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ABSTRACT
Introduction Anaphylaxis is a severe, potentially fatal 
multiorgan system manifestation of an allergic reaction. 
The highest incidence of anaphylaxis is in children and 
adolescents. Biphasic anaphylaxis (BA) is defined as the 
recurrence of allergic symptoms after resolution of an 
initial reaction. It has been reported to occur in 10%–20% 
of cases within 1–48 hours from the onset of the initial 
reaction. The dilemma for physicians is determining 
which patients with resolved anaphylaxis should be 
observed for BA and for how long. Guidelines for duration 
of postanaphylaxis monitoring vary, are based on limited 
evidence and can have unintended negative impacts on 
patient safety, quality of life and healthcare resources. 
The objectives of this study are to derive a prognostic 
model for BA and to develop a risk- scoring system that 
informs disposition decisions of children who present to 
emergency departments (ED) with anaphylaxis.
Methods and analysis This prospective multicentre 
cohort study will enrol 1682 patients from seven paediatric 
EDs that are members of the Paediatric Emergency 
Research Canada network. We will enrol patients younger 
than 18 years of age with an allergic reaction meeting 
anaphylaxis diagnostic criteria. Trained ED research 
assistants will screen, obtain consent and prospectively 
collect study data. Research assistants will follow patients 
during their ED visit and ascertain, in conjunction with the 
medical team, if the patient develops BA. A standardised 
follow- up survey conducted following study enrolment 
will determine if a biphasic reaction occurred after ED 
disposition. Model development will conform to the broad 
principles of the PROGRESS (Prognosis Research Strategy) 
framework and reporting will follow the Transparent 
Reporting of a multivariable prediction model for Individual 
Prognosis or Diagnosis Statement.
Ethics and dissemination Ethics approval has been 
received from all participating centres. Our dissemination 
plan focuses on informing clinicians, policy makers 
and parents of the results through publication in peer- 

reviewed journals and broadcasting on multiple media 
platforms.
Trial registration number NCT05135377.

INTRODUCTION
Anaphylaxis is the most severe form of 
allergic reaction that rapidly affects multiple 
body systems and can be fatal.1 2 The highest 
incidence is in children and adolescents.3–8 
In Canada, approximately every 10 min, there 
is an emergency department (ED) visit for 
food allergy.9 10 Up to 80% of anaphylactic 
reactions in children are triggered by food,11 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Largest prospective cohort study on paediatric bi-
phasic anaphylaxis conducted to date.

 ⇒ Sample size calculation and statistical analysis plan 
are based on the highest methodological standard 
for prediction modelling research.

 ⇒ We established an international, multidisciplinary 
expert team encompassing paediatrics, emergency 
medicine, allergy/immunology, research methodolo-
gy and statistics, and knowledge translation.

 ⇒ We instituted an advisory council of external par-
ents, youth and clinicians end- users and community 
partners to monitor milestones, identify potential 
barriers and enablers for future implementation, and 
guide future decision aid tools.

 ⇒ This study is not designed to generalise our findings 
to settings outside of an academic paediatric emer-
gency department; this limitation may be mitigated 
when we yield a clinically useful and statistically 
sensitive model that may be externally validated.
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and 8% of allergy- related ED visits are due to anaphylactic 
shock.3

According to the Canadian Institute for Health Infor-
mation, the rate of children visiting Ontario and Alberta 
EDs for anaphylaxis more than doubled between 2007 
and 2014.3 Among 13–17 yeas, ED visits increased signifi-
cantly (from 23/100 000 in 2007 to 59/100 000 in 2014). 
The highest annual rate of ED visits was among children 
aged 4 and younger.3 Similarly, the Cross- Canada Anaphy-
laxis Registry reported a steady increase in paediatric ED 
visits: from 1.8/1000 in 2011 to 4.5/1000 in 2015.10 12 
These estimates are higher than data from the USA and 
Europe.13 14

