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Abstract

Non-invasive ventilation (NIV) therapy is an integral treatment for managing various
pediatric disorders that disrupt breathing. Home NIV therapy has become increasingly prevalent
in pediatric medicine, providing necessary chronic ventilation support and airway patency to
prevent suboptimal ventilation. Appropriate mask fitting and headgear adaptation have been
documented to be essential parts of the care and support for children requiring NIV; however, the
effect on the timing of the mask fitting is not well studied in the literature. This thesis addresses
this gap, investigating the impact of early mask fitting and headgear adaptation prior to NIV
initiation and the potential benefits of maintaining adherence within six months post-NIV
initiation. The first chapter provides background information on pediatric NIV. The second
chapter presents the manuscript detailing the dissertation research project prepared for
publication post-defense. The final chapter outlines the implications for future research and
the practical implications for nursing. This research utilized secondary data analysis of
retrospectively collected data from the pediatric NIV program at Stollery Children’s Hospital
between 2012 and 2015. The study did not find a significant impact on the timing of mask fitting
for NIV initiation, adherence, or discontinuation at six months after NIV was initiated. Notably,
adherence rates in both cases and controls were higher than previously reported in the literature,
suggesting that mask fitting and headgear adaptation are key interventions for successful NIV
initiation when performed before or shortly after therapy begins.
Keywords: Non-Invasive Ventilation Therapy, Mask Fitting, Adherence Rate, Pediatrics
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fitting as a predictor of increased adherence in children requiring NIV Therapy,” Pro00120218,

August 4, 2022.
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sources (1, 2).

Chapter 2 of this thesis will be ready for submission for publication. I was responsible for the
data cleaning, analysis, and manuscript composition. Dr. Maria Castro Codesal and Dr.
Shannon Scott co-designed the study; Deborah Olmstead, the lead of the pediatric NIV
program at the Stollery Children’s Hospital, provided the primary database from NIV clinic
visits and from sleep company providers Sleep Medix and Medigas. The NIV adherence data
was provided through their patient databases (3, 4). Dr. Castro Codesal and Dr. Scott were the

supervisory authors and were involved with concept formation and manuscript composition.
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Chapter 1: Introduction
Background on Non-Invasive Ventilation

Non-invasive ventilation (NIV) therapy is a mode of breathing support through a mask
interface outside of the airway that is necessary for managing various pediatric disorders that
disrupt breathing during sleep (5-7). Home NIV therapy offers pediatric patients an improved
quality of life and well-being by providing necessary chronic ventilation support, maintaining
airway patency, and preventing suboptimal ventilation during sleep (8-10). It also prevents the
need for more invasive forms of ventilation and, ultimately, reduces respiratory morbidity and
death (6, 7, 9, 11). Some indications for NIV include chronic respiratory failure, musculoskeletal
weakness or chest wall restriction, obstructive sleep apnea, craniofacial malformations, airway
malacias, sleep disorders associated with neurological conditions, and abnormalities in central
respiratory drive (6-8, 10, 12-15). Appendix A includes definitions and explanations of NIV
terminology used throughout the thesis.

The pediatric population requires focused research on NIV therapy, as children are
unique physiologically (16). For example, infants' and children's airways and lungs are still
developing, and their respiratory physiology highly depends on age, weight, and developmental
stage (12). These factors add additional challenges related to NIV therapy and adherence, which
include finding mask interfaces for pediatric face sizes and their growing faces, avoiding mask-
related side effects, as well as tolerance issues to mask interfaces and air pressures (6, 11-13, 17).
This requires healthcare practitioners to have an advanced understanding of the support for
optimizing adherence in pediatric NIV therapy so that patients and families can receive

evidence-informed, personalized care that improves NIV use and overall health for children.



