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Abstract: 

Introduction

Infants born late preterm (34+0 – 36+6 weeks’ gestational age) have frequent episodes of intermittent 

hypoxaemia compared to term infants.  Caffeine citrate reduces apnoea and intermittent 

hypoxaemia and improves long-term neurodevelopmental outcomes in infants born very preterm 

and may have similar effects in late preterm infants. Clearance of caffeine citrate increases with 

gestational age and late preterm infants are likely to need a higher dose than very preterm infants. 

Our aim is to determine the most effective and best tolerated dose of caffeine citrate to reduce 

intermittent hypoxaemia in late preterm infants.

Methods and analysis

A phase IIB, double-blind, five-arm, parallel, randomised controlled trial to compare the effect of 

four doses of oral caffeine citrate versus placebo on the frequency of intermittent hypoxaemia. Late 

preterm infants will be enrolled within 72 hours of birth and randomised to receive 5, 10, 15 or 20 

mg/kg/day caffeine citrate or matching placebo daily until term corrected age.  The frequency of 

intermittent hypoxaemia (events/hour where oxygen saturation concentration is ≥10% below 

baseline for ≤two minutes), will be assessed with overnight oximetry at baseline, two weeks after 

randomisation (primary outcome) and at term corrected age. Growth will be measured at these 

timepoints, and effects on feeding and sleeping will be assessed by parental report. Data will be 

analysed using generalised linear mixed models.

Ethics and dissemination

This trial has been approved by the Health and Disability Ethics Committees of New Zealand 

(reference 18/NTA/129) and  the local institutional research review committees. Findings will be 

disseminated to peer-reviewed journals, to clinicians and researchers at local and international 
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conferences and to the public. The findings of the trial will inform the design of a large multi-centre 

trial of prophylactic caffeine in late preterm infants, by indicating the most appropriate dose to use 

and providing information on feasibility.

Registration

ACTRN12618001745235

Strengths and limitations of this study 

 This study seeks to address the rates of neurodevelopmental impairment among late 

preterm infants by investigating the optimal dose of caffeine, as a potential primary 

neuroprotective strategy. 

 This is the first randomised placebo-controlled trial of four different doses of caffeine for the 

prevention of intermittent hypoxaemia in late preterm infants.

 A strength of the trial is that both clinicians and parents will be blinded to treatment 

allocation with all groups  receiving the same volume of an identical-appearing masked 

suspension.

 The success of the trial depends on high compliance of administration of study medication 

by caregivers, which will be monitored by intermittent measurement of study bottle 

contents and infant salivary caffeine concentrations. 

 Future studies will be required to determine if caffeine reduces neurodevelopmental 

impairment in late preterm infants, based on the optimal dose determined by this trial.
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Introduction: 

Late preterm infants are those born between 34 weeks and 36 weeks and 6 days’ gestation [1]. They 

form the largest group within the preterm population, accounting for 68% of all preterm births or 5% 

of all births in New Zealand[2] and 7% of all births in the United States of America[3]. Late preterm 

infants are physiologically and metabolically immature[1] and have a higher risk of morbidity and 

mortality in the neonatal period than full term infants[4]. They are more likely than full term infants 

to have delayed establishment of oral feeding, temperature instability, hypoglycaemia, jaundice and 

respiratory distress, and to undergo investigation for sepsis[5]. Despite these risks, their size and 

weight mean they are often managed in a similar manner to full term infants and cared for on 

postnatal wards rather than in neonatal units[6], and are not treated with the routine prophylactic 

interventions such as caffeine, nutritional supplements and probiotics that are common practice in 

very and extremely preterm infants. Importantly, for population health outcomes, although the 

individual morbidity is generally lower in late preterm infants than those born more preterm, the 

much larger size of the late preterm population nevertheless means that they account for a 

significant portion of all neonatal morbidity. Late preterm birth thus has significant implications in 

terms of resource use both in the immediate care needed in the neonatal period, and in the longer 

term for health and education support[7].

Very preterm infants are at high risk of apnoea of prematurity and intermittent hypoxaemia[8,9]. 

Apnoea of prematurity refers to prolonged pauses in breathing, of 20 seconds or more, which may 

cause a reduction in the oxygen saturation and bradycardia, and is associated with an increased 

incidence of brain injury[10] and neurodevelopmental impairment[11]. Late preterm infants 

experience apnoea of prematurity, although less frequently than in very preterm infants[8]. 

Recently, we have demonstrated that late preterm infants have frequent episodes of intermittent 

hypoxaemia,[12] brief repetitive decreases in oxygen saturation not associated with apnoea, but 
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potentially causing similar organ hypoxia. In late preterm infants, the frequency of intermittent 

hypoxaemia peaks at two weeks’ postnatal age, before reducing to baseline levels at term corrected 

age (Fig 1)[12].

 

Figure 1: Rate of intermittent hypoxaemia in late preterm infants in the 9-11 weeks following birth 

(adapted)[12]

Studies in adults have consistently shown that even brief exposure to hypoxia, whether from high 

altitude[13] or carbon monoxide poisoning[14], can have long-term adverse effects on cognition. 

Even small changes in oxygen saturations in the neonatal period have been shown to significantly 

affect survival and neurodevelopment of very preterm infants[15–17]. Intermittent hypoxaemia is 

associated with altered brain development in neonatal mice[18] and reduced cognition and 

behavioural deficits in neonatal rats[19]. In humans, intermittent hypoxaemia is associated with 

poor neurodevelopmental outcomes in extremely preterm infants[20] and in children with sleep 

disordered breathing[21] and congenital heart disease[22].

Caffeine is a respiratory stimulant which is effective in the prevention and treatment of apnoea of 

prematurity and intermittent hypoxaemia, and also reduces the incidence of chronic lung disease, 

cerebral palsy, and cognitive delay in very preterm infants[23–25]. Follow-up to 11 years of age has 

recently shown that caffeine treatment reduces the risk of motor dysfunction by a third in infants 

born very preterm[26,27]. While some of the long term beneficial effects of caffeine may be due to 

its effect in reducing the incidence of bronchopulmonary dysplasia[28], there is also benefit from 

reducing the amount of time that infants are hypoxic, independent of the effect on 

bronchopulmonary dysplasia[29]. Thus, caffeine has become the standard of care for very preterm 

infants and is in widespread use in neonatal units around the world as one of the few neonatal 
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treatments that has been proven to have long term neurodevelopmental benefit, and to also be very 

well tolerated.