As the volume of anaphylaxis- related ED visits continues 
to rise,10 12 ambiguity in how physicians manage anaphy-
laxis increases the healthcare burden and may contribute 
to ED crowding. Current Canadian and international 
guidelines recommend that all patients with anaphylaxis 
present to the ED, and after initial reactions have been 
treated, remain there for a prolonged period to be moni-
tored for biphasic anaphylaxis (BA, also called delayed or 
late- phase anaphylaxis).15–17 BA is a second wave of symp-
toms after initial resolution.18 19 The reported incidence 
of this potentially serious phenomenon varies from 10% 
to 20%; the majority occur within 1–24 hours from onset 
of the initial reaction.16–47 However, these studies vary 
considerably in their design (prospective vs retrospec-
tive), enrolled population (adults vs children or mixed), 
settings (ED vs outpatient allergy clinics), and definition 
and severity of anaphylaxis and biphasic reaction. Recent 
systematic review and meta- analyses48–50 underline these 
epidemiological factors that explain the significant clin-
ical heterogeneity between previous observational studies. 
This inconsistency of the literature creates dilemma 
for ED physicians in deciding which patients should be 
observed and the optimum duration of observation.51 
As a result, guidelines for postanaphylaxis care vary,1 16 17 
are based on poor or little evidence, and have negative 
impacts on patient safety and quality of life.18 36 52 53 This 
clinical uncertainty originates from the lack of validated 
clinical predictors for BA. Consequently, many children 
are hospitalised or undergo prolonged monitoring in the 
ED after resolution of initial anaphylaxis.53 54

In the USA, ED care and hospitalisations are the largest 
drivers of annual direct medical costs (US$1.9 billion) for 
food allergic children.55 The incremental cost of extended 
ED observation of resolved anaphylaxis (6 hours vs 
1 hour) is US$62 374 per case of BA identified (US$68 411 
from the societal perspective). ED monitoring beyond 
6 hours of patients who quickly stabilise after treatment is 
associated with an incremental cost- effectiveness ratio of 
US$230 202 per case observed (societal perspective).56 As 
ED crowding and visits for anaphylaxis increase, current 
postanaphylaxis clinical practice is neither sustainable 
nor cost- effective.29

Providing the best evidence- based value care at the 
lowest cost is critical to optimise resource stewardship and 
eliminate wasteful spending in healthcare. In alignment 

with national and international research priorities,57–61 
our goal is to derive a prognostic clinical prediction 
model that identifies children with anaphylaxis who are 
at heightened risk of BA. This model will address a gap in 
current knowledge and practice, with anticipated benefits 
for patient care and health system efficiency worldwide.

METHODS AND ANALYSIS
Study design
We will conduct a prospective multicentre cohort study. 
Prospective data collection is necessary to minimise 
research waste in prediction modelling, accurately assess 
the risk and impact of BA on patients and the healthcare 
system, and derive a clinically useful prediction rule. Our 
design ensures consistency and precision of data collec-
tion of all clinically relevant potential predictors and 
enables accurate assessment of critical outcomes. Our 
methods follow established guidelines for developing 
clinical prediction rules.62–71 We conform to the PROG-
RESS (Prognosis Research Strategy) methods of predic-
tion modelling.69 72–74

Study population
All children aged 0‒17 years who present to a partici-
pating ED will be screened for study enrollment based on 
the following criteria:

Inclusion criteria
1. Age <18 years.
2. Presenting to ED with an allergic reaction that match-

es diagnostic criteria for anaphylaxis as defined by the 
World Allergy Organization (WAO) in 2019.75 Anaphy-
lactic reaction is a multisystem allergic reaction char-
acterised by one or more clinical features involving the 
respiratory or cardiovascular systems and associated 
with one or more clinical features involving the skin or 
gastrointestinal tract. These criteria are universally ac-
cepted and endorsed by most international allergy and 
emergency medicine organisations.15 57 76 The 2019 
WAO guidelines clarify the involvement of two organ 
systems is not always requisite for diagnosis: ‘Although 
the diagnosis of anaphylaxis usually depends on the 
involvement of multiple organ systems, anaphylaxis 
may present as an acute cardiac or respiratory event as 
the only manifestation of anaphylaxis.’75 Thus, an in-
dividual with isolated hypotension, bronchospasm, or 
upper airway obstruction after exposure to a known or 
potential trigger will be deemed to have anaphylaxis, 
even if typical skin features are absent.75 77

3. Language proficiency in English or French

Exclusion criteria
1. Anaphylactic reaction that occurred in the context of a 

suicidal attempt or intoxication.
2. Anaphylactic reaction that began in hospital and man-

aged outside the ED (inpatient or outpatient unit).
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3. Inability or unwillingness of individual and/or caregiv-
er to complete the follow- up surveys post -ED discharge.

