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Abstract 

Background  Bronchiolitis is a common lung infection that affects infants and young children. While most children 
can be treated at home, some require hospitalisation where supportive care, such as fluids and oxygen, is the sug‑
gested treatment. Bronchiolitis is the leading cause of infant hospitalisation in developed countries and exerts 
a significant burden on the healthcare system. The aim of the Bronchiolitis in Infants Placebo Versus Epinephrine 
and Dexamethasone (BIPED) study is to evaluate the effects of a combination of epinephrine and dexamethasone, 
given during initial presentation at the emergency department, on hospitalisation for bronchiolitis. This article out‑
lines the statistical analysis plan (SAP) for the BIPED study.

The BIPED study is a Phase III, multi-centre, randomised, controlled, double-blinded superiority, placebo-controlled 
trial to determine whether the combination of epinephrine and dexamethasone is successful in reducing hospitalisa‑
tion for bronchiolitis up to 7 days following presentation at an emergency department with bronchiolitis. The second‑
ary outcomes include hospital admissions for bronchiolitis at the emergency department enrolment visit, and all-
cause hospital admissions, health care provider visits and health care-related costs in the 21 days following enrolment. 
The safety outcomes are gastrointestinal bleeding, serious bacterial infection, severe varicella and death.

Discussion  The BIPED study will provide evidence on whether a combination of epinephrine and dexamethasone 
reduces hospitalisation in infants following presentation to the emergency department with bronchiolitis. These data 
will be analyzed using this SAP, submitted before the data became available for analysis, to reduce the risk of bias 
in our reported outcomes.

Trial registration  ClinicalTrials.gov NCT03567473. Registered on June 25, 2018.
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Background
Bronchiolitis exerts substantial pressure on health-
care systems in developed countries, both in terms of 
health-related expenditure and hospitalisation, and is 
the primary cause of hospitalisations in infants [1–4]. 
Despite this burden and significant research expendi-
ture, there is no evidence on an effective treatment 
for bronchiolitis [5]. International guidelines recom-
mend only supportive care, including the administra-
tion of fluids and oxygen as necessary [6]. However, a 
large multicenter trial indicated that a combination 
of nebulised epinephrine and oral dexamethasone 
could potentially reduce hospitalisations for children 
with bronchiolitis, compared to placebo [7]. Further-
more, international guidelines have called for research 
to determine whether this combination therapy is an 
effective treatment for bronchiolitis [6, 8, 9]. The Bron-
chiolitis in Infants Placebo Versus Epinephrine and 
Dexamethasone (BIPED) study aims to collect this 
evidence.

The BIPED study is a phase III, multi-centre, ran-
domised, controlled, double-blinded, superiority 
placebo-controlled trial that will investigate the combi-
nation of two treatments of inhaled epinephrine and two 
doses of oral dexamethasone as a treatment for bronchi-
olitis. The BIPED study will enrol infants who present at 
the emergency department (ED) with bronchiolitis. The 
study protocol has been published separately [10]. This 
article outlines the final statistical analysis plan (SAP) 
for the BIPED study. This SAP has been published before 
completing the data lock for the BIPED study and aims to 
reduce bias in the final trial report.

Objectives
The primary aim of the BIPED study is to determine 
whether infants with bronchiolitis treated with inhaled 
epinephrine in the ED and a two-day course of oral dexa-
methasone will have fewer hospitalisations related to 
bronchiolitis over the 7 days following ED presentation, 
compared to infants treated with placebo. We will enrol 
infants aged between 60 days and 12 months who present 
at the ED with bronchiolitis during the period deemed to 
be the season for respiratory syncytial virus (RSV) bron-
chiolitis. The secondary objectives are to investigate the 
effect of the combination of epinephrine and dexametha-
sone on hospital admission for bronchiolitis at the enrol-
ment ED visit, all-cause hospital admissions at 21  days, 
and health care provider visits (including ED visits) and 
health care-related costs within 21 days post-enrollment 
in the trial. The primary outcome will also be investigated 
in the participants who present at the ED with their first 
episode of bronchiolitis.

