32 39

Heterogeneity: Chi2 = 1.60, df =1 (P = 0.21); I2 = 38%
Test for overall effect: Z = 0.77 (P = 0.44)

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

001 01
Favors high dose

1 0 100

Favors standard dose

Analysis 1.18. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 18:
Retinopathy of prematurity (ROP) (severe ROP [stage 3 or greater]) (International Committee 2005)

High-dose strategies Standard-dose strategies Risk Difference Risk Difference Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.18.1 High-loading and high: e dose versus standard-loading and dard e dose
McPherson 2015 2 37 4 37 154%  -0.05[-0.18,0.07] 000 ®
Steer 2004 140 9 147 59.7%  -0.04[-0.09,0.01] u CEX X X EX )
Mohammed 2015 5 60 5 60  25.0% 0.00[-0.10,, 0.10] . LN X N NN )
Subtotal (95% CI) 237 244 100.0% -0.03 [-0.07 , 0.01]
Total events: 10 18
Heterogeneity: Chi? = 0.64, df =2 (P = 0.73); I? = 0%
Test for overall effect: Z = 1.52 (P = 0.13)

4100 -50 50 100

Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 1.19. Comparison 1: High- versus standard-dose strategies for any indication,
Outcome 19: Seizures (clinically diagnosed; diagnosed by electroencephalography)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
1.19.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
McPherson 2015 17 37 12 37 100.0% 1.42[0.79, 2.53] 2000 ® 2
Subtotal (95% CI) 37 37 100.0% 1.4210.79, 2.53]
Total events: 17 12

Heterogeneity: Not applicable
Test for overall effect: Z = 1.17 (P = 0.24)
b + t + {
0.01 0.1 1 10 100
Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.20. Comparison 1: High- versus standard-dose strategies for any indication, Outcome 20: Developmental
delay (Bayley Mental Developmental Index or Griffiths Mental Development Scale in children aged 18 to 24 months

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.20.1 High-loading and high-mai e dose versus dard-loading and standard-maintenance dose
McPherson 2015 6 19 5 23 1.45[0.52, 4.03] R S E— 2090000 >

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.21. Comparison 1: High- versus standard-dose strategies for any

indication, Outcome 21: Bayley-1ll cognitive score in children at 18 to 24 months CA

High-dose strategies Standard-dose strategies Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A B CDETFG
McPherson 2015 86.1 12.8 19 88 8.4 23 100.0%  -1.90[-8.60 , 4.80] 0270000
Total (95% CI) 19 23 100.0% -1.90 [-8.60 , 4.80]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.56 (P = 0.58) 100 50 0 50 100
Test for subgroup differences: Not applicable Favors high dose Favors standard dose
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 1.22. Comparison 1: High- versus standard-dose strategies for any
indication, Outcome 22: Cerebral palsy in children aged 18 to 24 months

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.22.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
McPherson 2015 3 19 2 23 1.82[0.34,9.77] | s  @®20000

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 1.23. Comparison 1: High- versus standard-dose strategies for

any indication, Outcome 23: Blindness in children aged 18 to 24 months

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.23.1 High-loading and high-mai e dose versus dard-loading and dard-mai e dose
McPherson 2015 0 19 0 23 Not estimable 20000 2
01 02 05 2 5 10

Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 1.24. Comparison 1: High- versus standard-dose strategies for
any indication, Outcome 24: Deafness in children aged 18 to 24 months
High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
1.24.1 High-loading and high-mai e dose versus dard-loading and standard-maintenance dose
McPherson 2015 0 19 0 23 Not estimable 0270000

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Comparison 2. High- versus standard-dose strategies for prevention of apnea

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 All-cause mortality prior to hospital dis- 2 152 Risk Ratio (M-H, 1.32[0.50, 3.53]
charge Fixed, 95% Cl)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

2.2 Major neurodevelopmental disability in
children aged three to five years

Risk Ratio (M-H,
Fixed, 95% Cl)

Totals not select
ed

2.2.1 High-loading and high-maintenance dose
versus standard-loading and standard-mainte-
nance dose

Risk Ratio (M-H,
Fixed, 95% Cl)

Totals not select
ed

2.3 Failure to extubate within one week of com-
mencing treatment

78

Risk Ratio (M-H,
Fixed, 95% Cl)

0.95[0.34, 2.69]

2.4 Apnea: number of infants with at least one
episode (defined as interruption of breathing
for more than 20 seconds) after 24 hours from
commencing treatment, in a 24-hour period
and over one week

78

Risk Ratio (M-H,
Fixed, 95% CI)

1.01[0.59, 1.75]

2.5 Side effects (tachycardia, agitation, or feed
intolerance) leading to a reduction in dose or
withholding of caffeine

78

Risk Ratio (M-H,
Fixed, 95% CI)

1.19[0.34, 4.09]

2.6 Bronchopulmonary dysplasia/chronic lung
disease at 36 weeks' postmenstrual age

152

Risk Ratio (M-H,
Fixed, 95% Cl)

0.89[0.61, 1.30]

2.7 Number of days using mechanical ventila-
tion

Mean Difference (1IV,

Fixed, 95% Cl)

Subtotals only

2.8 Intraventricular hemorrhage, any grade

74

Risk Ratio (M-H,
Fixed, 95% Cl)

0.83[0.41, 1.69]

2.9 Intraventricular hemorrhage, grade 3 to 4

152

Risk Ratio (M-H,
Fixed, 95% CI)

0.68[0.22, 2.15]

2.10 Cerebellar hemorrhage at brain ultra-
sound (yes/no)

74

Risk Ratio (M-H,
Fixed, 95% CI)

3.33[1.00, 11.15]

2.11 Magnetic resonance imaging (MRI) abnor-
malities at term equivalent age (yes/no), de-
fined as white matter lesions (i.e. cavitations
[Rutherford 2010]) and punctate lesions (Cor-
nette 2002); germinal matrix-intraventricular
hemorrhage (Parodi 2015); or cerebellar hem-
orrhage (Limperopoulos 2007)

74

Risk Ratio (M-H,
Fixed, 95% Cl)

0.50[0.10, 2.56]

2.12 Periventricular leukomalacia

152

Risk Ratio (M-H,
Fixed, 95% Cl)

1.64[0.41, 6.59]

2.13 Necrotizing enterocolitis (proven = Bell
stage of 2 or greater) (Bell 1978)

152

Risk Ratio (M-H,
Fixed, 95% CI)

1.23[0.51, 2.93]

2.14 Patent ductus arteriosus (PDA) requiring
treatment (cyclo-oxygenase inhibitors or surgi-
cal ligation)

74

Risk Ratio (M-H,
Fixed, 95% CI)

1.00 [0.66, 1.52]

2.15 Retinopathy of prematurity (ROP) (any
ROP) (International Committee 2005)

78

Risk Ratio (M-H,
Fixed, 95% Cl)

1.66[0.53,5.23]
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.16 Retinopathy of prematurity (ROP) (severe 1 74 Risk Ratio (M-H, 0.50[0.10, 2.56]

ROP [stage 3 or greater]) (International Com- Fixed, 95% Cl)

mittee 2005)

2.17 Seizures (clinically diagnosed; diagnosed 1 74 Risk Ratio (M-H, 1.42[0.79, 2.53]

by electroencephalography) Fixed, 95% Cl)

2.18 Developmental delay (Bayley Mental De- 1 Risk Ratio (M-H, Totals not select-

velopmental Index or Griffiths Mental Develop- Fixed, 95% Cl) ed

ment Scale in children aged 18 to 24 months

2.18.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-

dose versus standard-loading and stan- Fixed, 95% Cl) ed

dard-maintenance dose

2.19 Bayley-Ill cognitive score in children at 18 1 42 Mean Difference (IV, -1.90 [-8.60, 4.80]

to 24 montsh CA Fixed, 95% CI)