Study setting
Between April 2022 and June 2024, the study will enrol 
participants in EDs from seven hospitals: CHU Sainte- 
Justine, Children’s Hospital of Eastern Ontario, Hospital 
for Sick Children, McMaster Children’s Hospital, Chil-
dren’s Hospital- London Health Sciences Centre, Alberta 
Children’s Hospital and Stollery Children’s Hospital. 
These EDs are members of Paediatric Emergency 
Research Canada (PERC; https://www.perc-canada.ca).78 
Research staff will follow site- specific Research Ethics 
Boards’ guidelines for approaching potential participants 
and families for research studies, screening for eligibility 
and obtaining consent.

Outcome
The primary outcome is development of BA. As per the 
recently published consensus definition,79 to be classified 
as BA, an anaphylactic reaction must meet three criteria: 
(1) initial anaphylactic reaction followed by resolution of 
all initial manifestations for≥1 hour, with no new symp-
toms or treatment administered in that time; (2) second 
phase of new or recurrent symptoms or signs that meet 
the consensus definition of anaphylaxis occurring within 
1–48 hours from complete resolution of initial symptoms 
or signs and (3) new or recurrent symptoms or signs not 
caused by antigen re- exposure.35 We will capture any new 
or recurrent symptoms or signs, but only clinical manifes-
tations that meet diagnostic criteria for anaphylaxis will 
be defined as anaphylactic biphasic responses. This defi-
nition focuses on clinically important or major biphasic 

reactions.29 30 Mild symptoms that involve only the skin 
(eg, urticarial rash) will be captured and classified as 
minor biphasic responses, but they do not meet our case 
definition for BA.

Data collection in ED
A research assistant (RA) or research nurse (RN) in the 
ED will approach potential participants to screen for eligi-
bility and provide a study overview. When the prescreen 
has been completed, the RA/RN will consult with the 
attending physician to confirm that the symptoms are 
consistent with anaphylaxis. If the attending physician 
considers the signs and symptoms to be more in line with 
another diagnosis (eg, gastroenteritis), the patient will 
be excluded. After confirming participant eligibility, the 
RA/RN will obtain written informed consent (and assent 
as appropriate) and proceed with data collection. Table 1 
lists the independent variables that will be collected.

The RA/RN will review the physical exam findings 
with the clinical team (treating ED physician/bedside 
nurse). Because anaphylaxis is a clinical diagnosis, partic-
ipants or caregivers will be asked about the spectrum of 
symptoms and signs experienced before and on arrival 
in the ED. The RN/RA will verbally administer a struc-
tured questionnaire to participants or caregivers to 
collect demographics, medical history, risk factors, reac-
tion characteristics, and symptoms. Information from 
the participant and from the medical record about treat-
ment before and after ED arrival, and BA events during 
the ED monitoring period, will be captured by the RN/
RA. Missing data will be obtained by questioning the 
participant, caregiver or treating ED team. To capture 

Table 1 Data collection variables

From clinical history  ► Demographics: age, sex, date of birth and self- identified race
 ► A medical history (eg, cardiac disease, bronchial asthma, eczema)
 ► Previous ED visits for anaphylaxis
 ► Current anaphylaxis augmenting factors (eg, physical exercise, viral illness or fever, menses in female, drugs 
such as non- steroidal anti- inflammatory drugs, antacid, ß-blockers and ACE inhibitors)

 ► Allergen trigger (eg, type, time of exposure and onset of symptoms, location)

From physical examination  ► Participant weight
 ► Vital signs at triage (heart rate, respiratory rate, blood pressure, and oxygen saturation)
 ► Triage score (based on Canadian Paediatric Triage and Acuity Scale)
 ► Physical exam findings on arrival at ED

From prehospital and 
initial ED intervention, and 
disposition

 ► Treatment interventions (eg, epinephrine, bronchodilators) received before arrival at ED and during transport by 
paramedics (if applicable)

 ► Non- pharmacological/supportive interventions (such as intubation and intravenous fluids) and timeline
 ► Pharmacological interventions (including dose, route, frequency and time administered)
 ► Disposition time, location (home or hospitalisation), list of discharge medications and outpatient allergy referral

From ED monitoring 
period

 ► Presence and description of new/recurrent symptoms/signs
 ► Time of new recurring symptoms/signs
 ► Management interventions given for biphasic reaction

From follow- up email/
phone call after ED 
disposition

 ► Presence and description of new/recurrent symptoms/signs
 ► Time of new/recurrent symptoms/signs
 ► Management interventions given for biphasic reaction, including visits to ED/primary care providers

From 6 month follow- up (if 
applicable)

 ► If patient was seen by allergist
 ► If seen by Allergist, was allergic agent identified?