In the longer term, late preterm infants are more likely to be diagnosed with cerebral palsy [30,31], 

developmental delay [32,33], cognitive impairment [34–36] and behavioural disorders [37] 

compared to their term-born peers. However, few studies have investigated interventions to 

improve the neurodevelopmental outcomes of late preterm infants. As late preterm infants have an 

increase in hypoxaemic events compared to term infants, and hypoxaemic events are associated 

with poor neurodevelopmental outcomes, it is possible that caffeine, an intervention that reduces 

hypoxaemic events and has already been shown to improve long-term outcomes in extremely and 

very preterm infants, may be effective at improving outcomes in late preterm infants. 

In adults, most caffeine metabolism is via cytochrome P450 1A2 in the liver[38]. However, in 

newborn preterm infants, hepatic metabolism of caffeine is almost absent, and most caffeine is 

eliminated via the kidneys, which are also immature. Therefore, caffeine elimination is slow in 

extremely preterm infants, and the half-life of caffeine is long. With increasing postconceptial agethe 

elimination of  of caffeine increases[39,40] , and larger doses may be needed to maintain a 

therapeutic effect. However, the pharmacokinetic studies of caffeine in preterm infants to date have 

been done to treat apnoea in very preterm infants, rather than to treat intermittent hypoxaemia in 

late preterm infants[41].

There is a wide range in the dose of caffeine citrate given to extremely preterm infants, from daily 

doses of 5 mg/kg[24] to 20 mg/kg[42]. The Caffeine for Apnoea of Prematurity ( CAP) trial used a 

dose of 5 mg/kg, which could be increased to 10 mg/kg if necessary to control apnoea of 

prematurity[24]. The trial by Rhein et al found that in very preterm infants, 6 mg/kg of caffeine 

citrate reduced intermittent hypoxaemia at 35 and 36 weeks’ post-menstrual age, but not after 36 
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weeks’ post-menstrual age[9]. The authors hypothesised that this may have been due to an 

insufficient dose as the infants matured. Therefore, the most effective dose of caffeine to treat 

intermittent hypoxaemia in late preterm infants is unknown.

In very preterm infants, caffeine is usually well tolerated, but occasionally infants on caffeine 

develop tachycardia and feed intolerance[42]. Caffeine also causes reduced neonatal weight gain 

compared to placebo[24], and in ventilated preterm infants a higher dose of caffeine citrate (20 

mg/kg) leads to reduced weight gain compared with a low dose (5 mg/kg)[42]. As in adults, infants 

on caffeine can develop irritability, sleeplessness and gastrointestinal disturbance. For caffeine to be 

used as a prophylactic medication in a large number of late preterm infants, it will need to be 

prescribed at a dose that has a low risk of significant side effects.

We are therefore undertaking the Latte Dosage Trial, a randomised, placebo-controlled dosage trial, 

to determine the most effective and best tolerated dose of oral caffeine citrate to reduce 

intermittent hypoxaemia in late preterm infants.

Aim: To determine the most effective and best tolerated dose of caffeine citrate to reduce 

intermittent hypoxaemia in late preterm infants.

Hypothesis: Caffeine citrate will reduce the frequency of intermittent hypoxaemia in late preterm 

infants in a dose dependant manner.

Methods and analysis: 
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Study Design: The Latte Dosage Trial is a phase IIB, double-blind, five-arm, parallel, randomised 

controlled trial to compare the effect of four different doses of oral caffeine citrate versus placebo 

on the frequency of intermittent hypoxaemia in late preterm infants.

Recruitment and randomisation

Participants will be recruited by trial investigators or study nurses / midwives within 72 hours of 

birth from the neonatal unit and postnatal wards at Auckland City and Middlemore Hospitals in 

Auckland, New Zealand. Following written informed consent and enrolment, trial participation may 

occur in hospital, at a primary maternity unit or at home, as the patient’s clinical care dictates. 

Eligible participants are those infants born between 34 weeks and 36 weeks’ and six days gestation 

without contradiction to caffeine treatment, with the following exclusions:

 Major congenital abnormality

 Minor congenital abnormality likely to affect respiration, growth or development

 Previous caffeine treatment

 Renal or hepatic impairment

 Tachyarrhythmia

 Seizures

 Hypoxic ischaemic encephalopathy

 Residing outside of the Auckland region

Infants will be assigned randomly via an internet randomisation service (Clinical Data Research Hub, 

Liggins Institute, University of Auckland) to receive either daily caffeine citrate 5 mg/kg, 10 mg/kg, 

15 mg/kg, 20 mg/kg or placebo. The allocation sequence will be generated by the study statistician, 

with 1:1:1:1:1 allocation stratified by study site and gestational age at birth (34, 35 or 36 weeks) 

(Figure 2) using variable block sizes, with infants from multiple births being randomised to the same 

treatment group.
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Eligible 
Babies

Caffeine 
20 mg/kg 

Caffeine
15 mg/kg

Caffeine
10 mg/kg

Caffeine
5 mg/kg 

Placebo

Figure 2: Flow diagram of randomisation schedule

Different concentrations of the caffeine citrate (5 mg/ml, 10 mg/ml, 15 mg/ml and 20 mg/ml) will be 

prepared in identical bottles to the placebo so that all infants receive the same dose volume (2 ml/kg 

loading dose followed by 1 ml/kg, once daily).  Bottles will be labelled in randomisation blocks using 

a lettering system which will change halfway through the study in order to maintain concealment.

Study Intervention

The infant will be given an enteral loading dose of the study drug (10 mg/kg, 20 mg/kg, 30 mg/kg or 

40 mg/kg of caffeine citrate or water) in the morning after baseline oximetry (i.e. prior to the infant 

reaching 96 hours of age), followed by a daily dose each morning (5 mg/kg, 10mg/kg, 15 mg/kg or 20 

mg/kg of caffeine citrate or placebo) until term equivalent age (40 weeks’ post-menstrual age). The 

dose will be recalculated weekly for weight after the infant has regained birth weight using the 

weight recorded by study staff at two weeks after randomisation and those recorded by usual care 

providers between two weeks’ and term corrected age. The study drug will be given via a nasogastric 

tube for infants with a tube in situ, and orally for infants who do not require a nasogastric tube. 

Infants who are not able to tolerate enteral medications will have the study drug withheld until they 

are able to tolerate enteral intake. 
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Compliance will be assessed by measurement of study medication remaining in the bottle. At the 

two-week visit, study staff will collect the initial bottle(s) issued at the start of the study and replace 

it with a new bottle(s), which will in turn be collected at the final visit. Liquid remaining in the bottle 

on each occasion will be measured and compared with the expected volume to assess compliance. 

Good compliance will be defined as ≥80% of the expected volume having been removed from the 

bottle. At the final visit, parents will be asked which treatment they think their infant received to 

assess the adequacy of blinding. 

