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ABSTRACT

Introduction Although spirometry has been available for
decades, it is underused in paediatric practice, other than
in specialist clinics. This is unsurprising as there is limited
evidence on the benefit of routine spirometry in improving
clinical decision making and/or outcomes for children.

We hypothesised that using spirometry for children being
evaluated for respiratory diseases impacts on clinical
decision making and/or improves patient-related outcome
measures (PROMs) and/or quality of life (QoL), compared
with not using spirometry.

Methods and analysis We are undertaking a randomised
controlled trial (commenced in March 2020) that will
include 106 children (aged 4—18 years) recruited from
respiratory clinics at Queensland Children’s Hospital,
Australia. Inclusion criteria are able to perform reliable
spirometry and a parent/guardian who can complete
questionnaire(s). Children (1:1 allocation) are randomised
to clinical medical review with spirometry (intervention
group) or without spirometry (control group) within strata
of consultation status (new/review), and cough condition
(present/absent). The primary outcome is change in clinical
decision making. The secondary outcomes are change in
PROM scores, opinions regarding spirometry and degree
of diagnosis certainty. Intergroup differences of these
outcomes will be determined by x2 test or unpaired t-test
(or Mann-Whitney if not normally distributed). Change

in outcomes within the control group after review of
spirometry will also be assessed by McNemar’s test or
paired t-test/Wilcoxon signed-rank test.

Ethics and dissemination The Human Research

Ethics Committee of the Queensland Children’s Hospital
approved the study. The trial results will be disseminated
through conference presentations, teaching avenues and
publications.

Trial registration number ACTRN12619001686190;
Pre-results.

INTRODUCTION

Of the many possible lung function tests used
in clinical care, spirometry is the most widely
available, established and used.' As such,
many respiratory societies worldwide, for
example, American Thoracic Society (ATS)
and European Respiratory Society (ERS)
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Strengths and limitations of this study

» This randomised controlled trial will provide import-
ant information on whether the routine use of spi-
rometry in children being evaluated for respiratory
problems impacts a doctor’s clinical decision mak-
ing (compared with clinical review alone) and will
thus provide the first high-level evidence that may
lead to a change in routine clinical practice.

» Patient-reported outcome measures (anxiety level,
quality of life score and opinion towards spirometry)
will be undertaken to determine the utility of routine
spirometry.

» Although this study is randomised with a control
group and concealed allocation, the intervention
could not be blinded to the doctors and participants.
Therefore, the outcomes are subject to bias as per-
ceptions may influence doctors’ management and
participants’ scoring of the questionnaire(s).

support and/or provide training tools for
spirometry testing. Undertaking spirometry is
relatively simple as spirometers are portable
and relatively inexpensive.

Data from spirometry provides invalu-
able contribution to the clinical assessment,
including assisting in characterising respira-
tory pathophysiology, grading the severity of
lung disorders and monitoring the course
of lung disorders and therapeutic interven-
tions.” > Also, spirometry adds an objective
element which is beneficial in both clin-
ical practice and research. Hence, its use is
recommended in many paediatric clinical
guidelines including chronic cough, recur-
rent wheezing, cystic fibrosis and asthma.*”
Other conditions in which spirometry aids
in management of children are transfusion-
dependent disorders, oncology conditions,
connective tissue disorders, neuromuscular
weakness, chest wall deformities and scoli-

osis.?8
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Data obtained from spirometry differentiate normal
lung function from abnormalities affecting airflow
(forced expiratory volume in 1s) and lung size (forced
vital capacity). It can also provide data on intratho-
racic and extrathoracic obstruction when the inspi-
ratory and expiratory loops are evaluated. Generally,
spirometry can be reliably performed in most children
aged >6 years. Improvements in equipment, technology,
age-appropriate incentives in spirometer software and
modified acceptability and reproducibility criteria for
preschool children have meant even younger children
(3 years and above) may be able to perform spirometry
satisfactorily under the coaching of a well-trained tech-
nician.'? 1

