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ABSTRACT

Acute asthma exacerbations are one of the most
common reasons for paediatric emergency department
visits and hospitalisations, and a relapse frequently
necessitates repeat urgent care. While care plans exist,
there are no acute asthma prediction rules (APRs) to
assess severity and predict outcome. The primary
objective of the Acute Asthma Severity Assessment
Protocol study is to develop a multivariable APR for acute
asthma exacerbations in paediatric patients. A
prospective, convenience sample of paediatric patients
aged 5—17 years with acute asthma exacerbations who
present to an urban, academic, tertiary paediatric
emergency department was enrolled. The study protocol
and data analysis plan conform to accepted biostatistical
and clinical standards for clinical prediction rule
development. Modelling of the APR will be performed
once the entire sample size of 1500 has accrued. It is
anticipated that the APR will improve resource utilisation
in the emergency department, aid in standardisation of
disease assessment and allow physician and non-
physician providers to participate in earlier objective
decision making. The objective of this report is to
describe the study objectives and detailed methodology
of the Acute Asthma Severity Assessment Protocol
study.

INTRODUCTION

Asthma is the most common serious chronic
disease of childhood and is the most frequent
reason for childhood hospitalisation in the USA.'™®
It accounts for almost 2 million emergency
department (ED) admissions annually and an ED
relapse rate of 7—15%." The economic costs of
asthma are substantial and were responsible for
direct healthcare costs of US$11.5 billion and indi-
rect costs of $4.6 billion in 2004 dollars, second only
to expenditures for mental disorders in children.! ® 6
The Centers for Disease Control considers asthma
to be a ‘critical clinical and public health problem’,
and it is the focus of multiple objectives of Healthy
People 2010, including reduction of asthma deaths,
hospitalisations and ED visits.? /

A challenging feature of this complex genetic and
environmental disease is the great variability of
clinical expression and response to treatment.®
Across the spectrum of acute asthma severity, those
with severe disease are readily identified. In this
regard, Geelhoed and colleagues have demonstrated
that oxygen saturation on presentation for emer-
gent care is highly predictive of poor outcome.”

However, for the remaining majority of patients
there is great variability, with few objective
measures to assess severity and predict outcome.

The challenge of assessing acute asthma is
substantial in the ED practice environment, one in
which clinicians encounter undifferentiated prob-
lems of varying acuity, high decision density and
cognitive loading.'®"*®  Additionally, there is
frequent variability in diagnosis and management
and a lack of standardisation in decision making for
asthma and other commonly encountered but
potentially complex high-risk diseases."* This
results in variability of management that may result
in variable length of stay (LOS) and disposition
decisions.

Emergency medicine physicians recognise the
need for heuristics and other approaches to improve
clinical performance in the ED environment.
Croskerry has described these approaches and has
developed cognitive forcing strategies for specific
situations to optimise decision making and to avoid
error.'’ These deliberate strategies include the
clinical prediction rule (CPR), defined by Laupacis
and colleagues as ‘a decision-making tool, which is
derived from original research and incorporates
three or more variables from the history, physical
examination, or simple tests.’'> A CPR assists
clinicians in dealing with uncertainty in clinical
decision making as well as in predicting prognosis
and enhancing the efficiency of resource utilisation.
Acute asthma exacerbation is a condition that
fulfils each of the five criteria that Stiell identified
to determine whether there is a need for a CPR.'

A CPR is developed by applying statistical tech-
niques to determine combinations of predictors
that describe heterogeneous groups of patients as
risk groups. The development, validation and use of
CPRs have increased in tandem with the evolution
of evidence-based medicine, patient safety and the
need to improve resource allocation. Significant
contributions to the refinement of CPRs were
clinical and biostatistical methodological standards
for their development.'’ %/

The primary aim of the Acute Asthma Severity
Assessment Protocol (AASAP) study is to develop
a multivariable asthma prediction rule (APR)
conforming to these standards.?! #° ?® The APR will
be a CPR and will be developed in accordance with
the CPR biostatistical and clinical standards using
candidate predictor variables. These will include
participant demographic and asthma characteris-
tics, physical exam findings and measures of lung
function and inflammation. Some of these
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measures are not yet widely available in the ED environment.
However, if they are found to be predictive of outcome, efforts
to implement their use may be warranted because the use of
a CPR will serve to improve patient care and resource utilisation.