ED, emergency department.
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all BA events and ascertain symptom recurrence while 
participants are being monitored, the research RN/RA 
will follow the participant/caregiver throughout the ED 
visit. Events occurring outside study team hours will be 
captured in the follow- up questionnaire.

First follow-up after ED discharge or hospital admission
Published data have reported symptom recurrence up 
to 48 hours from anaphylaxis onset.28 44 We will contact 
participants by telephone or email 2–5 days after enrol-
ment to complete a standardised questionnaire that 
will capture the nature and timing of new and recur-
rent symptoms or signs, follow- up with health providers, 
return ED visits and treatments received. Events that took 
place in- hospital, but were not previously captured by the 
study team (eg, outside study team hours), will be verified 
from the participant’s medical chart.

Second follow-up after ED discharge or hospital admission
Participants whose anaphylaxis trigger or culprit allergen 
was unknown at the time of study enrolment will be 
contacted 6–9 months after enrolment. We will deter-
mine if the participant had been assessed by an allergy 
specialist in the interim, and if so, whether an allergic 
agent had been identified.

Strategies for retention
For the follow- up survey, the families of participants will 
be asked: (1) their preferred mode of contact (email 
or telephone) and (2) the best time to reach them and 
contact number. Based on their preferences, we will send 
the follow- up questionnaire as an automated REDCap 
survey to the parent/caregiver email address or admin-
ister the survey by telephone. If the e- survey is not 
completed within 24 hours, a second email will be sent. If 
there is no response to a second email, experienced staff 
will contact the participant for a telephone interview. A 
similar schedule of repeat calls will be used to reach those 
who selected telephone follow- up.

Sample size
Based on our research,35 48 49 estimates from prospective 
ED studies28 44 45 80 and published data from large adult 
and paediatric studies,81 82 10% is a conservative estimate 
of the population- wide event rate of BA. Our systematic 
reviews of potential predictors48 and other relevant studies 
identified 19 potential predictive variables.83 Recent BMJ 
and Stat in Med articles offer practical guidance for calcu-
lating the sample size required for the development of 
clinical prediction models.84 85 Following these guide-
lines, we considered sample size from four perspectives, 
with the largest being selected as the sample size needed. 
The four calculations are based on: the approximate 
95% CI for the overall outcome proportion 0.10 in the 
study population (calculated sample size needed n=139); 
the mean absolute prediction error of the average error 
in the model’s outcome (n=274); achievement of an 
expected uniform shrinkage factor of ≤10% (n=1529); 
and ensuring a small, expected optimism in the apparent 

proportion of overall variation explained R2 (n=719). 
Details of these calculations with the selection of the 
parameter estimates and sensitivity considerations are 
provided in online supplemental material A. Taking the 
largest sample size that meets all four criteria, we need 
to enrol 1529 participants with anaphylaxis. Based on 
previous studies by our network, we anticipate 10% lost 
to follow- up.86 87 Thus, our estimated sample size is 1682 
participants.

Dependent predictors selection for analysis
Table 2 lists the 19 candidate- dependent predictors that 
we will include in the analysis. We chose these 19 vari-
ables based on clinical studies of predictors of BA by our 
team and by others,16–47 two systematic reviews,48 50 the 
meta- analysis from the 2020 anaphylaxis practice param-
eter49 and clinical experience. These predictors encom-
pass recently published BA predictors from the European 
Anaphylaxis Registry retrospective data.88 Given the 
direct association between initially severe anaphylaxis 
and subsequent BA, we also include risk factors of severe 
anaphylaxis.89

Data analysis
The statistical analysis will be performed using R statis-
tical software V.4.0.5 (R Core Team, Vienna, Austria).90 
Descriptive analysis will be used to summarise baseline 
participant demographics, anaphylaxis clinical manifesta-
tions and management characteristics. Although race and 
indigenous status will be collected as demographic char-
acteristics, we will not perform race- based analysis; these 
variables will be used as descriptors to demonstrate the 
diversity and representativeness of our sample.

