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ARTICLEINFO ABSTRACT
Keywords: ' Problem: Changes in the ventilation demand nursing interventions duly adapted to the management of said
O'ﬂd o impairment and to the adaptability of the child/parents. This revision aimed to investigate the evidence behind
iitical thinking the interventions performed on children with impaired ventilation.”
Q¢ interventions Eligibility criteria: Systematic reviews of literature in English, Spanish, French, and Portuguese from studies on

Thoracic expansion
Respiratory control
Respiratory muscle strengthening

nursing interventions related to children with impaired ventilation in all contexts of the clinical practice. The
Joanna Briggs Institute recommendations were followed. Sample: We conducted a comprehensive search as of
January 2022 and updated as of June 2023. The following electronic databases were searched: SCOPUS, Web of
Science, Joanna Briggs Institute Database of Systematic Reviews and Implementation Reports, MEDLINE (via
PubMed), CINAHL (via EBSCO), MedicLatina (via EBSCO), The Cochrane Database of Systematic Reviews (via
EBSCO), and Database of Abstracts of Reviews of Effects (DARE). Nineteen articles published between 2012 and
2022 were included in this review.

Results: Nineteen studies investigated the efficacy of respiratory exercises (Breathing Control - relaxed breathing,
pursed lip breathing, Diaphragmatic breathing exercises, respiratory expansion exercise - deep breathing exer-
cise, thoracic expansion exercises (with device), exercises for respiratory muscle strengthening and position to
optimize ventilation. In the majority of the studies, it was not possible to evaluate the interventions separately.
Thirteen studies evidenced the efficacy of respiratory exercises, BIPAP, and oxygen therapy. Seven articles
demonstrated the effectiveness of respiratory muscle-strengthening exercises, and only three mentioned the
efficacy of positioning regarding impaired ventilation. Interventions based on respiratory exercises and respi-
ratory muscle training were the most common ones.

Conclusions: The results suggest that nursing interventions to optimize ventilation are efficient. Nevertheless, the
same present a low to moderate evidence degree, justified by the population characteristics (small and
heterogeneous).

Implications: There is proof of evidence for the studied interventions. However, the lack of methodological
robustness points to future research to duly describe interventions, data, and comparable results, using reliable
samples in which the focus of the study is clear.

Introduction pneumonia is the leading cause of death worldwide (Foro de las Socie-
dades Respiratorias Internacionales, 2017). As an historically major

Respiratory diseases were among the three central death and inca-  cause of hospitalization among children in countries worldwide (GBD,
pacitation causes for decades, responsible for approximately 4 million 2020; Jain et al., 2015; Rha et al., 2020), in Portugal (2019-2010),
deaths per year in children below five. Among respiratory diseases, ~ respiratory diseases were the leading cause of hospitalization among the
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pediatric population (Sociedade de Infecciologia Pediatrica, 2020).
These diseases significantly impact children's daily routines due to
common changes in ventilation patterns, regardless of the diseases'
pathophysiology and clinical presentation (Postiaux et al., 2011).

Ventilation is defined by the International Council of Nurses (ICN,
2019) as a “respiratory system process characterized by the movement
of air inside and out the lungs, with a determined frequency and rhythm,
inspiratory depth and expiratory strength”. This way, regardless of the
clinical diagnosis and symptoms indicating impaired ventilation, it is
crucial to implement programs that reduce symptoms, optimize func-
tional status, and increase social participation, focused on quality-of-life
improvements. (Dyer et al., 2011; Faverio et al., 2018)

Impaired ventilation in pediatric patients can be managed with
various interventions, such as respiratory control, thoracic expansion,
positioning techniques to optimize ventilation, and movement tech-
niques to improve gas exchanges (Williams et al., 2022). Thus improving
symptoms and the ventilation/perfusion imbalance caused by respira-
tory diseases. Several strategies, such as respiratory control, thoracic
expansion, the use of positioning techniques to enhance ventilation, and
movement techniques to bolster gas exchanges, can effectively assist
patients with compromised ventilation. These methods contribute to
symptom relief and rectify the imbalances in ventilation/perfusion
resulting from various diseases. Consequently, these techniques specif-
ically address the ventilation process, as the efficiency of external
ventilation directly influences alveolar ventilation (Williams et al.,
2022).

The applicability of an intervention for impaired ventilation depends
on the assessment of the child and the analysis of all the data, which
allows for the correct decision-making regarding the intervention to
adopt. Therefore, the know-how of the pediatric patient, alongside the
anatomy and physiology principles, is crucial for the prescription of an
adequate therapeutical intervention at every age.

Several systematic reviews have already examined the efficacy of
these interventions. According to the Aromataris et al. (2020), corre-
sponding to the expansive growth observed across the scientific litera-
ture landscape, there has been a remarkable escalation in the production
of systematic reviews, which is also the case of respiratory interventions.
However, their rapid proliferation presents an augmented challenge to
healthcare decision-makers, as it potentially intensifies the existing
difficulty in discerning and integrating multitudes of evidentiary data
for effective decision-making processes. The readily available systematic
reviews do not simplify the decision-making process, which remains a
complex task for healthcare practitioners and policy formulators, with
the multiple sources and findings being dispersed across different
sources, making it challenging for healthcare decision-makers to discern
and integrate the wealth of evidence. As the development of the field has
seen an increase in various nursing interventions for managing impaired
ventilation, the efficacy and application of these interventions vary,
leading to a need for comprehensive evaluation and synthesis.

Given the growing volume of systematic reviews and the absence of
an Umbrella Review synthesizing the data about interventions for
impaired ventilation in pediatric patients, this review will fill a signifi-
cant gap. Also, given the plethora of systematic reviews that examine the
efficacy of these interventions, these often present divergent outcomes
and conclusions, adding another layer of complexity for healthcare
decision-makers. The synthesis of these varied findings into an orga-
nized, accessible format is necessary for more effective decision-making
processes, leading us to undertake this Umbrella Review. Thus, this re-
view aims to cater to a target audience that includes clinicians, health-
care policymakers, and researchers. Its purpose is to provide a
synthesized overview of the available evidence on various nursing in-
terventions, ultimately aiding decision-making processes in clinical
practice and policy formulation.

A preliminary search for existing Umbrella Reviews on the topic was
conducted in the JBI Library, Cochrane Library, CINAHL (EBSCO),
MEDLINE (PubMed), Epistemonikos, and PROSPERO databases, but no
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similar reviews were found. The unique value of this review lies in i
comprehensive overview of the existing systematic reviews, which
currently dispersed across multiple sources.