Study objectives

The primary objective of the AASAP study is to develop
a multivariable APR for acute asthma exacerbations in paediatric
patients. The aim of this report is to describe the study
objectives and detailed methodology of the AASAP study.

Study rationale

There is an overall lack of validated, accurate and objective
methods for the assessment of acute asthma exacerbations. A
multivariable APR may improve severity assessment and outcome
prediction, improve management and resource utilisation, and
facilitate disposition decisions. Development of an APR might
be of greatest use for patients with moderate exacerbations, as
these patients present the greatest management dilemma in terms
of the decisions for hospital admission or discharge.

MATERIAL AND METHODS

Setting, study population and participant recruitment

We are conducting a prospective study of paediatric participants
with acute asthma presenting to a tertiary care paediatric
emergency department (PED), in order to develop an APR.
Inclusion criteria are age 5—17 years, doctor-diagnosed asthma,
signs or symptoms of an asthma exacerbation (cough, dyspnoea,
wheezing and/or chest pain)*’ need for treatment with
systemic corticosteroid (CCS) and inhaled bronchodilator as
determined by the attending physician, and availability for
phone follow-up if discharged to home. We exclude participants
with chronic lung disease other than asthma, foreign body
aspiration or other reason for pertinent signs and symptoms.
The clinical team is comprised of physicians (emergency
medicine and paediatric emergency medicine faculty, paediatric
and emergency medicine resident, and paediatric emergency
medicine fellows), paediatric nurses and respiratory therapists.

Participants are recruited from 07:00 to 22:00 on each
weekday and on approximately every third weekend day. An
electronic patient log is programmed to immediately notify us
by pager when a patient meeting the screening criteria is triaged
or admitted to the PED. All pharmacological treatments
administered and in-hospital management information (for
participants admitted to hospital) are ascertained through an
electronic medical record and order system (EMR). Data collec-
tion time points include baseline, 2 h and 4 h assessments and
phone follow-up at 48—72 h for participants discharged to home
to determine the 48 h relapse rate and parental perception of
participant improvement.

All study data are collected by the principal investigator or
research assistant. The research assistant was trained by the
principal investigator in the study protocol. Both investigators
have received training from and have ongoing supervision in the
PED from a paediatric pulmonary function lab technician in the
performance of portable spirometry.

Human subjects’ protection

The institutional review board reviewed and approved this as an
expedited, minimal risk study protocol. The board has granted
a waiver of immediate informed consent that enables the
investigators to acquire baseline data prior to initiation of
systemic corticosteroid and bronchodilator treatments. After
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baseline data acquisition, informed consent from the legal
guardian and assent from the participant are obtained. If
consent/assent is not obtained, the participant is not enrolled.
The clinical team (ie, physicians, nurses and respiratory thera-
pists) maintains exclusive, primary decision-making capacity in
order to assure that patient care is not compromised.

Study data are not made available to the clinical team. This is
necessary to avoid influencing clinical decisions made by the
clinical team. As such, there is no immediate benefit to the
participant.

Examination components at baseline, 2 h and 4 h and phone
follow-up

Study time points

Predictor variables are acquired at baseline, defined as after
triage but before systemic CCS treatment, and at 2—4 h after
administration of systemic CCS*°™*? The 4h time point
was chosen because beneficial physiologic effects from systemic
CCS treatment are likely to become apparent by 4h
post-administration.®! %

Baseline

At baseline we record medical history, family asthma history;,
social and demographic information, coexisting illness, medica-
tions in use, asthma symptom history, Global Initiative for
Asthma chronic asthma control for the preceding 3 months,®
prior paediatric intensive care unit (PICU) admission or prior
endotracheal intubation for asthma, secondhand smoke expo-
sure, dog or cat exposure, insurance coverage, type of healthcare
provider managing the participant’s asthma, parent preference
regarding in-hospital or outpatient management of the exacer-
bation, and parent education level. Clinical variables measured
and recorded at baseline include the participant’s degree of
breathlessness as determined by ability to speak (complete, short
or partial sentences, words or no speech) and calculation of the
Pediatric Respiratory Assessment Measure. The 12-point Pedi-
atric Respiratory Assessment Measure has been validated against
airway resistance by forced oscillation in preschool children and
had good performance characteristics in children aged
2—17 years with acute asthma exacerbations.> %

