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Introduction: This study aims to evaluate the effectiveness and feasibility of the
implementation of an Asthma Integrated Care Pathway (AICP) to improve care
and reduce variability according to recommended clinical practice guidelines,
for children presenting with acute asthma episodes in paediatric primary care,
and hospital services including emergency departments.

Methods and analysis: A cluster quasi-experimental implementation trial with a
matched control group will be launched in a regional healthcare service. All the
paediatric healthcare professionals providing care in two health districts (HDs)
will receive interventions over two 12-month periods during which
components of the implementation strategy to favour adoption of the AICP
will be deployed cumulatively. A selected set of professionals from the same
levels of care in the other HDs (N =11) will serve as the comparison group.
The target population of the AICP is children between 2 and 14 years old
presenting with an acute asthma episode during the study period. A mixed
methods evaluation guided by the RE-AIM framework will assess the
effectiveness of the AICP after 12, 24, and 36 months in a set of pre-specified
care and implementation outcomes at the professional level. The perceived
feasibility of the AICP and its implementation from the perspective of
physicians and the experience and satisfaction of patients concerning the
clinical care received will be assessed through discussion groups.
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Discussion: This study performed in real-world settings will contribute in
extending knowledge in asthma care pathways beyond emergency settings into
primary care and across the healthcare continuum. In addition, its findings aim
to guide health systems in reducing variability in care, increasing guideline

adherence,
the system.

and ultimately

improving paediatric asthma outcomes across

Clinical trial registration: ClinicalTrials.gov, identifier [NCT06437444].

KEYWORDS

asthma attack, asthma exacerbation, integrated care pathway (ICP), implementation,
pediatrics, primary care, emergency departement, effectiveness

1 Introduction

Asthma is the most common chronic disease in childhood, with
a prevalence of up to 20%, depending on the geographical area (1-3).
Poor disease control can lead to substandard quality of life, missed
days at school, missed workdays for caregivers, visits to paediatric
emergency departments (PEDs), and hospital admissions. Around
20% of children with asthma experience asthma attacks (AAs)
(also called asthma exacerbations) that require medical attention,
both in primary care (PC) and PEDs (4-6). Up to a 15% of
patients require hospital admission (6, 7), and it is estimated that
they account for around 5% of PED visits. AAs account for more
than 80% of the direct costs associated with asthma (7-10).
Numerous clinical practice guidelines (CPGs) have been developed
with recommendations to mitigate the impact of AAs (11-14).
However, difficulties in adhering to these recommendations have
been reported in both PEDs and PC services (15-18).

Integrated care pathways (ICPs) aim to translate CPG
recommendations into clinical processes of care within the
unique culture and environment of a healthcare institution, to
reduce variation, improve quality of care, and optimize outcomes
for specific patient groups (19-21). In line with this, it appears
that asthma care pathways have the potential to improve the
management of asthma in children, as they seem to have positive
results in achieving better adherence to recommended care,
resulting in more efficient and homogeneous care. More
specifically, it has been demonstrated that paediatric asthma care
pathways implemented in PED settings could help to improve
the quality of care (22) by increasing the use and timely
administration of recommended medications (bronchodilators
and systemic corticosteroids) (23-25), decreasing length of PED
stays (25-28), decreasing risk of hospital admission (23), and
increasing training in asthma management (24). Nonetheless, all
asthma care pathways reported have been implemented in only
one specific context, mainly in PEDs and hospital care. This

Abbreviations

AICP, asthma integrated care pathway; PC, primary care; PEDs, paediatric
emergency departments; HD, health district; AA, asthma attacks; RE-AIM,
reach, effectiveness, adoption, implementation and maintenance; CPGs,
clinical practice guidelines; PICU, paediatric intensive care unit; MDI,
metered-dose inhaler; PACT, paediatric asthma control tool; EHR, electronic
health record.
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limited scope, together with the recent experience of our research
group with the successful implementation and scaling up of a
care pathway for the management of acute bronchiolitis (29), has
led us to develop a new integrated care pathway for the
management of AAs at all levels of care. To this end, when
designing our implementation strategy, we have also taken into
detected  in
implemented asthma pathways both in PC (30) and hospital care

account the potential barriers previously
[27], such as lack of awareness of the care pathway, lack of
integration of the pathway into clinic flow, or difficulty in
modifying EHR or in obtaining consensus on practice changes.
The general objective of this study protocol is to evaluate the
effectiveness and feasibility of the implementation of the Asthma
Integrated Care Pathway (AICP) to improve the care provided to
children presenting acute asthma episodes and to reduce the
variability among PC and PED professionals and care settings in
accordance with clinical practice guideline recommendations (11-14).

The specific objectives will be:

1.1 Effectiveness objectives

To evaluate the effectiveness of the implementation of the
AICP on: (a)
bronchodilators using a metered-dose inhaler (MDI) with a

increasing the rate of administration of
spacer chamber in children diagnosed with a mild-to-moderate
AAs in PC, PEDs, and hospital wards; (b) increasing the
Pulmonary Score documentation rate at all levels of care; (c)
increasing the rate of recording asthma symptoms using the
Pediatric Asthma Control Tool (PACT) (31) in PC and PEDs;
and (d) increasing the rate of initiation of background treatment
in children with persistent asthma symptoms, in PC and PEDs.

1.2 Implementation objectives

(a). To assess the reach of the AICP among the population eligible
to receive it 12 months after its implementation; determine the
extent to which the exposed population is representative of the
target population; and ascertain the perception and experience
of exposed users (family members) regarding the quality of
care received for the management of AAs and the response to
their concerns and needs (REACH)
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(b). To assess the degree of adoption of the AICP by professionals/
centres 12 months after its implementation; and determine the
degree of representativeness of adopting professionals/centres
and the main barriers or difficulties for adoption (ADOPTION)

(c). To assess the degree of implementation of the AICP

their fidelity to the protocols,

adaptations made; describe the set of actions or strategies

components, and any
necessary for its adequate implementation and the level of
exposure of the implementing agents to them; and assess the
feasibility and
regarding the implementation of the pathway, with special

acceptability perceived by professionals

emphasis on the identification of barriers, facilitators, and
strategies needed to inform future system-wide scaling up
(IMPLEMENTATION)

(d). To assess the sustainability of AICP implementation in the
long term (24 months), resources, and adaptations required
(MAINTENANCE).

