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ABSTRACT

Asthma is one of the most common chronic diseases in children, significantly 
impacting their health, quality of life, and healthcare systems globally. Pediat-
ric asthma accounts for substantial morbidity, including frequent exacerbations, 
emergency department visits, and missed school days. Despite the availability of 
effective treatments and clear management guidelines, achieving optimal asthma 
control remains a challenge. In recent years, digital technologies have emerged 
as transformative tools in asthma care, offering new ways to monitor, educate, 
and treat pediatric patients.
A systematic review was conducted to examine the impact of digital technologies 
on pediatric asthma care, synthesizing evidence on their effectiveness, challenges, 
and future directions. Covering studies from January 2020 to December 2024, the 
review analyzed 59 primary studies that involved mobile health (mHealth) appli-
cations, electronic medication monitoring systems, wearable devices, artificial 
intelligence (AI)-powered solutions, and school-based telemedicine programs.
Findings reveal that mHealth applications and serious games promote self-man-
agement, improve medication adherence, and support patient education. Tele-
medicine, including school-based and remote patient monitoring, enhances care 
accessibility, reduces emergency visits, and promotes continuity of care, partic-
ularly in underserved populations. Wearable devices and electronic monitoring 
tools enhance symptom tracking and evaluation of inhaler technique. AI-driven 
interventions, such as digital twin systems, show promise in personalizing treat-
ment and predicting exacerbations.
Despite encouraging outcomes, challenges remain, including digital literacy gaps, 
limited access to devices and the internet, and difficulties integrating digital tools 
into clinical workflows. Usability and sustainability vary widely depending on design 
approaches, caregiver engagement, and infrastructure readiness.

IMPACT STATEMENT

Digital technologies show promise in asthma management. Despite encourag-
ing outcomes, challenges remain, including digital literacy gaps, limited access to 
devices and the internet, and difficulties integrating digital tools into clinical workflows.
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INTRODUCTION

Asthma is one of the most common chronic diseases 
in children, significantly impacting their health, qual-
ity of life, and healthcare systems globally. Pediatric 
asthma accounts for substantial morbidity, including 
frequent exacerbations, emergency department vis-
its, and missed school days. Despite the availability of 
effective treatments and clear management guidelines, 
achieving optimal asthma control remains a challenge.
In recent years, digital technologies have emerged as 
transformative tools in asthma care, offering new ways 
to monitor, educate, and treat pediatric patients. These 
include mobile health (mHealth) applications, telemed-
icine platforms, wearable devices, and artificial intelli-
gence (AI)-enabled solutions. Such technologies prom-
ise to improve asthma control by facilitating better dis-
ease monitoring, enhancing medication adherence, and 
enabling more proactive and personalized care (1-7).
Mobile health applications have also gained prominence 
for their potential to enhance asthma control. These apps 
often include features such as symptom tracking, med-
ication reminders, educational resources, and real-time 
feedback for children and their caregivers (8-11). How-
ever, real-world implementation has revealed practical 
challenges such as recruitment barriers, communica-
tion issues, and low retention in pilot studies, emphasiz-
ing the need for adaptable strategies tailored to pediat-
ric populations (12). Additionally, AI-powered solutions, 
such as digital twin systems (DTS), leverage real-time 
data to personalize care and predict exacerbation risks, 
enabling a more tailored approach to asthma manage-
ment (7, 13).
School-based telehealth programs represent another 
effective intervention for pediatric asthma. By integrat-
ing healthcare services into school settings, these pro-
grams address logistical barriers, such as transportation 
issues and caregiver availability, while engaging school 
nurses in asthma management. These programs have 
been shown to improve asthma outcomes by ensuring 
regular follow-ups, medication adherence, and symp-
tom monitoring during school hours (7, 14, 15).
Furthermore, wearable devices and electronic medi-
cation monitoring (EMM) systems have advanced the 
management of pediatric asthma. These technologies 
allow real-time tracking of medication use and provide 
objective data on treatment adherence, a critical fac-

tor in achieving asthma control. For instance, Blue-
tooth-enabled sensors attached to inhalers can mon-
itor usage patterns, offering valuable insights for both 
caregivers and healthcare providers (16). Similarly, dig-
ital wheeze detectors and other wearable devices are 
enhancing early detection of symptoms, enabling timely 
interventions and reducing the risk of severe exacerba-
tions (7, 17).
Despite the promising impact of these digital tools, their 
implementation faces several challenges. Social deter-
minants of health, such as limited internet access, low 
health literacy, and economic constraints, can hinder the 
adoption of digital technologies, particularly in under-
served populations (18-20).
Moreover, integrating digital technologies into exist-
ing healthcare workflows is complex. Healthcare pro-
viders often cite concerns about data privacy, the time 
required to learn new systems, and the lack of interop-
erability between digital tools and electronic health 
records (7, 18, 21).
Research on the effectiveness of digital health inter-
ventions in pediatric asthma is growing. Evidence sug-
gests that these technologies improve medication adher-
ence, reduce healthcare utilization, and enhance overall 
asthma control. However, gaps remain in understand-
ing the long-term impact, scalability, and cost-effective-
ness of these solutions (2, 7, 14, 15).
This systematic review examines the impact of digital 
technologies on pediatric asthma care, synthesizing 
evidence on their effectiveness, challenges, and future 
directions. By providing insights into the current state of 
digital asthma care, this review aims to guide clinicians, 
policymakers, and researchers in leveraging these tools 
to improve outcomes for children with asthma.

METHODS

The systematic review was conducted and reported in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines, as specified in the reference literature (22).

Outcomes
The primary outcome of this study is the systematic 
assessment of digital technologies implemented in 
pediatric asthma care. The analysis focused on evalu-
ating the clinical effectiveness, adherence improvement, 
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healthcare utilization reduction, feasibility, usability, and 
equity implications of digital health interventions in chil-
dren and adolescents with asthma.
The included studies were categorized into four the-
matic domains: School-Based Telehealth Studies; Seri-
ous Game Studies; Asthma Management Technologies; 
Impact of COVID-19 and Caregivers’ Experience.

Inclusion and exclusion criteria
The studies included in the systematic review were pub-
lished between January 2020 and December 2024, a 
time frame chosen to ensure that the evidence was rel-
evant and up to date in the context of the study. In order 
to adequately address the research question, the inclu-
sion criteria are the following: 1) focused on a population 
with asthma, 2) involved children or adolescents aged 
0-18 years, 3) primary study, 4) included an intervention 
involving a device, and 5) English language text. Our 
analysis excluded clinical guidelines, case reports, con-
sensus documents, clinical trials and reviews. We also 
excluded conferences and congress abstracts because 
of limited data and the potential risk of bias.

Search strategy
A sensitive search strategy was designed to retrieve all 
articles from the major online databases: PubMed, Web 
of Science, Embase, and Scopus. Searches were con-
ducted using one or more search terms (Table 1). Stud-
ies of different methodological types were included, such 

as cross-sectional studies, non-randomized trials, qua-
si-experimental studies, before-after controlled studies, 
Cluster Randomized Trials (CRTs), Randomized Con-
trolled Trials (RCTs), case-control studies, and cohort 
studies. The identification and removal of duplicate stud-
ies was automated using Zotero software. Then three 
independent reviewers (identified by the initials GP, 
DLR and PA) performed an initial assessment of the 
titles and abstracts of the identified studies. The aim of 
this evaluation was to select articles that met the inclu-
sion criteria. Articles that passed this initial stage were 
retrieved in full text for a more thorough assessment, to 
determine whether they met the defined inclusion cri-
teria and to identify the primary studies to be included. 
Any discrepancies were resolved by discussion and con-
sensus with an additional researcher (RN and SM). The 
selected studies were then used for data extraction to 
gather the necessary information to address the objec-
tives of the review.
As illustrated in the PRISMA flowchart (Figure 1), the 
final database search conducted in May 2025 yielded 428 
records. Following the removal of 96 duplicate entries, 
the remaining records underwent a two-step screening 
process. Initially, titles and abstracts were assessed for 
relevance, after which full-text reviews were performed. 
A total of 273 publications were excluded based on pre-
defined exclusion criteria. Ultimately, 59 articles that 
met all the inclusion criteria were deemed eligible and 
included in the systematic review.

Table 1. Query Research String.

PubMeD
((((“digital”[All Fields] AND “health”[All Fields]) OR “digital health”[All Fields] AND (“technology”[MeSH 
Terms] OR “technology”[All Fields] OR “technologies”[All Fields] OR “technology s”[All Fields])) OR 
(“telemedicine”[MeSH Terms] OR “telemedicine”[All Fields] OR “telemedicine s”[All Fields])) AND 
(“asthma”[MeSH Terms] OR “asthma”[All Fields] OR “asthmas”[All Fields] OR “asthma s”[All Fields]) 
AND (“child”[MeSH Terms] OR “child”[All Fields] OR “children”[All Fields] OR “child s”[All Fields] OR 
“children s”[All Fields] OR “childrens”[All Fields] OR “childs”[All Fields])) AND ((allchild[Filter]) AND 
(2020:2024[pdat]))

Embase
digital health technology OR telemedicine AND asthma AND children (All Fields) and 2020 or 2021 or 2022 
or 2023 or 2024 or 2025 (Publication Years) and English (Languages)

Web Of Science
digital health technology (All Fields) AND telemedicine (All Fields) AND asthma (All Fields) AND children (All Fields)
Timespan: 2020-01-01 to 2024-12-31 (Publication Date)

Scopus
TITLE-ABS-KEY ( digital AND health AND technology OR telemedicine AND asthma AND children ) AND 
PUBYEAR >2019 AND PUBYEAR <2025
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Risk of bias assessment
Two reviewers (RN and SM) independently assessed the 
risk of bias of the included studies, by using a validated 
checklist, the Johanna Briggs Institute critical appraisal 
tools (23), according to the design of the study. Selec-
tion and information bias, confounders, blinding, data 
analysis methods were the main domains checked for 
the risk of bias. An overall risk of bias was reported for 
each study, then normalized to 100 and expressed as 
“low”, “medium” and “high” (first, second and third ter-
tile, respectively).

RESULTS

Study characteristics
A total of 428 articles were found. After removing 96 
duplicates, 332 were reviewed on title and abstract 
and 257 articles were excluded from this group. 75 full 
texts were screened, and 16 were excluded based on 

type of intervention, absence of a control group, small 
sample sizes, non-relevant context, and interventions 
not easily implementable in clinical practice. 59 articles 
were assessed for eligibility. The studies predominantly 
focus on pediatric populations, encompassing infants 
(0–12 months), school-aged children (6–12 years), and 
adolescents (12–18 years). A limited number extend to 
adult cohorts for comparative analyses. Most investi-
gations center on children aged 5–15 years, a critical 
developmental window for asthma management and 
digital health interventions.
Specifically, 6 studies addressed the topic of School-
based Telehealth, 6 studies where about Serious games, 
30 studies investigated Asthma management, and 17 
studies addressed Impact of COVID-19, caregivers’ 
experience (Supplementary Materials Table S1, Table 
S2 and Table S3).
Telemedicine monitoring strategies include remote patient 
monitoring (8, 24), and school-based telehealth programs 

Figure 1. PRISMA flowchart showing the study selection process.
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[25-27], and virtual home visits [28], aiming to enhance 
healthcare accessibility, reduce school absenteeism, 
and minimize emergency visits. Mobile health (mHealth) 
applications (2, 19, 29-31), and serious games (29, 32), 
emphasize asthma self-management, leveraging gam-
ification and family engagement to improve adherence.
Electronic medication monitoring devices (EMDs) and 
digital inhalers (17, 33-35), facilitate the tracking of 
inhalation techniques, adherence monitoring, and risk 
pattern identification. Additionally, emerging technolo-
gies such as Digital Twin Systems (13) and augmented 
reality (36), alongside advanced digital monitoring com-
bined with AI solutions (35), offer innovative solutions 
for asthma education and clinical training. The primary 
outcomes of these interventions focus on asthma man-
agement, healthcare utilization, cost-effectiveness, and 
user engagement.
Digital tools have been shown to enhance medication 
adherence by 12–23% (33) and improve symptom con-
trol and exacerbation prevention. Telemedicine programs 
significantly reduce emergency room visits and hospital-
izations (21, 24, 37), with some studies reporting a 100-
fold increase in telehealth adoption (21). Economic anal-

yses suggest that telehealth interventions mitigate care-
giver wage loss and decrease school absenteeism (25, 
28). Furthermore, usability studies (30-32, 36), showed 
feasibility and positive user feedback, especially in pre-
school and adolescent populations.
Overall, telemedicine has demonstrated substantial 
improvements in asthma care and accessibility, reduc-
ing absenteeism and hospitalization rates while increas-
ing parental satisfaction (26, 27, 38, 39).
mHealth applications effectively promote self-manage-
ment, with high engagement and better asthma control 
outcomes (19, 40, 41). Electronic monitoring systems 
significantly enhance medication adherence (33-35). 
While augmented reality and artificial intelligence pres-
ent promising advancements, concerns remain regard-
ing their potential to replace direct clinical interactions, 
necessitating further validation (36).

DISCUSSION

User-Centered Design for mHealth Applications 
and Serious Games
The integration of digital tools into pediatric asthma care 
necessitates a user-centered, strategically planned 

Table 2. User-centered design methodologies.

Aspect / Solution ARCA [1] REACT [2] MIRACLE [3] AIM2ACT [4]
Application Type mHealth mHealth serious game mHealth

Target Users Adolescents with 
asthma and their 
caregivers

Adolescents with asthma Children with 
asthma

Adolescents with 
asthma and their 
caregivers

Key Features Monitoring, action 
plans, educational 
materials, medication 
adherence

Goal intention–formatted 
messages, motivation 
assessment, problem-
solving modules

Interactive 
storytelling, 
educational 
gameplay

EMA, goal setting, 
behavioral contracting, 
skills-training videos

Design Process Developed with a 
focus on usability, 
involved systematic 
reviews

User-centered 
design with iterative 
feedback and algorithm 
development

User-centered 
design with focus 
on engagement

User-centered design 
with feedback from 
adolescents and 
caregivers

Development 
Approach

Iterative development 
with usability testing

Iterative development 
with user feedback

Iterative design 
with user 
engagement focus

Iterative design with 
stakeholder feedback

Implementation 
Strategy

Multi-platform 
support, offline 
functionality

Mobile app with 
interactive modules

Game-based 
learning approach

Mobile app with 
interactive features

Evaluation 
Methodology

Usability assessed 
with System Usability 
Scale

Feasibility, acceptability, 
and preliminary efficacy 
evaluated through pilot 
studies

Engagement and 
educational impact 
assessment

Feasibility, acceptability, 
and preliminary efficacy 
evaluated through pilot 
studies
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approach that balances technological innovation with 
clinical utility. Telemedicine, supported by advanced 
wireless communication, should complement traditional 
care models (7). Mobile applications, interactive plat-
forms, and serious games for children and adolescents 
introduce unique challenges in design and implementa-
tion. Employing a user-centered design (UCD) frame-
work ensures these tools remain engaging, usable, and 
responsive to the needs of young patients and care-
givers. Continuous end-user involvement throughout 
development enhances usability, adherence, and clin-
ical outcomes.
Studies indicate that digital interventions can address 
key adherence barriers, such as forgetfulness, irregular 
medication use, and insufficient educational resources. 
Across various models, the literature underscores the 
necessity of iterative development and systematic incor-
poration of user feedback.
The ARCA platform (30) exemplifies structured UCD, 
offering a color-coded dashboard for patient-reported 
outcomes (PROs) and developed through a seven-phase 
process, though patient and family involvement was 
limited to later stages. Usability was evaluated with the 
System Usability Scale (SUS). REACT (40) focuses on 
adolescent adherence via a self-regulation tool, inte-
grating feedback from interviews and national crowd-
sourcing; formal usability testing is still pending. MIRA-
CLE (7), an educational program for Indonesian children, 
uses storytelling and games based on the NEMD theory 
and SERES framework, with usability testing planned.
AIM2ACT (29) combines ecological momentary assess-
ment, goal setting, behavioral contracts, and skill-build-
ing for adolescents and caregivers, and has undergone 
feasibility and acceptability testing with positive prelim-
inary outcomes. The JASMIN app (12), based on the 
pediatric self-management model, enhances commu-
nication and collaborative care through symptom track-
ing and shared action plans. Despite methodological 
differences, these interventions converge on iterative 
refinement and stakeholder engagement. Of these, 
only AIM2ACT (29) has progressed to advanced eval-
uation stages.