The objective of this Umbrella Review is to analyze existing
tematic reviews on interventions for pediatric patients with impai
ventilation using the PICO (Population, Intervention, Comparis
Outcome) framework. Specifically, it focuses on “the efficacy of imp
mentation of respiratory control techniques”, “application of positioni
techniques”, and “execution of thoracic expansion techniques”, amo:
other nursing interventions related to impaired ventilation in pediatri
patients. The ultimate goal is to promote critical thinking in nursi
bolster evidence-based practice, and enhance the overall quality of ¢

Methods

An umbrella review was carried out to identify the results of
tematic reviews (with or without meta-analysis) of studies concerni
the efficacy of interventions performed on children with impai
ventilation. This review was conducted according to the JBI's approa
(2020). considering the following guidelines, Preferred Reporting Ite
for Systematic reviews, and Meta-Analyses extension for Scoping
views (PRISMA-ScR) Checklist (Page et al., 2021; Tricco et al., 201
2018b).

Protocol

According to the recommendations of good practices to incre
transparency and decrease bias, the protocol referent to the umbre
review was crafted (Hunt, 2018).

This protocol was registered in the OSF Registration Forms on
23rd of January 2022 (DOI10.17605/0SF.I0/R3UCF). Using the s
selection criteria of studies of the protocol, one intervention was add
to the analysis, making the study wider.

Search strategy

With no time limit, a broad search was made to identify all relev;
research summaries (Aromataris et al., 2020).

We conducted a comprehensive search as of January 2022 ané
updated as of June 2023.

The following electronic databases were searched: SCOPUS, Web
Science, Joanna Briggs Institute Database of Systematic Reviews ané
Implementation Reports, MEDLINE (via PubMed), CINAHL (via EBSCO}.
MedicLatina (via EBSCO), The Cochrane Database of Systematic Re-
views (via EBSCO), and Database of Abstracts of Reviews of Effects
(DARE).

The search strategy was developed using the SNOMED_CT termi-
nology (SNOMED, 2022) to define the interventions under study. This
approach allowed us to use standardized language in our search terms.
enabling a more precise and targeted search across multiple databases.

The used search terms are described in Table 1 (Platform search
terms).

Additional research on the PEDro database - 13 results — was made
with the following search terms: “respiratory therapy™ and “impaired
ventilation™ and “paediatrics” and “systematic review”.

For article management, the software application Endnote was
employed, and Nvivo was used for data analysis.

Study selection

To fulfill the review's objectives, the study selection considered the
PICO mnemonic.

Participants
Studies that included pediatric patients under 18 years old (Ordem
dos Enfermeiros, 2017) with impaired ventilation. No exclusion criteria



[ Reis et al.

‘able 1

Jatabase search terms.

Search
(Platforms)

Records
retrieved

Query

SCOPUS

Web of
Science

Ebsco

(TITLE-ABS (“Pulmonary rehabilitation” OR 481
“Oscillating positive expiratory pressure
physiotherapy” OR “Respiratory therapy” OR
“Physiotherapeutic breathing exercise” OR
“Diaphragmatic breathing exercises” OR “Relaxed
breathing” OR “Breathing exercise, blow bottle”
OR “Respiratory expansion exercises” OR “Apical
expansion exercises” OR “Basal expansion
exercises” OR “Lower lateral costal expansion
exercises” OR “Thoracic expansion exercises” OR
“Lower thoracic expansion exercises” OR “Upper
thoracic expansion exercises” OR “Breathing
control” OR “Inspiratory muscle training” OR
“Incentive spirometry”)) AND (TITLE-ABS
(“Thorax expansion” OR “Continuous positive
airway pressure titration” OR “Eucapnic voluntary
hyperventilation challenge” OR “Physiotherapy of
chest” OR “Active cycle of breathing technique”))
AND (TITLE-ABS (review OR meta-analysis OR
metareview OR “meta-review"))

(TS = (“Pulmonary rehabilitation” OR “Oscillating 406
positive expiratory pressure physiotherapy” OR
“Respiratory therapy” OR “Physiotherapeutic
breathing exercise” OR “Diaphragmatic breathing
exercises” OR “Relaxed breathing” OR “Breathing
exercise, blow bottle” OR “Respiratory expansion
exercises” OR “Apical expansion exercises” OR
“Basal expansion exercises” OR “Lower lateral
costal expansion exercises” OR “Thoracic
expansion exercises” OR “Lower thoracic
expansion exercises” OR “Upper thoracic
expansion exercises” OR “Breathing control” OR
“Inspiratory muscle training” OR “Incentive
spirometry”)) AND (TS = (“Thorax expansion” OR
“Continuous positive airway pressure titration”
OR “Eucapnic voluntary hyperventilation
challenge” OR “Physiotherapy of chest” OR
“Active cycle of breathing technique™)) AND (TS
= (review OR meta-analysis OR metareview OR
“meta-review”))

(TI (“Pulmonary rehabilitation” OR “Oscillating 202
positive expiratory pressure physiotherapy” OR
“Respiratory therapy” OR “Physiotherapeutic
breathing exercise” OR “Diaphragmatic breathing
exercises” OR “Relaxed breathing” OR “Breathing
exercise, blow bottle” OR “Respiratory expansion
exercises” OR “Apical expansion exercises” OR
“Basal expansion exercises” OR “Lower lateral
costal expansion exercises” OR “Thoracic
expansion exercises” OR “Lower thoracic
expansion exercises” OR “Upper thoracic
expansion exercises” OR “Breathing control” OR
“Inspiratory muscle training” OR “Incentive
spirometry”) OR AB (“Pulmonary rehabilitation”
OR “Oscillating positive expiratory pressure
physiotherapy” OR “Respiratory therapy” OR
“Physiotherapeutic breathing exercise” OR
“Diaphragmatic breathing exercises” OR “Relaxed
breathing” OR “Breathing exercise, blow bottle”
OR “Respiratory expansion exercises” OR “Apical
expansion exercises” OR “Basal expansion
exercises” OR “Lower lateral costal expansion
exercises” OR “Thoracic expansion exercises” OR
“Lower thoracic expansion exercises” OR “Upper
thoracic expansion exercises” OR “Breathing
control” OR “Inspiratory muscle training” OR
“Incentive spirometry”)) AND (TI (“Thorax
expansion” OR “Continuous positive airway
pressure titration” OR “Eucapnic voluntary
hyperventilation challenge” OR “Physiotherapy of
chest” OR “Active cycle of breathing technique”)
OR AB (“Thorax expansion” OR “Continuous
positive airway pressure titration” OR “Eucapnic
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Table 1 (continued)

Search Query

(Platforms) retrieved

voluntary hyperventilation challenge” OR
“Physiotherapy of chest” OR “Active cycle of
breathing technique™)) AND (TI (review OR meta-
analysis OR metareview OR “meta-review”) OR
AB (review OR meta-analysis OR metareview OR
“meta-review”)

(“Pulmonary rehabilitation™[tiab] OR “Oscillating 5
positive expiratory pressure physiotherapy"[tiab]
OR “Respiratory therapy”[tiab] OR
“Physiotherapeutic breathing exercise”[tiab] OR
“Diaphragmatic breathing exercises”[tiab] OR
“Relaxed breathing"[tiab] OR “Breathing exercise,
blow bottle”[tiab] OR “Respiratory expansion
exercises”[tiab] OR “Apical expansion
exercises”[tiab] OR “Basal expansion
exercises”[tiab] OR “Lower lateral costal
expansion exercises”[tiab] OR “Thoracic
expansion exercises”[tiab] OR “Lower thoracic
expansion exercises”[tiab] OR “Upper thoracic
expansion exercises”[tiab] OR “Breathing
control”[tiab] OR “Inspiratory muscle
training”[tiab] OR “Incentive spirometry”[tiab])
AND (“Thorax expansion”[tiab] OR “Continuous
positive airway pressure titration” [tiab] OR
“Eucapnic voluntary hyperventilation
challenge"[tiab] OR *“Physiotherapy of
chest"[tiab] OR “Active cycle of breathing
technique™[tiab]) AND (review(tiab] OR meta-
analysis[tiab] OR metareview[tiab] OR “meta-
review[tiab])

PubMed

children aged <18 years, language limits: articles published in English, French,
Spanish and Portuguese, no Limited to date.

based on gender, illness, duration of illness, disease subtype, or func-
tional capacity were considered.