Baseline, 2 h and 4 h variables

The following clinical variables are measured and recorded at
each time point. Oxygen saturation (SpO;) is determined
on room air as a 10 min mean using a Masimo Radical-7
pulse co-oximeter (Masimo Corp., Irvine, California, USA).
Methaemoglobin, carboxyhaemoglobin and plethysmograph
variability index are also recorded as 10 min means.®’

We measure respiratory rate with the participant at rest and
on room air by counting the number of capnometry waveforms
for a full minute using an Oridion paediatric Microstream end-
tidal carbon dioxide (ETCO,) sensor (Oridion Corp, Needham,
Massachusetts, USA) and Philips MP60 bedside monitor (Philips
Corp, Boeblingen, Germany). For subjects who cannot tolerate
capnometry, respiratory rate is determined by a 1 min count of
respirations during auscultation of the chest. ETCO, is also
recorded by the investigator from a 1 min capnometry output.

Auscultation of the chest is performed using a Littman Master
Classic II stethoscope (3M Corp., St Paul, Minnesota, USA).
Auscultatory findings recorded included inspiratory to expira-
tory ratio, air entry and wheezing. Accessory muscle use is
defined as any visible use of the scalene, sternocleidomastoid,
suprasternal, intercostal or subcostal muscles and is recorded by
individual muscle group.®
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Airway resistance is measured using a MicroDirect MRT6000
module (Micro Medical, Kent, England). We apply a nose clip
and instruct the participant to perform comfortable, tidal
volume breathing through the mouthpiece (SpiroSafe, Micro
Medical) and to keep the tongue against the floor of the mouth.
We support the cheeks and submental tissue and extend the
neck slightly to achieve the ‘sniffing’ position.*® Five measure-
ments are made during exhalation and the median value
recorded. The device outputs per cent predicted values for
participants aged 2—10years (%Rint) using the McKenzie
standards and absolute values (kPa/l/s) for participants aged
11 years and above (aRint).*

Exhaled nitric oxide, an indirect measure of airway inflam-
mation, is measured using a NIOX MINO Airway Inflammation
Monitor (Aerocrine AB, Solna, Sweden). The participant is
instructed to inhale through the device mouthpiece from
residual volume to total lung capacity and to then exhale
through the device at a steady flow rate. The device provides
user feedback with audible and light signals to enable the
participant to exhale at an appropriate and steady flow rate.*’
This also closes the soft palate to prevent contamination with
nasal air. A 6s exhalation time is used.”’ One determination is
obtained at each time point.*> The aforementioned measure-
ments are made prior to spirometry because the forced vital
capacity (FVC) manoeuvres required for spirometry may alter
airway tone and airway resistance measures.”*

Spirometry is performed using a MicroDirect MicroLoop
spirometer (Micro Medical). We calibrate the spirometer each
day using a 3-litre syringe. A nose clip is applied and we instruct
each participant to perform FVC manoeuvres in accordance
with American Thoracic Society (ATS) 1994 spirometry stan-
dards.** Participants are studied in the sitting position. Each
series of sequential FVC manoeuvres performed at a study time
point is termed a trial. The %FEV; and other parameters are
calculated based on Knudson standards.*

We attempt to obtain three FVC manoeuvres that meet ATS
acceptability criteria for each trial.** ATS guidelines also include
reproducibility criteria for these manoeuvres but note that ‘use
of data from manoeuvres with poor reproducibility is left to the
discretion of the interpreter’. This is because patients with
airways obstruction may have greater coefficients of variation
and for this reason may not meet full reproducibility criteria.*’
Eliminating trials from these participants may result in
systematic bias in the results reported.