Digital technologies and asthma care
Integrating digital technologies into asthma care rep-
resents a transformative shift in managing this chronic 

condition, particularly among pediatric populations. Mul-
tiple studies highlight the potential and challenges of 
digital interventions, including mHealth applications 
(19), telemedicine, wearable devices [42], augmented 
reality (AR) (36), and Electronic Medication Monitor-
ing Systems (EMM) (17) (Table 3). These innovations 
aim to address critical barriers in asthma care, such as 
poor adherence, limited access to specialized health-
care, and inadequate patient education, fostering better 
outcomes. Likewise, technologies offering real-time pro-
vider-patient communication may enhance diagnostic 
precision for children with asthma who may need ongo-
ing adjustments to treatment (19).

Mobile health applications
Mobile health (mHealth) tools are increasingly integrated 
into pediatric asthma care, offering functionalities such 
as symptom tracking, medication reminders, and educa-
tional support. A retro-prospective study on the Nemours 
app found that 56% of providers and 61% of caregiv-
ers used the app to enhance communication and care-
giver health literacy. Use of its messaging function was 
positively associated with higher health literacy scores 
(β = 0.44, p = 0.041) and improved symptom reporting 
that supported asthma action plan adjustments (19).
In a pilot RCT, the AIM2ACT intervention, combining 
ecological momentary assessment, tailored feedback, 
and skills training, significantly improved Asthma Con-
trol Test (ACT) scores in adolescents aged 12–15 and 
their caregivers [29]. Retention was high (97% at fol-
low-up), especially in underserved populations, sup-
porting the feasibility and acceptability of personalized 
mHealth strategies.
Beyond asthma, mHealth tools like “AllergyMonitor” 
have addressed allergic rhinoconjunctivitis, a frequent 
asthma comorbidity. A study of 125 children from Berlin 
and Ascoli Piceno used the app to collect daily symp-
tom and medication data, analyzed using fuzzy k-me-
doid clustering of Combined Symptom and Medication 
Score (CSMS) trajectories (43). This identified symp-
tom severity clusters and linked them to environmen-
tal exposures, showing the value of real-time, person-
alized feedback.
Despite promising outcomes, implementation chal-
lenges remain. Wyatt et al. (12) reported consistent 
difficulties across all phases of participant recruitment 
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in a pediatric asthma mHealth study, highlighting the 
need for flexible, iterative recruitment strategies. Simi-
larly, “Asmapp” was piloted in preschoolers with recur-
rent wheeze, allowing daily symptom tracking and cli-
nician access to real-time data (31). Although no clin-

ical improvements were seen, caregiver acceptabil-
ity exceeded 95%, and app-collected data were more 
detailed than retrospective questionnaires, underscor-
ing the value of continuous digital monitoring for early 
childhood asthma management.

Table 3. Digital technologies and asthma care

Device/
Instrument 
Type

Brief 
Description

Pros Cons Impact on Pediatric 
Asthma Care

Mobile Health 
Applications 
(mHealth)

mHealth apps 
are digital tools 
designed to 
support asthma 
management 
by providing 
features like 
symptom tracking, 
medication 
reminders, air 
quality alerts, and 
patient education.  
(Ex:Nemours; 
AIM2ACT)

•	Improves health literacy 
and self-management.

•	Provides tailored 
feedback and real-time 
insights.

•	Facilitates 
communication between 
patients, caregivers, and 
providers.

•	Enables precision 
medicine approaches.

•	Effective in fostering 
caregiver involvement 
and autonomy in 
adolescents.

•	Dependent on internet 
access and device 
availability.

•	Engagement 
varies based on 
socioeconomic factors.

•	Potential for data 
overload without 
proper filtering and 
presentation.

•	Some challenges in 
integrating with clinical 
workflows.

•	Enhances medication 
adherence and asthma 
control: studies indicate 
that mHealth apps can 
improve adherence to 
treatment plans and overall 
asthma control in children 
and adolescents.

•	Facilitates parent-child 
shared management: 
apps designed for joint use 
by parents and children 
promote collaborative 
management, leading to 
better health outcomes.

•	Potential to reduce 
healthcare utilization: 
while some studies did not 
find a significant decrease 
in emergency visits, 
mHealth apps have been 
associated with improved 
self-management and 
patient confidence.

Electronic 
Medication 
Monitoring 
(EMM) 
Systems

EMM systems 
are devices or 
sensors attached 
to inhalers 
that monitor 
medication 
adherence 
and inhalation 
technique in real 
time.  
(EX Popeller 
Health sensor; 
Digihaler)

•	Enhances medication 
adherence monitoring.

•	Reduces emergency 
visits through early 
intervention.Combines 
data tracking with 
inspiratory effort 
measurement (Digihaler).

•	Promotes provider-
patient collaboration.

•	Improves ICS adherence 
significantly in pediatric 
populations.

•	Requires integration 
with existing 
healthcare workflows.

•	Interoperability issues 
with EHR systems.

•	Limited by 
technology literacy 
and administrative 
burdens.

•	Occasional 
discrepancies in data 
due to incorrect usage 
of devices.

•	Improves adherence and 
health outcomes: EMM 
systems have been shown 
to enhance adherence to 
inhaled corticosteroids and 
reduce asthma-related 
exacerbations in children.

•	Provides reassurance 
to caregivers: parents 
report increased confidence 
and a sense of security 
when using EMM systems, 
knowing their child’s 
medication use is being 
monitored.

•	Engages children in 
self-management: the 
interactive nature of EMM 
devices can motivate 
children to take an active 
role in their asthma care.
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Device/
Instrument 
Type

Brief 
Description

Pros Cons Impact on Pediatric 
Asthma Care

Wearable 
Devices

Wearable devices 
are technologies 
designed for 
continuous 
monitoring of 
asthma-related 
parameters such 
as lung function, 
activity levels, and 
sleep patterns. 
(Ex: Activity 
trackers; Handheld 
spirometers; 
Smart inhalers)

•	Enables continuous real-
world monitoring.

•	Provides insights into 
trends that episodic 
evaluations may miss.

•	Facilitates early detection 
of poor control and 
severe exacerbations.

•	Strong correlation with 
clinical assessments.

•	High compliance in 
pediatric populations 
when designed for ease 
of use.

•	May not be accessible 
or affordable for all 
populations.

•	Requires adherence 
to wearing and 
maintaining the device.

•	Limited by battery life 
and potential data 
syncing issues.

•	Data accuracy 
can vary based on 
compliance and device 
calibration.

•	Enables personalized 
asthma management: 
continuous monitoring 
allows for tailored 
interventions based on 
individual patterns and 
triggers.

•	Early detection of 
exacerbations: wearable 
devices can identify 
early signs of asthma 
attacks, prompting timely 
interventions.

•	Encourages proactive 
health behaviors: the use 
of wearable technology can 
motivate children to engage 
in their health management 
actively.

Augmented 
Reality (AR) 
Tools

AR tools are 
interactive 
educational 
technologies that 
use augmented 
reality to enhance 
engagement and 
understanding 
of asthma 
management.  
(Ex: MIRACLE)

•	Highly engaging and 
user-friendly for children.

•	Increases retention of 
educational content.

•	Improves inhaler 
techniques and 
knowledge of asthma 
triggers.

•	Encourages proactive 
self-management 
behaviors.

•	Can address educational 
gaps using immersive, 
culturally adapted 
narratives.

•	Initial development 
costs can be high.

•	Limited usability for 
older populations.

•	Requires specific 
hardware (AR-enabled 
devices), potentially 
limiting accessibility.

•	Challenges in 
widespread 
deployment due to 
technical barriers or 
resource constraints.

•	Enhances learning and 
retention: AR tools make 
asthma education more 
engaging, leading to better 
understanding and recall of 
management techniques.

•	Improves inhaler 
technique: interactive 
simulations help children 
master proper inhaler use, 
reducing medication errors.

•	Addresses educational 
disparities: culturally 
adapted AR content 
can bridge knowledge 
gaps in diverse pediatric 
populations.

Telemedicine 
Platforms

Telemedicine 
platforms are 
digital systems 
that enable remote 
consultations, 
monitoring, and 
education through 
video calls, 
messaging, or 
specialized apps.  
(Ex: MCAV; 
Remote 
monitoring 
systems that 
integrate 
wearables)

•	Expands access, 
especially for 
underserved populations.

•	Reduces logistical 
barriers like 
transportation.

•	Allows real-time 
symptom tracking and 
timely interventions.

•	Enhances patient-
provider communication.

•	Addresses social 
determinants of health 
via resource linkage.

•	Reduces no-show rates 
in pediatric programs.

•	Internet and 
device access are 
prerequisites.

•	Less effective for 
populations with low 
digital literacy.

•	Requires careful 
planning to avoid 
excluding vulnerable 
groups.

•	Challenges in 
integrating with 
existing clinical 
practices and 
workflows.

•	Limited ability to 
conduct physical 
assessments remotely.

•	Increases access to care: 
telemedicine overcomes 
geographical barriers, 
providing timely medical 
advice to children in remote 
areas.

•	Facilitates continuous 
monitoring: integration with 
wearable devices allows 
healthcare providers to 
monitor patients’ conditions 
in real-time, leading to 
proactive care adjustments.

•	Reduces healthcare 
costs: by minimizing 
emergency visits and 
hospitalizations through 
early interventions, 
telemedicine can lower 
overall healthcare 
expenses.
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Electronic Medication Monitoring Systems
Electronic Monitoring and Management (EMM) devices, 
such as the Propeller Health sensor and Digihaler, inte-
grate adherence tracking with real-time feedback. The 
Digihaler also measures inspiratory effort, providing 
insight into both inhaler use and drug delivery effective-
ness. A non-interventional study comparing the Digihaler 
with the inhalation profile recorder (IPR) showed accurate, 
clinically relevant data in pediatric patients, supporting 
treatment decisions on technique and adherence (34).
EMM systems enable personalized asthma care. In the 
iTRACC trial, automated alerts prompted timely inter-
ventions that addressed issues like prescription delays 
and missed doses (35). A qualitative study based on the 
Consolidated Framework for Implementation Research 
(CFIR) explored how ten healthcare providers perceived 
EMM integration. Interviews highlighted both the ben-
efits and challenges of implementation in pediatric out-
patient settings.
By embedding digital monitoring into clinical workflows, 
EMM tools improved provider-patient communication, 
identified nonadherence early, and helped prevent exac-
erbations and emergency visits (17, 29, 34, 43). These 
systems show promise in optimizing asthma manage-
ment across diverse care contexts.

Wearable technologies
The WEARCON study adopted a prospective observa-
tional design, focusing on children aged 4–14 years (42). 
The study highlighted their potential by integrating mul-
tiple devices to track real-world asthma management. 
For instance, pre-exercise lung function variation and 
respiratory rate recovery post-exercise emerged as reli-
able indicators of asthma control, correlating strongly 
with clinical assessments. Additionally, wearable devices 
enable ongoing symptom monitoring, addressing the lim-
itations of episodic outpatient evaluations (42).
Remote Patient Monitoring programs, which integrate 
wearable and mobile devices, provide real-time mon-
itoring of asthma symptoms and physiological data. A 
study explored the utility and effectiveness of the New 
Mexico Pictorial Asthma Action Plan, a telehealth deliv-
ery of a pictorial action plan, focused on youth aged 
10 to 17 years, significantly improved asthma control 
scores, particularly in low-literacy, underserved popula-
tions. By combining RPM with tailored educational tools, 

this approach reduced barriers to care and enhanced 
patient-provider communication (39).

Augmented reality tools
Digital technologies offer innovative tools to improve 
pediatric asthma management by combining education, 
engagement, and prediction. Augmented reality (AR) 
and serious games are increasingly used to enhance 
asthma education among children. The MIRACLE pro-
gram (29), for example, integrated culturally adapted 
interactive storytelling and games to teach Indonesian 
children about asthma triggers and inhaler use while pro-
moting self-management skills. Another study applied 
the Theoretical Framework of Acceptability to evaluate 
AR-based teaching tools co-designed with clinicians, 
children, and caregivers (36). These tools improved 
comprehension and retention by using animations and 
interactive content to support correct inhaler techniques.
Beyond education, digital platforms are being used 
for early prediction of asthma exacerbations. The 
DIGIPREDICT study (35) is a prospective observa-
tional project that integrates data from wearable sen-
sors, smart inhalers, and mobile apps to detect early 
physiological, behavioral, and environmental signals 
associated with asthma attacks. Using machine learn-
ing algorithms, the system generates personalized 
alerts aimed at preventing exacerbations and support-
ing clinical decision-making. DIGIPREDICT illustrates 
how AI-driven, patient-centered tools can address lim-
itations in symptom recognition and enable real-time, 
remote asthma monitoring. These approaches show 
particular promise for underserved pediatric popula-
tions with inconsistent adherence and high variability 
in exposure patterns.