2 Methods and analysis
2.1 Design and timeline of the study

A cluster quasi-experimental implementation trial with matched
control group evaluated with mixed methods will be conducted in
paediatric services of Basque Health Service, Osakidetza. The
present study do not imply prospective recruitment of patients as

10.3389/fped.2025.1646499

it consists in a study performed under real world circumstances of

clinical practice regarding acute asthma management by
professionals of participating paediatric services. A two 12-month
implementation periods will take place between May 2023 and
May 2025, during which components of the implementation
strategy to favour adoption of the AICP will be cumulatively
deployed. This will involve, first, a set of strategies facilitating
initial uptake (from 7 May 2023 to 7 May 2024); and second, a
set of strategies related to broad dissemination and communication
among professionals and healthcare centres involved (from 7 May
2024 to 7 May 2025) (see Supplementary File S1 for more detailed
specification). The quantitative evaluation to assess the results of
the implementation of the AICP at professional and patient levels
will be carried out considering the year prior to the first
implementation period as the baseline measurement, and three
post-intervention measurements at 12, 24 and 36 months from
initial implementation of the pathway until May 2026. A flow
diagram with further description of the study phases is presented
in Figure 1. Final quantitative results of study are expected in June
2026. The qualitative evaluation will be carried out upon the
completion of the second implementation period through a
structured process with discussion groups. These groups will be
focused, on the one hand, on the identification of the main
barriers and facilitators for the provision of recommended clinical
practice by the healthcare professionals, and on the other, on
patients’ (and their relatives’) experience and satisfaction with the

clinical care received.

| 13 HDs |

Intervention group

All paediatric professionals of
2 non-randomly selected HDs

[ L]
| Implementation Period 1 |
: 1st set of strategies :
: n eligible episodes 1

________ 1_________l

! Implementation Period 2 |

2nd set of strategies i
n eligible episodes :

________ -

Outcome assessments at 12 and 24 months
Change in % episodes receiving
recommended treatment
N (%) reach at user level
N (%) adoption at professional level
Implementation of AICP

v

Sustainability assessment
at 36 months

FIGURE 1

Study design diagram. HD, health district; AICP, asthma integrated care pathway.
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2.2 Setting

The study will be carried out mainly in 2 HDs, those of
Ezkerraldea-Enkarterri-Cruces and Barakaldo-Sestao, out of the
13 districts that make up our regional health service, which
provides comprehensive universal health coverage, free at the
point of delivery. These HDs each have a PC area and share a
Therefore, the
implemented in two PC areas and the PED, hospital wards,
(PICU),
pulmonology department of their reference hospital. In the two
HDs as a whole, the PC consultations deal with around 2,000
episodes of AAs per year. The reference PED deals with around

reference hospital. care pathway will be

paediatric  intensive care unit and paediatric

3,000 episodes of AAs per year (5% of all episodes). Selected
professionals from the same levels of care in the other 11 HDs
will be used as the comparison group.

2.3 Participants
Eligibility criteria for the study will be as follows:

2.3.1 Professionals

All healthcare professionals providing paediatric care in
Osakidetza. This includes all paediatricians and nurses caring for
paediatric AAs in PC, PEDs, hospital wards, and PICUs.

2.3.2 Patients

All acute asthma episodes attended by any participating
paediatric healthcare professionals during the study field period.
An acute AA is defined as an acute episode of wheezing in a
child between 2 and 14 years with a previous diagnosis of
asthma or a history of wheezing; or a first episode in a child
between 2 and 14 years with a personal/family history of atopy
and/or an objective response to bronchodilators as assessed by
the Pulmonary Score.

2.4 Allocation to intervention and
comparison groups

The paediatric professionals working in PC, the PED, hospital
wards, the PICU, and the paediatric pulmonology department of
Ezkerraldea-Enkarterri-Cruces and Barakaldo-Sestao HDs will
constitute the intervention group and will receive the
implementation strategy for the AICP. The comparison group
will be made up of paediatric professionals from the other 11
HDs who will not receive any interventions. To increase
comparability and reduce potential biases, two professionals from
the comparison HDs will be selected for each paediatrician in the
intervention group by matching in terms of paediatrician-related

characteristics (e.g., baseline outcome rates, age, sex, etc.) and the

characteristics of the patient population assigned to the
paediatrician  (size, mean age, male/female ratio, mean
socioeconomic status, mean comorbidity level, etc.). This

matching strategy used in the study aims to address the two
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main problems related to comparisons with non-randomized
groups: (a) historical bias, in which events unrelated to the
intervention (also referred to as secular trends) occur before or
during the intervention period and have an effect on the
outcome (either positive or negative) that is unrelated to the
intervention; and (b) differences between intervention and
control professionals, as non-equivalent control groups differ
from those in the intervention in a number of significant ways
that impact the outcome of interest and may bias the results

(selection bias).

2.5 Clinical intervention

The AICP is a structured multidisciplinary care plan that
details the essential evidence-based steps in the care of patients
with mild-to-moderate AAs and the coordinated practice of the
agents involved as dictated by the evidence. In addition, the
pathway determines the target population (inclusion/exclusion
criteria); the sequence of common best practices during the
patient’s navigation through the system, according to the best
available evidence in terms of: diagnostic methods and criteria,
as well as their coding and recording; the provision of care and
recommended clinical practices (actions, responsibilities, etc.); the
educational activities for the patient and their relatives; the
management of the patient and the patient’s care; complex
situations, management of difficulties and referral criteria; due
attention to transitions between care levels and communication
between professionals; and the outcomes to be pursued,
evaluated and monitored.