Intervention

Studies that evaluated the effectiveness of nonpharmacological in-
terventions on pediatric patients included nonpharmacological in-
terventions on the ventilatory domain, namely, “training of the
respiratory muscle”, “execution of techniques of breathing control”,
“execution of positioning techniques”, and “execution of thoracic
expansion techniques”—without limitations on frequency/intensity, the
intervention prescriber, or the intervention executioner, and they were
isolated or combined. We included studies in which nonpharmacological
interventions were used to respond to impaired ventilation in childrenin
any given context of the clinical practice. Due to the multifactorial na-
ture of ventilation changes, no exclusions were made regarding the in-
terventions' content, duration, or local. Nonpharmacological and non-
surgical interventions to optimize ventilation in children were
included in the study.

Comparator
Studies that compared an intervention with a placebo or other
nonpharmacological interventions were included.

Outcomes

Studies that included the following outcomes: vital signs, Oxygen
saturation (sp02), Heart rate, Respiratory rate, Symmetry of respiratory
movement, Inspection (signs of respiratory distress), Presence of com-
fort or agitation, Chest palpation, Assessment of thoracic mobility,
Assessment of diaphragmatic mobility, Depth of ventilation, Dyspnea,
Auscultation, Imaging semiology, Functional semiology (Respiratory
function tests, Spirometry, Maximum spontaneous expiratory output,
Maximum respiratory pressures, oxygenation monitoring (p02, Sa02),
pulmonary ventilation (pCO2) and acid-base balance, synchronization
with ventilator cycles, mechanical ventilation monitoring data -
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volumes and pressures, pulmonary compliance. In addition, the
decrease in acute events post-intervention, symptomatic control, and
impact on the quality of life were also considered.

Context
There were no limitations of context in this umbrella review.

Types of studies

Quantitative systematic reviews (with or without meta-analyses),
systematic reviews of mixed methods were included. Reviews that
incorporate theoretical studies or text and opinion as their primary
source of evidence were excluded.

All the studies focused on the evaluation of the efficacy of in-
terventions in children with impaired ventilation, regardless of diag-
nosis, and including acute or chronic events were the focus of the study
(Diario da Repiiblica, 2.* série — N.° 85, 2019).

Articles in English, French, Spanish, and Portuguese, with no tem-
poral limit, were considered.

Articles concerning interventions not directed to impaired ventila-
tion were excluded, alongside studies with a different population,
studies about interventions exclusive to other professional groups,
pharmacological or surgical interventions, and economic analysis
articles.

Quality assessment and data extraction

After research in all databases, duplicates were excluded. Two re-
visors examined, independently, the titles and summaries of the articles,
Upon divergency, the convergent points were considered. Divergent
points were discussed until a consensus was reached.

According to the inclusion criteria, studies eligible for integral
reading were evaluated in detail.

After a descriptive evaluation of each study, data were extracted to a
data extraction sheet, developed according to the goals and investiga-
tion questions, following the methodology of the Joanna Briggs Institute
to umbrella reviews (JBI, 2020). Finally, the extracted data were sum-
marized in Table 2, allowing for better analysis and conclusions.

For data extraction, the categorization of interventions was guided
by the SNOMED CT taxonomy (SNOMED, 2022). This international
healthcare terminology is designed to capture clinical information
across multiple specialties, providing a standardized language that en-
ables consistent description, recording, and sharing of healthcare data.
As such, it offers a comprehensive framework that is globally recog-
nized, and therefore ideal for this review, as it can include a wide range
of nonpharmacological interventions.

For data summary, the Principles from Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) were used for an
overall assessment of the quality of evidence for each intervention or
phenomena of interest.

Results
Literature search and study selection

After sorting 1108 articles, 29 were fully included, and 19 were
included according to the criteria. Fig. 1 shows the study selection
process.

Study characteristics

Table 2 summarizes the characteristics of the nineteen studies,
classified according to study design, population, location and year of
publishing, interventions, data and results of the interventions, and
general classification of the studies' quality and relevance.

Regarding location, six studies (31,5%) were done in Australia, three
(15%) in the United Kingdom, two (10,5%) in Denmark, two (10.5%) in
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Brazil and China, as well as Philadelphia (USA), India, Cairo and Coss
Rica with one study.
The nineteen systematic reviews included were published betwee
2012 and 2022. Of the nineteen, five included meta-analysis. Neve:
theless, none conducted meta-analysis on the results of each mentione
intervention. The remaining studies presented the results via narrati
synthesis (Bredemeyer & Foster, 2012; Ferguson, 2017; Beningfield
Jones, 2018; Kneale et al., 2019; Zhang et al., 2021).
Data were extracted from ten systematic reviews of Randomize
Controlled Trials) (RCTs), (Korang et al., 2016; Macédo et al., 2016
Human et al., 2017; Moran et al., 2017; Eman et al., 2019; Irons et 2
2019; Stanford et al., 2020; Bamat et al., 2021;Jat et al., 2022; Bhandz
et al., 2022); One observational systematic review RCTS (Castilho et 2
2020); Two systematic reviews (Hawkins & Jones, 2015; Norgaar
2020) and one mixed methods systematic review (Harris, 2019).
Regarding the methodological evaluation of the systematic revie
by levels of effectiveness JBI, all studies were classified as level 1
evidence (Aromataris & Munn, 2020) (Table 1), with seventeen revie
being 1A (systematic reviews of Randomized Controlled Trials) and
being 1B (systematic review of RCTs and other study designs).
Concerning population, the number of participants varied between
=40 and n = 14,174. The age corresponds to the studied population.
children under 18 years old. One systematic review presented a ve:
heterogeneous population, involving eighteen studies with neonats
population, three with a population aged between 1 month and five
years, and three with a population aged between 1 week and 14 yea
(Norgaard, 2020).
Another systematic review with five studies, all focused on
neonatal population (n = 114), evaluates the efficacy of positioning
apnea's decrease (Bredemeyer & Foster, 2012). One reviews focused the
positioning four acute respiratory distress in hospitalized infant 2
children (Bhandari et al., 2022).
One reviews focused on acute bronchiolitis in children, six system:
atic reviews focused on the population with asthma, four focused ¢
children with cystic fibrosis, six reviews on respiratory rehabilitati
interventions in children exposed to a mechanic and non-mechan
ventilation, one study pointed to the efficacy of interventions in
post-operatory stage of cardiac surgeries, and one study focused on the
positioning decreasing apnea in the neonatal population. Nineteen
views were included in the final synthesis.
All reviews mentioned the interventions that were in the scope of the
study, with the majority included in combined intervention programs. &
is emphasized that three reviews included breathing control techniques
(relaxed an pursed lip breathing exercises) (Castilho et al., 2020
Macedo et al., 2016; Zhang et al., 2021), four systematic reviews
included diaphragmatic breathing exercises (Macédo et al., 2016; Irons
et al., 2019;Castilho et al., 2020; Stanford et al., 2020). Two review:
included respiratory expansion exercise (deep breathing exercises
(Castilho et al., 2020; Macedo et al., 2016), and five reviews foc
thoracic expansion exercise whith device (Bamat et al., 2021; Castilh
et al.,, 2020; Hawkins & Jones, 2015; Jat et al., 2022; Korang et
2016), one review included a hyperinflation device as a thoracie
expansion technique (Hawkins & Jones, 2015). Regarding thoracie
expansion techniques, four reviews included CPAP in the interventic
(Bamat et al., 2021; Hawkins & Jones, 2015; Korang et al., 2016); Jat
etal., 2022). Seven reviews shown the importance of respiratory mu:
strengthening exercises (Macédo et al., 2016; Beningfield & Jones, 2018
Human et al., 2017; Irons et al., 2019; Zhang et al., 2021; Castilho et 2
2020; Stanford et al., 2020); Lastly, three reviews included positioning
techniques to optimize ventilation (Bhandari et al., 2022; Bredemeyer &
Foster, 2012; Castilho et al., 2020).