Telemedicine
The COVID-19 pandemic catalyzed a rapid transition 
toward digital care in pediatric asthma management. A 
retrospective cohort study of 3,959 children aged 5–17 
showed a sharp decline in in-person visits during the 
pandemic, offset by a rise in telehealth use. Asthma 
exacerbations fell from 12.7% to 3.2%, suggesting that 
remote care-maintained disease control (21).
Peláez et al. (44) reported similar findings in Argen-
tina. Their prospective study within a severe asthma 
program found a 41% reduction in total exacerbations 
and a 46% decline in severe episodes after transition-
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ing to teleconsultations. Remote ACT assessments via 
WhatsApp and virtual follow-ups helped sustain asthma 
control, underscoring the feasibility of hybrid care mod-
els combining telemedicine and mHealth.
The TEAM-ED program (Telemedicine Enhanced Asthma 
Management through the Emergency Department) 
linked ED care with school-based telehealth follow-ups. 
Though symptom-free days did not improve significantly, 
the program increased preventive medication use and 
follow-up visit rates among underserved children (27). 
These outcomes support integrating structured telehealth 
into pediatric care, especially in low-resource settings.
Remote patient monitoring (RPM) further extended care 
beyond acute episodes. At Cincinnati Children’s Hospi-
tal, a pilot program used inhaler-attached sensors and 
nurse-led daily monitoring for recently discharged chil-
dren. The intervention reduced ED visits and improved 
outpatient follow-up, despite challenges in engagement 
and retention (37).
Telemedicine has also addressed logistical and social bar-
riers. The Mobile Clinic Asthma Van in Chicago reduced 
no-show rates through video consultations, improving 
care access for underserved families (45). At a tertiary 
academic hospital, a pediatric asthma telemedicine pro-
gram helped link low-income families to housing and 
food support during the pandemic (8).
Yet, disparities remain. Pathak et al. (10) studied tele-
health use in four New York clinics serving low-income, 
mostly Latino families. They found that Spanish speak-
ers were 48% less likely to activate patient portals than 
English speakers, and non-Latinos had a 36% lower 
activation rate. These results emphasize the need for 
multilingual platforms, virtual rooming, and digital health 
navigators to close equity gaps.
Hall et al. (4) analyzed trends among 6,754 children, 
finding that telemedicine accounted for 74.3% of asthma 
visits at the pandemic’s peak in April 2020, declining to 
13.6% in 2022. Telehealth use was higher among chil-
dren with persistent asthma, comorbidities, or public 
insurance. The Social Vulnerability Index did not sig-
nificantly predict use, but access remained uneven for 
Black children and non-English speakers.
The BREATHE program in Louisiana employed virtual 
home visits (VHVs) via the ANDOR platform for Black 
children in low-income communities. Participants com-
pleting all three VHVs showed the greatest improve-

ments in ACT scores, along with increased knowledge 
of triggers and self-management confidence (28).
Gümüş et al. (41) conducted an RCT in Turkey using 
Zoom-based education and remote monitoring tools. 
Compared to standard care, their Virtual Care model 
improved symptom control, increased symptom-free 
days, and reduced exacerbations and unplanned visits.
Suvarna et al. (46) ran an RCT comparing WhatsApp 
video consultations with standard in-person care in 192 
children. Asthma control (ACT/C-ACT) and quality of life 
(PQLI) scores showed no significant differences, con-
firming the non-inferiority of telemedicine. High paren-
tal satisfaction reinforced its role as a low-cost, scalable 
option in resource-limited settings.

School-based telemedicine
School-based telemedicine for pediatric asthma man-
agement (SBTH) offers an innovative model to improve 
access, continuity, and outcomes in chronic disease 
care, particularly for underserved populations. SBTH 
delivers remote asthma care within schools using video 
consultations, digital diagnostics, and coordination with 
healthcare providers. Its appeal lies in reducing emer-
gency visits, increasing treatment adherence, and min-
imizing disruptions to learning. It is especially relevant 
for asthma, a major cause of school absenteeism and 
pediatric emergency department visits (38).
Programs like the School-Based Telemedicine Enhanced 
Asthma Management (SB-TEAM) integrate monitor-
ing, education, and treatment adjustments into routine 
school activities. SB-TEAM has shown positive effects 
on symptom control and quality of life, with fewer emer-
gency visits and hospitalizations (25, 47).
However, operational barriers can impair program sus-
tainability. These include time constraints for school 
nurses, insufficient telehealth training, and limited care-
giver engagement. Facilitators include dedicated tele-
health coordinators, strong provider-school partnerships, 
and active family participation. Engagement of caregiv-
ers improves adherence and communication, while sup-
port staff can help overcome technological and logisti-
cal hurdles (14).
The economic sustainability of SBTH is supported by 
cost-benefit analyses. For example, the SB-TEAM pro-
gram reported that operational costs were offset by 
decreased healthcare utilization, fewer missed school 
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and workdays, and improved productivity among care-
givers (25). The relatively low per-child cost enhances 
its scalability (26).

CONCLUSIONS

Despite their promise, digital technologies face several 
barriers to widespread adoption. Limited access to the 
internet and devices, particularly in rural and under-
served communities, continues to restrict the equitable 
use of these tools. Additionally, caregiver engagement 
often varies, with socioeconomic factors playing a sig-
nificant role. Addressing these disparities requires tar-
geted efforts, such as subsidizing technology and design-
ing culturally relevant interventions (19).
Healthcare providers also encounter challenges in inte-
grating digital tools into existing workflows. The lack 
of interoperability between digital systems and EHRs 
remains a significant obstacle, increasing administra-
tive burdens and hindering seamless adoption. Train-
ing programs and infrastructure investments are essen-
tial to address these gaps (36).
The future of digital asthma care lies in harnessing the 
potential of personalized and precision medicine (17). 
Moreover, longitudinal studies are needed to evaluate 
the long-term effectiveness, scalability, and cost-effi-
ciency of digital interventions. While current evidence 
highlights the potential for improved asthma control, a 
positive change in QOL, reduced healthcare utilization, 
and decreased economic burden, understanding the 
sustainability of these outcomes is crucial (33, 48-51).
Finally, addressing socioeconomic barriers and priori-
tizing inclusivity can extend the benefits of digital tech-
nologies to all children with asthma, regardless of their 
circumstances (52).
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ABSTRACT

Noninvasive respiratory support modalities such as noninvasive ventilation (NIV), 
continuous positive airway pressure (CPAP), and high-flow nasal cannula (HFNC) 
are commonly used in children with various acute respiratory conditions, charac-
terized by oxygen dependence, hypercapnia, or both. The primary goals of nonin-
vasive support in these patients are to reverse moderate respiratory failure while 
avoiding therapeutic escalation such as intubation and invasive ventilation, or to 
stabilize the clinical condition of a previously invasively ventilated patient to pre-
vent extubation failure. Despite the strategic role of noninvasive respiratory sup-
port to reduce the impact of invasive mechanical ventilation, which requires admis-
sion in intensive care unit and exposes patients to higher risk of ventilator-associ-
ated complications, currently available evidence is not sufficient to establish solid 
guidelines or standardized protocols on initiation criteria, operating procedures, 
weaning strategies, and failure criteria, as well as to define the most appropriate 
settings in which to deliver noninvasive respiratory support. Further studies are 
needed to determine where and how to implement noninvasive respiratory sup-
port and which weaning strategies might provide the best outcomes in pediatric 
patients with acute respiratory failure.

IMPACT STATEMENT

Effective weaning from noninvasive respiratory support is essential.

Doi
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weaning.

INTRODUCTION

In recent decades, there has been a progressive increase in the use of non-invasive 
respiratory support in pediatric patients with viral bronchiolitis, pediatric acute respi-
ratory distress syndrome and other acute pathologies (1-6). However, the evidence 
currently available does not show that this phenomenon has always been accom-
panied by an improvement in the most important outcomes, such as the need for 
and duration of hospitalization in intensive care unit (ICU), the need for intubation 
and invasive mechanical ventilation, the length of hospital stay, or mortality (7, 8). 
On the contrary, some authors have found that the widespread use of NIV has sig-
nificantly increased PICU admissions, without necessarily reducing the incidence of 
patients treated with intubation and invasive mechanical ventilation (9, 10). In 2024, 
Pelletier and colleagues conducted a large cross-sectional study on a sample of over 

mailto:paolo.biban@aovr.veneto.it
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33,000 patients with bronchiolitis admitted to 27 PICUs 
from 2013 to 2022 (9). During this period, PICU admis-
sions had increased by approximately 350 patients per 
year, effectively tripling the number compared to 2013. 
This figure was associated with an annual increase of 
approximately 368 patients treated with HFNC/NIV, cor-
responding to a 5-fold increase, while admissions requir-
ing invasive mechanical ventilation remained essentially 
unchanged (9). In another recent multicenter study con-
ducted in the United States, Slain and colleagues reported 
a marked increase in costs for infants with bronchiolitis over 
a 10-year period, with annual hospital charges doubling 
in 2018-2019 compared to 2009-2010 (10). Interestingly, 
the increased costs were attributed to a 333% increase in 
PICU admissions and were primarily related to the increase 
in the number of infants receiving high-flow nasal cannula 
(HFNC) or continuous positive airway pressure (CPAP) 
(10). Other cost-analysis studies have demonstrated that 
hospital costs for bronchiolitis are primarily related to ICU 
care (11, 12). Consequently, several centers have sought 
to reduce PICU admissions or at least admission dura-
tion, for example by promoting the implementation of NIV 
in general pediatric wards (13-15). Indeed, even if nonin-
vasive respiratory assistance is still typically provided in 
PICUs, NIV treatment is increasingly being provided in 
general pediatric wards, which are appropriately equipped 
with both the necessary equipment and adequate med-
ical and nursing resources. One of the main reasons for 
this is the avoidance of unnecessarily occupied intensive 
care beds, which can sometimes prove insufficient during 
epidemic periods, and the marked reduction in healthcare 
costs associated with PICU stays compared to lower-in-
tensity wards, while maintaining a favorable safety and 
efficacy profile. However, managing noninvasive respi-
ratory support outside the PICU requires specific medi-
cal and nursing skills, as well as the capability to transfer 
the patient to an intensive care unit in the event of clinical 
deterioration or poor response to treatment.

GOALS AND MODALITIES OF NONINVASIVE 
VENTILATION IN THE ACUTE SETTING

The three main objectives of noninvasive ventilation in 
children with acute respiratory illness are the following:
1)	 to noninvasively support mild or moderate respira-

tory failure, characterized by oxygen dependence, 
hypercapnia, or both.

2)	To avoid therapeutic escalation with the need for intu-
bation and invasive ventilation.

3)	To promote the stabilization of a patient previously 
ventilated invasively, avoiding extubation failure.

Noninvasive ventilation can vary in terms of modality, 
usually from high-flow nasal cannula (HFNC) and con-
tinuous positive airway pressure (CPAP), to more com-
plex mechanical ventilation techniques, such as BiPAP, 
Pressure Support (NIV), Pressure Control (NIV), or Neu-
rally Adjusted Ventilatory Assist (NAVA)-NIV (16-18). 
The choice of the most appropriate NIV mode must be 
calibrated to the clinical situation and the characteris-
tics of the individual patient, based on numerous factors 
that can determine its effectiveness and safety, includ-
ing the type of available care facilities. Another import-
ant aspect of NIV concerns the choice of the interface 
between the respiratory device and the patient, which 
should aim to achieve the best possible compromise 
between effectiveness and the child’s comfort.

THE WEANING PROCESS

Once the acute phase of respiratory illness has passed, 
one of the most delicate aspects of the noninvasive respi-
ratory support is the progressive weaning of the patient 
from respiratory assistance. The goal is to reduce venti-
latory support while ensuring that the patient maintains 
adequate respiratory function. In recent years, research 
has focused on optimizing the weaning process from 
NIV, to prevent excessive prolongation of respiratory 
support while avoiding too premature attempts, which 
can jeopardize patient safety. Indeed, the weaning 
phase often proceeds in parallel with the patient’s clin-
ical improvement, allowing for rapid weaning from NIV. 
However, weaning attempts are sometimes unsuccessful, 
requiring problematic steps back, sometimes resulting 
in patient destabilization and the need for a new esca-
lation of ventilatory support. In other cases, healthcare 
providers hesitate in the decision to suspend NIV sup-
port, with the risk of improperly prolonging the hospital 
stay, either in the PICU or other hospital departments, 
as well as increasing hospital management costs.
For pediatric patients undergoing invasive mechanical 
ventilation (IMV), numerous recommendations exist in 
the literature regarding weaning procedures and venti-
lator release criteria (19-21). This interest from the sci-
entific community is justified by the risks associated with 
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mechanical ventilation itself, but also by the potential fail-
ure of the extubation procedure, which can pose serious 
risks to the patient, sometimes with severe destabiliza-
tion of vital signs, the need for emergency reintubation, 
subsequent increase in respiratory support, prolonged 
duration of invasive ventilation, and an increased inci-
dence of related complications.
Conversely, as for the weaning process in children under-
going non-invasive mechanical ventilation, no unani-
mously agreed-upon guidelines are yet available, either 
nationally or internationally, so individual institutions, and 
sometimes individual providers, adopt highly variable 
methods for implementing it. Actually, this shortcoming 
is not justified, because weaning from non-invasive ven-
tilation could also be a complicated process, requiring 
adequate monitoring and an individualized treatment 
plan, adapted to the patient’s clinical characteristics.
The first phase of the weaning process from noninva-
sive ventilation is similar in many ways to that used in 
invasively ventilated patients. In both scenarios, it is 
essential to clinically assess the patients’ readiness, 
that is, their ability to resume sufficiently autonomous 
breathing to allow them to be freed from mechanical 
respiratory support. This clinical assessment relies on 
various physiological parameters to determine whether 
the patient’s condition is stable, respiratory parameters 
are improving and oxygen requirement is not exces-
sive. Subsequently, a gradual reduction in support can 
be attempted, for example, by decreasing the peak and 
end-expiratory pressure values ​​of NIV, or by de-esca-
late to less powerful respiratory support modes, such as 
HFNC. In any case, close monitoring should always be 
maintained to promptly identify any signs of respiratory 
distress, desaturation, or fatigue in the patient, by rely-
ing on a multidisciplinary medical and nursing approach.
It is important to emphasize that there is not yet suffi-
cient scientific evidence to demonstrate the superiority 
of some weaning strategies over others, enough to allow 
for precise recommendations on when, how, and how to 
initiate and complete this fundamental process. Recently, 
some authors have attempted to provide useful guidance 
on weaning from NIV through expert consensus, quality 
improvement projects and clinical investigations (22-26).
Mortamet and colleagues used a modified Delphi method 
to reach expert consensus on the definitions and modal-
ities of weaning from NIV in acute hospital settings (22). 

Involving 25 international experts from 10 different coun-
tries, the authors addressed various aspects of the defi-
nition of weaning and weaning failure, the criteria for ini-
tiating weaning, and the most effective operating meth-
ods to follow. However, out of 35 total statements, the 
authors were able to reach strong consensus on only 
9, weak consensus on 10, and no consensus at all on 
16 statements (22). The partial failure of this commend-
able effort by the panel of experts underscores the diffi-
culty of developing a protocol containing criteria, oper-
ating methods, and weaning strategies in the pedi-
atric population that are based on solid scientific evi-
dence. In a recent cross-sectional survey, Suzanne et 
al. described the weaning practices from any type of NIV 
support in infants with severe bronchiolitis in 29 PICUs 
from five French-speaking countries (23). The authors 
reported the weaning procedures adopted in the partic-
ipating PICUs, according to the mode of ventilator sup-
port, namely the BIPAP, CPAP and HFNC. Interestingly, 
most PICUs used the sudden weaning as the first-line 
weaning procedure, regardless the type of NIV support, 
while the choice of intermediate support as a weaning 
strategy was mainly used as de-escalation from BIPAP. 
However, given the design of the study, more research 
is still needed to assess the best weaning strategy in 
infants with severe bronchiolitis (23).
In 2025, Huang et al. reported the results of a quality 
improvement initiative, which used a detailed protocol 
guide for initiating and weaning HFNC in 223 children 
with bronchiolitis, in the absence of other major comor-
bidities (24). With the application of a standardized pro-
tocol for HFNC treatment, the authors found a decrease 
of about one day in both the length of stay in the ICU 
and in the hospital, and a decrease of about eight hours 
in the overall duration of HFNC, without observing an 
increase in adverse events or hospital readmissions (24).
In the same year, Smith et al. optimized a weaning 
strategy in 642 patients with bronchiolitis, treated with 
HFNC in a PICU and a pediatric intermediate care unit 
at a children’s hospital in USA (25). By iterative modi-
fications to an HFNC weaning pathway that increased 
the frequency of flow weaning attempts, the authors 
were able to reduce HFNC duration and hospital LOS 
without increasing the need for escalation to NIV, ulti-
mately recommending a 1L/Kg/min flow wean attempt 
every four hours (25).
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Finally, in a multicenter prospective observational cohort 
study conducted in 5 PICUs in France, Mortamet and col-
leagues described three different NIV weaning strategies 
(26). Despite the limitations of its observational design, 
their study suggested that the use of HFNC as a de-es-
calation may improve comfort in patients with severe 
bronchiolitis, as well as reduce the length of PICU stay in 
centers where HFNC is also used in general wards (26).