Literature focused on NIV adherence rates in pediatric populations is disparate, with
results suggesting factors associated with poor adherence, including poor mask fit, are partly
related to limited options for pediatric interfaces and headgear, as well as the development of
short and long-term complications associated with the therapy (7, 9, 12, 18-20). Complications
from mask interfaces can jeopardize therapy use, either related to an inappropriate fit (e.g., skin
injury, leaks, mucosal drying or excessive skin hydration, conjunctivitis, corneal ulcers) or the
pressure exerted by the interface (e.g., skin erythema or ulcer, facial deformity, maxillary
retrusion) (6, 17). However, many other factors (e.g., sex, race, age, BMI, etc.) may impact
adherence rates (18, 21). For instance, there is a trend toward better NIV adherence with female
sex, Caucasian race, younger ages, lower BMI, and having a mother with higher levels of
education (18, 21). A higher baseline apnea-hypopnea index and a presence of developmental
delay also tended to be associated with better adherence (18).

Appropriate mask and headgear fitting are crucial considerations to effectively initiate
NIV and facilitate adherence while decreasing the likelihood of complications, as highlighted in
the European Respiratory Society (ERS) guideline for NIV initiation in children published in
2022 and the 2018 Canadian Pediatric Home Mechanical Ventilation guideline (6, 9, 11, 15, 22,
23). However, to date, original research evaluating strategies to improve mask and headgear fit
and, ultimately, improved adherence remains limited. This gap highlights the need to research
whether the interventions to improve mask fit and the timing of these interventions can
potentially shape outcomes for pediatric patients using NIV therapy.

NIV Initiation and Mask Fitting
Several standard mask interface types are available for home NIV use in the pediatric

population (11, 14, 24). Figure 1 visually depicts the available types of mask interfaces (11).



Nasal masks are the most commonly used and preferred interfaces in the pediatric population for
avoiding the risks of aspiration with emesis or asphyxia, lessening the likelihood of air leaks, and
demonstrating less airway resistance (6, 24). Other interfaces, such as oronasal masks, nasal
pillows, and total face masks, may be indicated in poor tolerance or side effects (e.g., mouth
leak) from nasal masks or up to the patient’s preference (11, 24). Although only used for diurnal
NIV while awake, mouthpieces offer an alternative that prevents nasal symptoms and skin
injuries (11, 24). When selecting a mask, it is important to consider the individual patient's needs
and their risks for potential complications (6, 11, 24). Proper mask fitting is key to minimizing
complications and ensuring effective therapy (6, 11, 24).

Figure 1. Types of Non-Invasive Ventilation Masks Available to Pediatric Patients in the Early

2010s.
* Oz O ' @

Nasal Mask ~ Oro-Nasal Mask Nasal Pillow Total Face Mask Mouthpiece
(Inpatient use only)

Reproduced from Castro Codesal et al ''.

The pediatric population using home NIV therapy faces unique challenges due to the
need for adaptation as they grow and the limited availability of commercially available mask
options, particularly for infants (6, 11, 17, 24, 25). Also, specific subpopulations, such as
children with syndromic craniofacial malformations require customized masks that
accommodate their unique facial features (11, 24, 26-30). Current initiatives include exploring
biocompatible soft materials and three-dimensional (3D) printing techniques to create
personalized masks that minimize air leaks and improve comfort (11, 24, 26-30). Research in

this area is growing, with studies showing reduced air leaks and improved comfort with 3D-



printed masks compared to conventional ones (26-30). However, these resources are still in the
early stages of development, are costly and require further exploration and clinical testing before
widespread implementation can be considered (26-30).

Headgear adaptation remains a critical aspect of ensuring a proper mask fit and stability,
which is a component of mask fitting (6, 11, 24, 31). Appropriately fitted headgear stabilizes the
mask interface and is essential for all children, and particularly in infants or children with skull
or cranial deformities (11). The literature emphasizes the importance of using well-fitting
headgear to avoid excessive tightening that can lead to skin injuries. Optimization of the
headgear also stabilizes the NIV mask, preventing mask displacement and friction injuries (11,
24, 31). Innovative approaches, such as using different materials for headgear and developing
customizable options, are being explored to improve comfort and effectiveness (11, 24). The
"two-finger rule" for headgear tightness, along with regular assessment and adaptation of the
headgear as the child grows, are recommended practices to minimize complications and enhance
therapy adherence (11, 31). Research and clinical practices suggest continuous monitoring and
early interventions to adjust the headgear can improve patient comfort and therapy outcomes (6,
11,24, 31).