2.20 Cerebral palsy in children aged 18 to 24 1 Risk Ratio (M-H, Totals not select-

months Fixed, 95% Cl) ed

2.20.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-

dose versus standard-loading and stan- Fixed, 95% Cl) ed

dard-maintenance dose

2.21 Blindness in children aged 18 to 24 1 Risk Ratio (M-H, Totals not select-

months Fixed, 95% Cl) ed

2.21.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-

dose versus standard-loading and stan- Fixed, 95% Cl) ed

dard-maintenance dose

2.22 Deafnessin children aged 18 to 24 months 1 Risk Ratio (M-H, Totals not select-
Fixed, 95% CI) ed

2.22.1 High-loading and high-maintenance 1 Risk Ratio (M-H, Totals not select-

dose versus standard-loading and stan-
dard-maintenance dose

Fixed, 95% Cl)

ed

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review)
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

67



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Analysis 2.1. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 1: All-cause mortality prior to hospital discharge

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Mohd 2021 1 40 1 38 17.0% 0.95 [0.06 , 14.65] CC KKK
McPherson 2015 7 37 5 37  83.0% 1.40[0.49, 4.01] 20000 >
Total (95% CI) 77 75 100.0% 1.32[0.50, 3.53]
Total events: 8 6
Heterogeneity: Chi2 = 0.07, df = 1 (P = 0.80); 12 = 0% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.56 (P = 0.58) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.2. Comparison 2: High- versus standard-dose strategies for prevention of apnea,
Outcome 2: Major neurodevelopmental disability in children aged three to five years

High dose strategies Standard dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG

2.2.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose
McPherson 2015 12 21 18 25 0.79[0.51, 1.24] - 20000

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 2.3. Comparison 2: High- versus standard-dose strategies for prevention of
apnea, Outcome 3: Failure to extubate within one week of commencing treatment

High dose Standard dose Risk Ratio

Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A B CDEFG

Mohd 2021 (1) 6 40 6 38 100.0% 0.95[0.34, 2.69]
Total (95% CI) 40 38 100.0% 0.95[0.34, 2.69]
Total events: 6 6

Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable

Footnotes
(1) Timeframe not specified

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0000006~

001 01
Favors high dose

0 100
Favors standard dose

Analysis 2.4. Comparison 2: High- versus standard-dose strategies for prevention of apnea, Outcome
4: Apnea: number of infants with at least one episode (defined as interruption of breathing for more
than 20 seconds) after 24 hours from commencing treatment, in a 24-hour period and over one week

High dose Standard dose Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A BCDEFG

Mohd 2021 16 40 15 38 100.0% 1.01[0.59, 1.75]
Total (95% CI) 40 38 100.0% 1.01 [0.59, 1.75]
Total events: 16 15

Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0000006~

001 01
Favors high dose

0 100
Favors standard dose
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Analysis 2.5. Comparison 2: High- versus standard-dose strategies for prevention of apnea, Outcome 5: Side
effects (tachycardia, agitation, or feed intolerance) leading to a reduction in dose or withholding of caffeine

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Mohd 2021 5 40 4 38 100.0% 1.19[0.34, 4.09] C XK K R
Total (95% CI) 40 38 100.0% 1.19 [0.34, 4.09]
Total events: 5 4
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.27 (P = 0.79) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.6. Comparison 2: High- versus standard-dose strategies for prevention of apnea,
Outcome 6: Bronchopulmonary dysplasia/chronic lung disease at 36 weeks' postmenstrual age

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Mohd 2021 10 40 14 38 44.4% 0.68[0.34, 1.34] 000000
McPherson 2015 19 37 18 37  55.6% 1.06 [0.67 , 1.67] 20000 >
Total (95% CI) 77 75 100.0% 0.89 [0.61, 1.30]
Total events: 29 32
Heterogeneity: Chi2 = 1.15, df = 1 (P = 0.28); 12 = 13% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.61 (P = 0.54) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 2.7. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 7: Number of days using mechanical ventilation
High dose Standard dose Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI

McPherson 2015 15.2 22.4 37 11.7 17.4 37 3.50[-5.64,12.64]
100 -50 0 50 100
Favors high dose Favors standard dose
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Analysis 2.8. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 8: Intraventricular hemorrhage, any grade

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
McPherson 2015 10 37 12 37 100.0% 0.83[0.41, 1.69] 0000 >
Total (95% CI) 37 37 100.0% 0.83[0.41, 1.69]
Total events: 10 12
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.51 (P = 0.61) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.9. Comparison 2: High- versus standard-dose strategies for

prevention of apnea, Outcome 9: Intraventricular hemorrhage, grade 3 to 4

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Mohd 2021 0 40 2 38 39.0% 0.19[0.01,3.84] ¢ g | 000000
McPherson 2015 4 37 4 37 61.0% 1.00 [0.27 , 3.70] 020000
Total (95% CI) 77 75 100.0% 0.68 [0.22, 2.15]
Total events: 4 6
Heterogeneity: Chi2 = 1.02, df = 1 (P = 0.31); 2=2% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.65 (P = 0.52) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 2.10. Comparison 2: High- versus standard-dose strategies for prevention
of apnea, Outcome 10: Cerebellar hemorrhage at brain ultrasound (yes/no)

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
McPherson 2015 10 37 3 37 100.0% 3.33[1.00, 11.15] _._ 0000 >
Total (95% CI) 37 37 100.0% 3.33[1.00, 11.15] ‘
Total events: 10 3
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 1.95 (P = 0.05) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.11. Comparison 2: High- versus standard-dose strategies for prevention of apnea, Outcome
11: Magnetic resonance imaging (MRI) abnormalities at term equivalent age (yes/no), defined as white
matter lesions (i.e. cavitations [Rutherford 2010]) and punctate lesions (Cornette 2002); germinal
matrix-intraventricular hemorrhage (Parodi 2015); or cerebellar hemorrhage (Limperopoulos 2007)

High dose Standard dose Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
McPherson 2015 2 37 4 37 100.0% 0.50[0.10, 2.56]
Total (95% CI) 37 37 100.0% 0.50 [0.10, 2.56]
Total events: 2 4
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.83 (P = 0.41) Favours high dose Favours standard dose

Test for subgroup differences: Not applicable
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Analysis 2.12. Comparison 2: High- versus standard-dose strategies
for prevention of apnea, Outcome 12: Periventricular leukomalacia

High dose Standard dose Risk Ratio

Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A B CDEFG

McPherson 2015 3 37 2 37  66.1% 1.50 [0.27 , 8.46]
Mohd 2021 2 40 1 38 33.9% 1.90 [0.18, 20.10]
Total (95% CI) 77 75 100.0% 1.64 [0.41, 6.59]
Total events: 5 3

Heterogeneity: Chi2 = 0.03, df =1 (P = 0.87); I2= 0%
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0200007
0000006~

001 01
Favors high dose

0 100
Favors standard dose

Analysis 2.13. Comparison 2: High- versus standard-dose strategies for prevention of
apnea, Outcome 13: Necrotizing enterocolitis (proven = Bell stage of 2 or greater) (Bell 1978)

High dose Standard dose Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A BCDETFG

McPherson 2015 6 37 5 37  61.9% 1.20 [0.40, 3.59]
Mohd 2021 4 40 3 38 38.1% 1.27[0.30, 5.29]
Total (95% CI) 77 75 100.0% 1.23[0.51, 2.93]
Total events: 10 8

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.95); I2= 0%
Test for overall effect: Z = 0.46 (P = 0.65)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

020000~
0000006~

001 01
Favors high dose

0 100
Favors standard dose
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Analysis 2.14. Comparison 2: High- versus standard-dose strategies for prevention of apnea, Outcome
14: Patent ductus arteriosus (PDA) requiring treatment (cyclo-oxygenase inhibitors or surgical ligation)