Quality assessment of articles

The evaluation of the methodological quality followed the J&
criteria (JBI, 2020). The cut-off/treshold for critical appraisal was base
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Table 2 (continued)

Results

Types of interventions

Outcome measures

Study Population

Aim

Study design

Location

Author/Year

Studies

Quality of the
evidence (JBI

Effectiveness)

Adverse events, e.g. local

nasal eJects,

pneumothorax, and

shock.
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on the following decision rules:

1. If a study receives a low quality score or very low quality score ac-
cording to JBI's appraisal checklist.

2. If a study does not provide sufficient detail on the research design,
participant selection, data collection, or data analysis to allow for an
accurate assessment of its methodological quality.

According to Table 3, most studies presented all the criteria deter-
mining the quality and validity of the systematic review. However, three
articles did not present the biased probability (Castilho et al., 2020;
Hawkins & Jones, 2015; Ngrgaard, 2020).

One study did not present practical recommendations for the results
and specific guidelines for future investigations (Castilho et al., 2020).

All articles were classified as level 1 of evidence (Aromataris &
Munn, 2020) (Table 3). Eleven articles were systematic reviews of
randomized controlled trials, five were systematic reviews with meta-
analysis, two were systematic reviews, and one was a mixed methods
systematic review.

Qutcomes

This study was crucial to map the interventions that have an impact
on pediatric patients with impaired ventilation, being, respiratory ex-
ercises, respiratory control (relaxation techniques, abdominal dia-
phragmatic techniques), thoracic expansion, thoracic expansion with a
medical device, respiratory muscles strengthening exercises and posi-
tioning techniques to optimize ventilation.

In addition, the study was central to mapping the data that points out
the need for interventions and to evaluate the efficacy of the interven-
tion (Fig. 2).

All studies included in this review show positive results of in-
terventions in impaired ventilation. Table three presents the in-
terventions and outcomes. All studies present the results of
interventions, although not separately.

Two studies considered in the umbrella review presented a rehabil-
itation program, not specifying the studied interventions. These studies
aimed at teaching and capacitating children during their disease, with
gains in ventilation, disease stabilization, and quality of life (Harris,
2019; Kneale et al., 2019).

Five articles specify the benefits of “breathing control” (regime/
therapy), including relaxed breathing and diaphragmatic breathing ex-
ercises (Castilho et al., 2020; Irons et al., 2019; Macedo et al., 2016;
Stanford et al., 2020; Zhang et al., 2021).

Two articles give particular emphasis to “respiratory expansion ex-
ercises” (Macedo et al., 2016), with low evidence and (Castilho et al.,
2020), with moderate evidence in the population in analysis (children
aged <18 years old).

Four studies present low evidence of inspiratory muscle training
(Maceédo et al., 2016; Human et al., 2017; Irons et al., 2019; Stanford
et al., 2020), and three studies present moderate evidence of the same
intervention (Beningfield & Jones, 2018; Zhang et al., 2021; Castilho
et al., 2020).

Thoracic expansion techniques with a device-manual hyperinflation
techniques (procedure) were also considered. When performed is an
intervention with high evidence of applicability to patients with
impaired ventilation (Hawkins & Jones, 2015). Equally, Continuous
positive airway pressure (CPAP) (procedure), used as a thoracic
expansion technique, presents a huge benefit when used as an adjuvant
towards impaired ventilation (Korang et al., 2016).

Concerning the intervention “position to optimize ventilation™, only
three studies were found, being focused on a distinct population. One
study performed on premature neonates presented low evidence Bre-
demeyer & Foster, 2012). The second focused on children under 18 and
presented moderate evidence (Castilho et al., 2020) and the las one
focused the positioning for acute respiratory distress in hospitalized on
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database searching
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and abstract (n= 845)
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Table 3

Full-text articles
assessed for eligibility.
(n=29)

» title and abstract
(n=816)

y

Studies included in
qualitative Synthesis.
(n=19)

Full text article excluded (n=10)
Reason for excludion:

* No clear Reference to children

* Ventilation not the main focus

* notan intervation study

* interventions by other professionals
* Focus primarily on alternative

interventions

* not a systematic review
* €economic analysis studies

Fig. 1. Prisma of evidence search and selection,

Critical appraisal results of eligible systematic reviews,

Study

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11
Bhandari et al. (2022) Y Y Y Y Y Y Y Y Y Y Y
Jat et al., 2022 Y Y Y ¢ Y Y Y Y Y Y ) ¢
Bamat et al. (2021) ¥ Y Y Y Y V¢ Y Y Y b'G Y
Zhang et al. (2021) Y Y Y Y Y Y Y ¥ Y Y Y
Stanford et al. (2020) Y ) § Y Y ) 4 ¥ b'¢ N/A Y Y Y
Castilho et al. (2020) Y Y Y Y Y ¥ Y N/A N N N
Irons et al. (2019) Y Y ¥ Y Y e Y N/A Y Y Y
Norgaard, (2020) Y Y ¥ Y Yy Y Y Y N Y Y
Kneale et al. (2019) Y Y Y Y b6 ¥ Y ¢ Y Y Y
Eman et al. (2019) Y Y Y ¥ Y Y ¥ Y Y Y Y
Moran et al. (2017) Y Y Y 6 Y Y Y Y Y Y Y
Beningfield and Jones (2018) ¥ Y ¥ Y Y b § b § Y Y Y ¥
Ferguson et al. (2017) Y Y Y. ¥ Y Y Y Y 4 Y b
Human et al., 2017 N Y ¥ Y Y Y Y N/A Y Y X
Korang et al. (2016) Y Y Y ¥ Y Y Y Y Y Y Y
Macedo et al. (2016) Y Y Y ¥ Y Y b'd N/A s Y Y
Harris, (2019) Y Y Y Y Y Y Y Y Y Y X
Hawkins and Jones (2015) Y Y Y Y Y Y ¥ Y N Y Y
Bredemeyer and Foster (2012) Y Y Y Y X Y Y Y Y: Y Y
% 100 100 100 100 100 100 100 73 84 95 95