Some participants cannot perform trials with 3 FVC
manoeuvres that meet full ATS criteria. Some of these trials
include at least one FVC manoeuvre with flow-volume and
volume-time curves meeting ATS criteria for start-of-test and
end-of-test. A standing pulmonary function test oversight
committee reviews these trials to determine whether the data
should be included for analysis. This committee is comprised of
a pulmonologist-pulmonary physiologist and a respiratory
therapist-paediatric pulmonary function technician. Each
member records their determination as to whether a non-ATS
trial should be retained for analysis based on the flow—volume
and volume—time curves of the available FVC manoeuvres.
Committee members are blinded to the other member’s deter-
mination and to all other participant data. A trial is included if
both members determined independently that it is of high
quality.

Asthma medication administration
We record all treatment administered during each time interval

(0—2h, 2—4 h, 4—6 h). These include systemic CCS, albuterol
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(MDI, one-time/continuous nebulisation), magnesium, terbu-
taline, epinephrine, aminophylline, heliox, bilevel positive
airway pressure (BiPAP), continuous positive pressure (CPAPD)
and/or endotracheal intubation and mechanical ventilation. For
participants admitted to hospital, the site of admission (PICU or
floor) is recorded.

Ascertainment of disposition

For participants admitted to hospital, the site of admission
(PICU or floor) is recorded. Hospital LOS is ascertained in 0.5 h
units from the EMR. For participants admitted to the PICU this
is determined from the time a critical care consultation order is
placed to the time when a discharge to home order is placed.
Initiating this time period from the time of the consultation
allows the LOS to begin when the PED attending determines
that the participant requires critical care. For participants
admitted to the floor, LOS is the time from the admission order
to the discharge order.

Ascertainment of relapse
For participants discharged to home, follow-up phone calls are
made by one of the investigators at 48—72 h after discharge from
the PED. If the parent cannot be contacted after three phone
calls, a letter requesting the parent to call the investigator is sent
to the recorded home address. If there is no response to this
letter the participant’s data will not be included in analyses.
Scripted phone questions included whether the parent thinks
the participant’s asthma is improved, whether the parent and/or
PED physicians requested a recheck visit with the participant’s
physician, and whether the participant required an unscheduled
recheck to a physician or emergency department and, if so,
whether this was because the participant’s asthma was not
improved or worse. Finally, if the participant was prescribed an
oral CCS in the PED, we query whether the prescription had
been filled and if the participant was taking the medication.

Standardisation of PED and in-hospital management

Acute asthma management in our PED is administered collab-
oratively by nurses, respiratory therapists (RTs) and physicians
using a protocol derived from national guidelines and current
best evidence.*® ¥ The PED has a minimum of two dedicated
RTs at all times who perform assessments and adjustment of
albuterol treatment q 1—2 h. In-hospital albuterol treatment and
weaning are administered by RTs using a similar protocol.

Selection of candidate predictor variables

Predictor variables for an APR must be well defined, available
in the clinical setting and enter the scoring system consistent
with the manner in which each predictor becomes available
clinically."® *6 29 26 Tt is widely accepted that the best approach is
to choose a set of candidate predictor variables based upon
clinical and biological plausibility and on information from
previous studies, referred to as fitting a pre-specified model 2* 28 %
We have identified candidate predictor variables for APR devel-
opment that are consistent with these standards (table 1).

Selection of outcome variables

The APR must predict an outcome that is both clinically
important and clearly defined.'® > The most definitive, objective
outcome is death from respiratory failure. Although of great
concern, deaths from asthma are too infrequent to be of use as
an outcome measure for developing the APR. Patients who are
appropriately admitted to the PICU or hospital might include
those at greatest risk of dying from asthma.’! °> However,
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Table 1 Candidate predictor and outcome variables for asthma prediction rule modelling

Candidate predictor variable df* Ascertainment and definition

Age 2 Years (calculated to 0.01 year)

Gender 1 Male/female

Racet 2 White, Black, Asian, American Indian/Alaskan, Native
Hawaiian/Pacific islander

Asthma control (3-month) 1 GINA guidelines (Yes/no)

Prior adverse event 1 Prior PICU admission (Yes/no)

Respiratory rate 1 Breaths/minute (>97.5th percentile for age)

Degree of breathlessness 3 Complete sentences; short sentences; partial sentences; words; no speech