Table 2 Candidate- dependent predictors that will be 
included in the analysis

Allergen predictors Patient predictors

Peanut trigger88 Age34 35 38 89

Venom trigger89 Male sex89 115

Drug trigger11 49 89 115–118 Previous anaphylaxis31 36 39

Unknown trigger31 39 49 50 88 Uncontrolled asthma or chronic lung 
disease26 28 42 47 89 115 117

≥30 min from exposure to trigger to 
onset of symptoms43 88

Exercise as cofactor for anaphylaxis1 

80 89 119–121

Disease predictors Treatment predictors

Signs of severe anaphylaxis*22 23 25 27 

34 38 49 50 122
Treatment of initial reaction with 
>1 dose of epinephrine22 23 35 42 45 46 

49 123

Wide pulse pressure49 123 Treatment of initial reaction with 
epinephrine34 35 44 124

Respiratory distress or wheezing31 

35 125
Systemic steroids44 49

Epinephrine administration >60 min 
from onset of reaction20 26 35 39 126 127

Gastrointestinal manifestations50 88

Cutaneous manifestations69 73

Include (as defined by Brown’s severity grading score)128: cyanosis or SpO2≤92%, 
hypotension, confusion, collapse, loss of consciousness or incontinence.
BA, biphasic anaphylaxis.
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Multivariable regression analysis will be used to derive a 
predictive model for BA. As recommended by Royston et 
al,91 our modelling strategy will follow six steps.
1. Evaluate data quality. Predictors found to be complete 

(<10% missing data) will be used in a full model ap-
proach. Missing data will be considered Missing at 
Random. If any potential predictor has>10% missing 
value, a multiple imputation procedure will be fol-
lowed to replace these values.64 67 If >50% data are 
missing, the variable will be omitted from the analysis.

2. Handle and model continuous predictors. To maxi-
mise the predictive ability of the regression model, we 
will maintain continuous variables such as age.92 93 A 
multivariable fractional polynomial procedure will be 
used to identify and model nonlinear continuous vari-
ables. Our a priori categorisation of some originally 
continuous predictors, such as ‘time to epinephrine 
treatment,’ is based on plausible clinical and basic sci-
ence research48 94 95 and recent regression analysis.39

3. Develop final model (predictor selection). Predictors 
that match the above two criteria will be entered in a 
‘full model’ that contains the main effects of all candi-
date predictors. The objective of predictors reduction 
is to find the best combinations of variables for accu-
rate prediction (low mean squared error) in a model 
that is easy for clinicians to use and that contains as 
few variables as possible. Therefore, we will assess for 
collinearity and use shrinkage technique as a method 
of variable reduction.71 Collinearity between predic-
tors will be evaluated with correlation coefficient (r) 
and variance inflation factors (VIFs), which measure 
the degree to which collinearity degrades the preci-
sion of estimate coefficients. Strongly correlated pre-
dictors (r>0.8 or VIF>10) will be combined in a single 
variable. In accordance with Harrell and Steyerberg, 
we will use Penalised maximum likelihood (PML) es-
timation to perform shrinkage reduction (reduction 
of the regression coefficients to improve prediction 
quality). Maximising a modified Akaike’s information 
criterion will be used to choose the optimal penalty 
factor for PML and select the best model. This ap-
proach includes a penalty against large models to deal 
with the trade- off between overfitting and model sim-
plicity.91 The added benefit of this approach is that we 
could use more penalty factor if we found significant 
interaction.

4. Assess model performance with three measures67 96 97

1. Calibration refers to the accuracy of absolute risk es-
timates.96 Model calibration will be assessed by cali-
bration slope, and graphically, by locally weighted 
scatterplot smoothing (LOESS) plots of observed vs 
predicted probabilities of the outcome. The slope 
of the calibration curve is a measure of overopti-
mism of the model predictions.

2. Discrimination will be assessed by the receiver oper-
ating characteristics curve and the concordance (C) 
index, which measures how well the model discrimi-
nates between participants with and without BA.

3. Clinical usefulness of the prediction model will be 
assessed using net benefit as a decision analytic.97 98 
The derived prediction rule will be cross- validated 
by comparing the classification of each participant 
with their actual primary outcome status.