In essence, the four core components of evidence-based clinical
practice related to acute asthma as stated in the AICP (see
Supplementary File S2) are:

o Assessment and recording of the Pulmonary Score;

o Assessment and recording of asthma symptoms using the
PACT;

o Administration of background treatment in cases of persistent
asthma symptoms;

o Administration of bronchodilators using an MDI with a spacer
chamber in children diagnosed with a mild-to-moderate
asthma attack.

The AICP was built on the model followed in the design of the
Integrated Acute Bronchiolitis Care Pathway (29). It was
developed based on the consensus of professionals involved in
caring for children with asthma at different levels of care and the
advice of experts in quality and medical documentation. Work
started in 2020 and after an external evaluation process, its first
version was approved in April 2021 (under editorial review).

2.6 Implementation strategy
The implementation strategy to promote the adoption of the

AICP is based on the one already proven effective in scaling up
the Acute Bronchiolitis Pathway (29). It was also developed
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based on the consensus of professionals involved in caring for
children with asthma at different levels of care as well as the
advice of experts in quality improvement and implementation
research. A Logic Model outlining how the AICP and the
accompanying implementation strategy is expected to work can
be found in the Supplementary File S3.

The strategy will be deployed in two implementation periods
of the
Supplementary File S1):

and  consists following active components (see

(1) First implementation period:

o Initial dissemination of the AICP document and support
materials through several web seminars
ZOOM
organizations involved

(using the

platform) for professionals within the
« Integration of information and communication tools into
health (EHRs) to facilitate the

recording and the standardized implementation of

electronic records

recommended practice actions, including access to
educational material to be provided to patients and families

o Delivery of training courses for paediatricians and
paediatric nurses

« Distribution of monthly audit/feedback reports with data

on changes in the AICP indicators at their health centre

level and those obtained in other centres in the
participating health areas
o Circulation of newsletter notifications with AICP-

related messages.
(2) Second implementation period (in addition to the previous
strategies):

o Multi-channel dissemination of the AICP to professionals
through various communication and training actions:
General  presentations to  professionals  within

organizations involved through several web seminars

(ZOOM sessions); dissemination and review of the active

components and innovative aspects of the AICP via

videos available through the intranet and online; weekly
training “pills” through corporate social networks on
epidemiological data and data regarding the health,
economic and social impact of the AICP; key messages
on current treatment recommendations based on the
CPGs and the

reminder posters distributed to all paediatric services, the

latest recommended protocol; and
PED and hospital outpatient clinics.

o Dissemination to healthcare users: reminder posters
distributed to all paediatric services, the PED, and
hospital outpatient clinics with QR codes for accessing

educational content (e.g., videos).
2.7 Outcome measures
The impact evaluation of the AICP implementation will be

Reach,
Implementation, and Maintenance (RE-AIM) framework, an

conducted using the Effectiveness,  Adoption,

evaluation framework developed by Glasgow et al. (32) to extend
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the assessment of interventions beyond effectiveness or efficacy to
multiple criteria that can better identify the public health impact of
health promotion programmes, initiatives or interventions.

2.8 Evaluating the effectiveness of the AICP

The main effectiveness outcome will be the change from
baseline to 12 and 24 months in the rates of mild-to-moderate
AA episodes seen in PC and the PED in which patients are
administered bronchodilators using a MDI with a spacer
chamber. We will assess the overall effect of the AICP by testing
the interaction between intervention and time of measurement.
Should this intervention-by-time interaction be significant (with
p<0.05 as the threshold for significance), planned comparisons
will be performed to determine whether changes in the AICP
group between baseline and each of the follow-up points are
significantly different from those observed in the control group.
Secondary effectiveness outcomes will be the change from
baseline to 12 and 24 months after the implementation of the
AICP in: (a) rate of recording of Pulmonary Score at all levels of
care; (b) rate of recording of asthma symptoms using the PACT
at all levels of care; and lastly, (c) the change in rate of persistent
asthma symptoms in children who initiate a background
treatment at all levels of care.

2.9 Evaluating the implementation of
the AICP

2.9.1 REACH

Absolute number and percentage of episodes of patients
between 2 and 14 years presenting with an acute asthma episode
during the study field period seen by any participating paediatric
healthcare professionals exposed to the clinical practice
established by the AICP for the management of AAs 12 and 24
months after its implementation, and their representativeness
(characteristics of the participants compared to those of the
target population). We consider that an episode has been
exposed to the AICP if the patient has at least one of the
recommended practices in an asthma episode registered: (a)
assessment and recording of the Pulmonary Score; (b)
assessment and recording of asthma symptoms using the PACT,
(c) administration of background treatment in cases of persistent
asthma symptoms, and/or (d) administration of bronchodilators
using an MDI with a spacer chamber in children diagnosed with

a mild-to-moderate asthma attack.

2.9.2 ADOPTION

Absolute number and percentage of paediatric healthcare
professionals adopting the AICP for the management of AAs 12
and 24 months after implementation, and their representativeness
(characteristics of professionals/centres adopting the intervention/
programme those  of
potentially eligible to participate in the intervention/programme)

compared to professionals/centres

(characteristics of adopters/non-adopters). We consider that a
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professional has adopted the pathway if he/she has registered at least
one of the recommended practices in an asthma episode (assessment
and recording of the Pulmonary Score; assessment and recording of
asthma symptoms using the PACT; administration of background
treatment in cases of persistent asthma symptoms; and/or
administration of bronchodilators using an MDI with a spacer
chamber in children diagnosed with a mild-to-moderate asthma
attack) in at least 50% of the episodes attended. This adoption
threshold, as a desirable goal for improvement, was proposed by
the clinical committee within the research team and agreed with a
representation of professionals from different levels of care after
having considered baseline levels.