Method/Design
Design and setting
The BIPED study is a phase III study conducted in 12 
sites across Canada, Australia and New Zealand. All par-
ticipating hospitals are members of the Pediatric Emer-
gency Research Canada (PERC) network [11] or the 
Paediatric Research in Emergency Departments Inter-
national Collaboration (PREDICT) [12], both of which 
are affiliated with the Pediatric Emergency Research 
Networks (PERN). The BIPED study will define bronchi-
olitis as an episode of wheezing or crackles in an infant 
aged between 60 days and 12 months, alongside signs of 
an upper respiratory tract infection during the period 
deemed to be the season for RSV bronchiolitis. To reflect 
international clinical guidelines and practice, we have not 
restricted our definition of bronchiolitis to the first epi-
sode of wheezing or crackles and will enrol infants with 
second and subsequent episodes of bronchiolitis, with 
each infant only enrolled once into the study.

The active treatment in the BIPED study is two treat-
ments of epinephrine (either via nebulisation (3  mg) or 
via metered dose inhaler and spacer (MDI-s) (625 mcg)) 
given 30 min apart in the ED and two doses of once daily 
oral dexamethasone (0.6 mg/kg per dose, up to a maxi-
mum of 10 mg), known as EpiDex. The first dose of dexa-
methasone will be given immediately before the first dose 
of epinephrine, and the second dose will be given 24  h 
later. The BIPED study will compare EpiDex to a placebo 
control (oral dexamethasone vehicle and nebulised nor-
mal saline or an inert placebo by MDI-s) by randomising 
participants in a 1:1 ratio. All study personnel, bedside 
clinicians, and participants/caregivers are blinded to the 
study group assignment. Participants will be followed 
up for 21  days following their ED enrolment visit, with 
the primary outcome collected at 7 days (168  h) post 
enrolment.

Study protocol development and conduct
The BIPED study was registered on ClinicalTrials.gov on 
June 25, 2018, registration number NCT03567473. The 
BIPED study protocol received approval from Health 
Canada and local research ethics boards (REB) at each 
site prior to commencing enrolment. Informed consent 
will be obtained from all legal guardians before adminis-
tering the study interventions. The BIPED study is being 
undertaken within the Canadian KidsCAN-PERC iPCT 
network [13] and the Australian-New Zealand PRE-
DICT network. The data management and trial oversight, 
including safety, is being undertaken by the KidsCan-
PERC iPCT trials network through a centralised struc-
ture and independent data and safety monitoring board 
(DSMB).
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Randomisation and data collection
Eligible participants will be randomised using permuted-
block randomisation, stratified by site. This randomisa-
tion strategy ensures that differences in standard practice 
across sites will be equally represented in each study 
group. Additionally, block randomisation ensures that 
seasonal variation in the response to therapy will be com-
parable across the two groups. The statistician perform-
ing providing the randomisation lists is not involved in 
the study in another capacity.

Study participant research data will be stored using the 
REDCap electronic data capture system [14], based at a 
secure data coordination centre (DCC) at the Women 
and Children’s Health Research Institute (WCHRI), Uni-
versity of Alberta [15]. Individual participants will be 
identified with a unique study identification number.

Primary outcome
The primary outcome is admission to hospital for bron-
chiolitis within 7 days (168 h) of study enrolment. BIPED 
study defines hospitalisation as any of the following 
conditions:

1)	 The participant is admitted to an inpatient ward.
2)	 An ED length of stay of 12 h or greater.
3)	 A combined ED and observation unit length of stay 

of 12 h or greater.

ED length of stay at enrollment visit is defined as the 
time between the administration of first study medica-
tion (or time of consent when no study medications are 
received) and discharge from the ED or observation unit. 
The length of stay for all return ED visits will be meas-
ured from time of triage or registration, whichever is 
sooner.

Secondary outcomes
Efficacy outcomes
The BIPED study will include four secondary outcomes:

1.	 Admission to hospital for bronchiolitis at enrolment 
ED visit.

2.	 All-cause hospital admission within 21  days follow-
ing enrollment ED visit.

3.	 All-cause health care provider visits (including ED 
visits) within 21 days following enrollment ED visit.

4.	 Health care-related costs within 21  days of enroll-
ment following enrollment ED visit.

Safety outcomes
The safety of the EpiDex combination will be assessed 
with the following outcomes:

1)	 Gastrointestinal bleeding (involving melena or frank 
blood per rectum not attributed to other causes by 
the treating physician).

2)	 Serious bacterial infection (defined as meningitis, 
osteomyelitis or septicaemia).

3)	 Severe varicella (defined in the protocol [10]).
4)	 Death.