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
McPherson 2015 20 37 20 37 100.0% 1.00 [0.66 , 1.52] 0000 >
Total (95% CI) 37 37 100.0% 1.00 [0.66 , 1.52]
Total events: 20 20
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.00 (P = 1.00) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.15. Comparison 2: High- versus standard-dose strategies for prevention of apnea,
Outcome 15: Retinopathy of prematurity (ROP) (any ROP) (International Committee 2005)

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Mohd 2021 7 40 4 38 100.0% 1.66 [0.53, 5.23] C KKK R
Total (95% CI) 40 38 100.0% 1.66 [0.53, 5.23]
Total events: 7 4
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.87 (P = 0.38) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 2.16. Comparison 2: High- versus standard-dose strategies for prevention of apnea, Outcome
16: Retinopathy of prematurity (ROP) (severe ROP [stage 3 or greater]) (International Committee 2005)

High dose Standard dose Risk Ratio

Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI

Risk of Bias
A B CDEFG

Risk Ratio
M-H, Fixed, 95% CI

McPherson 2015 2 37 4 37 100.0% 0.50 [0.10, 2.56]
Total (95% CI) 37 37 100.0% 0.50 [0.10, 2.56]
Total events: 2 4

Heterogeneity: Not applicable
Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

020000°

001 01 1 0 100
Favors high dose Favors standard dose

Analysis 2.17. Comparison 2: High- versus standard-dose strategies for prevention of
apnea, Outcome 17: Seizures (clinically diagnosed; diagnosed by electroencephalography)

High dose Standard dose Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A B CDEFG

McPherson 2015 17 37 12 37 100.0% 1.4210.79, 2.53]
Total (95% CI) 37 37 100.0% 1.42[0.79, 2.53]
Total events: 17 12

Heterogeneity: Not applicable
Test for overall effect: Z = 1.17 (P = 0.24)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0200007

001 01 1 0 100
Favors high dose Favors standard dose
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Analysis 2.18. Comparison 2: High- versus standard-dose strategies for prevention
of apnea, Outcome 18: Developmental delay (Bayley Mental Developmental
Index or Griffiths Mental Development Scale in children aged 18 to 24 months

High dose strategies Standard dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
2.18.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
McPherson 2015 6 19 5 23 1.45[0.52, 4.03] — 2000 2

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 2.19. Comparison 2: High- versus standard-dose strategies for prevention
of apnea, Outcome 19: Bayley-Ill cognitive score in children at 18 to 24 montsh CA
High dose strategies Standard dose strategies Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
McPherson 2015 86.1 12.8 19 88 8.4 23 100.0%  -1.90 [-8.60 , 4.80] 20000
Total (95% CI) 19 23 100.0% -1.90 [-8.60 , 4.80]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.56 (P = 0.58) _1'00 ,5'0 [') 5'0 1(')0
Test for subgroup differences: Not applicable Favors standard dose Favors high dose
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 2.20. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 20: Cerebral palsy in children aged 18 to 24 months

High dose strategies Standard dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
2.20.1 High-loading and high-mai e dose versus dard-loading and standard-maintenance dose
McPherson 2015 3 19 2 23 1.82[0.34,9.77] [ rT——— RN N NN N

01 02 05 1 2 5 10
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 2.21. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 21: Blindness in children aged 18 to 24 months

High dose strategies Standard dose strategies Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG

2.21.1 High-loading and high e dose versus standard-loading and standard-maintenance dose

McPherson 2015 0 19 0 23 Not estimable 270000
01 02 05 1 2 5 10

Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 2.22. Comparison 2: High- versus standard-dose strategies for
prevention of apnea, Outcome 22: Deafness in children aged 18 to 24 months
High dose strategies Standard dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
2.22.1 High-loading and high e dose versus dard-loading and dard e dose
McPherson 2015 0 19 0 23 Not estimable 20000 2

4

0.1 02
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Comparison 3. High- versus standard-dose strategies for treatment of apnea

Favors high dose

+ t + i
0.5 2 5 10

Favors standard dose

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.1 All-cause mortality prior to hospital dis- 3 333 Risk Difference (M-H,  -0.03[-0.10, 0.04]

charge Fixed, 95% Cl)

3.1.1 High-loading and high-maintenance dose 2 169 Risk Difference (M-H,  -0.02[-0.11,0.07]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.1.2 Standard-loading and high-mainte- 1 164 Risk Difference (M-H,  -0.04[-0.13, 0.06]

nance dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

3.2 Failure to extubate within one week of com- 1 Risk Ratio (M-H, Subtotals only

mencing treatment Fixed, 95% Cl)

3.2.1 High-loading and high-maintenance dose 1 78 Risk Ratio (M-H, 0.48[0.24,0.92]

versus standard-loading and standard-mainte-
nance dose

Fixed, 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.3 Side effects (tachycardia, agitation, or feed 2 Risk Ratio (M-H, Subtotals only

intolerance) leading to a reduction in dose or Fixed, 95% Cl)

withholding of caffeine

3.3.1 High-loading and high-maintenance dose 2 150 Risk Ratio (M-H, 1.92[0.53,6.90]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.4 Bronchopulmonary dysplasia/chronic lung 3 333 Risk Ratio (M-H, 0.72[0.47,1.11]

disease at 36 weeks' postmenstrual age Fixed, 95% Cl)

3.4.1 High-loading and high-maintenance dose 2 169 Risk Ratio (M-H, 0.75[0.42, 1.35]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.4.2 Standard-loading and high-mainte- 1 164 Risk Ratio (M-H, 0.68[0.36, 1.29]

nance dose versus standard-loading and stan- Fixed, 95% Cl)

dard-maintenance dose

3.5 Intraventricular hemorrhage, any grade 1 Risk Ratio (M-H, Subtotals only
Fixed, 95% Cl)

3.5.1 High-loading and high-maintenance dose 1 49 Risk Ratio (M-H, 0.21[0.03, 1.66]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.6 Intraventricular hemorrhage, grade 3 to 4 2 Risk Ratio (M-H, Subtotals only
Fixed, 95% Cl)

3.6.1 High-loading and high-maintenance dose 2 169 Risk Ratio (M-H, 1.14[0.46, 2.82]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.7 Periventricular leukomalacia 1 120 Risk Ratio (M-H, 1.25[0.35,4.43]
Fixed, 95% Cl)

3.7.1 High-loading and high-maintenance dose 1 120 Risk Ratio (M-H, 1.25[0.35, 4.43]

versus standar-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.8 Necrotizing enterocolitis (proven = Bell 1 Risk Ratio (M-H, Subtotals only

stage of 2 or greater) (Bell 1978) Fixed, 95% Cl)

3.8.1 High-loading and high-maintenance dose 1 120 Risk Ratio (M-H, 0.67[0.20, 2.24]

versus standard-loading and standard-mainte- Fixed, 95% Cl)

nance dose

3.9 Retinopathy of prematurity (ROP) (any 1 Risk Ratio (M-H, Subtotals only

ROP) (International Committee 2005) Fixed, 95% Cl)

3.9.1 High-loading and high-maintenance dose 1 49 Risk Ratio (M-H, 4.17 [0.50, 34.66]

versus standard-loading and standard-mainte-
nance dose

Fixed, 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.10 Retinopathy of prematurity (ROP) (severe 2 Risk Ratio (M-H, Subtotals only

ROP [stage 3 or greater]) (International Com- Fixed, 95% Cl)

mittee 2005)

3.10.1 High-loading and high-maintenance 2 169 Risk Ratio (M-H, 0.85[0.29, 2.54]
dose versus standard-loading and stan- Fixed, 95% Cl)
dard-maintenance dose