Y-Yes; N-No; U- Unclear.

review question; strategy appropriate; Q4: sources an,
appraisal conducted by two or more reviewers indepe
studies appropriate; Q9: Was the likelihood of publica

the specific directives for new research appropriate.
0-3 very low quality score. 4-6 low quality score; 7-9 — moderate quality score M 10-11 high quality score.
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»<_Compromised ventilation >«
Data :
Outoomes > Interventions
Breathing exercises : ek
(regimeftherapy) g v
A3,A4 A7 AB AN A12A16 |
heart rate Breathing control || :
Respiratory frequency, (regime/therapy) L B(mmomm;
Breathing rhythm regime/ therapy
Oxygen saturation (spO2) A1,A3,A7A16 |
Breathing movement symmetry : : )
rmpem (signs of respiratory distress - Diaphragmatic breathing exercises | Breathing exercise
indrawing, nasal fluttering, groaning, skin (regimeAherapy) education (procedure)
and mucous membrane discoloration,
agitation) ;
chest palpation, chest mobility relaxed breathig
diaphragm mobility (regimeTtherapy) o
depth of ventilation -—"[ osition to optimize ventilation |
dyspnoea
auscultation Resplratory' expansion exercise
chest x-ray (regime/therapy) - left side headooard elevation | |
Respiratory function tests:
Spirometry A1,A3,A7,A18
peak flow deep breathing exercises right side headboard elevation
PiMax and PeMax i
Monitoring of oxygenation (pO2, Sa02), = : .
pulmonary ventilation (pCO2) and acid- [ Apical expansion exercises horizontal with headrest
base balance elevation
Monitoring data associated with the Basal expansion exercises
ventiation device: [ Supination Position ~ |&—
FiO2, inspiratory time
Peep, VC , VM, Pulmonary compliance Thoracic expansion exercises "
Volume curves , pressure curves (regime/therapy) Fight side position s
Lower thoracic expansion
exercises (regimeTtherapy)
Upper thoracic expansion
exercises (regimeTtherapy)

Fig. 2. Intervention and data mapping.

children under 16 and presented low evidence that positioning improves
oxygenation in mechanically ventilated children with ARDS (Bhandari
et al.,, 2022).

All the studies included planning and evaluation of the studied
interventions.

Only one study considered the division of the population by different
age classes as a relevant metric, even though it has not presented
different results in the analysis of the interventions' efficacy. (Ngrgaard,
2020).

All the studies included in this revision show the interventions'
benefits towards impaired ventilation. Table 4 presents the level of ev-
idence for each intervention. (See Table 5.)

All the studies present the interventions' results, although not sepa-
rately. All interventions present a low to moderate level of evidence.

Discussion

Nineteen systematic reviews were included, representing 219 pri-
mary studies on the efficacy of interventions for impaired ventilation
patients. :

Several structural changes occur in the respiratory system during
childhood (Harless et al., 2014). Therefore, the stage should be
considered when prescribing and executing interventions towards
impaired ventilation. Only one systematic review grouped the popula-
tion by classes, although the efficacy of the intervention was identical in
each group (Ngrgaard, 2020).
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This review identified low to moderate evidence in the majority of
interventions. Respiratory exercises (teachings of respiratory tech-
niques, relaxation exercises, and abdominal diaphragmatic techniques)
and “thoracic expansion techniques” present low evidence due to the
low number of participants, methodological differences, and heteroge-
neity of the primary studies, not being conclusive regarding their ben-
efits or risks in population with asthma (Macedo et al., 2016).

The goal of the respiratory exercises (relaxation exercises, abdominal
diaphragmatic techniques, and “thoracic expansion techniques”) is to
decrease the respiratory work, improve alveolar ventilation and
improve coordination and efficiency of the respiratory muscles. As a
result, they allow for better ventilation distribution, a decrease in energy
consumption, and a decrease in the usage of accessory muscles (Donner
et al., 2020).

The respiratory exercises are widely used in patients with impaired
ventilation but since they are not applied separately in any study,
effectiveness cannot be measured. Therefore, the evaluation regarding
efficacy is assumed by the author (Castilho et al., 2020).

There is some evidence that respiratory exercises performed in
children post-surgery, in a structured way, in pre and post-operative
stages, can improve their post-operative recovery. Nevertheless, due to
the small sample size and heterogeneity of primary studies, the authors
do not recommend the intensity and frequency of the intervention's
applicability (Beningfield & Jones, 2018).

The thoracic expansion technique (with device) and non-invasive
ventilation present moderate evidence of their applicability.
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Table 4
Intervention and outcomes (Summary of evidence).
Interventions Included Outcomes
Sistematic
Reviews Oxigen | Monitoring | adventitious | RX | dyspnea | Respiratory | Breathing Thoracic Minute Spirometry | Pimax’
Saturation of sounds rate. And Inspection, | mobility | ventilation , Pemax
(sp02) | oxygenation, heart rate signs and lung pulmonary
pulmonar breathing | Mucous | diaphragm | complisnce, | function
ventilation pattern staining mobility | dead space | measure
and ph and
|nspiralory Macédo et al,,
(3 (2016)
muscle training Beuingheld;
A.;Jones, A.
(2017)
Human, et al
(2017)
Irons JY, et al
(2019)
Castilho, T, et
al (2020)
Stanford G, et
al (2020)
Zhang, W.et al
(2020)
Brething Macedo T.M.;
Control etal (2016)
(relaxed Irons JY, et al.,
breathing, (2019)
pursed lip Castilho, T, et
breathing, al (2020)
Diaphragmatic | Zhang, W.;et al
breathing (2020)
exercises Stanford et al.,
(2020)
respiratory Macedo T.M et
expansion al (2016)
exercise (deep | Castilho, T,
breathing Itaborahy, B et
exercise) al (2020)
Toracic Hawkins,
expansion E.;Jones, A.
exercises ( (2015)
with device) Korang, S. Ket
al (2016)
Castilho, T,
Itaborahy, B et
al (2020)
Bamat, N., et
al,, (2021)
Jat, etal.,
(2022)
Position to Bredemeyer
optimize SL,Foster JP
ventilation (2012)
Castilho, T,
Itaborahy, B et
al (2020)
Bhandari AP, et
al,.(2022)

-Overall effective;

Overall no effect or difference compared to a control treatment;

D No data reported.