Apart from the study intervention and associated assessments, all other clinical care will continue to 

be provided by the local clinical team, in accordance with usual guidelines and practices. Should an 

infant participating in the study require treatment for apnoea or intermittent hypoxaemia, clinicians 

will be encouraged to use oxygen or positive pressure ventilation as first line treatments. If 

necessary, a loading dose of caffeine citrate may be given. If ongoing treatment with caffeine is 

necessary in the opinion of the treating clinician, they can discuss the option of partially unblinding 

the infant (caffeine or placebo) with the Site Principal Investigator. Clinical open-label use of caffeine 

will be recorded, with infants analysed on an intention-to-treat basis.

Outcomes 

The primary outcome for this study is the frequency of intermittent hypoxaemia (events/hour, 

defined as a brief fall in oxygen saturation concentration ≥10% below baseline for not more than 2 

minutes) on overnight oximetry, two weeks after randomisation. 

Secondary outcomes include: 

• Respiratory: frequency of intermittent hypoxaemia 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)
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• Growth: growth velocity for weight gain, length and head circumference; failure to 

regain birthweight by 2 weeks of age 

• Side effects: Feed intolerance as reported by parents[43]; duration of tube feeding; 

sleep and arousal as reported by parents (measured by subscale nine on the Infant 

Behaviour Questionnaire-Revised, modified for neonates[44]); tachycardia; study drug 

stopped due to presumed side effects

• Infant salivary caffeine concentration at two weeks after randomisation[45] 

• Readmission to hospital until 44 weeks post-menstrual age or open label caffeine use

• Maternal mental health (Edinburgh postnatal depression score)[46]

The timing of the study intervention and assessments is summarised in Table 1.

Table 1: Study intervention and assessment

 Baseline Morning 
following 
baseline 
oximetry

1 week 2 weeks  3-5 
weeks 

Term 
equivalent 
age 

Pulse oximetry X   X  X 
Randomisation X      
Loading dose  X     
Demographics, contacts  X      
Dose adjustment for 
weight 

  X X  

Neonatal salivary 
caffeine concentration  

   X   

Maternal salivary 
caffeine concentration  

   X   

Drug Diary  X X X X X 
Compliance assessment    X  X 
Parental Questionnaires:

Maternal smoking in 
pregnancy & 
household smoke 
exposure 
questionnaire

X      

Sleep questionnaire    X  X 
Feed tolerance 
questionnaire 

   X  X 
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Maternal caffeine 
intake questionnaire 

X   X  X 

Edinburgh Postnatal 
Depression Scale 

X     X 

Data collection methods

Online data management services will be provided by the Clinical Data Research Hub (Liggins 

Institute, University of Auckland). Data collection will utilise the REDCap platform (Vanderbilt 

University) for clinical report forms, with password-protected secure servers used to store data. 

Pulse oximetry: Overnight pulse oximetry (Rad 8, Masimo Corp., Irvine, CA) will be recorded for a 

period of 12 hours from either foot at baseline, two weeks after randomisation (range 12-21 days) 

and at term corrected age (range 40 to 41 weeks postmenstrual age) using a 2-second averaging 

time and 2-second resolution. Unless clinically required, oximeters will be operated in sleep mode, 

with no displays or alarms. The oximetry recording will be downloaded with PROFOX oximetry 

software (version Masimo 2011.27D, PROFOX Associates Inc, Esconditso, CA) and edited to remove 

readings with poor signal or aberrant data. Only recordings with more than six hours will be included 

in the analysis, recordings with less than six hours of edited data will be repeated the following 

night. 

Anthropometry: Weight, length and head circumference will be measured at study entry and at the 

two-week and term visits, with birthweight and neonatal centiles calculated using Fenton-WHO 

growth charts for preterm infants[47], and growth velocity calculated between birth and term 

equivalent using an exponential model[48].

Salivary caffeine concentrations: Two weeks after randomisation, a saliva sample will be collected 

from infants for assessment of caffeine concentration. Samples will be taken using a mouth swab 

prior to administration of the morning dose of trial medication. In the 24 hours preceding this, 

Page 13 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038271 on 20 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

mothers will be asked to collect three saliva samples by spitting into collection tubes at three pre-

determined timepoints during the day, with the mean of these three samples used to determine 

average daytime maternal salivary caffeine concentration. Collection of these samples will allow us 

to compare maternal and infant salivary caffeine concentrations to establish if maternal caffeine 

intake contributes significantly to infant caffeine levels via breastfeeding or not, and to help assess 

compliance with the study intervention. 

Questionnaires: Mothers will complete questionnaires to provide demographic and contact details at 

enrolment, and to assess smoking, infant feeding and sleeping, maternal caffeine intake and 

maternal mental health as detailed in Table 1.

Neonatal morbidity: Information on neonatal morbidity, including supplemental oxygen, respiratory 

support and apnoea requiring stimulation, will be recorded from the neonatal record. Exposure to 

antenatal corticosteroids will be recorded.

Discontinuation of intervention / withdrawal

The allocated treatment may be stopped at any time by the parents or the clinician caring for the 

infant if they feel that this is in the best interests of the infant, without formally withdrawing, in 

which case data collection will continue and results will be analysed on an intention-to-treat basis. 

Should a parent wish to withdraw from the study, they will have the option of:

1. Discontinuation of study drug, with continuation of collection of minimum outcome data

2. Withdrawal from the study and discontinuation of further data collection, with data 

collected prior to withdrawal used

3. Complete withdrawal from the study, with removal of previously collected data
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Patient and Public Involvement

The Latte Dosage Study methodology was discussed, developed and refined as part of the 2017 On-

Track Network clinical trial development workshop which included consumer and Maori cultural 

advisor input. Perinatal consumer representatives provided advice and input into the development 

of the clinical trial protocol.

Sample size

Based on our previous study[12] we estimate a background mean (SD) frequency of 6.9 (3.4) 

episodes of intermittent hypoxaemia per hour at two weeks’ post randomisation. To detect a 50% 

reduction of 3.5 episodes per hour with 90% power, allowing for a 10% drop out rate and clustering 

of multiples with an ICC of 0.05, we will require 24 infants in each of the five arms (total 120 infants), 

with two-sided alpha of 0.05.   