Analysis 3.1. Comparison 3: High- versus standard-dose strategies for
treatment of apnea, Outcome 1: All-cause mortality prior to hospital discharge

High dose Standard dose Risk Difference Risk Difference Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG

3.1.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose
Mohammed 2015 7 60 9 60  36.0% -0.03[-0.15, 0.09] n
Steer 2004 0 24 0 25 14.7% 0.00[-0.08, 0.08]
Subtotal (95% CI) 84 85 50.7% -0.02 [-0.11, 0.07]
Total events: 7 9

Heterogeneity: Chi2 = 0.40, df = 1 (P = 0.53); I> = 0%

Test for overall effect: Z = 0.52 (P = 0.60)

(X X N X NN J
2900060

3.1.2 Standard-loading and high-maintenance dose versus standard-loading and standard-mai e dose
Zhao 2016 8 82 1 82  49.3% -0.04 [-0.13, 0.06] n ® 20
Subtotal (95% CI) 82 82  49.3% -0.04 [-0.13, 0.06]
Total events: 8 11

Heterogeneity: Not applicable

Test for overall effect: Z = 0.73 (P = 0.46)

Total (95% CI) 166 167 100.0% -0.03 [-0.10, 0.04]
Total events: 15 20

Heterogeneity: Chi? = 0.62, df = 2 (P = 0.73); I = 0% 10 =0 o & 100
Test for overall effect: Z = 0.89 (P = 0.37) Favors high dose Favors standard dose
Test for subgroup differences: Chi? = 0.04, df = 1 (P = 0.85), 12 = 0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 3.2. Comparison 3: High- versus standard-dose strategies for treatment of
apnea, Outcome 2: Failure to extubate within one week of commencing treatment

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG

3.2.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose

Mohammed 2015 9 40 18 38 100.0% 0.47[0.24, 0.92] .._ UK )
Subtotal (95% CI) 40 38 100.0% 0.47 [0.24, 0.92] ‘
Total events: 9 18

Heterogeneity: Not applicable

Test for overall effect: Z =2.19 (P = 0.03)
Test for subgroup differences: Not applicable 0_61 Ofl 1 1:0 160
Favors high dose Favors standard dose

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 3.3. Comparison 3: High- versus standard-dose strategies for treatment of apnea, Outcome 3: Side
effects (tachycardia, agitation, or feed intolerance) leading to a reduction in dose or withholding of caffeine

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG

3.3.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose

Scanlon 1992 0 14 1 16 41.3% 0.38[0.02, 8.59] - = 2020
Mohammed 2015 6 60 2 60 587%  3.00[0.63,14.27] I — 000006720
Subtotal (95% CI) 74 76 100.0% 1.92[0.53, 6.90] o

Total events: 6 3

Heterogeneity: Chi2 = 1.35,df = 1 (P = 0.24); 12 = 26%
Test for overall effect: Z = 1.00 (P = 0.32)

001 0.1 1 10 100
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 3.4. Comparison 3: High- versus standard-dose strategies for treatment of apnea,
Outcome 4: Bronchopulmonary dysplasia/chronic lung disease at 36 weeks' postmenstrual age

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
3.4.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose
Mohammed 2015 13 60 19 60  48.7% 0.68 [0.37, 1.26] COC K R
Steer 2004 2 24 1 25 2.5% 2.08 [0.20, 21.50] 20000
Subtotal (95% CI) 84 85 51.3% 0.75[0.42, 1.35]
Total events: 15 20
Heterogeneity: Chi2 = 0.83, df = 1 (P = 0.36); 12= 0%
Test for overall effect: Z = 0.95 (P = 0.34)
3.4.2 Standard-loading and high-maintenance dose versus standard-loading and standard-mai e dose
Zhao 2016 13 82 19 82 48.7% 0.68 [0.36, 1.29] 0202020
Subtotal (95% CI) 82 82  48.7% 0.68[0.36 , 1.29] j
Total events: 13 19
Heterogeneity: Not applicable
Test for overall effect: Z = 1.17 (P = 0.24)
Total (95% CI) 166 167 100.0% 0.72[0.47, 1.11]
Total events: 28 39 ﬂ
Heterogeneity: Chi? = 0.85, df = 2 (P = 0.65); 12 = 0% bl o1 H o 10
Test for overall effect: Z = 1.50 (P = 0.13) Favors high dose Favors standard dose
Test for subgroup differences: Chi? = 0.05, df = 1 (P = 0.83), 12 = 0%
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 3.5. Comparison 3: High- versus standard-dose strategies for
treatment of apnea, Outcome 5: Intraventricular hemorrhage, any grade
High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDEFG
3.5.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
Steer 2004 1 24 5 25 100.0% 0.21[0.03, 1.66] — 200020
Subtotal (95% CI) 24 25 100.0% 0.21 [0.03, 1.66] ’>
Total events: 1 5
Heterogeneity: Not applicable
Test for overall effect: Z = 1.48 (P = 0.14)
0.61 0?1 1 1§0 160
Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 3.6. Comparison 3: High- versus standard-dose strategies for
treatment of apnea, Outcome 6: Intraventricular hemorrhage, grade 3 to 4

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
3.6.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
Steer 2004 2 24 3 25 37.0% 0.69[0.13, 3.80] — m 2000600
Mohammed 2015 7 60 5 60  63.0% 1.40[0.47 , 4.17] (X N X X NN ]
Subtotal (95% CI) 84 85 100.0% 1.14[0.46 , 2.82] t
Total events: 9 8

Heterogeneity: Chi2 = 0.46, df = 1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 0.28 (P = 0.78)

001 0.1 1 10 100
Risk of bias legend Favors high dose Favors standard dose
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Analysis 3.7. Comparison 3: High- versus standard-dose strategies
for treatment of apnea, Outcome 7: Periventricular leukomalacia

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG

di dard

3.7.1 High-loading and high-maintenance dose versus standar-1 g and st e dose

Mohammed 2015 5 60 4 60 100.0% 1.25[0.35, 4.43] o000 0
Subtotal (95% CI) 60 60 100.0% 1.25[0.35, 4.43]

Total events: 5 4

Heterogeneity: Not applicable

Test for overall effect: Z = 0.35 (P = 0.73)

Total (95% CI) 60 60 100.0% 1.25[0.35, 4.43]
Total events: 5 4

Heterogeneity: Not applicable 0_61 Of 1 1 10 160
Test for overall effect: Z = 0.35 (P = 0.73) Favors high dose Favors standard dose
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 3.8. Comparison 3: High- versus standard-dose strategies for treatment of apnea,
Outcome 8: Necrotizing enterocolitis (proven = Bell stage of 2 or greater) (Bell 1978)

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
3.8.1 High-loading and high-mai e dose versus standard-loading and standard-maintenance dose
Mohammed 2015 4 60 6 60 100.0% 0.67[0.20, 2.24] (X X X X KN
Subtotal (95% CI) 60 60 100.0% 0.67 [0.20, 2.24]
Total events: 4 6

Heterogeneity: Not applicable
Test for overall effect: Z = 0.65 (P = 0.51)

001 0.1 1 10 100
Risk of bias legend Favors high dose Favors standard dose

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 3.9. Comparison 3: High- versus standard-dose strategies for treatment of apnea,
Outcome 9: Retinopathy of prematurity (ROP) (any ROP) (International Committee 2005)

High dose Standard dose Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG

3.9.1 High-loading and high-maintenance dose versus standard-loading and standard-maintenance dose

Steer 2004 4 24 1 25 100.0% 4.17 [0.50 , 34.66]
Subtotal (95% CI) 24 25 100.0% 4.17 [0.50 , 34.66]
Total events: 4 1