Exploratory outcomes
The BIPED study will collect 10 additional exploratory 
outcomes:

a)	 Admission to hospital for bronchiolitis within 21 days 
following enrollment ED visit.

b)	 Intensive care unit (ICU) admissions within 21 days 
following enrollment ED visit for bronchiolitis and 
requiring intubation or continuous positive airway 
pressure (CPAP).

c)	 All cause hospital admission within 7 days following 
enrollment ED visit.

d)	 All cause ED visits within 21 days of enrollment ED 
visit.

e)	 Length of stay (in hours) for the enrollment ED visit 
for participants who are discharged at the enrollment 
ED visit.

f )	 Length of hospital admission (in hours) for partici-
pants admitted at their enrollment visit.

g)	 Resolution of symptoms as documented on a stand-
ardised questionnaire during the telephone or email 
at day 7 and 21 days.

h)	 Out of pocket expenses borne by the family/caregiver 
in the 21 days following enrollment ED visit.

i)	 Health care utilisation for respiratory illness up to 
18 years of age

j)	 Development of respiratory illnesses such as asthma 
and recurrent wheezing up to 18 years of age.

Sample size calculation
The sample size was determined using the average length 
criterion (ALC) [16], a Bayesian method for sample 
size determination. Using the ALC, we chose the small-
est sample size for which the average length of the 95% 
high-density posterior credible interval for the difference 
in admission rates between placebo and EpiDex is below 
9%. We determined the average length of the posterior 
credible interval across the prior-predictive distribution 
for the data [16]. To determine the relevant prior distri-
bution, we performed an expert elicitation for the prob-
ability of hospitalisation under placebo and EpiDex [17]. 
We simulated 1500 studies from the prior-predictive dis-
tribution and computed the posterior distribution for the 
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absolute difference using 5000 simulations to estimate 
the average length of the 95% posterior credible intervals. 
Based on this simulation, the sample size of 410 partici-
pants per arm for the BIPED study was selected [17]. We 
allowed for a 5% loss to follow up, leading to a total target 
recruitment of 864 participants, 432 per arm.

Interim analysis and stopping guidance
There are no planned interim analyses of efficacy out-
comes. The DSMB will review all safety outcomes at least 
once a year for the duration of the study. The DSMB, 
alongside the trial steering committee, will consider stop-
ping for safety concerns.

Statistical analysis plan
Statistical principals
Outcomes will be collected with a standardised survey 
issued to parents/caregivers either over email or by tele-
phone 7 and 21 days after enrollment in the BIPED study. 
Non-responders will be sent a second email and, if neces-
sary, up to six attempted phone calls over 3 days. Once 
21  days have elapsed following enrolment, the partici-
pant’s medical record will be reviewed to track any return 
ED visits, hospital admissions and additional healthcare 
contact. Admissions and ED visits reported by caregiv-
ers to study hospitals must be confirmed on medical 
record review. Similarly, at the six study hospitals where 
admissions and ED visits to non-study hospitals can be 
confirmed by administrative database review, non-study 
hospital ED visits and admissions reported on the sur-
vey will be confirmed. For study sites where visits and 
admissions to non-study hospitals cannot be confirmed 
by administrative database review, the caregiver’s report 
of and reason for these visits/admissions will be used to 
determine whether the participant met the study defini-
tion of admission. The final trial analysis will take place 
after every participant has reached 21  days after enrol-
ment and all the data have been collected and cleaned. 
The analysis will be performed in a blinded manner.

The final trial analysis will use a Bayesian inferential 
framework based on the posterior probability that the 
EpiDex combination is superior to placebo for the pri-
mary and secondary outcomes. It will follow the inten-
tion-to-treat principle. The EpiDex combination will be 
declared superior to placebo if the posterior probability 
of superiority is above 99%, with simulations confirming 
a type 1 error rate of 4.1% with a probability of hospitali-
sation equal to 0.35 and a power of 81% with a target dif-
ference of 8%. Due to the likelihood principle, corrections 
for multiple comparisons will not be used. All estimates 
for the treatment effect will be reported using 95% high 
density posterior credible intervals, calculated using R 

[18] interfacing with Bayesian software such as JAGS, 
stan or INLA [19–21].

Handling of missing data
Participant medical record/database review will mini-
mise the presence of missing data for many outcomes. 
Descriptive statistics on the proportion of missing data 
by treatment arm will be provided for the outcomes and 
the covariates. If the level of missingness is below 5%, we 
will undertake a complete case analysis. If greater than 
5% of the data are missing, we will evaluate if there are 
any differences between the baseline characteristics for 
participants with and without missing data. Using this 
evidence, we will determine whether a complete case 
analysis is valid. If covariate outcomes are missing and 
a complete case analysis is not valid, the primary analy-
sis will be a joint Bayesian analysis of the missingness 
mechanism and outcome model. In general, we will not 
jointly model or impute missing outcomes. If outcomes 
are missing and a complete case analysis is not used, then 
we will report descriptive statistics for this outcome and 
the reasons that individuals were lost to follow-up.