WEANING FAILURE

In the study by Mortamet et al, the overall weaning failure 
rate was 18.5%, consistent with findings from other stud-
ies (9, 26). Therefore, according to the most recent data, 
weaning failure may occur in approximately one in five 
patients with bronchiolitis, prompting further research to 
reduce the incidence of this adverse outcome. It should 
be noted, however, that the definition of weaning failure 
can vary markedly between centers. For example, in a 
multicenter UK study, which demonstrated the non-in-
feriority of HFNC as a first-line modality of noninvasive 
respiratory support for acute conditions, compared to 
CPAP, Ramnarayan et al. used the same weaning fail-
ure criteria for both HFNC and CPAP, based on wors-
ening respiratory distress and/or an FiO2 >40% (7).
Differently, in another multicenter study conducted in 
the USA, Pelletier and colleagues considered two dis-
tinct definitions of weaning failure, one for HFNC and 
one for NIV. Specifically, HFNC weaning failure was 
defined as when the patient, after being weaned to low-
flow oxygen therapy or room air, had to resume HFNC or, 
worse, required escalation to NIV or invasive mechani-
cal ventilation within 48 hours of stopping HFNC. Wean-
ing failure during NIV was defined as when the patient, 
after being weaned from NIV to HFNC, or low-flow oxy-
gen therapy or room air, had to resume NIV or, worse, 
required escalation to invasive mechanical ventilation 
within 48 hours of stopping NIV (9).
Although failure to wean from NIV or HFNC is generally 
considered less serious than failure to wean in an intu-
bated patient, because healthcare providers can almost 
always easily return to the previous mode of respiratory 
support by waiting for the patient’s condition to improve 
before making a subsequent attempt, failure to wean 
may be associated with a longer PICU or hospital stay, 
a prolonged need for sedation, and a delay in full feed-
ing tolerance. Therefore, in the pre-weaning phase, it is 

essential to perform a thorough overall assessment of the 
patient. Ideally, patients should have stable vital signs, 
minimal oxygen requirements (e.g. FiO2 <0.4), no signs 
of increased work of breathing, no recent episodes of 
apnea or bradycardia, and improving chest radiographs 
and ultrasound findings, if available. In younger patients, 
it may also be important to assess feeding tolerance.
The most commonly used strategies for successful wean-
ing from noninvasive respiratory support are shown in 
table 1.

Some centers use specific protocols to guide the wean-
ing phase from NIV/HFNC, often based on both objec-
tive criteria, such as respiratory rate, oxygen saturation, 
and blood gas analysis, and more subjective clinical cri-
teria shared by the medical and nursing team, such as 
respiratory distress, patient comfort, interface efficacy 
and acceptability, and feeding tolerance.
Some possible causes of weaning failure are described 
in table 2.

Table 1. Common strategies for weaning from noninvasive respi-
ratory support.

a) Gradual reduction of airway pressure, in the case of 
NIV or CPAP

b) Gradual reduction of flow/minute, in the case of HFNC

c) De-escalation from NIV to CPAP, or from NIV/CPAP 
to HFNC, and subsequently low-flow oxygen or room air

d) Gradual temporary suspensions of respiratory 
support (NIV/CPAP or HFNC) with phases of low-flow 
oxygen or room air

e) Sudden suspension of respiratory support and 
transition to low-flow oxygen or room air

Table 2. Common cause of weaning failure from noninvasive respi-
ratory support.

1. Early weaning attempts, which can lead to increased 
work of breathing, desaturation, and fatigue, leading to 
respiratory failure

2. Suboptimal ventilator-patient interaction, resulting in 
asynchrony and patient discomfort

3. Interface-related difficulties, such as poor mask fit or 
skin lesions, both of which reduce efficacy and tolerability.

4. Lack of standardized protocols, leading to 
discretionary choices by operators, resulting in 
inconsistent results and increased risk of failure

5. Inadequate treatment of anxiety, agitation, and pain, 
which can hinder successful weaning

6. Poor ability to recover the patient’s native respiratory 
function, due to the severity of the underlying disease
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CONCLUSIONS

Non-invasive respiratory support has become an essen-
tial therapeutic option for infants and children affected by 
various acute respiratory diseases, bronchiolitis being the 
most frequent and investigated. However, widespread use 
of NIV has been associated with a dramatic increase in 
hospital operating costs, without always being linked to 
a corresponding improvement in key outcomes, such as 
the need for and length of hospital and PICU stays, the 
need for intubation and invasive mechanical ventilation, 
length of hospital stay, or mortality. Currently available 
evidence does not allow for the development of widely 
shared guidelines or standardized protocols on initiation 
criteria, operating procedures, monitoring methods, wean-
ing strategies, failure criteria, and the most appropriate 
settings in which to deliver noninvasive respiratory sup-
port. Future randomized trials are needed to definitively 
determine where and how to implement NIV support and 
which weaning strategies might provide the best out-
comes in pediatric patients with acute respiratory failure.

COMPLIANCE WITH ETHICAL STANDARDS

Conflicts of interests
The Authors declare no conflicts of interest.
Fundings
This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit 
sectors.
Ethical approval
Human studies and subjects
N/A.
Data sharing and data accessibility
Data are available upon motivated request to the Cor-
responding Author.
Publication ethics
Plagiarism
Authors declare no potentially overlapping publications 
with the content of this manuscript and all original stud-
ies are cited as appropriate.
Data falsification and fabrication
All the data correspond to the real.

REFERENCES
1.	 Javouhey E, Barats A, Richard N, Stamm D, Floret D. 

Non-invasive ventilation as primary ventilatory support 
for infants with severe bronchiolitis. Intensive Care Med. 
2008;34(9):1608-14. doi: 10.1007/s00134-008-1150-4.

2.	 anu SS, Gautam A, Wilkins B, Egan J. Increase in use of 
non-invasive ventilation for infants with severe bronchi-
olitis is associated with decline in intubation rates over a 
decade. Intensive Care Med. 2012;38(7):1177-83. doi: 
10.1007/s00134-012-2566-4.

3.	 Franklin D, Babl FE, Schlapbach LJ, Oakley E, Craig S, 
Neutze J, et al. A Randomized Trial of High-Flow Oxy-
gen Therapy in Infants with Bronchiolitis. N Engl J Med. 
2018;378(12):1121-31. doi: 10.1056/NEJMoa1714855.

4.	 Fujiogi M, Goto T, Yasunaga H, Fujishiro J, Mansbach 
JM, Camargo CA Jr, et al. Trends in bronchiolitis hospi-
talizations in the United States: 2000-2016. Pediatrics. 
2019;144(6):e20192614. doi: 10.1542/peds.2019-2614.

5.	 Schlapbach LJ, Straney L, Gelbart B, Alexander J, Franklin 
D, Beca J, et al. Australian & New Zealand Intensive Care 
Society (ANZICS) Centre for Outcomes & Resource Eval-
uation (CORE) and the Australian & New Zealand Inten-
sive Care Society (ANZICS) Paediatric Study Group. Bur-
den of disease and change in practice in critically ill infants 
with bronchiolitis. Eur Respir J. 2017;49(6):1601648. doi: 
10.1183/13993003.01648-2016.

6.	 Emeriaud G, Pons-Òdena M, Bhalla AK, Shein SL, Killien 
EY, Modesto I Alapont V, et al. Pediatric Acute Respiratory 
Distress Syndrome Incidence and Epidemiology (PARDIE) 
Investigators and Pediatric Acute Lung Injury and Sepsis 
Investigators (PALISI) Network. Noninvasive Ventilation 
for Pediatric Acute Respiratory Distress Syndrome: Expe-
rience From the 2016/2017 Pediatric Acute Respiratory 
Distress Syndrome Incidence and Epidemiology Prospec-
tive Cohort Study. Pediatr Crit Care Med. 2023;24(9):715-
26. doi: 10.1097/PCC.0000000000003281.

7.	 Ramnarayan P, Richards-Belle A, Drikite L, Saull M, 
Orzechowska I, Darnell R, et al. Effect of High-Flow Nasal 
Cannula Therapy vs Continuous Positive Airway Pres-
sure Following Extubation on Liberation From Respira-
tory Support in Critically Ill Children: A Randomized Clin-
ical Trial. JAMA. 2022;327(16):1555-65. doi: 10.1001/
jama.2022.3367.

8.	 Franklin D, Babl FE, George S, Oakley E, Borland ML, 
Neutze J, et al. Effect of Early High-Flow Nasal Oxygen 
vs Standard Oxygen Therapy on Length of Hospital Stay 
in Hospitalized Children With Acute Hypoxemic Respi-
ratory Failure: The PARIS-2 Randomized Clinical Trial. 
JAMA. 2023;329:224-234. doi: 10.1001/jama.2022.21805. 
Erratum in: JAMA. 2023;329(14):1226. doi: 10.1001/
jama.2023.3932.

9.	 Pelletier JH, Maholtz DE, Hanson CM, Nofziger RA, Forbes 
ML, Besunder JB, et al. Respiratory Support Practices for 



 |  2 1

P E D I A T R  R E S P I R  J Vol. 4(1), 16-21, 2026

Bronchiolitis in the Pediatric Intensive Care Unit. JAMA 
Netw Open. 2024;7(5):e2410746. doi: 10.1001/jamanet-
workopen.2024.10746.

10.	 Slain KN, Malay S, Shein SL. Hospital Charges Associ-
ated With Critical Bronchiolitis From 2009 to 2019. Pedi-
atr Crit Care Med. 2022;23(3):171-80. doi: 10.1097/
PCC.0000000000002878. Erratum in: Pediatr Crit 
Care Med. 2022 May 01;23(5):e267. doi: 10.1097/
PCC.0000000000002944.

11.	 iller RJ, Coon ER, Harrison WN, Ralston SL. Trends in 
Hospital Costs and Levels of Services Provided for Chil-
dren With Bronchiolitis Treated in Children’s Hospitals. 
JAMA Netw Open. 2021;4(10):e2129920. doi: 10.1001/
jamanetworkopen.2021.29920.

12.	 Franklin D, Schibler A. Rising Intensive Care Costs in 
Bronchiolitis Infants-Is Nasal High Flow the Culprit? 
Pediatr Crit Care Med. 2022;23(3):218-22. doi: 10.1097/
PCC.0000000000002900.

13.	 Oymar K, Bårdsen K. Continuous positive airway pressure 
for bronchiolitis in a general paediatric ward; a feasibil-
ity study. BMC Pediatr. 2014;14:122. doi: 10.1186/1471-
2431-14-122.

14.	 Aricò MO, Wrona D, Lavezzo G, Valletta E. Nasal CPAP in 
the Pediatric Ward to Reduce PICU Admissions for Severe 
Bronchiolitis? Pediatr Rep. 2023 Oct 13;15(4):599-607. 
doi: 10.3390/pediatric15040055.

15.	 Pierantoni L, Stera G, Biagi C, Dondi A, Scheier LM, Lanari 
M. High Flow Nasal Cannula and Non Invasive Ventila-
tion for Acute Bronchiolitis in the Paediatric Wards. Acta 
Paediatr. 2025;114(11):2743-62. doi: 10.1111/apa.70212.

16.	 Wolfler A, Raimondi G, Pagan de Paganis C, Zoia E. The 
infant with severe bronchiolitis: from high flow nasal can-
nula to continuous positive airway pressure and mechan-
ical ventilation. Minerva Pediatr. 2018;70(6):612-22. doi: 
10.23736/S0026-4946.18.05358-6.

17.	 Miller AG, Rotta AT. Postextubation Noninvasive Respira-
tory Support in Children. Respir Care. 2025;70(8):1023-
32. doi: 10.1089/respcare.12922.

18.	 Lamsal R, Fischer G, Shyne M, Somani A. Non-invasive neu-
rally adjusted ventilatory assist (NAVA) in the pediatric ICU: 
assessing optimal Edi compliance. Minerva Pediatr (Torino). 
2025;77(1):45-53. doi: 10.23736/S2724-5276.21.06431-4.

19.	 Kneyber MCJ, de Luca D, Calderini E, Jarreau PH, 
Javouhey E, Lopez-Herce J, et al; section Respiratory 
Failure of the European Society for Paediatric and Neo-
natal Intensive Care. Recommendations for mechani-
cal ventilation of critically ill children from the Paediatric 
Mechanical Ventilation Consensus Conference (PEM-
VECC). Intensive Care Med. 2017;43(12):1764-80. doi: 
10.1007/s00134-017-4920-z.

20.	 Poletto E, Cavagnero F, Pettenazzo M, Visentin D, Zanatta 
L, Zoppelletto F, et al. Ventilation Weaning and Extuba-
tion Readiness in Children in Pediatric Intensive Care 
Unit: A Review. Front Pediatr. 2022;10:867739. doi: 
10.3389/fped.2022.867739. Erratum in: Front Pediatr. 
2022;10:1044681. doi: 10.3389/fped.2022.1044681.

21.	 Zhang W, Lu H, Tang X, Xia S, Zhang J, Sun J, et al. 
Risk factors analysis and research on the construction of 
early prediction model of difficult weaning in children with 
mechanical ventilation. Front Pediatr. 2025;13:1630580. 
doi: 10.3389/fped.2025.1630580.

22.	 Mortamet G, Milési C, Baudin F, Yalindag N, Kneyber M, 
Pons-Odena M. Weaning from noninvasive respiratory 
support in children in acute settings: Expert consensus 
statement using modified Delphi methodology. Pediatr 
Pulmonol. 2024;59(2):348-54. doi: 10.1002/ppul.26753.

23.	 Suzanne M, Amaddeo A, Pin I, Milési C, Mortamet G. 
Weaning from noninvasive ventilation and high flow nasal 
cannula in bronchiolitis: A survey of practice. Pediatr Pul-
monol. 2020;55(11):3104-9. doi: 10.1002/ppul.24890.

24.	 Huang JX, Colwell B, Vadlaputi P, Sauers-Ford H, Smith 
BJ, McKnight H, et al. Protocol-Driven Initiation and 
Weaning of High-Flow Nasal Cannula for Patients With 
Bronchiolitis: A Quality Improvement Initiative. Pedi-
atr Crit Care Med. 2023;24(2):112-22. doi: 10.1097/
PCC.0000000000003136.