Data analysis

The primary analysis will compare primary and secondary outcomes between groups using 

generalised linear mixed models with adjustment for gestational age at birth and site (fixed effects), 

non-independence of multiples (random effect) and pairwise comparisons between the different  

caffeine groups and between the caffeine groups and the placebo group using Dunnett’s multiple 

comparison test. The selection of the optimal dose will be based on a combination of the dose with 

the greatest reduction of intermittent hypoxaemia with a minimum number of side effects and a 

pragmatic consideration of the ease of administration. Linear trends, such as growth,  will be tested 

using orthogonal contrasts. Baseline imbalance between babies in the randomised groups will not be 

formally tested. Edinburgh Postnatal Depression Scale scores will be adjusted for baseline values. 

Categorical data will be presented as number and percent, and continuous data as mean and 

standard deviation or median and inter-quartile range, as appropriate. Denominators will be given 

for all outcomes. Treatment effects will be presented as odds ratio, count ratio, mean difference or 
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ratio of geometric means (positively skewed data), as appropriate, with 95% confidence intervals. All 

tests will be two-tailed, with P<0.05 considered significant. The data will be analysed on an 

intention-to-treat basis.

The following secondary analyses will be performed:

 Compliance: A per-protocol analysis will be performed for the primary outcome that 

includes only those infants who were compliant with the study drug.

 Open-label caffeine treatment: A sensitivity analysis will be performed for the primary 

outcome that includes only those infants who did not receive additional open-label caffeine 

treatment. 

 Maternal caffeine: An exploratory analysis will be performed on the effect of maternal 

caffeine intake on the primary outcome by performing additional adjustments for maternal 

caffeine intake from the questionnaire and maternal salivary caffeine concentration. For 

infants that are fully formula fed, infant caffeine exposure to maternal caffeine intake will be 

assumed to be zero.

An independent data monitoring committee will review trial data after enrolment of 60 infants to 

the trial. The data monitoring committee provide advice to the trial steering group on any 

modifications that may be required. There are no formal stopping guidelines.

Ethics and dissemination: 

Ethical approval has been obtained from the Health and Disability Ethics Committees of New 

Zealand (reference 18/NTA/129) and by the local institutional research review committees for each 

centre. The trial is registered with the Australian New Zealand Clinical Trials Registry (Registration 

number: ACTRN12618001745235) from 24 October 2018.
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The results of the trial will be published in an international peer-reviewed journal and disseminated 

via presentations at local and international conferences to researchers and clinicians. A lay summary 

of the research findings will be made available to those parents who indicated a wish to receive 

these on their consent forms.

Discussion

Late preterm infants experience higher rates of intermittent hypoxaemia than their term-born peers, 

and have poorer long-term neurodevelopmental outcomes[30–37]. Caffeine is well established as a 

treatment for apnoea of prematurity in very and extremely preterm infants, and improves long term 

neurodevelopmental outcomes in these infants[23,49,50]. Caffeine use in late preterm infants may 

also reduce episodes of intermittent hypoxaemia and improve long term outcomes for these infants. 

As late preterm infants make up the majority of preterm infants, interventions that improve long 

term outcomes in this population are likely to have the greatest public health impact in terms of 

interventions for preterm infants[7]. 

The Latte Dosage Trial seeks to establish the most effective and best tolerated dose of caffeine 

citrate for the prevention of intermittent hypoxaemia in late preterm infants.  It is the first trial to 

investigate the use of caffeine, an inexpensive medication already widely used in neonatal care, for 

this indication. Data from the Latte Dosage Trial will be used to inform the development of a large-

scale, multicentre trial investigating the efficacy of caffeine treatment in late preterm infants in 

preventing neurodevelopmental impairment by indicating the most appropriate dose to use and 

providing information on feasibility. 
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Figure 1: Rate of intermittent hypoxaemia in late preterm infants in the 9-11 weeks following birth 

(adapted)[12] 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item 
No

Description Addressed on 
page number

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym _______1______

2a Trial identifier and registry name. If not yet registered, name of intended registry _______2 _____Trial registration

2b All items from the World Health Organization Trial Registration Data Set

Protocol version 3 Date and version identifier __On publication_

Funding 4 Sources and types of financial, material, and other support _______21______

5a Names, affiliations, and roles of protocol contributors _____1, 21______Roles and 
responsibilities

5b Name and contact information for the trial sponsor _______1_______

5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 
interpretation of data; writing of the report; and the decision to submit the report for publication, including 
whether they will have ultimate authority over any of these activities

_______21______

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 
adjudication committee, data management team, and other individuals or groups overseeing the trial, if 
applicable (see Item 21a for data monitoring committee)

_           NA_    ___
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2

Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary of relevant 
studies (published and unpublished) examining benefits and harms for each intervention

_____4 - 7____

6b Explanation for choice of comparators ______7, 9_____

Objectives 7 Specific objectives or hypotheses _______8______

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) _______8______

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 
be collected. Reference to where list of study sites can be obtained

_______8______

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 
individuals who will perform the interventions (eg, surgeons, psychotherapists)

_______8______

11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 
administered

_______9-10___

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 
change in response to harms, participant request, or improving/worsening disease)

___ 10, 13-14___

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 
(eg, drug tablet return, laboratory tests)

_______10_____

Interventions

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _______10_____

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended

_____11-13_____

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 
participants. A schematic diagram is highly recommended (see Figure)            Table 1___
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3

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 
clinical and statistical assumptions supporting any sample size calculations

______14______

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _______8______

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 
or assign interventions

______9______

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

______9______

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 
interventions

______9______

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 
assessors, data analysts), and how

____3,_8,_10__

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 
allocated intervention during the trial

______10______

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 
Reference to where data collection forms can be found, if not in the protocol

_____11-13_____

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 
collected for participants who discontinue or deviate from intervention protocols

_______14______
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4

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 
(eg, double data entry; range checks for data values). Reference to where details of data management 
procedures can be found, if not in the protocol

______12_____

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 
statistical analysis plan can be found, if not in the protocol

_____14-15____

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____14-15____

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 
statistical methods to handle missing data (eg, multiple imputation) _____14-15____

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 
whether it is independent from the sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 
needed

______16_____

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 
results and make the final decision to terminate the trial

_______16_____                   

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 
events and other unintended effects of trial interventions or trial conduct

______14_____

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 
from investigators and the sponsor

_______NA____

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____15-16_____

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators)

______NA_____
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5

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 
how (see Item 32)

_____8______

26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 
studies, if applicable

_____NA_____

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 
in order to protect confidentiality before, during, and after the trial

______14_____

Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and each study site ______22_____

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 
limit such access for investigators

Submission 
documentation

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 
participation

_____10______

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions

_____16_______

31b Authorship eligibility guidelines and any intended use of professional writers _____21_______

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code _____NA______

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised surrogates _____NA_____

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 
analysis in the current trial and for future use in ancillary studies, if applicable

_____13______

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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Abstract: 

Introduction

Infants born late preterm (34+0 – 36+6 weeks’ gestational age) have frequent episodes of intermittent 

hypoxaemia compared to term infants.  Caffeine citrate reduces apnoea and intermittent 

hypoxaemia and improves long-term neurodevelopmental outcomes in infants born very preterm 

and may have similar effects in late preterm infants. Clearance of caffeine citrate increases with 

gestational age and late preterm infants are likely to need a higher dose than very preterm infants. 