2.9.3 IMPLEMENTATION

The degree of fidelity with which the professionals/centres have
implemented the AICP and its components for the management of
AAs compared to what was planned will be evaluated. For this
purpose, a complete record and subsequent description will be
made of the implementation process, and any adaptations made
to the AICP or its components. In addition, the fidelity of the
implementation strategies designed to facilitate the adoption of
the AICP by professionals/centres will be evaluated. To this end,
we will provide a complete record and subsequent description of
each strategy’s execution process and documentation of
adaptations made. Further, to assess dose, quality of delivery,
professionals’ responsiveness, and programme differentiation
(33),

strategies will be measured by a questionnaire developed ad-hoc

the exposure of professionals/centres/centres to the
for this project.

In addition, a representative sample of professionals from the
different levels of care involved (PC, PEDs, hospital wards,
PICU, and paediatric pulmonology department) with high and
low adoption and implementation rates of the good practice
established by the AICP
bronchodilator with a spacer chamber; assessment and recording

criteria (administration  of
of the Pulmonary Score; and assessment and recording of
persistent symptoms - asthma severity) will participate in a
structured process using a qualitative methodology (discussion
groups) focused on identifying the main barriers and facilitators
for the provision of recommended clinical practice. A purposive
sample of paediatricians will be recruited stratified by level of
care seeking to ensure that all views are represented. All
discussion groups will count with at least 6 professionals
organized by level of care. Since one of the objectives is for the
their
implementation of the AICP at their level of care, we seek to

professionals to express group perception of the
achieve intra-group homogeneity and therefore the possibility of
mixing people from different levels of care in the same group is
not contemplated. Sampling will continue until saturation is
reached, defined as two consecutive discussion groups in which
no new additional information is gathered.

The groups will be led by two researchers with experience in
qualitative research, as well as knowledge of the clinical field and
the project. The discussion groups will be recorded, with prior
consent, and transcribed verbatim. The discussion group scripts
will explore in detail the determinants of prescribing practice,

Frontiers in Pediatrics

10.3389/fped.2025.1646499

with questions formulated to explore each of the 14 domains of
the Theoretical Domains Framework (TDF) (34, 35). The script
will be developed by researchers with expertise in behaviour
change and implementation research. The discussion group script
and operational procedure will be piloted and refined before the
fieldwork. The transcribed texts will be independently reviewed
and analysed by two researchers using qualitative techniques
derived from discourse analysis with a deductive perspective. The
script will be developed by researchers with expertise in
behaviour change and implementation research. The discussion
group script and the operational procedure will be piloted and
refined before the fieldwork. The
independently reviewed and analysed by two researchers using

transcripts  will  be

qualitative techniques derived from discourse analysis with a
deductive perspective. They will used NVivo 15.0 software (QSR
International) to manage the data and facilitate analysis. The
data will be analysed using an iterative process in which two
researchers will independently review the group transcripts and
coding using thematic content analysis related to the factors
included in the TDF. First, the thematic categories will be
identified using the coding guide related to TDF dimensions
developed for the study (see Supplementary File S4). Second, the
relevance of each TDF construct in the discourse of the
discussion group of professionals from each healthcare field will
be analysed. Specifically, a score (ranging from —2 to +2) will be
assigned to each construct to highlight its importance in the
professionals’ discourse (whether it is a topic that appears or
does not appear) and the meaning of the association (i.e.,
whether it is mentioned in positive terms or as a facilitator, or in
negative terms as a barrier).

Themes emerging outside the TDF domains will be object of an
inductive analysis based on grounded theory (36). To do so, first,
recurring words, concepts and themes emerging from participants’
discourse, will be identified and coded within the data. Next,
similar codes will be grouped together to form broader themes or
categories. Finally, the identified themes will be interpreted, and
potential relationships between them will be explored to develop a
deeper understanding of the phenomenon under study and to
favour the development of a theory on the functioning of the
implementation strategy. Any discrepancies in coding or scoring
among researchers thorough the present qualitative analysis will be
discussed until final consensus is reached.

Furthermore, discussion groups will be organized to explore
the perception and experience of the exposed users (family
members) regarding the quality of care received for the
management of AAs and the response to their concerns and
needs. The procedure will be similar to that used with
professionals. The sample will include at least 20 relatives or
legal guardians of patients treated for episodes of mild-to-
moderate AAs at the 5 levels of care involved (at least 4 per
level). Specifically, two or three discussion groups will be held
with at least eight participants in each. In order to gather
insights into the experiences and perspectives of several
demographic characteristics, factors such as age, gender or
socioeconomic status will be considered during recruitment.
Moreover, to assure experiential diversity, at least half of the
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participants will be relatives of patients who have received care in
accordance with AICP, and the other half, relatives of patients in
whom such recommended practice did not take place. In this
way, within each group, heterogeneity among patients will be
examined seeking to better understand their satisfaction and
experience with the clinical performance and identify the factors
felt to be important by users.

Finally, qualitative analyses will be shared with all participants
in order to ensure and validate that they accurately reflect their
experiences and perspectives.

2.9.4 Maintenance

The sustainability of the AICP implementation will be assessed
36 months after its initial implementation. This will include a
complete record and subsequent description of the implementation
process (indicators of Reach, Adoption, Implementation), whether
the AICP continues to be implemented (institutionalized or not),
the resources required for its maintenance, and any adaptations
made to the pathway or the implementation strategies. In addition,
the change in primary and secondary effectiveness variables will be
measured as an indicator of improvement in the management of
AAs from 24 to 36 months after the start of the AICP
implementation (long-term effectiveness).