Intuitively, spirometry should assist clinicians in
assessing and managing respiratory conditions and result
in improved patientrelated outcome measures (PROMs),
for example, quality of life (QoL) of the patients, however,
there is limited published evidence. In the current era
of evidence-based medicine, the effect of spirometry on
clinical outcomes has rarely been studied with the few
paediatric studies published looking only at its use in
asthma management. Nair ¢t al'' found that spirometry
changed management in 15% of children with asthma.
When spirometry did change treatment decisions,
they were more likely to increase (75%) than maintain
(20%) or decrease (5%) therapy. Holt et al’® found that
30% of paediatric asthma exacerbation treatment plans
were changed after clinicians viewed spirometry, with an
increased percentage of patients receiving steroid, bron-
chodilator or yellow zone treatment. Finally, Abramson
et al'® undertook a two clustered randomised controlled
trials (RCTs) of spirometry integrated into regular
general practice-based medical review for children with
asthma over the duration of lyear. They found that
neither RCT demonstrated a significant improvement in
health-related QoL with the use of spirometry compared
with not using (adjusted difference of Paediatric Asthma
Impact Scale —0.2 (95% CI -4.9 to 4.6) for the first trial
and of Paediatric Asthma Quality of Life Questionnaire
0.17 (95% CI -0.15 to 0.5) for the second) nor a change
in written asthma action plan (OR 1.11, 95% CI 0.43 to
2.87).

While spirometry is widely advocated, it is currently
underused. Dombkowski et al'* reported that only
half of surveyed family physicians and general paedi-
atricians use it in children and adults with asthma, and
only 21% routinely use spirometry in asthma guideline-
recommended situations, that is, establishing an asthma
diagnosis, classifying asthma severity and classifying
asthma control."* Another study by Blain and Craig'
reported that only 10% of paediatricians used spirom-
etry consistently on each asthma visit. Further, Bianchi
et al'® found that only one-third of children with asthma
were referred for spirometry and only one-half of hospi-
talised children with asthma underwent spirometry
during 12-month follow-up. The low utilisation of spirom-
etry on a day-to-day basis outside of respiratory-focused

practices is not surprising due to the limited published
data supporting its benefits.

Given the paucity of relevant data, we are undertaking
this RCT to compare clinical outcomes of outpatient
consultation ‘with spirometry’ versus ‘without spirom-
etry’ to assess the benefit of having spirometry data for
both clinicians and patients.

Study objectives and hypotheses

Our primary question is: Does the routine use of spirom-
etry improve the clinical decisions/management of
children with suspected or known lung disease? We
hypothesise that the routine use of spirometry in chil-
dren managed by respiratory paediatricians in outpatient
clinics alters clinical decision making in diagnosis and/or
management.

Our secondary aims are to: (1) determine whether the
routine use of spirometry in children impacts on diag-
nostic certainty and PROMs and (2) quantify the benefits
of routinely using spirometry in clinical practice assessed
by a 10-point Likert scale.!” Our secondary hypothesis is
that the integration of spirometry into outpatient consul-
tations with respiratory paediatricians improves diagnosis
certainty, PROM(s), specifically in emotional and social
domains, evaluated by State-Trait Anxiety Inventory
(STAI)'® ¥ and/or Parent-Proxy QoL questionnaire for
paediatric chronic cough (PG-QoL)* *! for those with
chronic cough.

METHODS AND ANALYSIS

Study setting and design

We are conducting a single centre RCT with concealed
allocation involving children seen at the Department of
Respiratory and Sleep Medicine at the Queensland Chil-
dren’s Hospital, Brisbane, Australia. Our study design
is summarised in figure 1, and is in accordance with
the recommendations of the Standard Protocol Items:
Recommendations for Interventional Trials guidelines.*
We recruited our first participant on 17 March 2020 and
our study is ongoing with the study anticipated to be
completed by early 2022.