Our aim is to determine the most effective and best tolerated dose of caffeine citrate to reduce 

transient intermittent hypoxaemia events in late preterm infants.

Methods and analysis

A phase IIB, double-blind, five-arm, parallel, randomised controlled trial to compare the effect of 

four doses of oral caffeine citrate versus placebo on the frequency of intermittent hypoxaemia. Late 

preterm infants will be enrolled within 72 hours of birth and randomised to receive 5, 10, 15 or 20 

mg/kg/day caffeine citrate or matching placebo daily until term corrected age.  The frequency of 

intermittent hypoxaemia (events/hour where oxygen saturation concentration is ≥10% below 

baseline for ≤two minutes), will be assessed with overnight oximetry at baseline, two weeks after 

randomisation (primary outcome) and at term corrected age. Growth will be measured at these 

timepoints, and effects on feeding and sleeping will be assessed by parental report. Data will be 

analysed using generalised linear mixed models.

Ethics and dissemination

This trial has been approved by the Health and Disability Ethics Committees of New Zealand 

(reference 18/NTA/129) and  the local institutional research review committees. Findings will be 

disseminated to peer-reviewed journals, to clinicians and researchers at local and international 
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conferences and to the public. The findings of the trial will inform the design of a large multi-centre 

trial of prophylactic caffeine in late preterm infants, by indicating the most appropriate dose to use 

and providing information on feasibility.

Registration

ACTRN12618001745235

Strengths and limitations of this study 

 This study seeks to address the rates of neurodevelopmental impairment among late 

preterm infants by investigating the optimal dose of caffeine, as a potential primary 

neuroprotective strategy. 

 This is the first randomised placebo-controlled trial of four different doses of caffeine for the 

prevention of intermittent hypoxaemia in late preterm infants.

 A strength of the trial is that both clinicians and parents will be blinded to treatment 

allocation with all groups  receiving the same volume of an identical-appearing masked 

suspension.

 The success of the trial depends on high compliance of administration of study medication 

by caregivers, which will be monitored by intermittent measurement of study bottle 

contents and infant salivary caffeine concentrations. 

 Future studies will be required to determine if caffeine reduces neurodevelopmental 

impairment in late preterm infants, based on the optimal dose determined by this trial.
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Introduction: 

Late preterm infants are those born between 34 weeks and 36 weeks and 6 days’ gestation [1]. They 

form the largest group within the preterm population, accounting for 68% of all preterm births or 5% 

of all births in New Zealand[2] and 7% of all births in the United States of America[3]. Late preterm 

infants are physiologically and metabolically immature[1] and have a higher risk of morbidity and 

mortality in the neonatal period than full term infants[4]. They are more likely than full term infants 

to have delayed establishment of oral feeding, temperature instability, hypoglycaemia, jaundice and 

respiratory distress, and to undergo investigation for sepsis[5]. Despite these risks, their size and 

weight mean they are often managed in a similar manner to full term infants and cared for on 

postnatal wards rather than in neonatal units[6], and are not treated with the routine prophylactic 

interventions such as caffeine, nutritional supplements and probiotics that are common practice in 

very and extremely preterm infants. 

. Apnoea of prematurity are prolonged pauses in breathing, of 20 seconds or more, which may cause 

a reduction in the oxygen saturation and bradycardia, and are associated with an increased 

incidence of brain injury[7] and neurodevelopmental impairment[8]. Late preterm infants 

experience apnoea of prematurity, although less frequently than in very preterm infants[9]. 

Recently, we have demonstrated that late preterm infants have frequent episodes of intermittent 

hypoxaemia,[10] transient repetitive decreases in oxygen saturation not associated with apnoea, but 

potentially causing similar organ hypoxia. In late preterm infants, the frequency of intermittent 

hypoxaemia peaks at two weeks’ postnatal age, before reducing to baseline levels at term corrected 

age (Fig 1)[10].
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Figure 1: Rate of intermittent hypoxaemia in late preterm infants in the 9-11 weeks following birth 

(adapted)[10]

Studies in adults have consistently shown that even brief exposure to hypoxia, whether from high 

altitude[11] or carbon monoxide poisoning[12], can have long-term adverse effects on cognition. 

Even small changes in oxygen saturations in the neonatal period have been shown to significantly 

affect survival and neurodevelopment of very preterm infants[13–15]. Intermittent hypoxaemia is 

associated with altered brain development in neonatal mice[16] and reduced cognition and 

behavioural deficits in neonatal rats[17]. In humans, transient intermittent hypoxaemic events  are 

associated with poor neurodevelopmental outcomes in extremely preterm infants[18] and in 

children with sleep disordered breathing[19] and congenital heart disease[20].

Caffeine is a respiratory stimulant which is effective in the prevention and treatment of apnoea of 

prematurity and intermittent hypoxaemia, and also reduces the incidence of chronic lung disease, 

cerebral palsy, and cognitive delay in very preterm infants[21–23]. Follow-up to 11 years of age has 

recently shown that caffeine treatment reduces the risk of motor dysfunction by a third in infants 

born very preterm[24,25]. While some of the long term beneficial effects of caffeine may be due to 

its effect in reducing the incidence of bronchopulmonary dysplasia[26], there is also benefit from 

reducing the amount of time that infants are hypoxic, independent of the effect on 

bronchopulmonary dysplasia[27]. Thus, caffeine has become the standard of care for very preterm 

infants and is in widespread use in neonatal units around the world as one of the few neonatal 

treatments that has been proven to have long term neurodevelopmental benefit, and to also be very 

well tolerated.

In the longer term, late preterm infants are more likely to be diagnosed with cerebral palsy [28,29], 

developmental delay [30,31], cognitive impairment [32–34] and behavioural disorders [35] 
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compared to their term-born peers. However, few studies have investigated interventions to 

improve the neurodevelopmental outcomes of late preterm infants. As late preterm infants have an 

increase in hypoxaemic events compared to term infants, and hypoxaemic events are associated 

with poor neurodevelopmental outcomes, it is possible that caffeine, an intervention that reduces 

hypoxaemic events and has already been shown to improve long-term outcomes in extremely and 

very preterm infants, may be effective at improving outcomes in late preterm infants. 