All significant effects identified by systematic reviews had a small magnitude. The variability among the included studies precludes a detailed evaluation of effect sizes as well as separate
comparisons against the individual interventions. The transposition of this evidence into practice should be based on the assumption that each of these interventions was effective against
placebo or some other form of clinical acceptable intervention.

Introducing non-invasive ventilation preserved muscular strength and
increased expiratory muscle strength in children with cystic fibrosis.
Regarding ventilatory support, non-invasive ventilation offers benefits
related to the stabilization of oxygenation. By mitigating the decrease of
ventricular tachycardia and increased ventilation during sleep, non-
invasive ventilation reduces hypoventilation in children with moder-
ate to severe pulmonary disease. In general, the results of the studies
show that non-invasive ventilation improved the pattern of respiratory
failure (Moran et al., 2017).

In the same way, regarding the manual hyperinflation technique
(procedure), the evidence points out its use associated with airway

cleaning interventions as a safe and effective treatment that improve
pulmonary volumes, decreases dead space, and improves oxygenatior
(Hawkins & Jones, 2015).

Inspiratory muscle training (IMT) can improve the strength of
inspiratory and expiratory muscles, but even though its benefits are
proven, there is no sufficient evidence to suggest its implementation.

A descriptive analysis of the studies suggests that maximum inspi
ratory pressure (PImax), evaluation of the airway's resistance, maximum
expiratory flow, and diffusion, evaluated in respiratory function tests
are the measures that better detect the effects of any given interventi

Although it is recognized that this is not supported by meta-analys
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Table 5 Table 5 (continued)
oty of finding. Outcomes Impact N° of certainty of the
Outcomes Impact N° of certainty of the participants evidence
participants evidence (studies) (GRADE)
(e (GRADE) respiratory expansion exercise (deep breathingexercise)
Brething Control (relaxed breathing, pursed -lip breating, Diaphragmatic breathing Adventtitious souds ~ Effective 400 (2 S&e00 Low
exercises improvement with reviews)
Oxigen Saturation Effective 1941 (5 800 moderate positive
(sp02) improvement with  reviews) MODERATE effects**
moderate positjve due to Chest X-Ray Effective 400 (2 @eoo LOW
effects** inconsistency improvement with  reviews)
(due to moderate positive
significant effects**
heterogeneity) Thoracic mobility Effective 400 (2 SO0 Low
Monitoring Effective 1941 (5 So10) and diaphragm improvement with  reviews)
oxygenation, improvement with  reviews) MODERATE mobility moderate positive
pulmonary moderate positive due to effects**
ventilation and effects** inconsistency Respiratory function  Effective 400 (2 S&e00 Low
acid base balance (due to tests: spirometry or  improvement with  reviews)
significant peak flow moderate positive
heterogeneity) effects**
Adventtitious souds Effective 1941 (5 HHH0 Toracic expansion exercise (with device)
improvement with  reviews) MODERATE Oxigen Saturation Effective 1184 (5 &B00 Low
moderate positive due to (sp02) improvement with reviews)
effects** inconsistency small positive
(due to effects*
significant Monitoring Effective 1184 (5 &e00 Low
heterogeneity) oxygenation, improvement with reviews)
dispnea Effective 1941 (5 DeD0 pulmonary small positive
improvement with  reviews) MODERATE ventilation and effects*
moderate positive due to acid base balance
effects** inconsistency Adventtitious souds Effective 1184 (5 &e00 Low
(due to improvement with  reviews)
significant small positive
heterogeneity) effects*
Respiratory rate / Effective 1941 (5 BP0 Chest X-Ray Effective 1184 (5 Se00 Low
heart rate improvement with  reviews) MODERATE improvement with  reviews)
moderate positive due to small positive
effects** inconsistency effects*
(due to dispnea Effective 1184 (5 SB0O0 Low
significant improvement with reviews)
heterogeneity) small positive
Breathing rhythm Effective 1941 (5 OBB0 effects*
and brathing improvement with  reviews) MODERATE Respiratory rate / Effective 1184 (5 &DO0 Low
pattern moderate positive due to heart rate improvement with reviews)
effects** inconsistency small positive
(due to *effects*
significant Thoracic mobility Effective 1184 (5 D00 Low
heterogeneity) and diaphragm improvement with reviews)
Thoracic mobility Effective 1941 (5 BDP0 mobility small positive
and diaphragm improvement with  reviews) MODERATE effects*
mobility moderate positive due to Respiratory function  Effective 1184 (5 &PO0 Low
effects** inconsistency tests: spirometry or ~ improvement with  reviews
(due to peak flow small positive reviews)
significant effects*
heterogeneity) PiMAX and Pemax Effective 1184 (5 SHO0 Low
Minute ventilation, Effective 1941 (5 [Ge5]0) improvement with  reviews
lung compliance, improvement with  reviews) MODERATE small positive reviews)
peep, dead space small positive due to effects*
effects* inconsistency Position to optimize ventilation
(due to Oxigen Saturation Effective 600 (3 SeO0 Low
significant (sp02) improvement with reviews)
heterogeneity) small positive
Respiratory function  Effective 1941 (5 SBB0 effects*
tests: spirometry or  improvement with  reviews) MODERATE Monitoring Effective 198 (1 Se00 Low
peak flow small positive due to oxygenation, improvement with  reviews)
effects* inconsistency pulmonary moderate positive
(due to ventilation and effects**
significant acid base balance
heterogeneity) Respiratory rate / Effective 600 (3 Se00 Low
PiMAX and Pemax Effective 1941 (5 OB80 heart rate improvement with  reviews)
improvement with  reviews) MODERATE small positive
small positive due to effects*
effects* inconsistency Breathing rhythm Effective 19801 DOO0 Low
(due to and brathing improvement with  reviews)
significant pattern moderate positive
heterogeneity) effects**
(continued on next page)
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Table 5 (continued) Table 5 (continued)

Outcomes Impact N° of certainty of the Outcomes Impact N° of certainty of the
participants evidence participants evidence
(studies) (GRADE) (studies) (GRADE)

Inspection, signs Effective 600 (3 B0 Low moderate positive due to
Mucous staining improvement with reviews) effects** inconsistency

small positive (due to
effects* significant

Inspiratory muscle training heterogeneity)

Oxigen Saturation Effective 2247 (7 DO Low
(sp02) improvement with  reviews)

small positive there are measures that studies include in their evaluation and recom-
. effects* mendation. There is no evidence to suggest that this intervention is

Monitoring Effective 2247 (7 OeP0 Yenediclul. with i fitwrata dine this it tion®
. " SR . BE) MODERATE eneficial, wi e scarce literature regar .1ng is .m ervention
pulmonary moderate positive diie’to children. Healthcare workers should then consider IMT in a case-by-case
ventilation and effects** inconsistency scenario. Nevertheless, its evidence level is low (Beningfield & Jones,
acid base balance (due to 2018; Castilho et al., 2020; Human et al., 2017; Irons et al., 201%