25.	 Smith AL, Kelly DP, Ruiz EA, Donelly D, Audain P, Lach 
S, et al. Optimizing High-Flow Nasal Cannula Weaning in 
Patients With Bronchiolitis. Hosp Pediatr. 2025;15(6):511-
8. doi: 10.1542/hpeds.2024-008141.

26.	 Mortamet G, Milési C, Cassibba J, Ego A, Sourd D, Guic-
houx J, et al. Noninvasive Respiratory Support Weaning in 
Infants With Severe Bronchiolitis: High Flow Nasal Can-
nula May Reduce the Length of Stay. Pediatr Pulmonol. 
2025;60(4):e71108. doi: 10.1002/ppul.71108.



2 2  |  © 2026 Pediatric Respiratory Journal - PRJ. Published by Edra Media S.r.l. All rights reserved.

P E D I A T R  R E S P I R  J Vol. 4(1), 22-25, 2026

MINI REVIEW

22

Pontifícia Universidade Católica do 

Rio Grande do Sul (PUCRS), Porto 

Alegre, Brazil

Impact of Early‑Life Rhinovirus and Respiratory 
Syncytial Virus Infections on Recurrent Wheeze 
and Asthma Development

Renato T. Stein *

* Correspondence to:

renatotstein@gmail.com

ABSTRACT

Early‑life viral lower respiratory tract infections (LRTIs), particularly those due to 
rhinovirus (RV) and respiratory syncytial virus (RSV), play a pivotal role in the 
developmental origins of pediatric respiratory disease. RV and RSV are among 
the most prevalent causes of bronchiolitis and early wheezing globally. Longi-
tudinal evidence and mechanistic studies have increasingly shown that these 
infections do not merely cause acute morbidity but also set the stage for chronic 
airway inflammation, wheeze, and asthma. Notably, new cohort data (INSPIRE 
study, and other European birth cohorts) (1) and reviews from 2025 by Hartert and 
Zar (2, 3) build on this paradigm and reinforce the need to understand early viral 
exposures as critical modifiers of airway trajectory. This narrative review draws 
on recent epidemiologic, mechanistic, and interventional evidence, supplemented 
with recent findings, to detail how RV and RSV exposures in infancy contribute to 
lasting respiratory morbidity.
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EPIDEMIOLOGY: RISK OF RECURRENT WHEEZE AND ASTHMA

A growing evidence base confirms that early‑life RV wheezing episodes are strong 
predictors of later asthma. Initial risk estimates from landmark birth cohorts report 
odds ratios (ORs) of approximately 3.3 for asthma after RV bronchiolitis, increas-
ing to OR >7 when early allergic sensitization is present (4). A Swedish cohort 
found that 63% of toddlers hospitalized with RV bronchiolitis were diagnosed with 
asthma by age 11 (5). On the RSV front, multiple longitudinal studies underscore 
a similar, albeit slightly less strong, association. A U.S. birth cohort reported that 
infants who evaded RSV infection in the first year had a 26% lower risk of develop-
ing asthma by age five (6), translating to preventable 15% of early asthma cases 
according to ARDS estimates (3). Reinforcing this, a 2024 meta‑analysis found a 
two‑ to twelve‑fold increase in asthma risk following RSV bronchiolitis (7). A 2025 
systematic review focused on early viral LRTIs echoed this, reporting a moder-
ate (OR 3.02) increased asthma risk after RSV infection and a higher but more 
variable risk after RV infection (2). These and other data (8) firmly establish RSV 
and RV as significant moderators of long‑term respiratory health.

mailto:renatotstein@gmail.com
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MECHANISTIC PATHWAYS

1)	 Antiviral Innate Immunity and Interferon Pathways
Proper functioning of type I and III interferon (IFN) 
pathways is critical for viral clearance. RV and RSV 
both suppress IFN‑β and IFN‑λ responses, prolong-
ing viral replication and epithelial injury. Contoli et al. 
reported impaired IFN responses in children with RV 
wheezing, while RSV‑induced suppression is simi-
larly demonstrated in both mechanistic models and 
human specimens (9, 10). The resultant epithelial 
damage triggers alarmins (TSLP, IL‑25, IL‑33) that 
activate antigen‑presenting cells and group 2 innate 
lymphoid cells, shifting immunity toward a Th2 phe-
notype—with elevated IL‑4, IL‑5, and IL‑13—hall-
marks of allergic airway disease.

2)	Allergen–Virus Synergy
Infancy is a time of allergen sensitization and immune 
imprinting. RV wheezing in infants with eczema or 
early atopy is particularly predictive of asthma, with 
ORs exceeding 7 in some studies (11). Cohort data 
demonstrate that RV and allergen exposures work 
synergistically, driven by persistent Th2 inflamma-
tion, mucus hypersecretion, and airway hyperres-
ponsiveness.

3)	Airway Structural Remodeling
Early infection interferes with lung development. Ani-
mal studies revealed that neonatal viral infection 
causes persistent structural abnormalities—includ-
ing increased airway smooth muscle, subepithelial 
fibrosis, and reduced alveolarization, changes that 
echo human asthmatic airway pathology (10). These 
structural deficits often persist long after viral clear-
ance and are reflected in sustained reductions in lung 
function and airway hyperreactivity.

4)	Longitudinal Trajectory
A recent review by Zar et al. discusses the long‑term 
consequences of RSV infection in infancy, document-
ing persistent lung function deficits into adolescence, 
including lowered FEV1/FVC ratios and increased air-
way hyperresponsiveness (3). Notably, some chil-
dren develop spirometric profiles akin to early chronic 
obstructive pulmonary disease, indicating a far broader 
impact of early airway injury. Many researchers have 
been extensively discussing the concept of “develop-
mental plasticity” indicating that infancy (when alveo-
larization, immune education, and epithelial matura-

tion are occurring) represents a vulnerable window 
during which environmental exposures “program” the 
airway’s structural and immune milieu (2).

GENETIC AND ENVIRONMENTAL MODIFIERS

Genetic Polymorphisms
CDHR3 variants, which serve as receptors for RSV, are 
linked to increased viral binding, replication, and wheez-
ing severity (12). Similarly, the 17q21 locus (one of the 
most robust asthma‑associated genetic markers), inter-
acts with viral exposures to heighten asthma risk (13).

Environmental Risk Factors
Early‑life exposures significantly impact on disease risk. 
Tobacco smoke, indoor biomass exposure, and air pollut-
ants increase susceptibility to severe viral LRTI, magnify-
ing both acute severity and chronic sequelae. A meta‑anal-
ysis showed that these exposures also reduce the protec-
tive effect of breastfeeding against viral‑induced wheeze 
(14). Conversely, exclusive breastfeeding enhances 
mucosal immunity and supports microbiome resilience, 
helping mitigate viral and allergic responses (15).

CLINICAL AND PUBLIC HEALTH IMPLICATIONS

Immunoprophylaxis with Nirsevimab
Nirsevimab, a long‑acting monoclonal antibody target-
ing the RSV F protein, achieves approximately 70% pro-
tection against RSV LRTIs during the first RSV season 
(including both term and preterm infants) (16). Wide-
spread deployment is linked to reductions in RSV hos-
pitalizations; recent CDC data show up to a 71% decline 
in infants under six months (17). While long‑term asthma 
outcomes remain under investigation, early reductions 
in severe RSV illness suggest promising asthma pre-
vention potential.

Maternal Vaccination
Maternal RSVpreF vaccines (e.g., Abrysvo) confer pas-
sive immunity to neonates, reducing RSV‑related hos-
pitalizations by ~80% through six months (18). While 
long‑term benefits for asthma prevention are still being 
assessed, modeling based on current epidemiologic 
data supports a preventive effect².

Therapeutic Immune Modulation
Inhaled IFN‑β has shown efficacy in restoring antivi-
ral immune responses in children with virus‑induced 
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wheeze. Phase II trials confirm safety and decreased 
wheeze exacerbations, though extended follow‑up is 
needed to determine impacts on asthma incidence (19).

Microbiome and Allergy Modulation
Emerging data suggest that early‑life modulation of the 
airway and gut microbiome—through probiotics, reduced 
antibiotic use, and breastfeeding—can attenuate Th2 
bias and diminish virus‑allergy synergies. Though direct 
evidence on asthma prevention is currently limited, this 
approach aligns with immune development and epigen-
etic conditioning models (20).

Future Directions and Research Gaps
•	 Causal trials assessing whether nirsevimab and 

maternal RSV vaccination lower childhood asthma 
rates must include extended follow‑up.

•	 Enhanced cohort studies (like INSPIRE) with serial 
immune profiling, viral monitoring, and spirometry 
could define susceptibility windows.

•	 Strain‑specific RSV and RV surveillance, especially 
RV‑C, combined with microbiome profiling, may clar-
ify variation in disease phenotypes (10).

•	 Detailed gene‑environment interaction studies (e.g., 
CDHR3 and 17q21) and epigenetic analyses are 
needed to uncover mechanistic drivers.

CONCLUSIONS

Recent evidence strongly supports that early‑life RV 
and RSV infections are central to the development of 
recurrent wheeze and asthma. Mechanistically, these 

viruses impair antiviral immunity, promote structural air-
way remodeling, and synergize with genetic and environ-
mental factors. Advances in immunoprophylaxis (nirse-
vimab, maternal vaccination), immune modulation, and 
microbiome interventions offer promising strategies to 
alter disease trajectories. Achieving lasting reduction 
in pediatric asthma will depend on integrated research, 
public health initiatives, and prevention‑focused clini-
cal strategies.
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ABSTRACT

Background: Pulmonary Rehabilitation (PR) is a multidisciplinary program that 
improves physical function, symptom control and quality of life (QoL) in patients 
with chronic lung diseases (CLD). Understanding pediatricians’ perspectives on 
PR is essential to inform strategies that enhance referral practices and expand 
pediatric PR services.
Objective: the main objective is to assess the knowledge, attitudes and percep-
tions of Filipino pediatricians on PR among children.
Methods: a cross-sectional analytic study using convenience sampling was con-
ducted through an online survey distributed to social media and Viber accounts of 
general pediatricians (GPs) and pediatric pulmonologists (PPs) practicing in the 
Philippines. The survey collected data on demographics, PR knowledge, attitudes, 
perceived benefits, and barriers to referral. Statistical analyses included t-tests, 
Mann-Whitney U tests, Chi-square/Fisher’s exact tests, and univariate and mul-
tivariate logistic regression.
Results: a total of 102 pediatricians participated (51 GPs, 51 PPs). PPs were sig-
nificantly more likely to refer patients to PR (74.5%) than GPs (23.5%) (p <0.001). 
Referral was positively associated with subspecialty training, private practice set-
ting, geographic location, longer clinical experience, and strong belief in PR’s 
benefits for anxiety, depression, and disease self-management. Major barriers 
included limited PR centers, high costs, transportation issues, and lack of aware-
ness — factors reported by both groups.
Conclusion: while Filipino pediatricians acknowledge the value of PR, its utili-
zation remains suboptimal due to systemic and perceptual barriers. Addressing 
gaps in knowledge, expanding access to PR services, and enhancing referral path-
ways are essential to optimize care for children with CLD. Strategic efforts involv-
ing training, advocacy, insurance coverage and infrastructure development are 
needed to promote equitable and sustained integration of pediatric PR nationwide.

IMPACT STATEMENT

Significant disparities in referral practices and widespread systemic barriers high-
light the urgent need to strengthen pediatric PR awareness, accessibility, and inte-
gration into routine pediatric care.
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ABBREVIATIONS
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QoL: Quality of Life

CLD: chronic lung diseases
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Research-Clinical Research Division
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INTRODUCTION

Pulmonary Rehabilitation is a “comprehensive interven-
tion based on a thorough patient assessment, followed by 
patient-tailored therapies that includes, but is not limited 
to, exercise training, education, and behavior change, 
designed to improve the physical and psychological con-
dition of people with chronic respiratory disease and to 
promote the long-term adherence to health-enhancing 
behaviors.” It is administered by healthcare profession-
als composing of the general physicians, pulmonolo-
gists, cardiologists, physiatrists, psychiatrists, respira-
tory therapists, nutritionists and others (1, 2).
Pediatric PR largely draws its framework from adult PR 
guidelines. However, there remains a notable lack of evi-
dence-based protocols and standardized interventions 
specifically tailored for pediatric patients with pulmonary 
and cardiovascular diseases. The unique physiological 
and developmental characteristics of children — partic-
ularly their age and developmental milestones — pres-
ent distinct challenges that can limit the direct applica-
tion of adult PR models to younger populations. What 
distinguishes pediatric PR is the complexity of its imple-
mentation, especially in younger children, whereas ado-
lescents tend to be more receptive and easier to engage. 
Younger patients are often motivated by play, sports, and 
other interactive activities, necessitating a more dynamic 
and age-appropriate approach to rehabilitation. Despite 
these challenges, pediatric PR can be a highly reward-

ing experience not only for the children but also for the 
healthcare professionals involved in their care (3, 4).
CLDs such as asthma, chronic bronchitis, bronchopulmonary 
dysplasia (BPD), interstitial lung diseases (ILD), pulmonary 
hypertension, cystic fibrosis (CF), and primary ciliary dyski-
nesia (PCD) have a profound negative impact on the lives 
of affected children and their loved ones. These conditions 
are commonly associated with dyspnea, reduced exercise 
tolerance, limited social interaction, and psychological dis-
tress, all of which contribute to a diminished overall QoL (5).
Although there is limited published data on the efficacy 
of PR in the pediatric population, there is growing con-
sensus that children with chronic respiratory conditions 
may derive similar benefits as their adult counterparts. 
Kim et al. (6) reported that a structured and individualized 
PR program led to significant improvements in exercise 
capacity, endurance, and psychosocial well-being among 
children with CLDs, ultimately enhancing their QoL. Sim-
ilarly, Buschbacher et al. (7) highlighted the rehabilita-
tive potential of pediatric PR, noting its role in reducing 
hospital admissions and emergency room visits, while 
also fostering family involvement in the care process.
Despite these demonstrated benefits, PR remains 
underutilized in pediatric clinical practice. Studies by 
Aldhahir et al. (8, 9) identified the unavailability of PR 
programs in Saudi Arabia—attributed to a shortage of 
pulmonologists and trained personnel—as a significant 
barrier to referral and implementation. In the Philippines, 

HIGHLIGHTS BOX

What is already known about this topic? Pulmonary rehabilitation (PR) 
benefits children with chronic lung disease, but pediatric protocols are limited, 
access is scarce, and referral rates remain low due to knowledge gaps, inad-
equate facilities, and financial and logistical barriers. What does the article 
add to our knowledge? This study identifies Filipino pediatricians’ positive 
views of PR, highlights major referral barriers, and shows that subspecialty 
training, practice setting, and beliefs about psychological benefits strongly 
influence PR referral practices. How does this study impact current man-
agement guidelines? Findings support integrating PR into pediatric train-
ing, strengthening referral pathways, expanding PR access, and emphasiz-
ing its psychological benefits – informing guideline updates to improve utili-
zation and standardize pediatric PR referral practices.
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the availability of PR services for children remains mark-
edly limited. Of the 19 identified PR centers nationwide, 
only one currently offers a structured PR program spe-
cifically designed for pediatric patients.
Pediatricians play a critical role in the management 
and referral of children to PR programs. However, their 
knowledge, attitudes, beliefs, and perceived barriers 
may significantly influence referral practices. To the best 
of our knowledge, this is the first study to examine the 
perspectives of Filipino pediatricians regarding pediat-
ric PR, specifically exploring their beliefs, attitudes, and 
the barriers they encounter in clinical practice.