In adults, most caffeine metabolism is via cytochrome P450 1A2 in the liver[36]. However, in 

newborn preterm infants, hepatic metabolism of caffeine is almost absent, and most caffeine is 

eliminated via the kidneys, which are also immature. Therefore, caffeine elimination is slow in 

extremely preterm infants, and the half-life of caffeine is long. With increasing postconceptial agethe 

elimination of  of caffeine increases[37,38] , and larger doses may be needed to maintain a 

therapeutic effect. However, the pharmacokinetic studies of caffeine in preterm infants to date have 

been done to treat apnoea in very preterm infants, rather than to treat intermittent hypoxaemia in 

late preterm infants[39].

There is a wide range in the dose of caffeine citrate given to extremely preterm infants, from daily 

doses of 5 mg/kg[22] to 20 mg/kg[40]. The Caffeine for Apnoea of Prematurity (CAP) trial used a 

dose of 5 mg/kg, which could be increased to 10 mg/kg if necessary to control apnoea of 

prematurity[22]. The trial by Rhein et al found that in very preterm infants, 6 mg/kg of caffeine 

citrate reduced intermittent hypoxaemia at 35 and 36 weeks’ post-menstrual age, but not after 36 

weeks’ post-menstrual age[41]. The authors hypothesised that this may have been due to an 

insufficient dose as the infants matured. Therefore, the most effective dose of caffeine to treat 

intermittent hypoxaemia in late preterm infants is unknown.
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In very preterm infants, caffeine is usually well tolerated, but occasionally infants on caffeine 

develop tachycardia and feed intolerance[40]. Caffeine also causes reduced neonatal weight gain 

compared to placebo[22], and in ventilated preterm infants a higher dose of caffeine citrate (20 

mg/kg) leads to reduced weight gain compared with a low dose (5 mg/kg)[40]. As in adults, infants 

on caffeine can develop irritability, sleeplessness and gastrointestinal disturbance. For caffeine to be 

used as a prophylactic medication in a large number of late preterm infants, it will need to be 

prescribed at a dose that has a low risk of significant side effects.

We are therefore undertaking the Latte Dosage Trial, a randomised, placebo-controlled dosage trial, 

to determine the most effective and best tolerated dose of oral caffeine citrate to reduce 

intermittent hypoxaemia in late preterm infants.

Aim: To determine the most effective and best tolerated dose of caffeine citrate to reduce 

intermittent hypoxaemia in late preterm infants.

Hypothesis: Caffeine citrate will reduce the frequency of intermittent hypoxaemia in late preterm 

infants in a dose dependant manner.

Methods and analysis: 

Study Design: The Latte Dosage Trial is a phase IIB, double-blind, five-arm, parallel, randomised 

controlled trial to compare the effect of four different doses of oral caffeine citrate versus placebo 

on the frequency of intermittent hypoxaemia in late preterm infants.

Recruitment and randomisation
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Participants will be recruited by trial investigators or study nurses / midwives within 72 hours of 

birth from the neonatal unit and postnatal wards at Auckland City and Middlemore Hospitals in 

Auckland, New Zealand. Following written informed consent and enrolment, trial participation may 

occur in hospital, at a primary maternity unit or at home, as the patient’s clinical care dictates. 

Eligible participants are those infants born between 34 weeks and 36 weeks’ and six days gestation 

without contradiction to caffeine treatment, with the following exclusions:

 Major congenital abnormality

 Minor congenital abnormality likely to affect respiration, growth or development

 Previous caffeine treatment

 Renal or hepatic impairment

 Tachyarrhythmia

 Seizures

 Hypoxic ischaemic encephalopathy

 Residing outside of the Auckland region

Infants will be assigned randomly via an internet randomisation service (Clinical Data Research Hub, 

Liggins Institute, University of Auckland) to receive either daily caffeine citrate 5 mg/kg, 10 mg/kg, 

15 mg/kg, 20 mg/kg or placebo. The allocation sequence will be generated by the study statistician, 

with 1:1:1:1:1 allocation stratified by study site and gestational age at birth (34, 35 or 36 weeks) 

(Figure 2) using variable block sizes, with infants from multiple births being randomised to the same 

treatment group.

Figure 2: Flow diagram of randomisation schedule
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Different concentrations of the caffeine citrate (5 mg/ml, 10 mg/ml, 15 mg/ml and 20 mg/ml) will be 

prepared in identical bottles to the placebo so that all infants receive the same dose volume (2 ml/kg 

loading dose followed by 1 ml/kg, once daily).  Bottles will be labelled in randomisation blocks using 

a lettering system which will change halfway through the study in order to maintain concealment 

from study personnel.

Study Intervention

The infant will be given an enteral loading dose of the study drug (10 mg/kg, 20 mg/kg, 30 mg/kg or 

40 mg/kg of caffeine citrate or water) in the morning after baseline oximetry (i.e. prior to the infant 

reaching 96 hours of age), followed by a daily dose each morning (5 mg/kg, 10mg/kg, 15 mg/kg or 20 

mg/kg of caffeine citrate or placebo) until term equivalent age (40 weeks’ post-menstrual age). The 

dose will be recalculated weekly for weight after the infant has regained birth weight using the 

weight recorded by study staff at two weeks after randomisation and those recorded by usual care 

providers between two weeks’ and term corrected age. The study drug will be given via a nasogastric 

tube for infants with a tube in situ, and orally for infants who do not require a nasogastric tube. 

Infants who are not able to tolerate enteral medications will have the study drug withheld until they 

are able to tolerate enteral intake. 

Compliance will be assessed by measurement of study medication remaining in the bottle. At the 

two-week visit, study staff will collect the initial bottle(s) issued at the start of the study and replace 

it with a new bottle(s), which will in turn be collected at the final visit. Liquid remaining in the bottle 

on each occasion will be measured and compared with the expected volume to assess compliance. 

Good compliance will be defined as ≥80% of the expected volume having been removed from the 

bottle. At the final visit, parents will be asked which treatment they think their infant received to 

assess the adequacy of blinding. 
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Apart from the study intervention and associated assessments, all other clinical care, including the 

decision on when to discharge participants from the hospital and/or primary birthing units, will 

continue to be provided by the local clinical team, in accordance with usual guidelines and practices. 