;‘f;‘ri;‘:my) Macédo et al., 2016; Stanford et al., 2020). IMT is used in rehabilitatios
Adverttiticissouds:  Effective 2247 (7 o080 programs for children with neuromuscular diseases, aiming to improv
improvement with  reviews) MODERATE respiratory function, strength, and respiratory muscle resistance
moderate positive due to contributing to the morbidity and mortality decrease in this population
effects** inconsistency (Human et al., 2017)
due t SN . i ' o
;g‘:iﬁiam Regarding the intervention “positioning to improve ventilation”,
heterogeneity) there is evidence of its influence on improving the ratio of ventilation/
Chest X-Ray Effective 2247 (7 OPP0 perfusion (Postiaux et al., 2011). However, only three articles referred to
improvement with  reviews) MODERATE this intervention. One article mentioned positioning as an integre
?f;’edc:fie B i:’;;:is[ency technique in therapeutical plans, with moderate evidence (Castilha
(dueto etal., 2020). In the systematic review targeting the neonatal population.
significant no individual study nor meta-analysis showed a decrease in apnea.
' heterogeneity) bradycardia, oxygen desaturation, or oxygen saturation with bod
dispnea Effective 2470 OO0 positioning (supine versus prone; prone versus right side; prone versus
improvement with  reviews) MODERATE " : A . < A
e left side; right side versus left side, horizontal prone head in high pro
moderate positive due to ; ; ;
effects** inconsistency nation)(Bredemeyer & Foster, 2012). No sufficient evidence was found
(due to to determine the role of body positioning in decreasing apnea, brady
significant cardia, oxygen desaturation, or oxygen saturation in premature babies
heterogeneity) I : . . e
n one review, al that the prone position m 3
Respiratory rate / Effective 2247 (7 SPB0 e, - thou_gh, i SUgg.eSts . P P ok
heart rate improvement with  reviews) MODERATE some efficacy, the limited evidence is not sufficient for a strong
moderate positive due to recommendation. There seems to be low-quality evidence that posi-
effects** inconsistency tioning improves oxygenation in mechanically ventilated children with
(fi“e.é‘) ARDS. Due to the increased risk associated with prone positioning ané
s the potential for lung injury with artificial ventilation, the authors
heterogeneity) 2 ;

Breathing rhythm Effective 2247 (7 000 recommend that hospitalized infants and children should only be placed
and breathing improvement with  reviews) MODERATE in this position under continuous cardiorespiratory monitoring (Bhan-
pattern moderate positive due to dari et al., 2022).

effects** inconsistency
(due to .
significant Strengths and limitations
heterogeneity)

Thoracic mobility Effective 2247 (7 Sl 0) This umbrella review investigated the efficacy of the interventions
and diaphragm Improvemert Wity Zovigwn) MODERATE directed to impaired ventilation. The included systematic reviews pre-
mobility moderate positive due to : z ; :

i R sent outstanding methodological robustness, as intended in any um-
effects inconsistency . h
(due to brella review (Aromataris & Munn, 2020).
significant The use of SNOMED CT is a clear strength of this review as it, not
' e _ heterogeneity) only allows for precise coding of the diverse interventions under study

Vibveydon;, Heae @O0 240 OO0 but also facilitates comparison of findings across different studies, and
lung compliance, improvement with reviews) MODERATE . K .
peep, dead space moderate positive dict even countries, as it transcends language and cultural barriers. However,

effects** inconsistency it's important to note that while coding interventions using SNOMED_CT
(due to is valuable, it may also present challenges. Given the breadth and depth
significant of SNOMED _CT, identifying the most appropriate code for an interven-
heterogene(ty) tion may be complex. It requires an understanding of the underlyi

Respiratory function  Effective 2247 (7 See0 Y prck, q : . 8 ying
tests: spirometry or _ improvement with  reviews)) MODERATE structure of SNOMED _CT and the specific terminology used. Therefore,
peak flow moderate positive due to this step of data extraction should be carried out by reviewers with

effects** inconsistency sufficient training and expertise in using SNOMED_CT.
@"e,tf“’ : The quality of a systematic review depends on the number of the
signincan g . . . . .
hfremgeneiry) population and methodological quality of the primary studies and this

PiMAX and Pemax Effective 2247 (7 &De0 fact was not considered in this review.

improvement with  reviews) MODERATE The evaluation cleared the evidence of interventions of the results of

each primary study used in the included systematic reviews.
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significant limitation of this study is the heterogeneity and methodo-
logical quality of the primary studies used in the included systematic
reviews that prevent a firm conclusion on the effectiveness of the studied
interventions. The fact that the interventions are not analyzed separately
in each review also harms our analysis.

Implications for practice

Assessing the applicability of interventions in impaired ventilation
allows for building critical thinking, improving evidence-based practice,
and improving the quality of care for children with impaired ventilation.

Importantly, by using this standardized coding system, the in-
terventions identified in this review can be readily integrated into a
nursing information system or electronic health record. This has direct
implications for practice, as it eases the transferability of evidence-based
interventions into clinical practice, promoting efficiency, and improving
patient care. Furthermore, in a broader context, using SNOMED _CT in
systematic reviews contributes to the ongoing development and refine-
ment of the taxonomy. By highlighting how SNOMED CT is used in
research, and by identifying any potential gaps or issues in its applica-
tion, researchers can contribute to its ongoing evolution and
improvement,

Interventions involving abdominal diaphragmatic exercises, chest
expansion exercises, and IMT are effective in children with impaired
ventilation. The early use of positioning techniques to optimize venti-
lation should be present. The best available evidence in this compre-
hensive review identifies its effectiveness, Although it is considered low
or moderate, its use is recommended.

Uncertainty about the effectiveness of interventions is linked to the
lack of high-quality primary studies and the fact that interventions are
not analyzed separately. However, high theoretical foundations point to
the implementation of these interventions. (Postiaux et al,, 2011).

The authors of the systematic reviews included in this umbrella re-
view recommended more primary studies on the studied interventions,
In addition, these studies must have a high methodological quality that
allows the analysis of the efficacy of each intervention.

Conclusions

The most compelling evidence at our disposal indicates that these
interventions are indeed effective for children dealing with impaired
ventilation. However, the strength of this evidence can be considered
only low to moderate, largely owing to the specific features of the
population under study - its size being relatively small and its compo-
sition quite diverse. Therefore, it becomes evident that the development
of primary studies targeting this area is of paramount importance.

In an era of evidence-based practice, our findings underscore the
fecessity for more comprehensive and well-designed primary studies
fhat can conclusively illuminate the impact and value of these in-
ferventions. Such studies would provide a more robust evidence base
nd facilitate more confident and informed decision-making in the care
of children with impaired ventilation.