RESEARCH OBJECTIVES

a. General Objective: to assess the knowledge, attitudes 
and perceptions of pediatricians on PR among children.
b. Specific Objectives:
•	 to compare the knowledge, attitudes and perception of 

general pediatricians and pediatric pulmonologists on PR;
•	 to compare the influence of demographic factors (e.g. 

years of experience, practice setting, geographic loca-
tion) on general pediatricians and pediatric pulmon-
ologists’ attitudes and perceived barriers toward PR;

•	 to compare the attitudes and beliefs of general pedi-
atricians and pediatric pulmonologists towards refer-
ring patients to PR;

•	 to compare barriers that prevent general pediatricians 
and pediatric pulmonologists from referring patients 
to PR programs;

•	 to determine the impact of general pediatricians and 
pediatric pulmonologists’ perceptions on the utiliza-
tion of PR services by pediatric patients.

METHODS

a. Study Design: this is cross-sectional analytic study 
using an online survey through Google form.
b. Setting and Period: the study ran from January to 
November 2025. Upon the approval of the Technical 
Review Committee (TRC) and Institutional Ethics Review 
Board (IERB), data was collected through an online 
survey that was distributed to social media and Viber 
accounts and email addresses of GPs and PPs. The study 
was conducted and completed within a year in compli-
ance with the Education, Training and Research-Clini-
cal Research Division (ETRS-CRD) requirement. Partic-
ipating in this study was important because it provided 

valuable insights into the perspectives and practices of 
pediatricians in managing respiratory conditions in chil-
dren. By understanding the knowledge, attitudes and 
perceptions that pediatricians face in implementing PR, 
it can potentially identify areas for improvement and can 
develop targeted interventions that would enhance the 
quality of care for pediatric patients with respiratory issues.
c. Study Population
i. Inclusion Criteria: this included pediatricians who 
were currently practicing in Philippine hospitals and clin-
ics (public or private), handling patients with CLD (ie. 
asthma, chronic bronchitis, bronchiectasis, BPD, ILD, 
pulmonary hypertension, CF, PCD).
ii. Exclusion Criteria: excluded in the study were pedi-
atricians who did not manage patients with CLD.
iii. Sample Size Calculation: using G*Power 3.1.9.7, 
a minimum of 68 pediatricians (34 GPs, 34 PPs) were 
required for this study based on an assumed 0.80 effect 
size between GPs and PPs in terms of their perception 
towards PR. This computation also accounted for a 5% 
level of significance and 90% power.
d. Study Maneuver
Convenience sampling was used to recruit study par-
ticipants. The questionnaire utilized in this study was 
adapted from a validated survey developed by Aldha-
hir et al. (9) and was posted using a secure survey plat-
form (e.g., Google Forms) and to social media and Viber 
accounts. A minimum of 68 participants (34 GPs and 34 
PPs) were enrolled in this study. It took approximately 
15 minutes to answer the online survey. The question-
naire was divided into four sections:
Demographic Information: Age, gender, years of practice, 
specialty (general pediatrics or pediatric pulmonology), 
practice setting (public/private), and geographic location.
Perceptions of PR: Questions assessed pediatricians’ 
awareness of PR, knowledge of PR guidelines, and 
understanding of PR benefits in pediatric patients.
Attitudes and Beliefs about PR: Likert-scale questions 
explored attitudes toward PR’s role in pediatric care, 
perceived benefits for children with chronic respiratory 
conditions, and views on the necessity of PR refer-
rals in clinical practice. These Likert-scale responses 
were treated as continuous variables and scored from 
1 (strongly disagree) to 5 (strongly agree). The mean 
scores represented overall attitudes, where a higher 
score indicated greater agreement.



 |  2 9

P E D I A T R  R E S P I R  J Vol. 4(1), 26-42, 2026

Perceived Barriers to PR: Multiple-choice and open-
ended questions assessed perceived barriers, includ-
ing lack of PR facilities, cost issues, lack of knowledge, 
and time constraints.
e. Identification of Study Variables

i. Independent Variables: Pediatric PR
ii. Dependent Variables:

Attitudes toward PR (measured using Likert 
scales)
Beliefs about the effectiveness of PR in pedi-
atric care
Perceived barriers to PR referrals

f. Statistical Analyses
Descriptive statistics were used to summarize the demo-
graphic characteristics of the pediatricians. Frequency and 
proportion were used for categorical variables, median 
and interquartile range for non-normally distributed con-
tinuous variables and mean and standard deviation for 
normally distributed continuous variables. The mean, 
rank, and frequency differences between PPs and GPs 
were determined using the Independent Sample T-test, 
Mann-Whitney U test, and Fisher’s exact/Chi-square test. 
The Shapiro-Wilk test was used to assess the normal-
ity of continuous variables. Univariate and multivariate 
analysis were also used. Missing values were neither 
replaced nor estimated. Null hypotheses were rejected 
at the 0.05 α-level of significance. Microsoft Excel and 
STATA 13.1 were used for data management and analysis.

RESULTS

Table 1 shows the demographic profile of the partici-
pating pediatricians. Among the 102 respondents, GPs 
and PPs were equally represented. There were no sig-
nificant differences between the groups in terms of age, 
sex, practice setting, or years of experience. However, 
a significant difference was observed in geographic 
distribution (p = 0.014) with more PPs based in Metro 
Manila, while GPs were primarily located in Luzon out-
side the capital. PPs also managed more complex con-
ditions such as BPD (p = 0.003), pulmonary hyperten-
sion (p = 0.005), and bronchiectasis (p <0.001) reflect-
ing their subspecialty focus. Most notably, referral to 
PR was significantly higher among PPs (74.51%) than 
GPs (23.53%) (p <0.001), highlighting a critical dispar-
ity in referral practices that may stem from differences 
in exposure, training, and access.

The perceptions of PPs and GPs regarding the ben-
efits of PR in children with CLD are in table 2. Both 
groups expressed strong agreement across all items, 
with mean scores generally above 4.0. For the belief 
that PR improved exercise capacity, the overall mean 
score was 4.36 ± 1.30, slightly higher among PPs (4.47 
± 1.22) than GPs (4.25 ± 1.38), though not statistically 
significant (p = 0.406). Similar non-significant differences 
were observed in other domains, including reductions in 
dyspnea, anxiety, and hospital readmissions, as well as 
improvements in QoL and disease self-management (all p 
>0.05). These findings suggest a shared positive outlook 
on PR’s clinical value among both pediatric subspecialties.
Table 3 identifies the key components pediatricians 
believe should be included in a PR program aside from 
exercise. The majority of respondents recognized the 
importance of patient education on CLD, symptom man-
agement, psychological support, medication information, 
nutritional counseling, and smoking cessation. There 
were no significant differences between PPs and GPs 
in most components. However, the “Others” category, 
which included suggestions such as accessible center 
directories, follow-ups, financial assistance, and preven-
tive measures like vaccination, was significantly more 
frequently cited by GPs (p = 0.012). This may reflect 
GPs’ broader concern for logistical and systemic sup-
port needed by patients to access PR services.
The preferred modes of delivering PR among pedia-
tricians are shown in table 4. Hospital-based PR was 
the most preferred mode overall (58.82%), followed by 
home-based (30.39%) and tele-rehabilitation (10.78%). 
While PPs leaned more toward hospital-based delivery 
(64.71%) and GPs slightly favored home-based models 
(39.22%), these differences were not statistically sig-
nificant (p = 0.133). These preferences suggest a gen-
eral inclination toward structured, supervised rehabili-
tation settings, but also recognition of the feasibility and 
practicality of alternative delivery models, especially in 
underserved areas.
Table 5 examines patient-related factors that influ-
ence pediatricians’ decision to refer to PR. Across both 
groups, factors such as breathlessness affecting mobil-
ity, decreased activity levels, low exercise tolerance, 
patient fatigue, and the need for education in disease 
management were consistently seen as strong influ-
ences to refer the patient to PR. Psychological aspects 
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like anxiety and depression also played a role but were 
less strongly emphasized. No significant differences 
were found between PPs and GPs for any of these fac-
tors, indicating a consensus on the clinical indicators 
that warrant PR referral.
The summary of perceived barriers to PR referral from 
the pediatricians’ perspective is stated in table 6. The 
most commonly reported obstacles were limited avail-

ability of PR centers (86.27%), high treatment costs 

(82.35%), and transportation difficulties (68.63%). Other 

influential barriers included lack of information about PR, 

scheduling conflicts, patient refusal, comorbidities, and 

skepticism from patients or parents about PR’s useful-

ness. None of the barriers showed statistically signifi-

cant differences between PPs and GPs, highlighting that 

Table 1.	 Demographic Profile of the Pediatricians.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Frequency (%); Median (IQR)

Age, years 37 (34 to 46) 39 (35 to 46) 35 (33 to 46) 0.083

Sex
Male
Female

23 (22.55)
79 (77.45)

11 (21.57)
40 (78.43)

12 (23.53)
39 (76.47)

0.813

Practice setting
Private
Government

54 (52.94)
48 (47.06)

23 (45.1)
28 (54.9)

31 (60.78)
20 (39.22)

0.113

Area of Practice
Metro Manila
Luzon
Visayas
Mindanao

32 (31.68)
55 (54.46)
12 (11.88)
2 (1.98)

21 (41.18)
20 (39.22)
8 (15.69)
2 (3.92)

11 (22)
35 (70)

4 (8)
0

0.014

Years of Experience in Caring for CLD Patients
<1 year
1 to 5 years
6 to 10 years
11 to 15 years
16 to 20 years
>21 years

9 (8.82)
49 (48.04)
20 (19.61)

5 (4.9)
10 (9.8)
9 (8.82)

5 (9.8)
25 (49.02)
10 (19.61)

5 (9.8)
4 (7.84)
2 (3.92)

4 (7.84)
24 (47.06)
10 (19.61)

0
6 (11.76)
7 (13.73)

0.140

What are the common chronic lung diseases  
in children you have encountered and managed 
in your practice?

Asthma
BPD
Pulmonary hypertension
Bronchiectasis
Cystic fibrosis
Pulmonary tuberculosis
Primary ciliary dyskinesia
Recurrent Pneumonia

99 (97.06)
45 (44.12)
44 (43.14)
41 (40.20)

6 (5.88)
6 (5.88)
3 (2.94)
1 (0.98)

48 (94.12)
30 (58.82)
29 (56.86)
34 (66.67)

5 (9.8)
5 (8.8)

2 (3.92)
1 (0.96)

51 (100)
15 (29.41)
15 (29.41)
7 (13.73)
1 (1.96)
1 (1.96)
1 (1.96)

0

0.079
0.003
0.005

<0.001
0.092
0.092
0.558
0.315

Referral to Pulmonary Rehab
Yes
No
Not sure

50 (49.02)
34 (33.33)
18 (17.65)

38 (74.51)
5 (9.8)

8 (15.69)

12 (23.53)
29 (56.86)
10 (19.61)

<0.001

BPD: Bronchopulmonary Dysplasia. Continuous variables were analyzed using the Mann–Whitney U test, while categorical variables were com-
pared using the Chi-square test or Fisher’s exact test, as appropriate.
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Table 2.	 Pediatricians’ perceptions of referring pediatric patients to PR.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Mean + SD

I believe that the pulmonary rehabilitation program 
will improve patients’ exercise capacity

4.36 + 1.30 4.47 + 1.22 4.25 + 1.38 0.406

I believe a pulmonary rehabilitation program would 
be beneficial in reducing dyspnea and fatigue

4.35 + 1.30 4.45 + 1.22 4.25 + 1.38 0.450

I believe that the pulmonary rehabilitation program 
will improve patient anxiety and depression

4.23 + 1.30 4.37 + 1.22 4.10 + 1.37 0.288

I believe that a pulmonary rehabilitation program will 
improve health-related quality of life

4.35 + 1.30 4.47 + 1.22 4.23 + 1.37 0.364

I believe that a pulmonary rehabilitation program 
would help reduce hospital readmission

4.27 + 1.30 4.37 + 1.22 4.18 + 1.38 0.449

I think that pulmonary rehabilitation will reduce the 
risk of exacerbations

4.22 + 1.31 4.22 + 1.25 4.23 + 1.38 0.940

I believe that a pulmonary rehabilitation program will 
improve patient disease self-management

4.24 + 1.31 4.35 + 1.23 4.14 + 1.38 0.408

Differences in mean perception scores were analyzed using the Independent Sample T-test.

Table 3. Pediatricians’ perceptions regarding the important components of PR aside from exercise program.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Frequency (%)

Information about chronic lung diseases 98 (96.08) 50 (98.04) 48 (94.12) 0.308

Symptoms management 97 (95.1) 48 (94.12) 49 (96.08) 0.647

Psychological support 93 (91.18) 48 (94.12) 45 (88.24) 0.295

Information about medications 92 (90.20) 46 (90.20) 46 (90.20) 1.000

Nutritional counselling 86 (84.31) 43 (84.31) 43 (94.31) 1.000

Smoking cessation 72 (70.59) 35 (68.63) 37 (72.55) 0.664

Others: information about accessible centers, follow 
ups, demonstration and return demo evaluations, 
preventive measures such as vaccinations, 
insurance coverage, financial assistance

6 (5.88) 0 6 (11.76) 0.012

Associations were analyzed using Fisher’s exact test.

these challenges are widespread and systemic, affect-
ing all pediatricians regardless of specialty.
Table 7 outlines factors associated with PR referral 
based on univariate analysis. PPs were far more likely 

to refer than GPs (OR = 18.37, p <0.001). Other signifi-
cant factors associated with higher referral rates included 
private practice setting (p = 0.002), Metro Manila loca-
tion (p = 0.004), experience managing bronchiectasis 
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Table 4.	 Pediatricians’ preferred mode of delivery of PR.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Frequency (%)

Hospital-based 60 (58.82) 33 (64.71) 27 (52.94)

0.133Home-based 31 (30.39) 11 (21.57) 20 (39.22)

Tele-rehabilitation 11 (10.78) 7 (13.73) 4 (7.84)

Group comparisons were analyzed using Fisher’s exact test.