Study population

Our inclusion criteria are: (1) children with parent/
guardian in attendance and able to provide written
consent, (2) children aged 4-18 years able to perform
reliable spirometry, (3) parents/guardian able to
complete the study questionnaire(s) and (4) children
whose respiratory physician is willing to participate in
the study.

Exclusion criteria are: (1) previously enrolled or (2)
contraindication for spirometry including presence
of acute dyspnoea, pneumothorax, haemoptysis, vital
signs instability, lung cyst or bleb and recent (<3 weeks)
thoracic or ophthalmic surgery.
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Children presenting to respiratory clinics
Consent & Collect baseline data

—ﬁ Exclusion criteria or no consent
A

Spirometry
for all eligible children

A

> Unacceptable spirometry

A\

Randomise (stratified)
Questionnaire(s) [T1] (STAIL plus PC-QoL if chronic cough)

! }

Intervention — See the doctor Controls — See the doctor
with spirometry result without spirometry result

| l

Questionnaire(s) [T2] & Questionnaire(s) [T2] &
clinician report clinician report

}

Controls — See the doctor
again with spirometry result

)

Questionnaire(s) [T3] &
clinician report

! !

Collect doctors’ and participants’ opinions
Clinical notes and spirometry review

Figure 1 Schematic study design. PC-QoL, Parent-Proxy
QoL questionnaire for paediatric chronic cough; STAI, State-
Trait Anxiety Inventory.

Recruitment

Parents/guardians with potentially eligible children
are approached during a scheduled respiratory clinic
appointment. A team member (WB) discusses the study
using the parent/guardian information sheet. If the
parent/guardian gives written informed consent and the
child is able to perform acceptable spirometry then the
child enters the study and is randomised.

All families approached are recorded in a screening
log with details including name, date, whether informed
consent was obtained or reason for refusal, whether the
child was eligible and randomisation number if enrolled
in the study.

Randomisation and allocation

A computer-generated permuted block (sizes of 2-6)
randomisation sequence, generated by a statistician
external to the study team, was prepared prior to
commencement of the study. The randomisation is strat-
ified by type of consultation (new patient or review), and
presence of chronic cough condition (present or absent).
On enrolment, the child is assigned to the next number
on the stratified list that is opaque, that is, the group allo-
cation is concealed from investigators until the partic-
ipant is recruited. Children are randomised to either
routine use of spirometry (intervention) or delayed use

of spirometry (controls) (figure 1). Due to the obviously
noticeable difference in intervention versus control
groups, blinding is not possible.

Intervention groups

For both groups, the clinical management is at the discre-
tion of the treating specialist. At baseline (T1), all partic-
ipants undertake baseline PROM surveys (STAI'® " and
if cough is present, the PC-QoL*"*") and are randomised
to one of the two groups: intervention group where the
doctor undertakes the consultation with the spirometry
results being available, or controls where the doctor
undertakes the initial consultation without the spirom-
etry results.

After the consultation, the parents in both groups
complete the questionnaire(s) for the second time (T2).
At this same time point, the doctor is also asked to fill a
data collection sheet regarding the child’s diagnosis and
management. This completes the study for the interven-
tion group.

In the control group, the doctor is then presented
with the child’s spirometry and completes the consulta-
tion. After completion of the consultation, the parents
complete the same questionnaire(s) for a third time (T3)
and the doctors complete a final data collection sheet with
any change in diagnosis or management after spirom-
etry results are known. Despite the delayed time point of
presenting the spirometry to respiratory paediatricians,
by the time the child leaves the clinic, all patients would
have received the same standard of care. No restrictions
on concomitant care were applicable in this study.

Data collection

An outline of study procedures (all occurring during a
single outpatient visit) is summarised in table 1. Data are
collected from the interview of the parent/guardian and
electronic medical records. On enrolment, demographic
data, medical history, medications, tobacco smoke expo-
sure and anthropometrics are recorded. Physical exam-
ination is performed and recorded by the treating doctor.