2.10 Data management plan

This study will be carried out in accordance with international
standards for the conduct of epidemiological studies, included in
Ethical
Epidemiological Studies (37). In order to learn about the

the International  Guidelines for Review  of
management of AAs, data will be collected from the health
centres and the PED and inpatient care-paediatric pulmonology
reference centres of the two HDs. This is a prospective
intervention study, where the data will be collected from the
EHR, using the data exploitation program of our regional health
service (OSABIDE Global). The Primary Care Research Unit of
Bizkaia is formally authorized by the Healthcare Directorate of
Osakidetza to extract and use data from the EHR for research
purposes. A diagnostic search will be carried out for the term
asthma with AAs (International Classification of Diseases code
J45.901). Data will also be gathered on the number of
prescriptions given for inhaled bronchodilators, or inhaled and
systemic corticosteroids, the recording of severity using the
Pulmonary Score, and the use of a spacer chamber in mild-to-
moderate attacks. In the case of prescriptions, only those made
using the Basque Health Service prescription platform and
associated with AA episodes will be recorded. As this data
collection and recording will be performed without naming and
without any participation of the patients as it is mainly routine
clinical practice data, need for consent was waived by the ethics
committee. Conversely, participants in the structured focus group
meetings (both professionals and patients’ relatives/caregivers)
will be informed about the study and their written informed
consent will be obtained concerning the information directly
collected from them (see Supplementary Files S5, S6).
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All the information regarding the study subjects, either that
extracted from EHRs for this research or collected from the
participants of focus groups, will be protected and treated
confidentially for all purposes, in accordance with the provisions
of the Spanish Organic Law 3/2018, of 5 December, on Personal
Data Protection and the guarantee of digital rights (LOPD-GDD)
and the provisions of Regulation (EU) 2016/679 of the European
Parliament and of the Council of 27 April 2016, on the
protection of natural persons with regard to the processing of
personal data and on the free movement of such data (General
Data Protection Regulation). Specifically, all data will be
anonymously documented, de-identified, and linked to unique
codes that are meaningless outside the context of the system. The
resulting database will be exported to a formatted plain text file
that will be compressed and encrypted using a secure algorithm,
and then, processed and included in a robust and secure
database server.

2.11 Analysis

Frequencies and proportions along with the corresponding
95% confidence intervals (CIs) will be used to describe the rate
of administration of bronchodilators using an MDI with a spacer
chamber in paediatric asthma patients at all measurement points.
The primary effectiveness outcome will be the changes in this
bronchodilator use rate in children diagnosed with mild-to-
moderate AAs in primary care, the PED, and hospital wards. To
test the overall effect of the AICP, we will compare changes in
outcome variables between the two groups over the three follow-
up measurements adjusted for baseline values. Given the binary
nature of most response variables (prescription rates or
performing certain clinical practices/actions), the underlying
regression model will be a logistic regression model, and hence,
odds ratios or risk ratios will be calculated as estimators of the
effect of the intervention. Multivariate mixed logistic models will
be used to take into account the hierarchical structure of the
data, with patients nested in paediatricians and/or health centres
in each of the measurement periods (SAS PROC GLIMMIX ver.
9.4, SAS Institute, Cary, NC, USA, 2023). Separate models will be
fitted for data from PC centres and EDs due to differences in the
hierarchical structure of the data. In both PC and ED-related
models, the AICP intervention, the time of measurement and
intervention-by-time interaction will be included as fixed effects.
Paediatricians and centres will be included as random effects in
of the different
measurements in PC models, while a structure of patients nested
in hospitals will be fitted for ED data, as patient care at EDs
cannot be assigned to any specific physician. In all mixed models
fitted, restricted maximum likelihood ratio tests and the Akaike
and Bayesian information criteria will be used to estimate the

the intercept and the slope repeated

modelled parameters (fixed and random), and to determine the
best covariance structure for our data, respectively. Backward
selection of effects with p<0.05 as a threshold for inclusion and
Laplace approximation will be used to identify parsimonious
final multivariate mixed logistic models.

frontiersin.org


https://doi.org/10.3389/fped.2025.1646499
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Montejo et al.

Additional propensity score analysis aimed to reduce potential
bias related to the non-randomly generated comparison group will
be used. This statistical procedure involves forming matched sets of
subjects by comparison group who share a similar value of the
propensity score (38). In the present study, this analysis will be
carried out using the logit function of the probability of belonging
to the intervention group, determined by a series of prognostic
factors related to paediatric professionals (e.g., baseline rate of
episodes in which bronchodilators are administered using a MDI
with a spacer chamber) or to the characteristics of the episodes
attended by the professionals (e.g., average age, etc.). A 2:1
matching ratio (two matched professionals from the comparison
and no

group for each intervention group’s professional)

replacement strategy through nearest neighbour matching with a

10.3389/fped.2025.1646499

calliper width that ensures the planned matching ratio (e.g., 0.2)
will be used (38). In order to assess balance among matched
subjects, standardized mean differences will be used. Finally, to
estimate and compare results PROC GLIMMIX (random int/
subject = match_id) will be used as a method to match the pairs
and appropriately calculate the variance.

Considering an average of 1,100 AA episodes per year attended
in PC within the participating two HD, and assuming a 10% rate of
episodes in which bronchodilators administered using a MDI with a
spacer chamber in the reference group, using a two-tailed chi-square
test for two independent samples with a significance level of 5%, and
a variance inflation factor due to the clustering of 20 episodes per
professional, the present study will have a 80% power to detect as
statistically significant a 50% increase in the rate of episodes with
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bronchodilators administered using a MDI with a spacer chamber
(absolute proportion 15%) occurred in the intervention group.

3 Discussion

The present study aims to improve the care of children
with asthmatic crisis and to reduce the existing variability
among professionals and the various health care services.
More establish a
homogeneous evidence-based care in episodes of asthmatic
children at all through the
implementation of the AICP.

specifically, the project seeks to

crises  in levels of care

A strength of this non-randomized implementation study
performed in real-world settings is that it uses a matched
comparison group to enhance the evaluation of the AICP
outcomes. Another strength is that the study uses the RE-AIM
framework for evaluating the results in terms of public health
impacts. Also, the use of qualitative methods to ascertain the
perceived  feasibility and AICP
implementation from the perspective of professionals and

satisfaction  regarding
participants will help us to understand why this pathway works
(or does not work) and identify the essential components or
strategies that require optimization. On the other hand, the
relatively small number of health centres that are to receive the
intervention, from only two HDs not fully representative of all
centres in our regional health service, is a relevant limitation as it
has implications for the findings.
Nonetheless, it AICP
implementation, thereby increasing the study’s internal validity.

generalization of our
allows standardization of the
In the case of successful results, health planners, managers,
health professionals and citizens will have valid scientific
evidence that justifies the incorporation of the fundamental
methodological innovations in the emerging field of
Implementation Science, as a way to facilitate the adoption and
implementation of Clinical Care Pathways. The results obtained
will inform the subsequent scaling up to all Osakidetza in order
to increase the scope of good practices and their health outcomes

of the users of our paediatric services.