Table 5.	 Patient-related factors that influence the referral decision to PR.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Frequency (%)

Mobility is affected by breathlessness.
Strong influence
Some influence
No influence

88 (86.27)
13 (12.75)

1 (0.98)

45 (88.24)
6 (11.76)

0

43 (84.31)
7 (13.73)
1 (1.96)

0.571

Decreasing activity levels
Strong influence
Some influence
No influence

90 (88.24)
11 (10.78)
1 (0.98)

46 (90.20)
5 (9.8)

0

44 (86.27)
6 (11.76)
1 (1.96)

0.567

Low exercise tolerance
Strong influence
Some influence
No influence

80 (78.43)
21 (20.59)

1 (0.98)

41 (80.39)
10 (19.61)

0

39 (76.47)
11 (21.57)
1 (1.96)

0.578

Patient anxiety related to the disease
Strong influence
Some influence
No influence

60 (58.82)
40 (39.22)

2 (1.96)

30 (58.82)
21 (41.18)

0

30 (58.82)
19 (37.25)

2 (3.92)

0.350

Patient depression related to the disease
Strong influence
Some influence
No influence

58 (56.86)
43 (42.16)

1 (0.98)

28 (54.9)
23 (45.1)

0

30 (38.82)
20 (39.22)

1 (1.96)

0.528

Patient education and disease management
Strong influence
Some influence
No influence

77 (75.49)
23 (22.55)

2 (1.96)

38 (74.51)
12 (23.53)

1 (1.96)

39 (76.47)
11 (21.57)
1 (1.96)

0.972

Patient fatigue related to the disease
Strong influence
Some influence
No influence

85 (83.33)
16 (15.69)

1 (0.98)

44 (86.27)
7 (13.73)

0

41 (80.39)
9 (17.65)
1 (1.96)

0.508

Dietary advice
Strong influence
Some influence
No influence

40 (39.22)
55 (53.92)

7 (6.86)

18 (35.29)
28 (54.9)

5 (9.8)

22 (43.14)
27 (52.94)

2 (3.92)

0.427

Associations were analyzed using Fisher’s exact test.
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Table 6.	 Barriers to referring pediatric patients to PR from pediatrician’s perspective.

Total
(n = 102)

Pediatric 
Pulmonologists

(n = 51)

General 
Pediatricians

(n = 51) p-value

Frequency (%)

Don’t have enough information about the pulmonary 
rehabilitation program

Strong influence
Some influence
No influence

62 (60.78)
27 (26.47)
13 (12.75)

30 (58.82)
12 (23.53)
9 (17.65)

32 (62.75)
15 (29.41)

4 (7.84)

0.313

Uncertain that the program is worthwhile
Strong influence
Some influence
No influence

41 (40.20)
35 (34.31)
26 (25.49)

22 (43.14)
15 (29.41)
14 (27.45)

19 (37.25)
20 (39.22)
12 (23.53)

0.581

Patient refuses referral
Strong influence
Some influence
No influence

58 (56.86)
41 (40.20)

3 (2.94)

25 (49.02)
25 (49.02)

1 (1.96)

33 (64.71)
16 (31.37)

2 (3.92)

0.182

Patient comorbidities
Strong influence
Some influence
No influence

40 (39.22)
48 (47.06)
14 (13.73)

20 (39.22)
26 (50.98)

5 (9.8)

20 (39.22)
22 (43.14)
9 (17.65)

0.478

The patient has doubts that rehabilitation is worthwhile
Strong influence
Some influence
No influence

43 (42.16)
52 (50.98)

7 (6.86)

22 (43.14)
27 (52.94)

2 (3.92)

21 (41.18)
25 (49.02)

5 (9.8)

0.500

Transportation problems
Strong influence
Some influence
No influence

70 (68.63)
26 (25.49)

6 (5.88)

38 (74.51)
10 (19.61)

3 (5.88)

32 (62.75)
16 (31.37)

3 (5.88)

0.387

The timing of scheduled pulmonary rehabilitation 
sessions is not convenient for the patient

Strong influence
Some influence
No influence

67 (65.69)
31 (29.41)

5 (4.9)

34 (66.67)
15 (29.41)

2 (3.92)

33 (64.71)
15 (29.41)

3 (5.88)

0.898

Treatment cost
Strong influence
Some influence
No influence

84 (82.35)
13 (12.75)

5 (4.9)

43 (84.31)
6 (11.76)
2 (3.92)

41 (80.39)
7 (13.73)
3 (5.88)

0.850

Availability of pulmonary rehabilitation centers
Strong influence
Some influence
No influence

88 (86.27)
12 (11.76)
2 (1.96)

46 (90.2)
4 (7.84)
1 (1.96)

42 (82.35)
8 (15.69)
1 (1.96)

0.469

Associations were analyzed using Chi-square test or Fisher’s exact test, as appropriate.

(p = 0.034), and longer clinical experience (p = 0.005). 
Belief in the psychological benefits of PR, particularly 
its effects on anxiety, depression, self-management, 
and reducing hospital readmissions also significantly 
increased the likelihood of referral (p <0.01 for each).

Table 8 shows the multivariate analysis of factors inde-
pendently associated with PR referral. Even after adjusting 
for other variables, being a PP (aOR = 450.01, p = 0.001), 
working in a private setting (aOR = 10.64, p = 0.007), 
and believing that PR improves anxiety and depression 
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(aOR = 8.90, p = 0.001) remained statistically significant 

predictors of referral. These findings reinforce the impor-

tance of specialty training, practice context, and clini-

cian beliefs in shaping referral behavior for pediatric PR.

DISCUSSION

The demographic findings of this study reveal structural 
differences between PPs and GPs. PPs were more likely 
to practice in Metro Manila, while GPs were predomi-

Table 7.	 Factors Associated with the Referral to Pediatric Pulmonary Rehabilitation (univariate analysis).

Parameters Crude odds ratio 95% CI p-value

Group
General Pediatricians
Pediatric Pulmonologists

(reference)
18.367

-
5.8169 to 57.992

-
<0.001

Age 0.9484 0.9040 to 0.9949 0.030

Practice setting
Private
Government

(reference)
4.5322

-
1.7490 to 11.744

-
0.002

Area/Place of practice
Metro Manila
Luzon
Visayas
Mindanao

(reference)
0.1637
0.6316

-

-
0.0484 to 0.5545
0.1161 to 3.4368

-

-
0.004
0.595

-

Bronchiectasis 2.7778 1.0826 to 7.1269 0.034

Years of experience
≤5 years
6 to 15 years
>15 years

(reference)
0.6364
0.1768

-
0.2137 to 1.8953
0.0524 to 0.5965

-
0.417
0.005

I believe that the pulmonary rehabilitation program will improve 
patient anxiety and depression

3.2065 1.5907 to 6.4637 0.001

I believe that a pulmonary rehabilitation program would help 
reduce hospital readmissions

2.7483 1.4622 to 5.1656 0.002

I think that pulmonary rehabilitation will reduce the risk of 
exacerbations

2.0485 1.3292 to 3.1571 0.001

I believe that a pulmonary rehabilitation program will improve 
patient disease self-management

2.9716 1.5536 to 5.6840 0.001

Factors associated with referral to PR based on univariate analysis using simple logistic regression.

Table 8.	 Factors Associated with the Referral to Pediatric Pulmonary Rehabilitation (multivariate analysis).

Parameters Adjusted odds ratio 95% CI p-value

Group
General Pediatricians
Pediatric Pulmonologists

(reference)
450.01

-
11.021 to 18375

-
0.001

Practice setting
Private
Government

(reference)
10.640

-
1.9325 to 58.584

-
0.007

I believe that the pulmonary rehabilitation program will 
improve patient anxiety and depression

8.8967 2.4871 to 31.825 0.001

Factors independently associated with referral to pulmonary PR based on multivariate analysis using multiple logistic regression.
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nantly based in other areas of Luzon (p = 0.014), and 
PPs more frequently managed complex respiratory con-
ditions such as BPD (p = 0.003), pulmonary hyperten-
sion (p = 0.005), and bronchiectasis (p <0.001). Nation-
ally, there are approximately 6,581 GPs (10) and only 
271 PPs (11), with a large concentration in the National 
Capital Region. This imbalance provides important con-
text for the observed differences in PR referral practices 
and access to specialized care.
A key finding of this study was the significantly higher 
referral rate to PR among PPs (74.51%) compared to 
GPs (23.53%) (p <0.001). This supports prior findings 
from Aldhahir et al. (8, 9), who noted that specialists 
with advanced training in pulmonology are more likely 
to refer patients to PR. This may be due to increased 
familiarity with PR principles, a stronger understand-
ing of its benefits, and greater involvement in struc-
tured PR programs. Conversely, studies conducted 
by Kunoor et al. (12) in India and Hao et al. (13) in 
China demonstrated lower referral rates among respi-
ratory physicians in selected regions, largely attribut-
able to the limited availability of PR facilities despite 
adequate knowledge of and awareness regarding the 
benefits of PR.
While children in urban regions such as Metro Manila 
may benefit from better access to PR services, the dis-
parity in specialist distribution underscores the need 
for policy-level initiatives to ensure equitable access to 
both general and specialized pulmonary care across 
the country.
Both GPs and PPs in this study exhibited positive atti-
tudes toward PR, recognizing its potential to enhance 
exercise tolerance, reduce symptoms such as dyspnea 
and fatigue, and improve psychosocial well-being. This 
observation is in concordance with the findings of Ald-
hahir et al. (8, 9) and Sahasrabudhe et al. (14), which 
reported a generally favorable inclination among clini-
cians to refer patients with CLD—particularly those expe-
riencing reduced exercise capacity, shortness of breath, 
easy fatigability and compromised airway clearance—
to PR programs. These views reflect the broader con-
sensus in the literature about PR’s multifaceted bene-
fits in pediatric populations.
Beyond exercise training, pediatricians emphasized 
the importance of additional PR components such as 
disease education. Education is one of the key compo-

nents of PR and health care providers recognize it as 
essential as exercise training. Disease-specific edu-
cation plays a critical role in enhancing patients’ abil-
ity to recognize symptoms and identify disease exacer-
bations thus allowing them to self-manage their symp-
toms successfully. Pediatricians further underscored the 
relevance of nutritional counseling, psychological sup-
port and smoking cessation as other integral compo-
nents of PR. Notably, GPs were more likely to highlight 
the essential contributions of auxiliary elements such 
as insurance coverage, follow-up services, and acces-
sibility of PR centers (p = 0.012). Consistent findings 
across multiple studies (8, 9, 15) demonstrate that health-
care professionals identify education, smoking cessa-
tion, nutritional counseling, and symptom management 
as integral components of PR. In addition, these stud-
ies highlight the pivotal role of insurance coverage and 
the accessibility of PR centers. Taken together, these 
observations reinforce the need for comprehensive PR 
programs that systematically integrate educational and 
psychosocial elements to optimize patient adherence 
and long-term outcomes, while underscoring the impor-
tance of improving the availability and accessibility of 
rehabilitation services.
Hospital-based PR was the most preferred mode of 
delivery (58.82%), followed by home-based and tel-
erehabilitation. Similarly, evidence from three studies 
demonstrates a general preference for hospital-based 
PR over home-based or telerehabilitation modalities (9, 
16, 17). This preference mirrors global trends where 
hospital-based programs are favored due to structured 
supervision where patients are monitored closely during 
exercise, thus enhancing safety and allowing for imme-
diate intervention needed, access to multidisciplinary 
teams which ensure more holistic care, and immediate 
clinical support. Nonetheless, evidence also supports 
the efficacy of home-based and telerehabilitation modal-
ities. A study conducted in the Philippines demonstrated 
that, in response to the COVID-19 pandemic, PR ser-
vices transitioned from conventional face-to-face deliv-
ery to telerehabilitation, with post-acute COVID-19 adults 
patients showing improvements in exercise capacity 
(18). Home-based and telerehabilitation therefore can 
be modalities, particularly in improving access for fam-
ilies in remote areas and those facing financial or logis-
tical barriers (19-22).
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Patient-related clinical indicators such as breathless-
ness, reduced activity, fatigue, and low exercise toler-
ance were consistently cited as strong referral drivers 
by both PPs and GPs. These align with global refer-
ral patterns that prioritize functional limitations and 
symptom burden as key considerations for PR enroll-
ment (8, 9).
Despite generally positive perceptions, our study iden-
tified barriers such as lack of adequate information 
about PR, patient refusal, comorbid conditions, skep-
ticism regarding PR’s value, transportation challenges, 
inconvenient scheduling, financial constraints and lim-
ited availability of PR centers. Of all these, transpor-
tation and costs were major concerns and the limited 
number of PR centers was identified as a key barrier.
In the Philippine context, PR utilization is influenced 
by a combination of cultural, health system, and eco-
nomic factors that collectively constrain access and 
uptake. Cultural perceptions of CLD such as under-
estimating the disease severity due to stoicism, reli-
ance on informal care, traditional and folk medicines 
and faith-based healing may contribute to delayed 
health-seeking behavior and reduced prioritization of 
structured rehabilitation interventions (23). Within the 
healthcare system, PR remains insufficiently integrated 
into standard respiratory care pathways, with limited 
availability of PR services and referral mechanisms, 
particularly outside urban centers. Importantly, PR is 
not covered by national health insurance schemes, 
including the Philippine Health Insurance Corpora-
tion (PhilHealth), necessitating full out-of-pocket pay-
ment by patients. This represents a substantial bar-
rier in a setting where the average annual income of 
Filipino families is approximately ₱350,000, or about 
₱29,000 per month (24). Consequently, the cost of PR 
enrollment — estimated at ₱24,000 for a 24-session 
program — constitutes a considerable financial bur-
den, approaching one month of average household 
income. These systemic and economic constraints 
likely contribute to the low utilization of PR services 
in the Philippines, particularly among low- and mid-
dle-income families.
Moreover, the limited number of PR centers in the 
Philippines with only 19 centers nationwide – most of 
which cater exclusively to adult patients and only a 
single center offering PR programs for both adult and 

pediatric patients – exacerbates existing access dis-
parities. This challenge is compounded by the scar-
city of trained personnel and the lack of standardized 
pediatric PR protocols. Results from studies con-
ducted in upper-middle-income countries including 
China (13, 25) and Malaysia (26); and low-to-middle-
income countries such as India (12, 14) and Kyrgyzstan 
(27) indicate the same barriers to PR that also largely 
stem from constrained healthcare resources, limited 
awareness, and patient-related access and cost bur-
dens. Notably, such limitations are not unique to low-
to-middle income resource settings. Even in high-in-
come countries such as Saudi Arabia (8, 9), the United 
States (28), France (29), Australia (30), and Canada 
(31), the distribution of PR centers remains inade-
quate, especially in rural and underserved areas. Col-
lectively, these findings underscore the urgent need 
to expand PR infrastructure and integrate PR more 
effectively into national health systems through coor-
dinated efforts among governing bodies and profes-
sional organizations.
Additional barriers such as comorbidities, patient or care-
giver skepticism, and insufficient physician knowledge 
about PR were also identified. These factors may delay 
or prevent referrals, especially among GPs, who may 
have less exposure to PR in training or practice. Lack 
of robust pediatric-specific PR data further contributes 
to these knowledge gaps and reduces confidence in the 
intervention’s efficacy for children.
The multivariate analysis revealed that three key pre-
dictors significantly influenced referral behavior: being 
a PP (aOR: 450.01), practicing in the private sector 
(aOR: 10.64), and the belief that PR improves anxiety 
and depression (aOR: 8.90). This last factor is particu-
larly notable, given the rising burden of mental health 
issues among children with chronic illnesses. PR’s 
holistic approach, which integrates physical rehabilita-
tion with psychosocial support, is well-suited to address 
this dual burden.
Despite increasing awareness, global PR referral rates 
remain suboptimal (32), especially in pediatrics. Pedia-
tricians are gatekeepers to PR access, and without their 
referral, children are unlikely to benefit from these pro-
grams. This underscores the need for continuing pro-
fessional development, including workshops and online 
training, to enhance pediatricians’ understanding of PR. 
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Furthermore, expanding the use of digital platforms and 
social media to educate families may foster greater 
acceptance and adherence to PR.
Lastly, the study’s findings highlight structural and sys-
temic challenges that require policy-level interventions. 
Strengthening referral systems, increasing funding for 
PR programs, and establishing new centers—particu-
larly in underserved areas—are critical steps toward 
achieving equitable access.
There are several limitations of the study. The use of con-
venience sampling and online survey distribution intro-
duces potential selection and response bias. Recruit-
ment through social media platforms, messaging appli-
cations, and email networks may have captured pedia-
tricians who are more digitally engaged, affiliated with 
academic or tertiary centers, or have greater interest or 
exposure to PR. These sampling methods may have 
influenced reported attitudes and referral practices. 
Pediatricians with favorable perceptions of PR or prior 
experience with PR programs may have been more 
inclined to participate. In contrast, pediatricians with 
limited access to PR facilities, lower awareness of PR, 
or greater practice constraints — particularly those in 
rural or resource-limited settings — may be underrep-
resented. Finally, these factors limit the generalizabil-
ity of the findings. While the study provides important 
insights into the perspectives of pediatricians accessi-
ble through online networks, the results may not fully 
reflect the views and practices of all Filipino pediatri-
cians nationwide.
Future research should employ probability-based or 
stratified sampling methods to improve representa-
tiveness and reduce selection bias. Targeted recruit-
ment of pediatricians from geographically underserved 
regions, public sectors, and rural practice settings is 
particularly important to ensure that perspectives from 
areas with limited PR access are adequately captured. 
Expanding sample sizes and including multiple recruit-
ment modalities – such as institutional registries, pro-
fessional society databases, and on-site data collection 
– may further enhance external validity and generaliz-
ability. Further, prospective studies evaluating changes 
in knowledge, attitudes, and referral practices following 
targeted educational interventions are needed to estab-
lish causal relationships and inform effective implemen-
tation strategies.