Accessory muscle use 1 Present/absent

Oxygen saturation by pulse oximetry 2 % value

Oximeter plethysmograph variability index 2 % value

Airway resistance 2 % predicted or kPa/l/s

Forced expiratory volume in 1's 2 % predicted

End-tidal carbon dioxide 2 mm Hg

Exhaled nitric oxide 2 Parts per billion

Total df 24

Primary outcome variable
Need for hospitalisation

Secondary outcome variables$

Length of stay >24 h

Length of stay

Value-added elements of in-hospital care
Total daily dose of albuterol
Total daily duration of continuous albuterol
Time to g 4 h albuterol (hours)

For participants discharged to home
48 h relapse}
Parental perception of improvement

Length of stay >24 h (for admitted subjects) or unscheduled return for asthma
care to a physician or hospital within 48 h (for discharged subjects)

Yes/no
Hours

Milligrams
Hour units
Hour units

Yes/no
Yes/no

*For continuous variables, 2 df are designated to account for possible non-linearity using restricted cubic splines.

1Categorized in accordance with NIH guidelines.

$Secondary outcomes for prediction rule modelling if insufficient occurrence of primary outcome variable and for internal validation of derived prediction rule.

df, degrees of freedom; GINA, Global Initiative for Asthma; PICU, paediatric intensive care unit.

decisions to admit a paediatric patient to the PICU or hospital
are variable, in part because they are influenced by social and
staffing circumstances and local practice. For example, the most
frequent criterion for PICU admission in our facility is the need
for albuterol treatment at least every 2h. Because of these
sources of selection bias, hospital or PICU admissions alone are
not appropriate outcome measures for development of the APR.

A refinement of hospital or PICU LOS may at least partially
account for this variability. Hospital LOS for all diagnoses in
children’s hospitals was right-skewed with a median and mean
LOS of 2 and 4 days.”® Mean LOS for asthma was 3 days and did
not vary by hospital type (children’s/community and teaching/
non-teaching) in New York state.” Median and mean LOS for
children with asthma were 2 days in both a children’s hospital
and 17 community general hospitals in King County, Wash-
ington.”® Moreover, 42% of these children were hospitalised for
only 1day, and these children are likely those in whom the
decision to admit to hospital is strongly influenced by social and
situational circumstances rather than medical indications for
admission.”

The APR must also predict those patients in whom discharge
from the PED is not appropriate. Inappropriate discharge to
home may be identified by relapse, defined as return for
unscheduled asthma care to a physician or hospital within
48 h.' Investigators have noted difficulty in predicting relapse
after evaluation and treatment of asthma in EDs.* Indeed,
relapse generally indicates the need for hospitalisation at the
initial visit and meets criteria as a primary outcome measure for

Emerg Med J 2012;29:444—450. doi:10.1136/em].2010.110957

APR modelling. With these considerations in mind, need for
hospitalisation, defined as LOS of greater than 24 h (for those
admitted to hospital) or relapse (for those discharged to home) is
the primary outcome measure for APR modelling (table 1).

Because the decision to return for care is most often that of the
parent or care giver, parental perception of improvement ascer-
tained by phone follow-up at 48—72 h is a relevant secondary
outcome variable.

Finally, value-added elements of in-hospital care are relevant
secondary outcome variables because they indicate the need for
hospitalisation. These include LOS as a continuous variable
(hours), dose and duration of albuterol treatments, as well as
time to q 4 hr albuterol. These variables may be sensitive to
dynamic changes in asthma severity because they are deter-
mined by an asthma treatment protocol administered by RTs. In
addition, these outcome variables are measurable in every
participant admitted to hospital. These secondary outcome
measures are thus informative and may be of use if the primary
outcome measure occurs too infrequently for robust APR
modelling or for validation analyses of the APR.

Statistical analysis for prediction rule modelling

Sample size calculation

For development of the APR, the number of predictor variables
must be sufficiently conservative or the sample size must be
sufficiently large for the model to be reliable and accurate on
a future stream of similar patients. In addition, the standards for
development and validation of prediction rules include 100%
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follow-up of enrolled participants and exclusion of duplicate
enrolments.'? Finally, in order to expect validation and reliability
of predictive discrimination for the APR on a new sample, there
must be at least 10—15 participant events per the total degrees
of freedom (df) of all candidate predictor variables.