Should an infant participating in the study require treatment for apnoea or intermittent hypoxaemia, 

clinicians will be encouraged to use oxygen or positive pressure ventilation as first line treatments. If 

necessary, a loading dose of caffeine citrate may be given. If ongoing treatment with caffeine is 

necessary in the opinion of the treating clinician, they can discuss the option of partially unblinding 

the infant (caffeine or placebo) with the Site Principal Investigator. If unblinding is required, 

information on the allocation of the participant will be communicated by the data management 

team to the treating clinician or pharmacist (who may inform the parents if requested), with the 

research team remaining blinded. Clinical open-label use of caffeine will be recorded. Unblinded 

infants will remain in the study unless parents request withdrawal, with infants analysed on an 

intention-to-treat basis. 

Outcomes 

The primary outcome for this study is the frequency of intermittent hypoxaemia (events/hour, 

defined as a brief transient fall in oxygen saturation concentration ≥10% below baseline on 

overnight oximetry, two weeks after randomisation. Events longer than 2 minutes are considered a 

change in baseline rather than a transient desaturation event. Transient intermittent hypoxaemic 

events, if frequent or severe, are thought to have neurocognitive effects as significant as prolonged 

hypoxaemia [20,42]. Although a 3% threshold is used in polysomnography to define desaturation 

events, a definition of 10% is commonly used in the neonatal literature. In addition, due to the 

variability of events we considered a 10% threshold more repeatable and reliable than a 3% 

threshold for defining events. 

Secondary outcomes include: 
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• Respiratory: frequency of intermittent hypoxaemia 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 circumference; failure to regain birthweight by 2 weeks of age 

• Side effects: Feed intolerance as reported by parents[43]; duration of tube feeding; 

sleep and arousal as reported by parents (measured by subscale nine on the Infant 

Behaviour Questionnaire-Revised, modified for neonates[44]); 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 

randomisation[45] 

• Readmission to hospital until 44 weeks post-menstrual age or open label caffeine use

• Maternal caffeine intake at birth, two weeks and term corrected age and mental health 

(Edinburgh postnatal depression score)at birth and term corrected age[46]

The timing of the study intervention and assessments is summarised in Table 1.

Table 1: Study intervention and assessment

 Baseline Morning 
following 
baseline 
oximetry

1 week 2 weeks  3-5 
weeks 

Term 
equivalent 
age 

Pulse oximetry X   X  X 
Randomisation X      
Loading dose  X     
Demographics, contacts  X      
Dose adjustment for 
weight 

  X X  

Neonatal salivary 
caffeine concentration  

   X   
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Maternal salivary 
caffeine concentration  

   X   

Drug Diary  X X X X X 
Compliance assessment    X  X 
Parental Questionnaires:

Maternal smoking in 
pregnancy & 
household smoke 
exposure 
questionnaire

X      

Sleep questionnaire    X  X 
Feed tolerance 
questionnaire 

   X  X 

Maternal caffeine 
intake questionnaire 

X   X  X 

Edinburgh Postnatal 
Depression Scale 

X     X 

Data collection methods

Online data management services will be provided by the Clinical Data Research Hub (Liggins 

Institute, University of Auckland). Data collection will utilise the REDCap platform (Vanderbilt 

University) for clinical report forms, with password-protected secure servers used to store data. 

Pulse oximetry: Overnight pulse oximetry (Rad 8, Masimo Corp., Irvine, CA) will be recorded for a 

period of 12 hours from either foot at baseline, two weeks after randomisation (range 12-21 days) 

and at term corrected age (range 40 to 41 weeks postmenstrual age) using a 2-second averaging 

time and 2-second resolution. Recordings will be conducted at home, in primary birthing units or at 

home as dictated by the clinical care requirements of the participants. Where recordings are 

conducted at home, parents will be visited the day that recording starts by a member of the 

research team. The oximeter will be set up, and the parents will receive instruction in attaching the 

probe to the baby’s foot and be instructed to do this when placing the baby down to sleep in the 

evening. If necessary, the research team member may visit late in the day to apply the probe or 

provide support via a video call to ensure this is done correctly by parents. Unless clinically required, 

oximeters will be operated in sleep mode, with no displays or alarms. The oximetry recording will be 
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downloaded with PROFOX oximetry software (version Masimo 2011.27D, PROFOX Associates Inc, 

Esconditso, CA) and edited to remove readings with poor signal or aberrant data. Only recordings 

with more than six hours will be included in the analysis, recordings with less than six hours of edited 

data will be repeated the following night. 

Anthropometry: Weight, length and head circumference will be measured at study entry and at the 

two-week and term visits, with birthweight and neonatal centiles calculated using Fenton-WHO 

growth charts for preterm infants[47], and growth velocity calculated between birth and term 

equivalent using an exponential model[48].

Salivary caffeine concentrations: Two weeks after randomisation, a saliva sample will be collected 

from infants for assessment of caffeine concentration. Samples will be taken using a mouth swab 

prior to administration of the morning dose of trial medication. In the 24 hours preceding this, 

mothers will be asked to collect three saliva samples by spitting into collection tubes at three pre-

determined timepoints during the day, with the mean of these three samples used to determine 

average daytime maternal salivary caffeine concentration. Collection of these samples will allow us 

to compare maternal and infant salivary caffeine concentrations to establish if maternal caffeine 

intake contributes significantly to infant caffeine levels via breastfeeding or not, and to help assess 

compliance with the study intervention. 

Questionnaires: Mothers will complete questionnaires to provide demographic and contact details at 

enrolment, and to assess smoking, infant feeding and sleeping, maternal caffeine intake and 

maternal mental health as detailed in Table 1.
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Neonatal morbidity: Information on neonatal morbidity, including supplemental oxygen, respiratory 

support and apnoea requiring stimulation, will be recorded from the neonatal record. Exposure to 

antenatal corticosteroids will be recorded.

Discontinuation of intervention / withdrawal

The allocated treatment may be stopped at any time by the parents or the clinician caring for the 

infant if they feel that this is in the best interests of the infant, without formally withdrawing, in 

which case data collection will continue and results will be analysed on an intention-to-treat basis. 

Should a parent wish to withdraw from the study, they will have the option of:

1. Discontinuation of study drug, with continuation of collection of minimum outcome data

2. Withdrawal from the study and discontinuation of further data collection, with data 

collected prior to withdrawal used

3. Complete withdrawal from the study, with removal of previously collected data

Patient and Public Involvement

The Latte Dosage Study methodology was discussed, developed and refined as part of the 2017 On-

Track Network clinical trial development workshop which included consumer and Maori cultural 

advisor input. Perinatal consumer representatives provided advice and input into the development 

of the clinical trial protocol.