CONCLUSION

This study highlights the generally positive percep-
tions of Filipino pediatricians regarding PR for chil-
dren with CLD but also underscores a significant gap 
between recognition of PR’s benefits and actual refer-
ral practices—particularly among GPs. PPs demon-
strated higher referral rates, likely due to their special-
ized training and greater clinical exposure to complex 
respiratory conditions.
Key factors associated with the increased likelihood of 
referral included subspecialty training, private practice 
setting, geographic location, and strong beliefs in PR’s 
psychological and physical benefits. Conversely, major 
barriers to referral were limited availability of PR cen-
ters, high out-of-pocket costs, transportation difficulties, 
and insufficient awareness or understanding of PR pro-
grams—challenges that disproportionately affect patients 
in underserved and rural areas.
By addressing these gaps, healthcare providers can 
optimize the delivery of multidisciplinary care and 
improve long-term outcomes for pediatric patients 
with CLD. First, the integration of PR principles into 
pediatric residency and subspecialty training curric-
ula is essential to strengthen early exposure, improve 
knowledge, and normalize PR referral as a standard 
component of chronic respiratory care. Second, the 
expansion of telerehabilitation and hybrid PR pilot 
programs should be prioritized to address geographic 
inequities, transportation barriers, and workforce lim-
itations, particularly in underserved and rural areas. 
Third, the development of clear, standardized national 
referral pathways — linking GPs, PPs, and rehabili-
tation teams — may streamline referrals and reduce 
variability in practice. Lastly, sustained policy engage-
ment is critical; government stakeholders must for-
mally include PR within national health priorities by 
strengthening insurance reimbursement mechanisms 
and expanding health coverage to encompass PR 
services. Collectively, these measures may enhance 
access, improve referral practices, and support the 
long-term integration of pediatric PR into the Philip-
pine healthcare system.
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APPENDICES

GOOGLE FORM
QUESTIONNAIRE

I. Demographic Information
Participant code number: _________________________________
Are you a practicing:	◊ General Pediatrician who handles chronic respiratory diseases
	 ◊ Pediatric Pulmonologist
Age: ____________________________
Gender: _________________________
Practice Setting: Private ____ Government ____
Area of Practice: ___________

What are the common chronic lung diseases in children that you have encountered and managed in your practice?
◊ Asthma
◊ Bronchiectasis
◊ Bronchopulmonary dysplasia
◊ Pulmonary hypertension
◊ Cystic fibrosis
◊ Primary ciliary dyskinesia
◊ Others: _________________

How many years of experience do you have in caring for pediatric patients with chronic lung diseases?
◊ <1 year
◊ 1-5 years
◊ 6-10 years
◊ 11-15 years
◊ 16-20 years
◊ >21 years

Will you refer a pediatric patient with chronic respiratory disease to pulmonary rehabilitation?
◊ Yes
◊ No
◊ Not sure

II. Perceptions of Pulmonary Rehabilitation Program
1. For each statement, please select the answer that best suits your opinion.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I believe that pulmonary rehabilitation program will 
improve patient’s exercise capacity.

I believe that pulmonary rehabilitation program would be 
beneficial in reducing dyspnea and fatigue.

I believe that pulmonary rehabilitation program will 
improve patient anxiety and depression.

I believe that pulmonary rehabilitation program will 
improve health-related quality of life.



P E D I A T R  R E S P I R  J Vol. 4(1), 26-42, 2026

4 2  |

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I believe that pulmonary rehabilitation program would help 
in reducing hospital readmission.

I think that pulmonary rehabilitation will reduce the risk of 
exacerbations.

I believe that pulmonary rehabilitation program will 
improve patient nutritional status.

I believe that pulmonary rehabilitation program will 
improve patient disease self-management.

III. Referral to Rehabilitation Program
1. In your opinion, what factors might influence decision to refer pediatric patients with chronic lung diseases to a 
pulmonary rehabilitation program?

No influence Some influence Strong influence

Mobility, affected by breathlessness

Decreased activity levels

Low exercise tolerance

Patient anxiety related to disease

Depression related to disease

Patient education and disease management

Fatigue related to disease

Dietary advice

Others please give details

2. In your opinion, what factors might influence decision on NOT to refer to pediatrics patients to a pulmonary reha-
bilitation program?

No influence Some influence Strong influence

I don’t have enough information about pulmonary 
rehabilitation program

I’m uncertain that the program is worthwhile

I am uncertain to refer to pulmonary rehabilitation 
program because of my patient’s co-morbidities

My patient has doubts that pulmonary 
rehabilitation is worthwhile

My patient has transportation problems

Timing of scheduled pulmonary rehabilitation 
sessions not convenient for my patient

Treatment cost

Availability of pulmonary rehabilitation centers

Others please give details
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ABSTRACT

Intravascular foreign bodies (IFBs) are a rare but potentially serious condition 
in pediatrics, often iatrogenic due to central venous catheterization. We present 
the case of a girl with history of congenital cytomegalovirus (CMV) infection, who 
underwent central venous access placement in early infancy. Following the years, 
during investigations for a respiratory infection, an incidental finding of a hyper-
dense formation about 15 mm in size was noted at the bifurcation of the right inter-
lobar artery, interpreted as an intraluminal foreign body, likely endothelialized. In 
the absence of clinical or laboratory signs of infectious or thromboembolic compli-
cations, surgical or percutaneous intervention was ruled out, and a clinical-radio-
logical surveillance strategy was adopted. A review of the literature highlights the 
need for a personalized therapeutic approach, with preference for percutaneous 
removal in symptomatic patients or when complications are presumable. How-
ever, in the presence of stable, endothelialized, and clinically silent foreign bod-
ies, a conservative approach is feasible. This case emphasizes the importance 
of follow-up in patients with a history of central venous access and contributes to 
defining criteria for individualized management.

Doi
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KEY WORDS
Case report; intravascular foreign 
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servative management.

CASE REPORT

G, female, was born at term from an uneventful pregnancy via spontaneous vag-
inal delivery. Congenital cytomegalovirus (CMV) infection was diagnosed, and 
she was hospitalized for about two weeks in the neonatal care unit, where blood 
and imaging investigations were performed. She underwent antiviral therapy with 
valganciclovir but stopped at around three months of age due to the absence of 
major symptoms and viral DNA clearance in urine. During the hospitalization an 
umbilical venous catheter (UVC) was placed and maintained in situ for 3 days, 
no complications observed.
Around one year old, the patient was hospitalized again due to edema of the 
hands and feet, along with ecchymoses on the lower limbs, without fever, and 
tested positive for SARS-CoV-2. Due to swelling, warmth and an antalgic posture 
of the right lower limb, deep vein thrombosis (DVT) was suspected. Doppler ultra-
sound revealed thickening and increased echogenicity of the subcutaneous soft 
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tissues of the right thigh and leg, with partial collapse 
and compression of venous branches. A CT angiogra-
phy was requested but not performed due to difficulties 
in obtaining peripheral venous access. Given metabolic 
acidosis, she underwent surgical and vascular evalu-
ation and had a central venous catheter placed in the 
operating room to continue diagnostic procedures and 
left in situ for about a week without any complications.
At 5 years old, she was evaluated by her pediatrician for 
cough and diagnosed with pneumonia. She was started 
on amoxicillin/clavulanate (Augmentin), later switched 
to azithromycin (Zitromax) due to persistent symptoms. 
A chest X-ray was performed to rule out complications 
due to poor clinical response and revealed bilateral bron-
chial thickening and a filamentous, radiopaque image 
of about 10 mm at the basal regions of the right lower 
lobe, not better characterized (figure 1).
For further evaluation, a chest CT was performed and 
revealed a hyperdense formation of about 15 mm at 
the bifurcation of a vascular branch, likely arterial, with 
uncertain diagnostic interpretation.
She was subsequently admitted to the Pediatric Unit for 
Allergy and Pneumology at the “G. Di Cristina” Hospital 
– A.R.N.A.S. Civico. Upon admission, she was in good 
general condition, afebrile, with no signs of respiratory 
distress, and exhibited diffuse coarse breath sounds 
on lung auscultation. Clarithromycin therapy was ini-
tiated, blood tests were performed, including D-dimer 
and fibrinogen (within normal limits) along with cardi-
ology consultation (which recommended further stud-
ies including angio-CT and pulmonology assessment). 

Eventually the interventional radiologist specialist eval-
uation ruled out interventional procedures. Serology for 
Mycoplasma pneumoniae showed positive IgM and IgG, 
consistent with a recent or ongoing infection.
Chest angio-CT excluded filling defects in the main, seg-
mental, and subsegmental pulmonary arteries and con-
firmed the previously noted hyperdense image at the 
bifurcation of a right interlobar arterial branch, supply-
ing the posterior and lateral segments of the lower lobe. 
There were no indirect signs of distal thromboembolism.
Subsequent vascular surgery consultation suggested 
the hyperdense image corresponded to a likely endo-
thelialized endoluminal lesion at the bifurcation of the 
right interlobar artery, with no indication for vascular sur-
gery. Pediatric surgery also ruled out the need for lung 
parenchyma resection, considering the absence of local 
complications, the deep location, and the non-infective, 
endothelialized nature of the material. The child was dis-
charged in good general condition with a plan for close 
clinical and radiological follow-up (figure 2).
At 1-year outpatient follow-up, no complications were 
observed and no indication for surgical intervention 
was found.

MINI REVIEW

Introduction
Intravascular foreign bodies (IFBs) are rare in children 
but may be associated with severe complications. Among 
these, foreign bodies located in the pulmonary circula-
tion are the most common subtype, usually due to iat-
rogenic causes (1). Catheter fracture with embolization 

Figure 1. Chest X-Ray: the red arrow marks the filamentous, radiopaque image.
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is a rare but serious complication, with an incidence in 
adults ranging from 0.2% to 4.2% (2). This review sum-
marizes the existing literature on pediatric intrapulmo-
nary IFBs, focusing on their etiology, clinical presen-
tation, diagnostic workup, and therapeutic strategies.

Epidemiology and Etiology
In children, the vast majority of IFBs result from compli-
cations of central catheterization (e.g. central venous 
catheters, port-a-caths, umbilical venous catheters, 
PICCs). The most common migration sites are the right 
heart chambers and pulmonary arteries (3).

Clinical Manifestations
In the cohort analyzed by Pazinato et al., 77% of patients 
were asymptomatic at diagnosis, which was often inci-
dental, as in our case. A minority of cases reported symp-
toms such as fever, systemic infection signs, pulmonary 
embolism, respiratory distress, or thrombotic complica-
tions. No pediatric mortality was directly attributed to the 
presence of an IFB.

Imaging Diagnostics
The diagnosis of IFBs primarily relies on radiological 
methods, including (4):
•	 chest X-ray, useful as an initial tool when a radi-

opaque foreign body is suspected or incidentally 
discovered;

•	 chest angio-CT, considered the gold standard for 
characterizing the location, morphology, and rela-
tionship of the foreign body with vascular structures;

•	 echocardiography, in cases with suspected cardiac 
involvement or paradoxicalembolism.

Therapeutic Management
Treatment options for IFBs include percutaneous 
extraction, surgical removal, anticoagulant therapy, and 
in selected cases, a conservative approach (“watchful 
waiting”). The choice should be tailored based on clin-
ical status and risk of complications (1). Most children 
with catheter migration have complex underlying condi-
tions (e.g. oncology, hematology, cardiology) that make 
them suboptimal candidates for surgery (8).
Over the years, non-surgical percutaneous techniques 
have evolved significantly since the first reported case in 
1964, becoming the first-line treatment. Devices such as 
loop-snares, helical baskets, biopsy forceps and hooked 
guidewires have significantly improved the efficacy and 
safety of these procedures (5).
A systematic review in adults covering 215 cases reported 
a 93.5% success rate for percutaneous extraction. Sim-
ilarly, a pediatric series including 19 IFBs in 18 children 
showed an 89.5% success rate, supporting the effective-
ness of this approach in the pediatric population (6, 7). 
Another pediatric review of 14 cases reported a 92.8% 
success rate (1). None of the previous reviews, how-
ever, described an endothelialized foreign body.
Various cases of conservative management have been 
described, either as a primary choice or after failed pro-
cedures, with follow-ups of varying duration. Based on 
literature and known outcomes, Chan et al. (figure 3) 
proposed a management algorithm (9). If a device is 
small and immobile without foreseeable complications, 
removal may not be necessary (10). In the presence of 
complications, percutaneous retrieval should always 

Figure 2. Multiplanar reconstrnction (MPR) of TC images.
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be the first option, with surgical intervention as sec-
ond-line (11).

Conclusions
Endovascular foreign bodies constitute a rare but clini-
cally significant finding that demands careful evaluation 
and management. In this report, we describe an endo-
thelialized endovascular foreign body — a condition that, 
to the best of our knowledge, has not much been pre-
viously documented in the literature. This observation 
highlights a potentially emerging nosological entity, par-
ticularly relevant as endovascular procedures become 

increasingly common in the pediatric population. Aware-
ness of this phenomenon is essential, as clinicians are 
likely to encounter similar cases more frequently in the 
upcoming years. A multidisciplinary approach and con-
tinued research into the mechanisms of endotheliali-
zation and retrieval strategies are crucial to improve 
patient outcomes and broadening our understanding 
of this evolving clinical scenario.
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