All children are tested using Vyntus PNEUMO or
Vyntus SPIRO spirometers operated through SentrySuite
software (Carefusion Germany 234 GmbH, Hoechberg,
Germany) undertaken by experienced paediatric respi-
ratory scientists in accordance with standard guidelines
(ATS and ERS criteria for lung function testing).' *> The
measured values are compared with predicted reference
values from the Global Lung Function Initiative®* based
on the patient’s height, age, race and sex.

As mentioned above, depending on study group, the
parents complete the same questionnaire(s) two or three
times. These time points are prior to visiting the doctor
(T1), after visiting the doctor (T2) and after second
consultation with the doctor for controls only (T3).
The questionnaires are: (i) STAI for all patients and (ii)
PC-QoL for patients with cough. For both questionnaires,
parents are given a hard copy of questionnaire(s) to
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Table 1 Timeline of study procedures during a single outpatient visit

Before After seeing doctor  After seeing
seeing without spirometry doctor with Independent
doctor (only controls) spirometry review
Written informed consent v
Randomisation )
Medical history interview and chart review v
Spirometry with bronchodilator testing v v
Clinical assessment for diagnosis and management N v N
STAI + PC QoL assessment + N Vv
Opinion survey V

PC-Qol, Parent-Proxy QoL questionnaire for paediatric chronic cough; STAI, State-Trait Anxiety Inventory.

complete on a self-report basis, with the investigator avail-
able if any clarification is needed.

The STAI is a long-standing psychological inventory
frequently used to measure anxiety. It consists of two
20-item scales measuring ‘state’ or anxiety about an event,
and ‘trait’ or anxiety proneness as a personality trait. In
responding to the STAI, subjects rate their intensity of
feeling for each item on a 4-point Likert scale. Based on
its scoring key, the score of each of the two scales (state
or trait) ranges from 20 to 80, where higher scores reflect
higher levels of anxiety.'® ' A license to reproduce/
administer STAI was purchased from Mind Garden on 15
March 2020.

The PC-QoL is a validated parent-proxy quality of life
measure specific for children with chronic cough.”” The
27-item PC-QoL addresses parents’ perception of three
domains: the psychological (11 items), physical (11
items) and social (5 items) effect of their child’s cough.
Subjects are required to use a 7-point Likert-type scale to
rate their perception (level of worry/frequency of nega-
tive feelings); the highest intensity of perception gives a
score of 1 and absence of perception gives a score of 7.
Hence, higher scores reflect better QoL. For interpreting
health-related QoL changes, the minimally important
difference for the PC-QoL is 0.9.

Prior to leaving the clinic at the completion of the
consultation, the parents also score on a 10-point Likert
scale ‘how much did the spirometry help with this clinic
visit?’, while the doctors are asked to score three aspects
of its use; ‘how much did the spirometry (i) contribute to
general management, (ii) increases confidence in clinical
practice and (iii) aid education/counselling with each
patient?’ on a 10-point Likert scale. The unipolar scale of
1 to 10 is anchored by increasing degree of agreement,
which 1 means ‘not at all’, 5 means ‘somewhat’ and 10
means ‘very much so’.

Each participant completes the study on the day
of enrolment when all study related forms have been
completed and outcome data collected. All data are docu-
mented on paper-based case report forms (CRFs) using
standardised data collection sheets.

Exit criteria during the study

Exit criteria are defined as occurrence within the visit of
any of the following: (1) spirometry is unacceptable on
independent review, (2) the doctor accidentally viewed
the spirometry at the start of consultation in the control
group or (3) parents withdraw consent for participa-
tion, are unable to comply with study intervention or if
spirometry-related serious adverse event occurred.