Heterogeneity: Not applicable
Test for overall effect: Z = 1.32 (P = 0.19)

i 0200020
e

Test for subgroup differences: Not applicable 0_61 Of 1
Favors high dose

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

1 0 100
Favors standard dose
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Analysis 3.10. Comparison 3: High- versus standard-dose strategies for treatment of apnea, Outcome
10: Retinopathy of prematurity (ROP) (severe ROP [stage 3 or greater]) (International Committee 2005)

Risk Ratio
‘Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Risk of Bias
A B CDEFG

High dose Standard dose
Study or Subgroup Events Total Events  Total
3.10.1 High-loading and high
Steer 2004 0 24 1
Mohammed 2015 5 60 5
Subtotal (95% CI) 84
Total events: 5 6

Heterogeneity: Chi? = 0.38, df = 1 (P = 0.54); I*= 0%
Test for overall effect: Z =0.29 (P = 0.77)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

e dose versus standard-loading and standard-maintenance dose

22.7% 0.35[0.01, 8.12]
77.3% 1.00 [0.31, 3.28]
85 100.0% 0.85[0.29 , 2.54]

Favors high dose

0.1 1 0 100

Comparison 4. High- versus standard-dose strategies for the prevention of re-intubation

0200020
0000060720

Favors standard dose

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 All-cause mortality prior to hospital dis- 1 238 Risk Ratio (M-H, Fixed, 0.75[0.25, 2.30]

charge 95% Cl)

4.2 Failure to extubate within one week of 2 365 Risk Ratio (M-H, Fixed, 0.52[0.36, 0.74]

commencing treatment 95% Cl)

4.3 Reintubation within one week of com- 1 Risk Ratio (M-H, Fixed, Subtotals only

mencing treatment 95% Cl)

4.4 Side effects (tachycardia, agitation, or 2 365 Risk Ratio (M-H, Fixed, 1.86[0.68, 5.09]

feed intolerance) leading to a reduction in 95% Cl)

dose or withholding of caffeine

4.5 Bronchopulmonary dysplasia/chronic 1 238 Risk Ratio (M-H, Fixed, 0.84[0.68, 1.04]

lung disease: 28 days of oxygen exposure 95% Cl)

4.6 Bronchopulmonary dysplasia/chronic 1 238 Risk Difference (M-H, -0.13[-0.25,

lung disease at 36 weeks' postmenstrual age Fixed, 95% Cl) -0.01]

4.7 Number of days using mechanical venti- 1 127 Mean Difference (IV, -0.02 [-0.89, 0.85]

lation Fixed, 95% Cl)

4.8 Intraventricular hemorrhage, any grade 1 238 Risk Ratio (M-H, Fixed, 1.02[0.68, 1.53]
95% Cl)

4.9 Intraventricular hemorrhage, grade 3 to 2 365 Risk Ratio (M-H, Fixed, 4.08 [0.74, 22.55]

4 95% Cl)

4.10 Necrotizing enterocolitis (proven = Bell 2 365 Risk Ratio (M-H, Fixed, 0.38[0.08, 1.79]

stage of 2 or greater) (Bell 1978)

95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.11 Patent ductus arteriosus (PDA) requir- 1 127 Risk Ratio (M-H, Fixed, 0.65[0.30, 1.41]

ing treatment (cyclo-oxygenase inhibitors or 95% Cl)

surgical ligation)

4.12 Retinopathy of prematurity (ROP) (any 1 238 Risk Ratio (M-H, Fixed,
ROP) (International Committee 2005) 95% Cl)

0.65[0.40, 1.05]

=

4.13 Retinopathy of prematurity (ROP) (se- 238 Risk Ratio (M-H, Fixed,
vere ROP [stage 3 or greater]) (International 95% Cl)
Committee 2005)

0.39[0.11, 1.45]

Analysis 4.1. Comparison 4: High- versus standard-dose strategies for the prevention

of re-intubation, Outcome 1: All-cause mortality prior to hospital discharge

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Steer 2004 5 116 7 122 100.0% 0.75[0.25, 2.30] 020000
Total (95% CI) 116 122 100.0% 0.75[0.25, 2.30]
Total events: 5 7
Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 0.50 (P = 0.62) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 4.2. Comparison 4: High- versus standard-dose strategies for the prevention of
re-intubation, Outcome 2: Failure to extubate within one week of commencing treatment

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2004 17 116 36 122 58.0% 0.50[0.30, 0.83] s @000 0
Steer 2003 11 45 10 21 22.5% 0.51[0.26, 1.02] . 29090020
Steer 2003 (1) 10 40 9 21 19.5% 0.58[0.28,1.21] —ml 0200020
Total (95% CI) 201 164 100.0% 0.52[0.36, 0.74] ‘
Total events: 38 55

L L L |

Heterogeneity: Chi2 = 0.13, df =2 (P = 0.94); 2= 0% Obl Ojl 1 1'0 160
Test for overall effect: Z = 3.55 (P = 0.0004) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Footnotes
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 4.3. Comparison 4: High- versus standard-dose strategies for the prevention

of re-intubation, Outcome 3: Reintubation within one week of commencing treatment

High-dose strategi Standard-dose strategi Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2004 10 116 29 122 0.3610.19, 0.71] = 200070
Test for subgroup differences: Not applicable 0.:01 Ofl 1 1:0 160
Favors high dose Favors standard dose

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 4.4. Comparison 4: High- versus standard-dose strategies for the prevention of re-intubation, Outcome
4: Side effects (tachycardia, agitation, or feed intolerance) leading to a reduction in dose or withholding of caffeine

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2003 0 45 0 21 Not estimable 20000
Steer 2003 (1) 1 40 0 21 11.8% 1.61[0.07, 37.88] e 020006020
Steer 2004 9 116 5 122 88.2% 1.89 [0.65, 5.48] - 2000 0
Total (95% CI) 201 164 100.0% 1.86 [0.68, 5.09]
Total events: 10 5

L n n |

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.92); 2 = 0% 0.01 0.1 1 10 100
Test for overall effect: Z = 1.21 (P = 0.23) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Footnotes
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 4.5. Comparison 4: High- versus standard-dose strategies for the prevention of re-
intubation, Outcome 5: Bronchopulmonary dysplasia/chronic lung disease: 28 days of oxygen exposure

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Steer 2004 64 116 80 122 100.0% 0.84[0.68 , 1.04] 020000
Total (95% CI) 116 122 100.0% 0.84 [0.68 , 1.04]
Total events: 64 80
Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 1.62 (P = 0.10) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 4.6. Comparison 4: High- versus standard-dose strategies for the prevention of re-intubation,
Outcome 6: Bronchopulmonary dysplasia/chronic lung disease at 36 weeks' postmenstrual age

High-dose strategies

Standard-dose strategies

Risk Difference

Risk Difference

Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Steer 2004 33 116 51 122 100.0%  -0.13[-0.25,-0.01] 0900020
Total (95% CI) 116 122 100.0% -0.13 [-0.25, -0.01]

Total events: 33 51

Heterogeneity: Not applicable
Test for overall effect: Z =2.18 (P = 0.03)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

I 4

4 y

4100 -50
Favors high dose

0 50 100
Favors standard dose

(G) Other bias

Analysis 4.7. Comparison 4: High- versus standard-dose strategies for the prevention

of re-intubation, Outcome 7: Number of days using mechanical ventilation
High-dose strategies Standard-dose strategies Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Steer 2003 (1) 3.1 2.2 40 3.5 2.3 21 52.6% -0.40 [-1.60, 0.80]
Steer 2003 3.9 2.7 45 3.5 2.3 21 47.4% 0.40 [-0.86 , 1.66]
Total (95% CI) 85 42 100.0% -0.02 [-0.89, 0.85]

Heterogeneity: Chi2 = 0.81, df =1 (P = 0.37); I2 = 0%
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable

Footnotes

-100
Favors high dose

-50 0 50 100
Favors standard dose

(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each

Analysis 4.8. Comparison 4: High- versus standard-dose strategies for the
prevention of re-intubation, Outcome 8: Intraventricular hemorrhage, any grade

High-dose strategies

Standard-dose strategies

Risk Ratio

Risk Ratio

Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
Steer 2004 33 116 34 122 100.0% 1.02[0.68, 1.53] 2000600
Total (95% CI) 116 122 100.0% 1.02[0.68, 1.53]

Total events: 33 34

Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

001 01
Favors high dose

L .
1 10 100
Favors standard dose
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Analysis 4.9. Comparison 4: High- versus standard-dose strategies for the
prevention of re-intubation, Outcome 9: Intraventricular hemorrhage, grade 3 to 4

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2003 (1) 0 40 0 21 Not estimable 20000
Steer 2003 2 45 0 21 41.0%  2.39[0.12,47.72] [ 20000
Steer 2004 5 116 1 122 59.0% 5.26 [0.62 , 44.34] i B E— 2000 0
Total (95% CI) 201 164 100.0% 4.08 [0.74 , 22.55] .‘
Total events: 7 1
Heterogeneity: Chi = 0.18, df = 1 (P = 0.67); 12 = 0% 001 o1 1 0 100
Test for overall effect: Z = 1.61 (P = 0.11) Favors high dose Favors standard dose
Test for subgroup differences: Not applicable
Footnotes
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 4.10. Comparison 4: High- versus standard-dose strategies for the prevention of re-
intubation, Outcome 10: Necrotizing enterocolitis (proven = Bell stage of 2 or greater) (Bell 1978)
High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Steer 2003 0 45 0 21 Not estimable 270000
Steer 2004 0 116 5 122 89.2% 0.10[0.01,1.71] «—J}——+ 2000 0
Steer 2003 (1) 2 40 0 21 10.8% 2.68[0.13, 53.45] e 020006020
Total (95% CI) 201 164 100.0% 0.38 [0.08, 1.79]
Total events: 2 5

Heterogeneity: Chi2 = 2.52, df = 1 (P = 0.11); I> = 60%
Test for overall effect: Z = 1.23 (P = 0.22)
Test for subgroup differences: Not applicable

Footnotes

0.01
Favors high dose

0.

1 10 100
Favors standard dose

(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review)
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Analysis 4.11. Comparison 4: High- versus standard-dose strategies for the prevention of re-intubation,
Outcome 11: Patent ductus arteriosus (PDA) requiring treatment (cyclo-oxygenase inhibitors or surgical ligation)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2003 (1) 3 40 4 21 43.5% 0.39[0.10, 1.60] 2000 0
Steer 2003 9 45 5 21 56.5% 0.8410.32, 2.20] 20000
Total (95% CI) 85 42 100.0% 0.65 [0.30, 1.41]
Total events: 12 9
Heterogeneity: Chi2 = 0.77, df = 1 (P = 0.38); 2= 0% 0.01 0.1 1 10 100
Test for overall effect: Z =1.10 (P = 0.27) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Footnotes
(1) infants with the highest and second highest dose # "Steer 2003" and "(1)Steer 2003", resp.; infants with the lowest dose # "Steer 2003" and "(1)Steer 2003" (21 each)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Analysis 4.12. Comparison 4: High- versus standard-dose strategies for the prevention of re-
intubation, Outcome 12: Retinopathy of prematurity (ROP) (any ROP) (International Committee 2005)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEFG
Steer 2004 21 116 34 122 100.0% 0.65[0.40 , 1.05] 2000600
Total (95% CI) 116 122 100.0% 0.65 [0.40, 1.05]
Total events: 21 34
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 1.76 (P = 0.08) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 20
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Analysis 4.13. Comparison 4: High- versus standard-dose strategies for the prevention of re-intubation,
Outcome 13: Retinopathy of prematurity (ROP) (severe ROP [stage 3 or greater]) (International Committee 2005)

High-dose strategies Standard-dose strategies Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Steer 2004 3 116 8 122 100.0% 0.39[0.11, 1.45] 20000
Total (95% CI) 116 122 100.0% 0.39 [0.11, 1.45]
Total events: 3 8

L n n |

Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 1.40 (P = 0.16) Favors high dose Favors standard dose

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Caffeine dosing regimens in preterm infants with or at risk for apnea of prematurity (Review) 91
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ADDITIONAL TABLES
Table 1. Overview of the included studies, ordered by indication

High-dose versus standard-dose strategies

Study ID Enroll- Country GA (weeks) Sample Age at High dose Standard Indication Subgroup by
ment pe- size study en- dose dose
riod try
McPher- us Mean (SD): 25.8 (2.0) high dose 74 Within 24 LD 20 mg/kg Apneapre- High LD ver-
son 2015 h vention sus standard-
2008 to Mean (SD): 26.5 (1.9) standard LD 40 mg/kg + 20 LD
2010 dose. mg/kg after 12 h;
MD 10 mg/
kg
MD 10 mg/kg at
24 and 36 h; then
every 24 hs
Mohd 2021 2019to Malaysia Median (IQR): 30 (2.7) high dose 78 Median 2 LD 40 mg/kg LD 20 mg/kg Apneapre- HighLD ver-
2020 weeks vention sus standard-
Median (IQR): 29.8 (3.3) standard MD 20 mg/kg MD 10 mg/ LD
dose kg
Scanlon Not re- UK Mean (SD): 28.2 (1.1) high dose 44 Mean 6 LD 50 mg/kg LD 25mg/kg  Apnea High LD ver-
1992 ported days treatment  susstandard
Mean (SD): 28.7 (1.2) standard LD
dose
MD 12 mg/kg MD 6 mg/kg
Zhao 2013 to China Mean (SD): 29.8 (3.4) high dose 164 Mean 4 LD20 mg/kg Apnea Standard
20162 2014 days treatment LD in both
Mean (SD): 29.9 (2.7) standard LD 20 mg/kg groups
dose
MD 5 mg/kg
MD 15 mg/kg
Mo- 2011to Egypt Mean (SD): 29.4 (2.0) high dose 120 Mean 3 LD 40 mg/kg LD 20 mg/kg Apnea High LD ver-
hammed 2012 days treatment  sus standard
2015 Mean (SD): 29.8 (1.9) standard LD
dose
MD 20 mg/kg
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Table 1. Overview of the included studies, ordered by indication (continued)

MD 10 mg/
kg
Steer Australia Mean (SD): 27.3 (1.4) high dose 287 Median 4 LD 80 mg/kg LD 20 mg/kg Apnea High LD ver-
2004 days, with- treatment  sus standard
1996 to Mean (SD): 27.5 (1.4) standard in 12 days and LD
1999 dose
MD 20 mg/kg MD5mg/kg  extubation
manage-
ment
Steer Australia Mean (SD): 27.8 (1.9) high dose 1 127 Mean 4 LD 60 mg/kg or LD 6 mg/kg Extuba- High LD ver-
2003b days 30 mg/kg; tion man- sus standard
1993 to Mean (SD): 28.4 (1.7) high dose 2 agement LD
1995
Mean (SD): 28 (1.8) standard MD 3 mg/kg
dose MD 30 mg/kg or
15 mg/kg

GA: gestational age; IQR: interquartile range; LD: loading dose; MD: maintenance dose; SD: standard deviation

Footnotes

aln all studies infants were randomized to high-loading and high-maintenance or standard-loading and standard-maintenance dose except Zhao 2016, where infants were

randomized to standard-loading and high-maintenance or standard-loading and standard-maintenance dose.

bin Steer 2003, infants were randomized in three groups: two of them match our definition of high dose and one standard dose. Outcome data are reported according to the

footnotes in comparisons 1 and 3 (e.g. Analysis 1.1).