4 Ethics and dissemination

This research protocol was reviewed and approved by the
Basque Country Clinical Research Ethics Committee (Reference:
PI2019121, approved on 23 October 2019). The study will be
conducted according to the Declaration of Helsinki guidelines, to
International Guidelines and to current Clinical Trial laws. The
study protocol was registered in ClinicalTrials.gov (ID:
NCT06437444, registered 7 May 2024, Last update 3 March 2025).

We used the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) reporting guidelines and the
SPIRIT checklist when writing this protocol (39). (see Figure 2;
Supplementary File S7)

Since data supporting the present study will mostly concern
routine data retrieved from EHR of Osakidetza, it will be only
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shared on justified request to the study guarantors. The results of
the study will be published in indexed scientific journals,
regardless of whether they are positive, negative, or inconclusive
at the end of the study.

Ethics statement

The studies involving humans were approved by Basque
Country Clinical Research Ethics Committee. The studies were
accordance with the local
Written

participation was not required from the participants or the

conducted in legislation and

institutional ~requirements. informed consent for
participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.

Author contributions

MM: Investigation, Supervision, Conceptualization, Funding
acquisition, Project administration, Writing — original draft. NP:
Conceptualization, Writing - review & editing, Investigation,
Funding acquisition, Project administration. AS: Resources,
Funding acquisition, Writing — original draft, Conceptualization,
Supervision, Methodology, Project administration, Investigation.
MR-E:  Writing - draft,
Methodology, Data curation, Investigation. JP: Methodology,
CS: Funding
acquisition, Writing - review & editing, Data curation. VM:

original Project administration,

Writing - review & editing, Investigation.
Writing - review & editing, Resources, Funding acquisition. MV:
Project administration, Funding acquisition, Writing - review &
editing. MS: Project administration, Writing - review & editing,
Funding acquisition. DG: Writing - review & editing, Funding
acquisition, Project administration. GP: Funding acquisition,
Writing - review & editing, Project administration. SC:
Resources, Funding acquisition, Writing - review & editing. JB:
Writing - original draft, Investigation, Conceptualization, Project

administration, Funding acquisition, Supervision.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This
project has been funded by the 2021 Health Department of
the Basque Government Call for research and development
projects in health (funded project 2021111010). This
project has also been funded by the Salud Carlos III Health
Institute (ISCIII), and co-funded by the European Union
NextGenerationEU funds, from the Recovery and Resilience
Facility, through project RD21/0016/0003, and funded by
ISCIII through project RD24/0005/0017 and co-funded by the
European Union. The funding bodies have had no role in
the design of the study, collection, analysis, or interpretation
of data or the writing of the manuscript.

frontiersin.org


https://doi.org/10.3389/fped.2025.1646499
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Montejo et al.

Acknowledgments

The authors would like to thank the following colleagues in the
Basque Health Service (Osakidetza) for their support: Igor Zabala
Errementeria (Integrated Care and Chronicity Service) and Jon
Letona Aranburu (Quality and Information Systems).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

1. Asher MI, Rutter CE, Bissell K, Chiang CY, El Sony A, Ellwood E, et al.
Worldwide trends in the burden of asthma symptoms in school-aged children:
global asthma network phase I cross-sectional study. Lancet. (2021)
398(10311):1569-80. doi: 10.1016/S0140-6736(21)01450-1

2. Mallol J, Crane J, von Mutius E, Odhiambo J, Keil U, Stewart A, et al. The
international study of asthma and allergies in childhood (ISAAC) phase three: a
global synthesis. Allergol Immunopathol (Madr). (2013) 41(2):73-85. doi: 10.1016/j.
aller.2012.03.001

3. Lai CK, Beasley R, Crane J, Foliaki S, Shah J, Weiland §, et al. Global variation in
the prevalence and severity of asthma symptoms: phase three of the international
study of asthma and allergies in childhood (ISAAC). Thorax. (2009) 64(6):476-83.
doi: 10.1136/thx.2008.106609

4. Szefler SJ, Zeiger RS, Haselkorn T, Mink DR, Kamath TV, Fish JE, et al. Economic
burden of impairment in children with severe or difficult-to-treat asthma. Ann Allergy
Asthma Immunol. (2011) 107(2):110-119.e1. doi: 10.1016/j.anai.2011.04.008

5. Ferrante G, La Grutta S. The burden of pediatric asthma. Front Pediatr. (2018)
6:186. doi: 10.3389/fped.2018.00186

6. Gokhale M, Hattori T, Evitt L, Lenney W, Nordstrom B, Collins J, et al. Burden of
asthma exacerbations and health care utilization in pediatric patients with asthma in
the US and England. Immun Inflamm Dis. (2020) 8(2):236-45. doi: 10.1002/iid3.299

7. Suruki RY, Daugherty JB, Boudiaf N, Albers FC. The frequency of asthma
exacerbations and healthcare utilization in patients with asthma from the UK and
USA. BMC Pulm Med. (2017) 17(1):74. doi: 10.1186/s12890-017-0409-3

8. Altzibar JM, Tamayo-Uria I, De Castro V, Aginagalde X, Albizu MV, Lertxundi
A, et al. Epidemiology of asthma exacerbations and their relation with environmental
factors in the basque country. Clin Exp Allergy. (2015) 45(6):1099-108. doi: 10.1111/
cea.12419

9. Braman SS. The global burden of asthma. Chest. (2006) 130(1 Suppl):4S-12.
doi: 10.1378/chest.130.1_suppl.4S

10. Akinbami LJ, Schoendorf KC. Trends in childhood asthma: prevalence, health
care utilization, and mortality. Pediatrics. (2002) 110(2 Pt 1):315-22. doi: 10.1542/
peds.110.2.315