Outcome measures

Our primary outcome is the proportion of children with

any change in clinical decision making (diagnosis and

management) and change scores between groups at T2

(figure 1). This consists of an a-priori list that consists

of (i) any change in diagnosis based on two categories

(disease and severity) and (ii) management based on four

categories (medication, investigation, follow-up schedule

and education). Change in each category is dichoto-
mised as ‘yes’ or ‘no’. Each ‘yes’ scores one point, so the
range in change score is 0 to a maximum of 6 (2 points
from change in diagnosis and 4 points from change in
management).

Our secondary outcomes are:

1. Change of the PROM scores (STAI +PCQoL) assessed
at T2 compared with T1 between two groups.

2. Opinions relating to the benefit of integrating spirom-
etry into clinical practice are included as secondary
outcomes. A 10-point Likert scale with a series of state-
ments each designed to view a construct from a slightly
different perspective is leveraged.

3. Degree of diagnosis certainty (definite, probable or
doubtful) assessed at T2, between both groups.

4. In the control group only, changes in the primary out-
come and secondary outcomes 1 and 3, (T3 vs T2).

Sample size

The sample size is based on our primary outcome, the
proportion of children with any change in clinical deci-
sion making. We wish to detect a significant difference
between the intervention and control groups. We assume
the proportion in the population is 30% (Ho: p=0.30). To
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find 45% proportion of children with any change (alterna-
tive p=0.45) with 5% significance (alpha=0.05, two-sided)
and 90% power (power=0.90), we require outcome data
from 105 children (rounded up to 106 children). We did
not account for any dropouts as this is a single visit study
where a dropout rarely occurs. Participants who withdraw
will be replaced to reach the total children of 106.

Data management and statistical analyses and reporting

CRFs are kept confidential and locked. Access to the data

is available to research team, unless required by legislative

or regulatory agencies and the Human Research Ethics

Committee (HREC). No identifying information of the

enrolled participants will be included in study reports in

order to protect confidentiality.

Data coding and entry will be conducted in accor-
dance with good clinical practice. Data is being entered
directly into an SPSS (version 26) database. Intention-to-
treat analyses regardless of subsequent management will
be used. We plan to develop a complete statistical anal-
ysis plan prior to data analyses, as done for our previous
major RCTs.20%

For our primary aim, the impact of using spirometry
on change in diagnosis and management will be deter-
mined by the proportion of children with any change
and change scores at the T2 time point. Between the two
groups, the proportion will be compared using y* test
to determine the OR with 95% CIs. The difference of
change scores will be examined by t-test or Mann-Whitney
U test depending on normality of the data.

For secondary aims:

1. Change in PROM (STAI+PCQoL) score from T1: The
difference of the change between groups assessed at
T2 will be compared using t-test or Mann-Whitney test.

2. Opinions towards spirometry quantified by 10-point
Likert scales: The result will be reported as mean with
SD or median with 25th-75th percentile.

3. Degree of diagnosis certainty as definite, probable and
doubtful for both groups assessed at T2 will be report-
ed as frequency.

4. For controls only, outcomes at T2 and T3 will be com-
pared. These outcomes include change in diagnosis
and management, change scores of clinical decisions,
change of PROMs and degree of diagnosis certainty.
Difference of the outcomes between T2 and T3 will be
analysed using McNemar’s test, paired t-test/Wilcoxon
signed-rank regarding data characteristics.

Patient and public involvement
Patients and public were not involved in the initial study
design but were consulted subsequently.

Ethics, dissemination and safety monitoring

Ethical clearance was granted by the HREC of
the Queensland Children’s Hospital (HREC/19/
QCHQ/58722; protocol V.1.3 dated 1 September 2020).
We will publish the results in a major medical journal
(using the International Committee of Medical Journal

Editors author guidelines) and share the outcomes with
the academic and medical community, funding and rele-
vant patient organisations. Professional writers will not be
used.

During the study, participants may report any solicited
and spontaneous adverse events at any time. All adverse
events are being monitored and serious or unexpected
adverse events will be reported to the HREC.