The lack of a properly fitting mask leads to side effects and ultimately to diminished
tolerance to the NIV therapy and reduced adherence rates (6, 11, 14). Customization becomes
imperative to ensure a proper fit and mitigate unwanted side effects for patients. Though there
are documented benefits of these initiatives—such as improved adherence to therapy and a
decrease in skin injuries among children (17, 25, 27), there remains a lack of research exploring

the customization of headgear and the optimal timing for both mask fitting and headgear



adaptation. This gap persists despite the recognized potential impact on adherence rates and the
development of complications, as indicated by expert opinion (6).
Adherence to NIV Therapy

Parameters defining adequate NIV adherence for the pediatric population lack universal
validation and are often extrapolated from adult standards (6, 25). In adults, acceptable overnight
NIV adherence typically involves usage for at least four hours a night for a minimum of five
nights (70%) per week, a criterion frequently employed by public and private agencies for
funding considerations (8, 14, 25). While this definition is commonly applied in pediatric
literature, its limitations are acknowledged, particularly in younger children (<14 years) who
may have longer sleep durations, aligning with recommendations from the American Academy
of Sleep Medicine (32). The primary goal is optimal adherence, so using NIV throughout the
entire sleep duration is advocated (6).

Currently, in North America, advanced technology allows pediatric patients and their
families to monitor and upload their NIV adherence data wirelessly from their NIV machine to a
cellphone application or via a secure digital memory (SD) card through a computer, making this
data accessible to clinicians (33). Clinicians can then access the patients' adherence data through
cloud-based clinician portals, where compliance reports, including adherence data, can be
accessed online at any time (34). This technology enables clinicians to manage patients safely
and effectively, facilitating remote monitoring of both short-term and long-term adherence while
helping identify specific issues that may limit patients' tolerance (25, 34). However, during the
study period between 2012 and 2015, a cloud-based system was not yet available for obtaining
NIV adherence data. Instead, data was stored on SD cards and memory sticks that required

patients and families to bring these to their sleep vendors for downloading prior to attending NIV



clinic visits (35). This data was then stored on the sleep companies' systems and faxed to the
clinician's office.

Most adherence reports provide a 30-day report. Four adherence variables in the reports
provide key metrics to assess different aspects of a child’s NIV use and adherence, offering
clinicians a comprehensive understanding of the consistency and effectiveness of therapy.
Average usage on total days provides an overview of overall adherence by calculating the
average duration of therapy used across all days in the observed period. This variable helps
clinicians understand the consistency and frequency of therapy use over time. Average usage on
days used only offers a more accurate reflection of how long the therapy is used on days it is
utilized, excluding days with no usage. Days used is a count of the days the therapy was used
during the observed period, indicating the frequency of usage. Percent of days used over 4
hours identifies the percentage of days during the observed period when the therapy was used
for more than 4 hours. Extended usage is essential for achieving the full therapeutic benefits of
NIV, making this metric a commonly used indicator by public and private agencies for funding
considerations.

To illustrate the importance of reviewing all the adherence variables, consider two
patients with adherence reports for 30 days. Patient A used NIV daily and had a compliance
report showing an average use of 3 hours per day, an average use of 3 hours on days used only, a
total of 30 days used, and 0% of days used over 4 hours. In contrast, Patient B used the therapy
only on 10 days. His report also showed an average use of 3 hours per day, but an average use of
9 hours on days used, a total of 10 days used, and 33% of days used over 4 hours. In this
example, Patient A used NIV consistently but perhaps faced some challenges with NIV

adherence, whereas Patient B used NIV less often but for longer durations on the days it was



used. By examining all four variables, healthcare professionals can have a better understanding
of different adherence patterns, investigate reasons for non-adherence, and formulate
individualized strategies to optimize NIV adherence (35).