11. Venkatesan P. 2023 GINA report for asthma. Lancet Respir Med. (2023)
11(7):589. doi: 10.1016/52213-2600(23)00230-8

12. Expert Panel Working Group of the National Heart, Lung, and Blood Institute
(NHLBI) administered and coordinated National Asthma Education and Prevention
Program Coordinating Committee (NAEPPCC), Cloutier MM, Baptist AP, Blake
KV, Brooks EG, Bryant-Stephens T, et al. 2020 focused updates to the asthma
management guidelines: a report from the national asthma education and
prevention program coordinating committee expert panel working group. J Allergy
Clin Immunol. (2020) 146(6):1217-70. Erratum in: J Allergy Clin Immunol. 2021
Apr;147(4):1528-1530. doi: 10.1016/j.jaci.2021.02.010. doi: 10.1016/j.jaci.2020.10.003

Frontiers in Pediatrics

10

10.3389/fped.2025.1646499

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2025.
1646499/full#supplementary-material

13. Papadopoulos NG, Custovic A, Deschildre A, Gern JE, Nieto Garcia A, Miligkos
M, et al. Recommendations for asthma monitoring in children: a PeARL document
endorsed by APAPARI, EAACI, INTERASMA, REG, and WAO. Pediatr Allergy
Immunol. (2024) 35(4):¢14129. doi: 10.1111/pai.14129 Erratum in: Pediatr Allergy
Immunol. 2024 Dec;35(12):¢70005. doi: 10.1111/pai.70005.

14. Craig SS, Dalziel SR, Powell CV, Graudins A, Babl FE, Lunny C. Interventions
for escalation of therapy for acute exacerbations of asthma in children: an overview of
cochrane reviews. Cochrane Database Syst Rev. (2020) 8(8):CD012977. doi: 10.1002/
14651858.CD012977.pub2

15. Finkelstein JA, Lozano P, Shulruff R, Inui TS, Soumerai SB, Ng M, et al. Self-
reported physician practices for children with asthma: are national guidelines
followed? Pediatrics. (2000) 106(4 Suppl):886-96.

16. Gausche-Hill M, Ely M, Schmuhl P, Telford R, Remick KE, Edgerton EA, et al. A
national assessment of pediatric readiness of emergency departments. JAMA Pediatr.
(2015) 169(6):527-34. Erratum in: JAMA Pediatr. 2015 Aug;169(8):791. doi: 10.1001/
jamapediatrics.2015.1857. doi: 10.1001/jamapediatrics.2015.138

17. Roman Villaizdn ML, Seoane Sanz A, Sanz Cuesta T, Rodriguez Barrientos R,
Alonso Safont T, Villaizdin Pérez C, et al. Poor compliance with clinical practice
guidelines in the management of asthma in primary care in the community of
Madrid. An Pediatr (Engl Ed). (2024) 101(2):84-94. doi: 10.1016/j.anpede.2024.07.007

18. Sun YH, Eun BW, Sim SY, Cho KH, Ryoo E, Cho DY, et al. Poor adherence and
reasons for nonadherence to the asthma guidelines among pediatricians in Korea.
Asian Pac ] Allergy Immunol. (2010) 28(2-3):147-54.

19. Allen D, Gillen E, Rixson L. Systematic review of the effectiveness of integrated
care pathways: what works, for whom, in which circumstances? Int J Evid Based
Healthc. (2009) 7(2):61-74. doi: 10.1111/j.1744-1609.2009.00127.x

20. Lawal AK, Rotter T, Kinsman L, Machotta A, Ronellenfitsch U, Scott SD, et al.
What is a clinical pathway? Refinement of an operational definition to identify clinical
pathway studies for a cochrane systematic review. BMC Med. (2016) 14:35. doi: 10.
1186/512916-016-0580-z

21. Rotter T, de Jong RB, Lacko SE, Ronellenfitsch U, Kinsman L. Chapter 12:
Clinical pathways as a quality strategy. In: Busse R, Klazinga N, Panteli D, Quentin
W, editors. Improving Healthcare Quality in Europe: Characteristics, Effectiveness
and Implementation of Different Strategies. Copenhagen, Denmark: European
Observatory on Health Systems and Policies (2019). (Health Policy Series, No. 53.).
Available online at: https://www.ncbi.nlm.nih.gov/books/NBK549262/

22. Dexheimer JW, Borycki EM, Chiu KW, Johnson KB, Aronsky D. A systematic
review of the implementation and impact of asthma protocols. BMC Med Inform
Decis Mak. (2014) 14:82. doi: 10.1186/1472-6947-14-82

23. Kaiser SV, Johnson MD, Walls TA, Teach SJ, Sampayo EM, Dudley NC, et al.
Pathways to improve pediatric asthma care: a multisite, national study of emergency
department asthma pathway implementation. ] Pediatr. (2020) 223:100-107.e2.
doi: 10.1016/j.jpeds.2020.02.080

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2025.1646499/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2025.1646499/full#supplementary-material
https://doi.org/10.1016/S0140-6736(21)01450-1
https://doi.org/10.1016/j.aller.2012.03.001
https://doi.org/10.1016/j.aller.2012.03.001
https://doi.org/10.1136/thx.2008.106609
https://doi.org/10.1016/j.anai.2011.04.008
https://doi.org/10.3389/fped.2018.00186
https://doi.org/10.1002/iid3.299
https://doi.org/10.1186/s12890-017-0409-3
https://doi.org/10.1111/cea.12419
https://doi.org/10.1111/cea.12419
https://doi.org/10.1378/chest.130.1_suppl.4S
https://doi.org/10.1542/peds.110.2.315
https://doi.org/10.1542/peds.110.2.315
https://doi.org/10.1016/S2213-2600(23)00230-8
https://doi.org/10.1016/j.jaci.2020.10.003
https://doi.org/10.1111/pai.14129
https://doi.org/10.1002/14651858.CD012977.pub2
https://doi.org/10.1002/14651858.CD012977.pub2
https://doi.org/10.1001/jamapediatrics.2015.138
https://doi.org/10.1016/j.anpede.2024.07.007
https://doi.org/10.1111/j.1744-1609.2009.00127.x
https://doi.org/10.1186/s12916-016-0580-z
https://doi.org/10.1186/s12916-016-0580-z
https://www.ncbi.nlm.nih.gov/books/NBK549262/
https://doi.org/10.1186/1472-6947-14-82
https://doi.org/10.1016/j.jpeds.2020.02.080
https://doi.org/10.3389/fped.2025.1646499
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Montejo et al.