Sample size

Based on our previous study[10] we estimate a background mean (SD) frequency of 6.9 (3.4) 

episodes of intermittent hypoxaemia per hour at two weeks’ post randomisation. To detect a 50% 

reduction of 3.5 episodes per hour with 90% power, allowing for a 10% drop out rate and clustering 

of multiples with an ICC of 0.05, we will require 24 infants in each of the five arms (total 120 infants), 
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with two-sided alpha of 0.05.   Recruitment to the study started in February 2019 and is scheduled to 

conclude in December 2020.

Data analysis

The primary analysis will compare primary and secondary outcomes between groups using 

generalised linear mixed models with adjustment for gestational age at birth and site (fixed effects), 

non-independence of multiples (random effect) and pairwise comparisons between the different  

caffeine groups and between the caffeine groups and the placebo group using Dunnett’s multiple 

comparison test. The selection of the optimal dose will be based on a combination of the dose with 

the greatest reduction of intermittent hypoxaemia with a minimum number of side effects and a 

pragmatic consideration of the ease of administration. Linear trends, such as growth,  will be tested 

using orthogonal contrasts. In keeping with CONSORT recommendations[49], baseline imbalance 

between babies in the randomised groups will not be formally tested. Edinburgh Postnatal 

Depression Scale scores will be adjusted for baseline values. Categorical data will be presented as 

number and percent, and continuous data as mean and standard deviation or median and inter-

quartile range, as appropriate. Denominators will be given for all outcomes. Treatment effects will 

be presented as odds ratio, count ratio, mean difference or ratio of geometric means (positively 

skewed data), as appropriate, with 95% confidence intervals. All tests will be two-tailed, with P<0.05 

considered significant. The data will be analysed on an intention-to-treat basis.

The following secondary analyses will be performed:

 Compliance: A per-protocol analysis will be performed for the primary outcome that 

includes only those infants who were compliant with the study drug.

 Open-label caffeine treatment: A sensitivity analysis will be performed for the primary 

outcome that includes only those infants who did not receive additional open-label caffeine 

treatment. 

Page 16 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038271 on 20 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 Maternal caffeine: An exploratory analysis will be performed on the effect of maternal 

caffeine intake on the primary outcome by performing additional adjustments for maternal 

caffeine intake from the questionnaire and maternal salivary caffeine concentration. For 

infants that are fully formula fed, infant caffeine exposure to maternal caffeine intake will be 

assumed to be zero.

An independent data monitoring committee will review trial data after enrolment of 60 infants to 

the trial. The data monitoring committee provide advice to the trial steering group on any 

modifications that may be required. There are no formal stopping guidelines.

Ethics and dissemination: 

Ethical approval has been obtained from the Health and Disability Ethics Committees of New 

Zealand (reference 18/NTA/129) and by the local institutional research review committees for each 

centre. The trial is registered with the Australian New Zealand Clinical Trials Registry (Registration 

number: ACTRN12618001745235) from 24 October 2018.

The results of the trial will be published in an international peer-reviewed journal and disseminated 

via presentations at local and international conferences to researchers and clinicians. A lay summary 

of the research findings will be made available to those parents who indicated a wish to receive 

these on their consent forms.

Discussion

Late preterm infants experience higher rates of intermittent hypoxaemia than their term-born peers, 

and have poorer long-term neurodevelopmental outcomes[28–35]. Caffeine is well established as a 

treatment for apnoea of prematurity in very and extremely preterm infants, and improves long term 

neurodevelopmental outcomes in these infants[21,50,51]. Caffeine use in late preterm infants may 
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also reduce episodes of intermittent hypoxaemia and improve long term outcomes for these infants. 

As late preterm infants make up the majority of preterm infants, interventions that improve long 

term outcomes in this population are likely to have the greatest public health impact in terms of 

interventions for preterm infants[52]. 

The Latte Dosage Trial seeks to establish the most effective and best tolerated dose of caffeine 

citrate for the prevention of intermittent hypoxaemia in late preterm infants.  It is the first trial to 

investigate the use of caffeine, an inexpensive medication already widely used in neonatal care, for 

this indication. Data from the Latte Dosage Trial will be used to inform the development of a large-

scale, multicentre trial investigating the efficacy of caffeine treatment in late preterm infants in 

preventing neurodevelopmental impairment by indicating the most appropriate dose to use and 

providing information on feasibility. 
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Figure Legends

Figure 1: Rate of intermittent hypoxaemia in late preterm infants in the 9-11 weeks following birth 

(adapted)[10]

Figure 2: Flow diagram of randomisation schedule
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studies (published and unpublished) examining benefits and harms for each intervention

_____4 - 7____

6b Explanation for choice of comparators ______7, 9_____

Objectives 7 Specific objectives or hypotheses _______8______

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) _______8______

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 
be collected. Reference to where list of study sites can be obtained

_______8______

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 
individuals who will perform the interventions (eg, surgeons, psychotherapists)

_______8______

11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 
administered

_______9-10___

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 
change in response to harms, participant request, or improving/worsening disease)

___ 10, 13-14___

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 
(eg, drug tablet return, laboratory tests)

_______10_____

Interventions

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _______10_____

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended

_____11-13_____

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 
participants. A schematic diagram is highly recommended (see Figure)            Table 1___
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 
clinical and statistical assumptions supporting any sample size calculations

______14______

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _______8______

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 
or assign interventions

______9______

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

______9______

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 
interventions

______9______

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 
assessors, data analysts), and how

____3,_8,_10__

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 
allocated intervention during the trial

______10______

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 
Reference to where data collection forms can be found, if not in the protocol

_____11-13_____

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 
collected for participants who discontinue or deviate from intervention protocols

_______14______
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 
(eg, double data entry; range checks for data values). Reference to where details of data management 
procedures can be found, if not in the protocol

______12_____

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 
statistical analysis plan can be found, if not in the protocol

_____14-15____

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____14-15____

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 
statistical methods to handle missing data (eg, multiple imputation) _____14-15____

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 
whether it is independent from the sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 
needed

______16_____

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 
results and make the final decision to terminate the trial

_______16_____                   

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 
events and other unintended effects of trial interventions or trial conduct

______14_____

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 
from investigators and the sponsor

_______NA____

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____15-16_____

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators)

______NA_____
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 
how (see Item 32)

_____8______

26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 
studies, if applicable

_____NA_____

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 
in order to protect confidentiality before, during, and after the trial

______14_____

Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and each study site ______22_____

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 
limit such access for investigators

Submission 
documentation

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 
participation

_____10______

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions

_____16_______

31b Authorship eligibility guidelines and any intended use of professional writers _____21_______

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code _____NA______

Appendices

Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised surrogates _____NA_____

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 
analysis in the current trial and for future use in ancillary studies, if applicable

_____13______

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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