NIV adherence reports also contain detailed therapy information beyond adherence. For
instance, bilevel positive airway pressure (BIPAP) reports provide information about direct
measurements such as patient-triggered breath rate, inspiratory time, and reached pressures, as
well as algorithm-calculated metrics such as tidal volume, leak, and the apnea-hypopnea index
(25, 36). Although the accuracy of these parameters is limited, particularly in younger children
with weight under the manufacturer’s recommendations, these measures are useful for adjusting
therapy settings and may ultimately impact therapy effectiveness and overall adherence.

While a standardized definition for NIV adherence rates in the pediatric population is
lacking, and different adherence parameters might need to be used, earlier research emphasizes
the predictive value of early adherence patterns for long-term outcomes (7, 18, 19, 37).
Consequently, identifying and understanding early adherence patterns can provide valuable
insights for healthcare practitioners caring for children requiring long-term NIV.
Complications to NIV Therapy

Improper mask fitting is one of the leading barriers to NIV adherence and a significant
cause of complications among infants and children requiring NIV therapy (11, 14, 16, 24, 38,
39). Interface-related complications are common and can be categorized into several types:
mask-related skin issues, short-term pressure-related injuries, humidification-related issues, leak-
related issues, and long-term complications.

Mask-related skin issues can sometimes relate to prolonged use of NIV masks and can

include persistent redness or more severe skin breakdown and pressure ulcerations (11, 14, 16,



24, 38, 39). Factors contributing to skin injury include excessive mask tightening, which creates
pressure and friction on the face. Poor humidity can cause nasal congestion that makes NIV air
pressures uncomfortable and poorly tolerated (11, 14, 16, 38, 39). Ensuring an optimal mask fit
and providing small breaks (mask releases) when prolonged mask use is required are essential
for preventing skin breakdown. Early detection of mask-related skin concerns and early
preventive intervention, along with ongoing mask and headgear fitting as the child grows, are
key to minimizing skin-related trauma (11, 14, 16, 24, 38, 39).

Short-term air pressure-related issues can include gastrointestinal bloating, and aspiration
(12, 17, 18, 24). High airway pressures can cause gastric distention as air enters the stomach,
which may lead to abdominal discomfort and increase the risk of aspiration. (16, 24, 39).
Precautions such as using nasogastric tubes can help manage these risks (16, 24, 39).

Humidification-related issues can include nosebleeds, airway dryness leading to
inflammation, and nasal congestion. These issues often arise from poor humidity or improper
mask fitting. Nosebleeds and airway dryness can be reduced by using the lowest effective
pressure and utilizing heated humidity (11, 14, 16, 38, 39).

Air leaks from the NIV interface can cause leak-related issues such as eye irritation and
mouth leaks. Eye irritation is caused by air leaks reaching the eyes, while mouth leaks can
disrupt effective therapy. These problems can be addressed by ensuring a proper mask fit and
adapting headgear to reduce leaks (11, 14, 16, 24, 38, 39). Increased humidity and postural
changes may also help manage air leaks (16, 17).

Long-term use of NIV can cause side effects such as pneumothorax and midface
hypoplasia (11, 14, 16, 24, 38, 39). Although rare, pneumothorax is a serious complication

caused by high inspiratory pressure, which can lead to lung over-distention (16, 17). To



minimize this risk, clinicians should monitor volume delivery and adjust settings for the lowest
effective pressure (16, 17). Midface hypoplasia can occur in children using NIV long-term,
usually caused by heavy masks or mask tightness with prolonged NIV use, particularly those
with neuromuscular disorders (17, 24). Ongoing adjustments to mask fitting and headgear, along
with regular evaluations of the maxilla-mandibular growth and early referral to pediatric
orthodontists and maxillo-facial specialists, are crucial for preventing these deformities (11, 14,
16, 38, 39).

While NIV therapy is essential for many pediatric patients, it is accompanied by various
complications that require careful management. Many complications, especially mask-related
skin issues, may be minimized and even eliminated with optimal, customized equipment (11, 14,
16, 25, 38, 39). To our knowledge, no previous research has captured the impact of mask fitting
and headgear customization and when it should be done to minimize complications.