24. Kennedy L, Gallagher G, Maxwell B, Bartholme B, Fitzsimons A, Russell C, et al.
Implementation of a children’s safe asthma discharge care pathway reduces the risk of
future asthma attacks in children-a retrospective quality improvement report. Front
Pediatr. (2022) 10:865476. doi: 10.3389/fped.2022.865476

25. Rutman L, Atkins RC, Migita R, Foti ], Spencer S, Lion KC, et al. Modification of
an established pediatric asthma pathway improves evidence-based, efficient care.
Pediatrics. (2016) 138(6):e20161248. doi: 10.1542/peds.2016-1248

26. Bartlett KW, Parente VM, Morales V, Hauser ], McLean HS. Improving the
efficiency of care for pediatric patients hospitalized with asthma. Hosp Pediatr.
(2017) 7(1):31-8. doi: 10.1542/hpeds.2016-0108

27. Gupta N, Cattamanchi A, Cabana MD, Jennings B, Parikh K, Kaiser SV.
Implementing pediatric inpatient asthma pathways. J Asthma. (2021) 58(7):893-902.
doi: 10.1080/02770903.2020.1741612

28. Tang KM, Mills C, McCann TA, Rosenthal SL, Lee J. Using quality improvement
methods to reduce length of stay with a respiratory therapist-driven pathway for
asthma. Pediatr Qual Saf. (2025) 10(3):e817. doi: 10.1097/pq9.0000000000000817

29. Montejo M, Paniagua N, Pijoan JI, Saiz-Hernando C, Castelo S, Martin V, et al.
Reducing unnecessary treatment of bronchiolitis across a large regional health service
in Spain. Pediatrics. (2022) 150(5):e2021053888. doi: 10.1542/peds.2021-053888

30. Sharpe H, Potestio M, Cave A, Johnson DW, Scott SD. Facilitators and barriers
to the implementation of the primary care asthma paediatric pathway: a qualitative
analysis. BM] Open. (2022) 12(5):e058950. doi: 10.1136/bmjopen-2021-058950

31. Zorc JJ, Pawlowski NA, Allen JL, Bryant-Stephens T, Winston M, Angsuco C,
et al. Development and validation of an instrument to measure asthma symptom
control in children. ] Asthma. (2006) 43(10):753-8. doi: 10.1080/02770900601031615

Frontiers in Pediatrics

1

10.3389/fped.2025.1646499

32. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health
promotion interventions: the RE-AIM framework. Am ] Public Health. (1999)
89(9):1322-7. doi: 10.2105/ajph.89.9.1322

33. Miller CJ, Smith SN, Pugatch M. Experimental and quasi-experimental designs
in implementation research. Psychiatry Res. (2020) 283:112452. doi: 10.1016/j.
psychres.2019.06.027

34. Michie S, Johnston M, Abraham C, Lawton R, Parker D, et al. Making
psychological theory useful for implementing evidence based practice: a consensus
approach. Qual Saf Health Care. (2005) 14(1):26-33. doi: 10.1136/qshc.2004.011155

35. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method
for characterising and designing behaviour change interventions. Implement Sci.
(2011) 6:42. doi: 10.1186/1748-5908-6-42

36. Glaser B, Strauss A. The Discovery of Grounded Theory: Strategies for Qualitative
Research. Chicago IL: Sociology Press (1967).

37. Council for International Organizations of Medical Sciences (CIOMS) in
collaboration with the World Health Organization (WHO). International Ethical
Guidelines for Biomedical Research Involving Human Subjects. Geneva, Switzerland:
Council for International Organizations of Medical Sciences (CIOMS) (2002).

38. Rosenbaum P, Rubin D. Constructing a control group using multivariate
matched sampling methods that incorporate the propensity score. Am Stat. (1985)
39(1):33-8. doi: 10.1080/00031305.1985.10479383

39. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeri¢ K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical trials.
Ann Intern Med. (2013) 158(3):200-7. doi: 10.7326/0003-4819-158-3-201302050-
00583

frontiersin.org


https://doi.org/10.3389/fped.2022.865476
https://doi.org/10.1542/peds.2016-1248
https://doi.org/10.1542/hpeds.2016-0108
https://doi.org/10.1080/02770903.2020.1741612
https://doi.org/10.1097/pq9.0000000000000817
https://doi.org/10.1542/peds.2021-053888
https://doi.org/10.1136/bmjopen-2021-058950
https://doi.org/10.1080/02770900601031615
https://doi.org/10.2105/ajph.89.9.1322
https://doi.org/10.1016/j.psychres.2019.06.027
https://doi.org/10.1016/j.psychres.2019.06.027
https://doi.org/10.1136/qshc.2004.011155
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1080/00031305.1985.10479383
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.3389/fped.2025.1646499
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Improving the management of acute asthma in children through an integrated care pathway: an implementation study protocol
	Introduction
	Effectiveness objectives
	Implementation objectives

	Methods and analysis
	Design and timeline of the study
	Setting
	Participants
	Professionals
	Patients

	Allocation to intervention and comparison groups
	Clinical intervention
	Implementation strategy
	Outcome measures
	Evaluating the effectiveness of the AICP
	Evaluating the implementation of the AICP
	REACH
	ADOPTION
	IMPLEMENTATION
	Maintenance

	Data management plan
	Analysis

	Discussion
	Ethics and dissemination
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