Definition of the doses

« High-loading dose: more than 25 mg of caffeine citrate/kg
« Standard-loading dose: 25 mg or less of caffeine citrate/kg
« High-maintenance dose: more than 10 mg of caffeine citrate/kg/day
« Standard-maintenance dose: 10 mg or less of caffeine citrate/kg/day
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APPENDICES

Appendix 1. Search strategies

Update searches - May 2022

MEDLINE via Pubmed, 17 May 2022
#1 "Caffeine"[Mesh] OR caffeine OR caffedrine OR coffein OR cafeine OR methylxanthine OR trimethylxanthine 41,316

#2 (infant, newborn[MeSH] OR newborn*[TIAB] OR "new born*"[TIAB] OR "newly born"[TIAB] OR baby*[TIAB] OR babies[TIAB] OR
premature[TIAB] OR prematurity[TIAB] OR preterm[TIAB] OR "pre term"[TIAB] OR “low birth weight”[TIAB] OR "low birthweight"[TIAB] OR
VLBWI[TIAB] OR LBW[TIAB] OR infan*[TIAB] OR neonat*[TIAB]) 1,261,232

#3 (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR randomised [tiab] OR placebo [tiab] OR drug
therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab] OR randomly [tiab]) OR ((single[tiab] OR doubl*[ tiab] OR tripl*[tiab] OR
treb*[ tiab]) AND (blind*[ tiab] OR mask*[tiab])) 5,468,966

#4 #2 AND #3 236,831
#5 ("Animals"[Mesh]) NOT "Humans"[Mesh] 5,004,967

#6 #4 NOT #5 215,803
#7 #1 AND #6 636

#8(("2021/02/15"[Date - Create]: "3000"[Date - Create])) AND #7 42

Cinahlvia EBSCOhost, 17 May 2022

S1 infant OR infants OR infant’s OR infantile OR infancy OR newborn* OR "new 520,047
born" OR "new borns" OR "newly born" OR neonat* OR baby* OR babies OR
premature OR prematures OR prematurity OR preterm OR preterms OR "pre
term" OR premies OR "low birth weight" OR "low birthweight" OR VLBW OR

LBW

S2 randomized controlled trial OR controlled clinical trial OR randomized ORran- 587,317
domised OR placebo OR clinical trials as topic OR randomly OR trial OR PT clin-
ical trial

S3 (MH "Caffeine") OR caffeine OR caffedrine OR coffein OR cafeine OR methylx- 6725

anthine OR trimethylxanthine

S4 S1AND S2 AND S3 117

S5 Published Date: 20210101-20221231 11

Cochrane Library, 17 May 2022
#1 MeSH descriptor: [Infant, Newborn] explode all trees 17,416

#2 (infant* ORinfantile OR infancy OR newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or premature
or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or VLBW or LBW
or ELBW or NICU):ti,ab,kw (Word variations have been searched) 96,587

#3 #1 OR #2 96,587
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Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

#4 MeSH descriptor: [Caffeine] explode all trees 2260

#5 (caffeine OR caffedrine OR coffein OR cafeine OR methylxanthine OR trimethylxanthine):ti,ab,kw (Word variations have been searched)
5113

#6 #4 OR #5 5113
#7 #3 AND #6 384

#8 Limit to Cochrane Library publication date from Feb 2021 to May 2022 38

Embase.com, 20 May 2022

#01. 'caffeine'/exp OR 'methylxanthine'/exp OR methylxanthine OR caffeine OR caffedrine OR coffein OR cafeine OR 'trimethylxanthine'/
exp OR trimethylxanthine 67,020

#02. 'newborn'/de OR 'prematurity'/de OR 'newborn intensive care'/de OR 'newborn care'/de OR 'gestational age'/de 825,925

#03. (babe or babes or baby* or babies or ‘gestational age$’ or infant$ or infantile or infancy or ‘low birth weight’ or ‘low birthweight’ or
neonat* or ‘neo-nat*’ or newborn* or ‘new born$’ or ‘newly born’ or premature or pre-mature or pre-matures or prematures or prematurity
or pre-maturity or preterm or preterms or ‘pre term$’ or preemie or preemies or premies or premie or VLBW or VLBWI or VLBW-I or VLBWs
or LBW or LBWI or LBWs or ELBW or ELBWI or ELBWSs or NICU or NICUs):ti,ab,kw 1,242,974

#04. #2 OR #3 1,551,172

#05. 'randomized controlled trial'/de OR 'controlled clinical trial'/de 887,470

#06. random*:ti,ab,kw 1,794,554

#07. 'randomization'/de 93,824

#08. placebo:ti,ab,kw 342,172

#09. ((double OR single OR doubly OR singly) NEAR/2 (blind OR blinded OR blindly)):ti,ab,kw 260,000
#10. 'double blind procedure'/de 195,491

#11. (controlled NEAR/7 (study OR design OR trial)):ti,ab,kw 416,999

#12. 'parallel group$':ti,ab 29,309

#13. crossover:ti,ab OR 'cross over':ti,ab 116,629

#14. ((assign* OR match OR matched OR allocation) NEAR/5 (alternate OR group$ ORintervention$ OR patient$ OR subject$ OR participant
$)):ti,ab 378,723

#15. (open NEAR/2 label):ti,ab 96,646

#16. quasirandom*:ti,ab,kw OR 'quasi random*":ti,ab,kw OR randomi*:ti,ab,kw OR randomly:ti,ab,kw 1,463,204
#17. (control* NEAR/2 (group$ OR random*)):ti,ab,kw 1,190,410

#18. #5 OR#6 OR #7 OR #8 OR#9 OR#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 3,071,763

#19. ('animal'/exp OR 'invertebrate'/exp OR 'animal experiment'/de OR 'animal model'/de OR 'animal tissue'/de OR 'animal cell'/de OR
'nonhuman'/de) AND (‘human'/de OR 'normal human'/de OR 'human cell'/de) 24,781,602

#20. 'animal'/exp OR 'invertebrate'/exp OR 'animal experiment'/de OR 'animal model'/de OR 'animal tissue'/de OR 'animal cell'/de OR
'nonhuman’'/de 32,278,921

#21. #20 NOT #19 7,497,319
#22. #18 NOT #21 2,635,458

#23. #1 AND #4 AND #22 497
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Number of hits from literature databases May 2022: 588

Clinical trial registries

WHO International Clinical Trials Registry Platform (ICTRP), 20 May 2022
Advanced search

Title: infant* OR infantile OR infancy OR newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or
premature or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or
VLBW or LBW or ELBW or NICU

Intervention: caffeine

Limit: search for clinical trials in children 21

Clinicaltrials.gov, 20 May 2022

Advanced search

Intervention/treatment: caffeine

Other terms: premature OR prematurity OR preterms OR preterm OR “very low birth” OR “low birth weight” OR newborn OR newborns OR
neonate OR neonates OR infant OR infants

Age group: Child

First posted from 16/02/2021 to 20/05/2022

No further limits applied 1

ISRCTN: no new studies

Number of hits from trial registries May 2022: 22

Total number of hits May 2022: 610

Update searches - February 2021

Pubmed, 16 February 2021
#1 "Caffeine"[Mesh] OR caffeine OR caffedrine OR coffein OR cafeine OR methylxanthine OR trimethylxanthine 39,560

#2 (infant, newborn[MeSH] OR newborn*[TIAB] OR "new born*"[TIAB] OR "newly born"[TIAB] OR baby*[TIAB] OR babies[TIAB] OR
premature[TIAB] OR prematurity[TIAB] OR preterm[TIAB] OR "pre term"[TIAB] OR “low birth weight”[TIAB] OR "low birthweight"[TIAB] OR
VLBWI[TIAB] OR LBW[TIAB] OR infan*[TIAB] OR neonat*[TIAB]) 1,198,267