Stollery’s Pediatric NIV Program

Pediatric home NIV therapy is a highly specialized field. The Stollery Children's Hospital
is a tertiary pediatric medical center with 236 beds located in Alberta, Canada, with a unique,
interdisciplinary, and comprehensive pediatric home NIV program (40). The program is led by a
nurse practitioner and joined by a team of pediatric respirologists and a respiratory therapist. It is
also supported by social workers, occupational therapists (inpatient and outpatient), child life
specialists and orthotists.

A vital aspect of the program is determining the need for individualized mask fitting and
headgear customization prior to the recommended NIV therapy being initiated. The Stollery
Children’s Hospital’s mask fit program was established through a recognized need to optimize

NIV masks for infants and children when commercial headgear was not able to provide access to
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appropriate pediatric mask interfaces. Initially, not every patient required mask fitting and
headgear adaptation prior to initiating NIV therapy. NIV masks and instructions were provided
by sleep companies, with patients and families expected to initiate therapy on their own.
However, over the study period, there was a shift towards a more proactive approach of
integrating mask fitting and headgear adaptation (if required) using available pediatric interfaces
in infants and children prior to initiating NIV. This novel practice was established in order to
optimize the mask fit, which in turn was anticipated to enhance the tolerance to and effectiveness
of the therapy and reduce adverse effects from the outset.

Notably, the mask fit and headgear adaptation program at the Stollery Children’s
Hospital is unique and originated from an established need when standard headgear did not fit an
infant or child referred to the NIV program. As noted, headgear is a key factor in mask
stabilization, ensuring not only comfort but also usability for the child. During this process,
occupational therapists and occupational therapy assistants thoroughly evaluate the patient's
facial structure and NIV mask fit for a precise fit through customization of the headgear. This
can include the adjustment of interface straps, the addition of non-skid materials to stabilize the
headgear, and even utilizing several headgear types together in order to create a new modified
headgear that optimizes the mask fit and relieves pressure points. Furthermore, custom helmets
designed by orthotists are available for highly specialized patients, such as those with
plagiocephaly. These helmets accommodate unique cranial shapes, enhancing mask fitting and
ensuring more effective and comfortable NIV therapy, which would not be possible with regular
headgear adaptations. Appendix B provides visual examples of good and poor NIV mask fit and
headgear adaptation in both infant and child mannequins, illustrating the importance of proper

sizing and fitting for effective NIV therapy.
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This shift towards a proactive mask fitting and headgear adaptation at the Stollery
Children’s Hospital highlights the program's individualized patient care model and commitment
to enhancing NIV adherence rates through optimization of the NIV mask fit. Over time, the team
has identified that customized headgear optimizes mask fits and has become an essential
component in facilitating increased NIV tolerance and use with minimal side effects. Currently,
no literature can be found on the optimal timing for such interventions. The Stollery Children’s
Hospital’s NIV team theorizes that commencing mask fitting early, prior to the initiation of
home NIV, could positively affect initial and short-term adherence rates.

Purpose Statement and Research Questions
Purpose Statement

This study aims to evaluate whether timely interventions, specifically specialized mask
fittings and headgear adaptations (if needed), are more effective in facilitating the initiation of
NIV, enhancing adherence rates, and reducing discontinuation rates among an identified
pediatric population using long-term home NIV.

Research Questions
The study is guided by three research questions:
1. Does early mask fitting and headgear adaptation (if needed) facilitate the initiation of

NIV within the first six months following NIV recommendation?

2. Does early mask fitting and headgear adaptation (if needed) improve adherence to NIV at

1, 3, and 6 months after NIV initiation?

3. Does early mask fitting and headgear adaptation (if needed) impact NIV discontinuation
within 6 months after NIV initiation?

Hypothesis
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If pediatric patients from the Stollery Children’s Hospital’s NIV program receive early
mask fitting and headgear adaptation (if needed) prior to NIV initiation, they are more likely to
be successful in initiating NIV therapy and maintain adherence with less discontinuation to
therapy at 1, 3, and 6 months after initiation.