In conclusion, while existing interventions show promise, their po-
tential can only be fully realized through the conduct of more rigorous,
focused, and large-scale studies. The efforts towards generating high-
quality evidence will be instrumental in improving healthcare strate-
ies, policies, and ultimately the quality of life of children suffering from
“mpaired ventilation,

CRediT authorship contribution statement

Neuza Reis: Conceptualization, Writing - original draft. Luis Jorge
Gaspar: Validation. Abel Paiva: Methodology, Validation, Resources,
Paula Sousa: Methodology, Supervision, Resources, Writing - review &
=diting. Natalia Machado: Methodology, Supervision, Writing - review
& editing.

155

Journal of Pediatric Nursing 73 (2023) 137-156

Declaration of Competing Interest
None.

References

Aromataris, E., Fernandez, R., Godfrey, C., Holly, C., Khalil, H., & Tungpunkom, P,
(2020). Chapter 10: Umbrella reviews, In E. Aromataris, & Z. Munn (Eds.), JBI
manual for evidence synthesis. JBI. Available from https://synthesismanua].jbi.global.

Aromataris, E., & Munn, Z. (2020). JBL In Assessment of methodological quality. Manual for
Evidence Synthesis. https://synthesismanua].jbi.global. https://doi.org/10.46658/JBI
MES-20-01.

Bamat, N., Fierro, J., Mukerji, A., Wright, C. J., Millar, D., & Kirpalani, H. (2021). Nasal
continuous positive airway pressure levels for the prevention of morbidity and
mortality in preterm infants. The Cochrane Database of Systematic Reviews, 11(11),
CD012778. https://doi.org/10.1002/ 14651858.CD012778.pub2.

Beningfield, A., & Jones, A. (2018). Peri-operative chest physiotherapy for paediatric
cardiac patients: A systematic review and meta-analysis. Physiotherapy, 104(3),
251-263. https://doi.org/lo.l016/j.physio.2017.08.0]1.

Bhandari, A. P, Nnate, D. A., Vasanthan, L., Konstantinidis, M., & Thompson, J. (2022).
Positioning for acute respiratory distress in hospitalised infants and children.
Cochrane Database of Systematic Reviews. Issue 6. Art. No.: CD003645 https://doi.
org/ 10.1002/14651858.CD003645.pub4.

Bredemeyer, S. L., & Foster, J. P. (2012). Body positioning for spontaneously breathing
preterm infants with apnoea. The Cochrane Database of Systematic Reviews, 6,
CD004951. https://doi.org/l0.1002/14651858.CD004951.pub2.

Castilho, T., Itaborahy, B. D., Horongozo, H., Andreza, B., Nolasco De, J., Almeida, ...
Schivinski, C. I. 8. (2020). Effects of inspiratory muscle training and breathing
exercises in children with asthma: A systematic review. Journal of Human Growth and
Development, 30(2), 291-300. https://doi.org/10.7322/jhgd.v30.10381.

Diario da Reptiblica, 2.* série — N.° 85, (2019). (03 de 05 de 201 9),. Regulamento n.
392/2019. Ordem dos Enfermeiros.

Donner, C., Ambrosino, N., & Goldstein, R. S. (Eds.). (2020). Pulmonary rehabilitation
(2nd ed.). CRC Press https://doi.org/ 10.1201/9781351015592.

Dyer, F., Flude, L., Bazari, F., Jolley, C., Englebretsen, C., Lai, D., ... Hopkinson, N. §,
(2011). Non-invasive ventilation (NIV) as an aid to rehabilitation in acute
respiratory disease. BMC Pulmonary Medicine, 11, 58. https://doi.org/10.1186/1471
-2466-11-58.

Eman, L, Elhadidy, R., & Aly, M. (2019). Chest physiotherapy on pulmonary functions 4
children with cystic fibrosis: Systematic review of randomized controlled trials, The
Medical Journal of Cairo University, 87(September), 2783-2790.

dos Enfermeiros, 0. (2017). Quality standards of specialized Care in Child and Pediatric
Health Nursing. Portugal: Leiria.

Faverio, P., Giacomi, F., Sardella, L., Fiorentino, G., Carone, M., Salerno, F., ...
Esquinas, A. (2018). Management of acute respiratory failure in interstitial lung
diseases: Overview and clinical insights. BioMedCentral Pulmonary Medicine, 18(70).
https://doi.org/10.1186/512890-018-0643-3.

Ferguson, K. N. (2017). Interventions to improve rates of successful extubation in
preterm infants: A systematic review and meta-analysis. JAMA Pediatrics, 171(2),
165-174. https://doi.org/lO.lOOl/jamapediatrics.2016.3015.

Ferguson, K. N., Roberts, C. T., Manley, B. J., & Davis, P. G. (2017). Interventions to
Improve Rates of Successful Extubation in Preterm Infants: A Systematic Review and
Meta-analysis. JAMA Pediatr, 171(2), 165-174. https://doi.org/10.1001/
Jjamapediatrics.2016.3015

Foro de las Sociedades Respiratorias Internacionales.
Enfermedad Respiratoria. México,
edicion.

GBD Chronic Respiratory Disease Collaborators, (2020). Prevalence and attributable
health burden of chronic respiratory diseases, 1990-2017: A systematic analysis for
the global burden of disease study 2017. The Lancet. Respiratory Medicine, 8(6),
585-596. https://doi.org/lo.l016/82213-2600(20)30105-3.

Harless, J., Ramaiah, R., & Bhananker, S. M. (2014). Pediatric airway management.
International Journal of Critical lliness and Injury Science, 4(1), 65-70. https://doi.
0rg/10.4103/2229-5151.128015.

Harris, K., Kneale, D., Lasserson, T. J., McDonald, V. M., Grigg, J., & Thomas, J. (2019).
School-based self-management interventions for asthma in children and adolescents:
a mixed methods systematic review. Cochrane Database Syst. Rev., 1(1), CD011651.
https://doi.org/lo.1002/14651858.CD011651.pub2

Harris, K. K. (2019). School-based self-management interventions for asthma in children
and adolescents: A mixed methods systematic review. The Cochrane Database of
Systematic Reviews, 1(1), CD011651, https://doi.org/l0.1002/14651858.CD011651.
pub2.

Hawkins, E., & Jones, A. (2015). What is the role of the physiotherapist in paediatric
intensive care units? A systematic review of the evidence for respiratory and
rehabilitation interventions for mechanically ventilated patients. Physiotherapy, 101
(4), 303-309. https://doi.org/l0.1016/j.physi0.2015.04.001.

Human, A., Corten, L., Jelsma, J., & Morrow, B. (2017). Inspiratory muscle training for
children and adolescents with neuromuscular diseases: A systematic review,
Neuromuscular Disorders: NMD, 27(6), 503-517. https://doi.org/10.1016/j.nmd.201
7.03.009.

Hunt, H. P. (2018). An introduction to overviews of reviews: Planning a relevant research
question and objective for an overview. Systematic Reviews, 7(1), 39. https://doi.
0rg/10.1186/513643-018-0695-8.

(2017). El impacto gobal de la
Asociacion Latinoamericana de Torax: Segunda