Based on the 24 df of our candidate predictor variables (table 1),
there must be at least (15X24)=360 primary outcome events to
provide ample power for our multiple regression models.?® 2°
The historic asthma admission rate is 24% from our PED. With
these considerations in mind, and to assure a sufficiently rich
dataset, we have calculated the sample size as (number of
participant events needed)/(hospital admission rate)=360/0.24
or 1500 participants. This sample size will account for possible
non-linear associations using regression splines.”> A planned
recruitment period of 5 years will ensure a representative sample
and account for seasonal variations in asthma precipitants and
severity.

Descriptive statistics

We will report continuous variables as means (SD) or medians
(IQR) as appropriate and categorical variables as frequencies and
proportions. Race and ethnicity will be categorised in accordance
with NTH guidelines.”

We will compare demographic characteristics of study
participants with those of all patients aged 5—17 years admitted
to the PED with a primary diagnosis of asthma exacerbation
(ICD code 493). This population data will be extracted from
a database designed primarily for billing purposes. While not
directly comparable with our study sample, these data might
provide a sense of how representative the demographic charac-
teristics of our convenience sample are of the overall population
of patients aged 5—17 years with acute asthma exacerbations
cared for in our PED during the enrolment period. All analyses
will be performed using Stata v.10.1 (StataCorp) and R version
2.10.1 (http://www.r-project.org).

Statistical APR modelling

For all analyses we will use only the first enrolment data for
participants with duplicate enrolments. We will not perform
APR modelling until the entire sample size of 1500 has been
studied because this will expend available df for statistical
analysis. We will model the APR (figure 1) using multivariable
logistic regression analyses that will allow us to calculate
probability estimates for the outcome given the combination of
predictors.?® % As a sensitivity analysis in which we can maxi-
mise the power of the analysis, we will also examine a regression
model using LOS as continuous variable. The discriminatory
power of the regression model can be assessed from the
explained variance (R?).

We will assess for statistical assumptions of multivariable
logistic regression.”” These include assessing for non-linear rela-
tionships of candidate predictor variables with the outcome
using regression splines and a check for the normality of residuals
with data transformation as necessary.*®

The relative point-weighting of adjusted regression coeffi-
cients will then be used to determine which candidate predictors
to include in a prototype APR.? 2 2° 0 A final series of multiple
regression analyses for the outcome will be used to determine if
this prototype model is statistically appropriate as the APR.
Coefficients will be converted to integers on a scale of 1 to 10 in
order to enhance ease of use of the APR.

The predictive accuracy of the prototype model will be
assessed using discrimination and calibration. Discrimination is
the ability of a model to separate or rank patients with different
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Predictor
variables:

MLR
analyses with:

v

Primary Outcome Variable

1. Hospital LOS > 1 day, or
2. Relapse within 48 h

Use relative values of correlation
coefficients to create Prototype APR

| Quantify predictive ability of Prototype APR ‘

/\

Calibration
Scatter plots of Prototype
APRvs LOS > 1 day or
Relapse within 48 h

\/

Internally validate calibration and discrimination of Prototype
APR using bootstrap resampling to estimate likely performance
of model on new sample of patients from same patient stream.

I

‘ Asthma Prediction Rule ‘

Discrimination of
Severity Grade

Figure 1 Flow chart for asthma prediction rule (APR) development.
LOS, length of stay; MLR, multivariable logistic regression.

outcomes and will be measured using the c-index (equivalent to
area under the receiver operating curve), the proportion of all
usable subject pairs in which predictions and outcomes are
concordant.?® ° Calibration measures the accuracy of the
predicted probability of the outcome by assessing the bias of
predicted values when plotted against observed outcomes.

Clinical sensibility of the prototype model

Clinical standards for development of CPR include assessment
for ‘sensibility’ and content validity."” '® We will review the
prototype model with clinicians who are masked to the
predictive discrimination (c-index). Alternatively, several scoring
systems may be derived based on the regression coefficients, and
these will then be presented to clinicians to select the most
‘sensible’ APR. This will maximise the potential impact factor of
the final APR.