5. Validate model
 – Internal validation. Recruiting from geographi-

cally separated sites enhances generalisability and 
supports internal validation of the model.64 99 100 
To correct for overfitting and quantify optimism in 
model performance, our model will be validated in-
ternally using bootstrapping through the following 
steps92 101 102: (1) After developing the prediction 
model using the entire original sample and deter-
mining apparent performance, we will generate a 
bootstrap sample by sampling individuals with re-
placement from the original sample; (2) Develop 
a model using the bootstrap sample (applying the 
same modelling and predictor selection in step 3 
above); (3) Determine the apparent bootstrap per-
formance of this model (performance of bootstrap 
model in the original sample and calculate the op-
timism as the difference between bootstrap perfor-
mance and test performance); (4) Repeat steps 1 
through 3 at least 500 times and (5) Average the 
estimates of optimism in step 4, and subtract the 
value from the apparent performance obtained in 
step 1 to obtain an optimism- corrected estimate of 
performance.

 – External validation: Before broad clinical imple-
mentation, our derived rule requires external val-
idation. Lack of external validation is a limitation 
of many clinical prediction models.48 103 For two 
reasons, this proposal focuses only on model deriva-
tion: (1) Requesting funding for external validation 
may be premature. Before embarking on external 
validation, we need proof that our a priori risk fac-
tors yield a clinically useful and statistically sensi-
tive model and (2) The validation phase should be 
broader, in different settings, with other participant, 
and with different clinicians.104 105 Our ultimate goal 
is to validate our model and risk score in an inter-
national setting. Such validation is feasible because 
PERC is a member of the Paediatric Emergency Re-
search Networks (PERN), and member networks 
have a history of collaboration.86 87 106

6. Present model. As described by Sullivan et al107: we will 
use the regression coefficient in our final fitted model 
to generate a clinical decision rule that enables point- 
of- care risk assessment of BA. To develop a points score 
system, we will follow the steps described in a recent 
BMJ paper108: (1) Multiply and round regression co-
efficients of binary predictors; (2) Search for score 
for continuous predictors to determine the differ-
ence in regression units; (3) Estimate multiplication 
factor for the scores; (4) Use decision curve analysis 
to assign participants to risk groups and quantify any 
deterioration in discriminative performance and (5) 
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Present accompanying table of probabilities to allow 
points score to be translated into a predicted risk. The 
anticipated stoplight scoring system (green=low→dis-
charge; yellow=moderate→monitor in ED/preference- 
sensitive care; red=high→admit to hospital) will inform 
evidence- based disposition decisions by clinicians and 
anticipatory guidance to families.

Patient and public involvement
Patients and/or the public were involved in the design 
and dissemination plans for this research. To promote 
uptake of our results, potential knowledge users have 
been and will be engaged throughout the project.109 We 
have a multiphase approach to maximise collaboration 
and opportunities for diverse knowledge users to interact 
at various research phases.110 Our multisite team includes 
ED clinicians as typical end- users and champions for future 
implementation. We have established an advisory council 
of external end- users (parents, youth, ED clinicians) and 
community partners (Food Allergy Canada, Canadian 
Society of Allergy & Clinical Immunology) to monitor 
milestones, identify potential barriers and enablers for 
future implementation, and guide future decision aids 
study. The leadership team at Food Allergy Canada has 
reviewed and supports this proposal. To improve study 
operation and minimise the burden on patients and fami-
lies, we sought feedback from the Patients and Families 
Advisory Committee at the Children’s Hospital of Eastern 
Ontario Research Institute.

Ethics and dissemination
Ethics
Ethics approval has been received from all recruiting 
centres Written informed consent, and/or assent when 
appropriate, will be obtained from all participants or legal 
guardians.

The study is registered at  ClinicalTrials. gov 
(NCT05135377). Results information from this study will 
be submitted to  ClinicalTrials. gov.

End-of-grant KT (knowledge translation)
ED personnel, providers, allergists, clinical researchers, 
administrators and government policy makers can use our 
study outputs to improve healthcare delivery. KT will focus 
on informing clinicians, other key user groups, and parents 
and participants. Our plan has three goals: increase knowl-
edge awareness, inform/change practice and inform future 
research.111 112

We have a powerful infrastructure to disseminate our 
results. Study investigators are senior members of PERC 
and PERN, networks that include paediatric ED researchers 
worldwide (>100 hospitals across 6 PERN networks),113 prac-
ticing clinicians, medical educators and healthcare adminis-
trators. PERC is closely tied to the TRranslating Emergency 
Research Knowledge for Kids Network of Centres of Excel-
lence,114 a partnership for knowledge exchange between 
general EDs and PERC sites. Our reporting/publication of 
the study results will conform to the Transparent Reporting 

of a multivariable prediction model for Individual Prog-
nosis or Diagnosis checklist.102
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