#3 (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR randomised [tiab] OR placebo [tiab] OR drug
therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab] OR randomly [tiab]) OR ((single[tiab] OR doubl*[ tiab] OR tripl*[tiab] OR
treb*[ tiab]) AND (blind*[ tiab] OR mask*[tiab])) 5,023,016

#4 #2 AND #3 219,930

#5 ("Animals"[Mesh]) NOT "Humans"[Mesh] 4,789,041

#6 #4 NOT #5 200,262
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#7 #1 AND #6 590

Cinahl via EBSCOhost, 16 February 2021

S4 S1AND S2 AND S3 117

S3 (MH "Caffeine") OR caffeine OR caffedrine OR coffein OR cafeine OR methylx- 6725
anthine OR trimethylxanthine

S2 randomized controlled trial OR controlled clinical trial OR randomized ORran- 587,317
domised OR placebo OR clinical trials as topic OR randomly OR trial OR PT clin-
ical trial

S1 infant or infants or infant’s or infantile or infancy or newborn* or "new born" 520,047

or "new borns" or "newly born" or neonat* or baby* or babies or premature or
prematures or prematurity or preterm or preterms or "pre term" or premies or
"low birth weight" or "low birthweight" or VLBW or LBW

Cochrane Library, 16 February 2021
#1 MeSH descriptor: [Infant, Newborn] explode all trees 16,060

#2 (infant* OR infantile OR infancy OR newborn* or "new born" or "new borns" or "newly born" or neonat* or baby* or babies or premature
or prematures or prematurity or preterm or preterms or "pre term" or premies or "low birth weight" or "low birthweight" or VLBW or LBW
or ELBW or NICU):ti,ab,kw (Word variations have been searched) 90,071

#3#1 OR#2 90,071
#4 MeSH descriptor: [Caffeine] explode all trees 2100

#5 (caffeine OR caffedrine OR coffein OR cafeine OR methylxanthine OR trimethylxanthine):ti,ab,kw (Word variations have been searched)
4756

#6 #4 OR #5 4756

#7 #3 AND #6 352

352 records from Cochrane Library
- 16 Cochrane reviews

- 2 Cochrane protocols

- 332 Trials

-2 Clinical answers

Number of hits from all databases:1059

Number after deduplication in EndNote: 810

ClinicalTrials.gov

Advanced search
Intervention/treatment: caffeine
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Other terms: premature OR prematurity OR preterms OR preterm OR “very low birth” OR “low birth weight” OR newborn OR newborns OR
neonate OR neonates OR infant OR infants No further limits applied 44 trials

ISRCTN

Advanced search
Interventions: caffeine
Participant age range: neonate 2 trials

Appendix 2. Risk of bias tool

We will use the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality of the trials. For each trial, we
will seek information regarding the method of randomization, blinding, and reporting of all outcomes of all the infants enrolled in the trial.
We will assess each criterion as being at a low, high, or unclear risk of bias. Two review authors will separately assess each study. We will
resolve any disagreements by discussion. We will add this information to the Characteristics of included studies table. We will evaluate the
following issues and enter the findings into the Risk of bias table.

Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we will categorize the method used to generate the allocation sequence as being at:

« low risk of bias (any truly random process, e.g. random number table; computer random number generator);
« high risk of bias (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
« unclear risk of bias.

Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we will categorize the method used to conceal the allocation sequence as being at:

« low risk of bias (e.g. telephone or central randomization; consecutively numbered sealed opaque envelopes);
« high risk of bias (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or
o unclearrisk.

Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For each included study, we will categorize the methods used to blind study participants and personnel from knowledge of which
intervention a participant received. Blinding will be assessed separately for different outcomes or class of outcomes. We will categorize
the methods as being at:

« low, high, or unclear risk of bias for participants; and
« low, high, or unclear risk of bias for personnel.

Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we will categorize the methods used to blind outcome assessment. Blinding will be assessed separately for
different outcomes or class of outcomes. We will categorize the methods as being at:

« low risk of bias for outcome assessors;
« high risk of bias for outcome assessors; or
« unclear risk of bias for outcome assessors.

Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were
incomplete outcome data adequately addressed?

For each included study and for each outcome, we will describe the completeness of data, including attrition and exclusions from the
analysis. We will note whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with
the total randomized participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across
groups or were related to outcomes. Where sufficient information is reported or supplied by the trial authors, we will re-include missing
data in the analyses. We will categorize the methods used to deal with missing data as being at:

« low risk of bias (less than 20% missing data);
« high risk of bias (20% or greater missing data); or
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« unclearrisk of bias.

Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we will describe how we investigated the possibility of selective outcome reporting bias and what we found.
We will search study protocols of the included trials in ClinicalTrials.gov; the World Health Organization’s International Trials Registry and
Platform, and the ISRCTN Registry. For studies in which study protocols were published in advance, we will compare prespecified outcomes
versus outcomes eventually reported in the published results. If the study protocols were not published in advance, we will contact study
authors to gain access to the study protocol. We will assess the likelihood of selective reporting bias as:

o lowrisk (whereitis clearthatall of the study's prespecified outcomes and all expected outcomes of interest to the review were reported);

« highrisk (where not all the study's prespecified outcomes were reported; one or more reported primary outcomes were not prespecified
outcomes of interest and were reported incompletely and so cannot be used; or where the study failed to include results of a key
outcome that would have been expected to have been reported); or

« unclear risk.

Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we will describe any important concerns we had about other possible sources of bias (e.g. whether there was a
potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent process).
We will assess whether each study is at:

« low risk of other bias;
« high risk of other bias; or
« unclear risk of other bias.

If needed, we will explore the impact of the level of bias through undertaking sensitivity analyses.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We made a number of post-hoc additions and minor changes to the protocol. We changed the Criteria for considering studies for this
review to better align it with the structure of a related review, "Methylxanthine for the prevention and treatment of apnea in preterm
infants" (Marques 2021). Both this review and Marques 2021 are topics of interest to WHO, and so the parallel structure better addresses
questions posed by WHO.

Objectives

« We removed the secondary objective early versus late discontinuation of caffeine administration because this population is distinct
from the population of infants with or at risk for apnea of prematurity. We plan a separate Cochrane Review (Urru 2023) to address
this issue.

Types of interventions

« Thedefinition of high-loading dose has been changed from more than 20 mg of caffeine citrate/kg to more than 25 mg of caffeine citrate/
kg.

Types of outcomes

« We added the outcome apnea: number of infants with at least one episode.

« We added the outcome mortality or major neurodevelopmental disability in children aged 18 to 24 months and 3 to 5 years CA to the
summary of findings tables as it is a primary outcome.

Search

« We searched Embase in addition to the databases listed in the protocol.

Comparisons

« Wechanged the structure of the comparisons, reporting by indication rather than by dose strategies; the latter are analyzed in subgroup
analyses.

« In the comparison high-loading dose versus standard-loading dose, we pre-specified in the protocol (Types of interventions) "each
arm of this comparison had to give identical maintenance doses following the different loading doses". In the full review studies with
different maintenance doses have been included
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Subgroup analyses

« Thetextinthe Methods section for subgroup analyses has been updated following the latest version of the Cochrane Neonatal template.
«  We removed the following subgroup analyses:

o

o

o

o

chronological age;

timing of caffeine initiation;

post-extubation respiratory support: high- and standard-loading dose;

intubation (intubated newborns versus non-intubated newborns) for indications other than prevention of apnea.

INDEX TERMS

Medical Subject Headings (MeSH)

Apnea; *Bronchopulmonary Dysplasia [prevention & control]; Caffeine; Infant, Extremely Premature; *Infant, Premature, Diseases

MeSH check words

Child; Humans; Infant; Infant, Newborn
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