Validation of the APR

Internal validation of the prototype APR will be determined by
calibration and discrimination using bootstrap resampling.
There are multiple advantages of bootstrapping as compared
with data splitting and cross-validation for internal validation,
especially preserving the sample size.?® This will estimate the
likely performance of the model on future similar patients and
will facilitate identification of overfitting of the model.
Secondary outcome measures (eg, time to q 4 h albuterol for
participants admitted to hospital) may be used to internally
validate the APR by determining concordance of prediction of
primary and secondary outcomes by the APR. In addition,
external validation will be necessary to assess generalisability to
persons with acute asthma exacerbations who have different
baseline characteristics.”® To do so, the APR developed and
internally validated will be applied prospectively to subjects at
another centre and/or patient stream (eg, adult ED, pulmonary
clinic).
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Data management

Data are acquired at the bedside and recorded using paper forms.
This information is then entered into a secure, web-based
database.” All electronic data entry is performed by one inves-
tigator and ascertained for accuracy by the other investigator.
Accuracy of data entry is enhanced by a database auto-valida-
tion feature and by quarterly data cleaning, facilitated using
a database graphical and descriptive statistics feature. Cleaned
data are exported directly to the statistical software for analysis.
An additional spirometry database is maintained on a password-
protected computer.

Missing data and quality control
We anticipate that some values for future APR modelling will be
missing. Missing values most often do not occur at random, and
we will perform analyses to understand the reasons for missing
data by quantifying the extent of missing data and identifying
participant characteristics associated with missingness. Further,
it has been demonstrated that excluding subjects with a missing
value from analysis (complete case analysis) leads to bias and
loss of power. It is widely accepted that it is better to impute
missing values based on known subject characteristics.?® % ¢!
As such, we will perform multiple imputation of missing
values for certain candidate predictor variables. These variables
will be carefully selected to include only those that have limited
missing values and that can be appropriately imputed with
terms having complete data such as age, gender, respiratory rate
and lung function. We will then perform a sensitivity analysis by
comparing the effect sizes obtained after multiple imputation
with those obtained by complete case analysis.

Standards for Reporting of Diagnostic Accuracy compliance
The Standards for Reporting of Diagnostic Accuracy (STARD)
initiative formulated guidelines for improved accuracy and
completeness of reports of diagnostic tests to facilitate
comprehension of the meaning of these studies.®” ® Because an
APR may be considered a diagnostic test, when reporting APR
modelling we will report which of the 25 STARD checklist items
we address and will include a flow diagram to clarify participant
recruitment and study implementation.

LIMITATIONS

This study protocol has limitations. First, there is great pheno-
typic variability and heterogeneity of acute asthma expression
and of response to treatment.® Indeed, use of a convenience
sample and not recruiting participants after 22:00 may result in
spectrum bias. This is because the asthma and demographic
characteristics of our sample might not be comparable with the
overall population of patients admitted to our PED with asthma
exacerbations. Notwithstanding this concern, spirometry and
other variables we acquire are effort dependent on the part of the
participant, and we have found it difficult to obtain these
studies late at night.

Second, the population admitted to our PED may not be
representative of that managed in other EDs or acute care
settings. Although there is great phenotypic expression of
asthma, we believe that our cohort will include a broad spec-
trum of acute severity as measured by the presenting Pediatric
Asthma Score values and lung function measures. Additionally,
our tertiary children’s hospital PED manages most paediatric
patients with acute asthma in urban, suburban and rural
regions. Although it is difficult to precisely capture the full
clinical variability of acute asthma, we believe our cohort will
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represent a wide spectrum of both patient demographics and
asthma presentations. We recognise that the APR will need to be
externally validated in different clinical settings.

CONCLUSIONS

The APR made possible by the AASAP study will facilitate
standardisation of disease assessment and enhance resource
utilisation in the emergency department and other acute care
settings. Our methods may be of use to other investigators
contemplating studies of paediatric patients with acute asthma
exacerbations and are applicable for development of CPRs for
other diseases or injuries.
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