Patient flow
We will use a CONSORT 2010 flow diagram to present 
the participant flow [22]. This diagram will report how 
many infants were screened, eligible for the trial and 
excluded due to our exclusion criteria. We will record the 
age and sex for all screened patients and provide descrip-
tive statistics for these quantities. The CONSORT dia-
gram will also detail the number of participants who are 
lost to follow-up and who discontinue the intervention. 
Finally, we will also highlight the number of participants 
who were randomised but excluded from the primary 
analysis. Participants will be free to withdraw from the 
BIPED study at any time, and an investigator can discon-
tinue or withdraw a patient if it would not be in the best 
interest of the participant to continue. The reason for, 
and the number of, study withdrawals will be tabulated 
for each treatment option.

Protocol deviations
We define protocol deviations as participants who are 
randomised to either treatment but do not receive all 
of the study medications in the ED and participants 
who receive their ED medications at the incorrect dose 
and time, allowing for 5% tolerance on dose. Treatment 
adherence is taking all the trial medications. Adher-
ence will be monitored by research staff in the ED, and 
the additional dose of dexamethasone will be assessed 
through questions on the day seven follow-up survey. We 
will report the proportion of patients who had full adher-
ence by treatment group. The number (and percentage) 
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of patients with protocol deviations will be summarised 
by treatment group. The number of patients included in 
the intention-to-treat analysis will be used to calculate 
the percentage of participants with a protocol deviation. 
We will not undertake inferential statistical analysis for 
protocol deviations.

Analysis populations
The primary analysis will include all randomised par-
ticipants for whom outcome data are available and who 
do not withdraw consent for the use of their data as an 
intention-to-treat analysis. A per protocol analysis that 
includes only eligible participants for whom we have 
outcome data, who do not withdraw consent for the use 
of their data, who complete all their ED-based medica-
tions and receive the correct dose (within ± 5%) and tim-
ing of medications will also be performed. Finally, we 
will examine our outcomes in the per protocol popula-
tion while also excluding participants who did not take 
their second dose of oral medication (unless admitted to 
hospital within the 40-h second dose of oral medication 
window).

Baseline characteristics
We will collect baseline information about the partici-
pants’ age, sex, weight, race, indigenous status and home 
environment, which includes the presence of smokers 
and attendance at daycare. We will also collect baseline 
clinical characteristics (respiratory distress assessment 
index (RDAI) [23], oxygen saturation, respiratory rate, 
heart rate, and temperature),  the length of symptoms 
and treatments given prior to initial ED presentation, the 
medical history of the participant (such as breastfeeding, 
maternal smoking during pregnancy, prematurity, previ-
ous intubations, personal history of atopy [environmental 
allergy, food allergy and eczema, and previous signifi-
cant/chronic illness], and previous episodes of wheezing/
bronchiolitis) and family history of atopy (including 
asthma). Finally, if respiratory virus testing is available, 
the virus status will be reported.

Baseline characteristics will be compared across treat-
ment groups and reported based on their data type. Spe-
cifically, categorical data will be summarised by numbers 
of participants within each category and percentages. If 
the continuous data are sufficiently normal, they will be 
summarised with the mean and standard deviation. Oth-
erwise, the data will be summarised using the median 
and interquartile range. We will not undertake inferen-
tial statistics for baseline characteristics but will note the 
clinical importance of any imbalance.

Analysis for the primary endpoint
We will compute the posterior probability that EpiDex 
results in a lower probability of hospitalisation than pla-
cebo using hierarchical Bayesian relative risk regression, 
adjusted for site. The prior for the treatment effect is 
from our expert elicitation exercise [17]. We will report 
the mean and 95% high-density posterior credible inter-
val for the absolute risk difference and relative risk across 
the two treatment groups. A secondary analysis of the 
primary outcome will include only those participants 
who present with their first episode of bronchiolitis. All 
models will include minimally informative priors for the 
variance parameters [24] and other coefficients [25].