DISCUSSION

We are currently undertaking a single centre open-
label RCT to address the question of whether spirom-
etry integrated into outpatient care, compared with not
using spirometry, impacts the clinical decision making
of specialist respiratory paediatricians and PROMs.
The outcomes and time points were chosen carefully as
described below.

Rationale for our chosen outcome measures and time frame
To measure the influence of using spirometry on clin-
ical practice, choosing valid outcomes informed by
consumers. From the doctor’s perspective, spirometry
should contribute positively to clinical practice for it to
be standard practice. Published observational studies also
show that 15%-30% of asthma management changed
when spirometry was added to the practice."" '* Consid-
ering that spirometry plays a plausible role in decision-
making to diagnose and/or treat patients with suspected
or known respiratory conditions, these outcomes were
chosen when developing our study design. Further, we
clarified the outcomes as two categories of diagnosis:
disease and severity, and four categories of management:
medication, investigation, follow-up schedule and educa-
tion. Therefore, the impact of spirometry can be clearly
identified.

From the patient’s viewpoint, we aim to determine
the effect of our intervention (ie, use of spirometry)
on PROMs, especially in emotional and social domains,
when patients attended the doctor consultation. PROMs
are now considered essential for high quality clinical
research in order to reliably measure and evaluate the
efficacy of an intervention. As young children are unable
to adequately communicate their opinion, the standard of
PROMs assessment is to approach parents as proxy asses-
sors. In addition, illness of the child usually puts a strain
on the whole family, especially the parent or carer. The
parent’s own opinions and QoL are undeniably relevant
as an indirect measure of the child’s QoL. Thus, PROMs
used in paediatrics concern parents or carers themselves.

In this study, both the STAI and PC-QoL are employed
for assessing PROMs to maximise relevant data without
overburdening parents/guardians. First and foremost,
we select the STAI and PC-QoL because both have
demonstrated reliability and repeatability and been vali-
dated.” *' ® The STAI clearly differentiates between a
temporary condition and general long-standing quality
of anxiety. It could help distinguish feelings of anxiety
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at a particular time from anxious personality, so we can
precisely compare the outcome between time points that
the parents meet the doctor with or without spirometry.
The PC-QoL is used given that cough is very common
symptom of children with respiratory illness and cough-
specific QoL inventories for adults have been shown
better specificity and sensitivity over generic QoL inven-
tories.””** The domains of psychological, social and phys-
ical concerns in the PC-QoL could provide insight into
impacts of the intervention across aspects of life. Finally,
both the questionnaires are scale-based inventories. The
inventory simplicity also makes it ideal for all individuals
regardless of educational backgrounds.

Another secondary outcome is doctors’ and patients’
opinions towards spirometry via three questions for the
doctor and one question for the patient. A unipolar
10-point Likert scale model is used to measure these
opinions. The scale is feasible for collecting the addi-
tional outcome since it is easy to employ and communi-
cate. A Likert scale survey can achieve valuable data which
gives insight into the complex views of participants on a
single subject matter.'” Because perception of an opinion
generally ranges along a continuum of positive to nega-
tive, a more refined scale with more points presumably
permit individuals to express their opinions precisely and
comfortably. Consequently, distortion in data decreases
as the number of scale points increases, although the
improvement is relatively modest beyond 5-7 points,”
hence the 10-point scale is used.

We chose to evaluate the outcomes at a single visit
because spirometry information is a measure used for a
single point in time for clinical decisions. However, this
time frame limits us from assessing other health-related
outcomes that require long-term observation such as
improvement of symptoms, limitation of activities and
unscheduled visits.

In summary, this RCT addresses a current gap in
evidence to assess the benefit of spirometry in routine
clinical practice. If this study shows that spirometry has
a positive impact on clinical decision making and/or
PROMs, this evidence will promote the use of spirometry
as an important clinical assessment tool in multilevel care
settings, especially in primary care and outreach settings
where respiratory specialists are limited. Thus, respiratory
healthcare for children could be optimised to maximal
benefit.
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