Analysis for secondary endpoints
Secondary outcomes
Secondary outcomes one, two and three will be analysed 
using relative risk regression, like the primary outcome, 
with minimally informative priors for all parameters. We 
will report the probability that EpiDex is superior to pla-
cebo, the mean absolute risk difference and relative risk 
and 95% credible intervals. For secondary outcome four, 
costs related to health care expenditure, we will under-
take a separate formal economic analysis.

Safety outcomes
Safety outcomes one, two and three will be analysed 
using relative risk regression with minimally informative 
priors [26]. We will report the mean absolute difference, 
the 95% credible interval and the probability of increased 
chance of adverse events for EpiDex. The number and 
percentage of observed events for each of the four safety 
outcomes will also be reported. Adverse events will be 
coded using Medical Dictionary for Regulatory Activities 
(MedDRA) [27] and counted at most once for each par-
ticipant. We will also present the severity and frequency 
of the adverse event by System Organ Class.

Exploratory outcomes
Exploratory outcomes (a)–(d) will be analysed using rela-
tive risk regression and report the posterior mean abso-
lute-risk difference and relative risk with corresponding 
95% credible intervals. Exploratory outcomes (e) and 
(f ) are uncensored time-to-event outcomes and will be 
analysed as a Bayesian Cox proportional hazards model 
fit with the Integrated Nested Laplace Approximation 
[28] method in R [29], adjusted for site. We will report 
median hazard ratios and their corresponding 95% cred-
ible intervals.

Exploratory outcome (g) is a repeatedly measured 
binary outcome and will be analysed using a hierarchi-
cal Bayesian relative risk regression to adjust for patients. 
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From this model, we will report mean relative risks 
alongside 95% credible intervals. Exploratory outcome 
(h) will initially be analysed using a Bayesian linear model 
to report the mean difference in expenses alongside a 
95% credible interval. Graphical methods will be used to 
assess normality of residuals, and a lognormal or gamma 
model will be fit, if required. Exploratory outcomes (i) 
and (j) will not be analysed at the primary trial analysis of 
the trial. Thus, a separate analysis plan will be developed 
before the completion of the 18-year follow-up period.

Subgroup analyses
We will perform six planned subgroup analyses to esti-
mate the subgroup-specific treatment effect for the pri-
mary outcome. These subgroups are:

1)	 Patients aged < 6 months and ≥ 6 months.
2)	 Patients who developed the first respiratory symp-

toms, including coryza and cough or fever, within 
48 h of enrolment,

3)	 Patients with a personal history of eczema,
4)	 Patients with parents and/or siblings who have a his-

tory of atopy,
5)	 Patients stratified by northern and southern hemi-

spheres, and
6)	 Patients stratified by receipt of nebulised or MDI-s 

medications: yes/no

For these subgroup analyses, we will perform relative 
risk regression with main effects for subgroup assign-
ment and treatment group and an interaction between 
treatment and subgroup. Positive or negative subgroup 
effects will be declared if the interaction effect has a 99% 
probability of being greater or less than 0, respectively. 
We expect the treatment will be more effective in those 
participants with onset of illness within 48 h, a personal 
history of eczema, and a family history of atopy. We do 
not anticipate differences due to hemisphere of partici-
pating hospital or method of inhalation.

Additional analyses
If the analyses are adjusted for missingness, we will also 
perform a complete case analysis by excluding subjects 
with missing values from the analysis to understand the 
sensitivity of the conclusions to missing data. We will 
also undertake a prior sensitivity analysis for the primary 
analysis using a minimally informative prior for the treat-
ment effect.

Heterogeneity of treatment effects analysis
Due to the heterogeneity of bronchiolitis, we will also 
perform a heterogeneity of treatment effect analysis 
using a predictive approach [30, 31]. We will use a risk 

modelling approach by developing a multivariable risk 
model adjusted for, at a minimum, age, sex, prematurity, 
length of illness at time of enrolment, history of previous 
wheezing, personal history of eczema, family history of 
atopy, household smoke exposure, prenatal smoke expo-
sure, breastfeeding and virus type [32, 33] but ignor-
ing treatment assignment. We will create ten risk strata 
based on this model and report the median treatment 
effect with 95% credible intervals within each strata using 
Bayesian risk regression.

Trial status
The BIPED study was registered on June 25, 2018, and 
started recruitment in December 2018. Recruitment and 
follow-up were completed in January 2025. Final moni-
toring visits will be completed by April 2025. The study 
database will be cleaned and checked for completeness 
before the data are analysed. Following this process, the 
database will be locked, and the statistical analysis will be 
undertaken using the methods specified in this SAP. We 
anticipate data locking by the end of September 2025.
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