Significance of the Study

In 2022, the ERS published one of the first statements by a professional respiratory
society on pediatric long-term NIV (6). The statement highlighted that appropriate mask and
headgear fitting are critical for initiating and maintaining NIV, and it indicated a need for more
research on the importance of headgear and the use of complementary technologies to guide
mask fitting (6). Additionally, the 2018 Canadian Pediatric Home Mechanical Ventilation
guideline stated that for NIV, including mask ventilation or mouthpiece ventilation, interfaces
need to be trialed to ensure comfort and effectiveness, which emphasizes the importance of mask
fitting and headgear adaptation in NIV therapy (15).

Results from our study could potentially inform future research surrounding NIV therapy
through the unique lens of mask fitting. The findings from this case-control research will
examine the importance of early mask/headgear customization prior to NIV initiation as a key
facilitator for adherence to therapy. Examining and describing the timing of mask fitting and
headgear adaptation in the pediatric population could inform healthcare professionals to provide
better care and potentially improve patient outcomes. This data can then help inform resource
allocation and future program planning, ensuring that the pediatric NIV population is adequately
supported. In addition, this study's findings could serve as a foundation for future home NIV
therapy practices and help standardize the process involved in initiating pediatric patients into

NIV therapy for optimal adherence. This foundational knowledge could also provide a
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background for further research surrounding pediatric NIV therapy adherence and associated
reduction in complications from NIV therapy.
Manuscript Overview
The following manuscript details a secondary analysis of a retrospective case-
control sampled data provided by the pediatric NIV program at the Stollery Children’s Hospital
and the two sleep vendors, Sleep Medix and Medigas, between 2012 and 2015 (3, 4). Data
cleaning was completed, and data analysis was done using SPSS. The manuscript will be

submitted for publication after the thesis defense.
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Chapter 2: Manuscript: Timing of Mask Fitting as a Predictor of Adherence in Children
Requiring Non-Invasive Ventilation Therapy
Abstract

Introduction: The utilization of non-invasive ventilation (NIV) in the pediatric population is
becoming increasingly prevalent. NIV is a form of breathing support that employs a mask
interface outside the airway. It provides necessary respiratory support that improves patients’
quality of life by maintaining airway patency and preventing inadequate ventilation during sleep.
While appropriate mask fitting and headgear adaptation enhance NIV adherence, the impact of
timing on these interventions is underexplored. This study examined the timing of mask fitting
and headgear adaptation on NIV initiation, adherence, and discontinuation within six months
post-initiation.
Methods: This retrospective, case-control study used secondary data analysis to examine
pediatric patients aged 0-17 in the Stollery Children's Hospital NIV program who received mask
fitting and headgear adaptation (if needed) between 2012 and 2015. Participants were divided
into case and control groups based on the timing of mask fitting and headgear adaptation, either
prior to initiating NIV (cases) or following initiation (controls). Demographic and clinical data
were collected from the NIV program's clinical database, and adherence data were downloaded
from patients’ machines into a database provided by the sleep vendors. Outcomes of interest
included NIV initiation rates, NIV usage at 1, 3, and 6 months, as well as NIV discontinuation
rates at six months.
Results: One hundred and ten patients (29% female) were included, resulting in 146 mask-fitting
entries (69% cases, 31% controls). The median NIV initiation age was 8 years, and upper airway

conditions were the most common primary indication (64%). NIV was predominantly initiated in
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outpatient settings (72%), with CPAP (63%) and nasal masks (91%) being most commonly used.
76% of patients initiated within six months after NIV was recommended based on clinical
documentation. Based on available adherence reports, at one month, 54% of cases and 44% of
controls initiated NIV (p = 0.341; OR: 1.48, 95% CI: 0.66-3.35), increasing to 57% and 50% by
three months (p = 0.522; OR: 1.30, 95% CI: 0.58-2.93), and 61% and 53% by six months (p =
0.456; OR: 1.36, 95% CI: 0.60-3.08). When examining NIV usage over a 30-day period, at one
month, cases used NIV for 4.6 hours per night (vs. 4.1 hours in controls; p=0.4), 5.7 hours (vs.
4.3 hours; p=0.13) at three months, and 6.3 hours (vs. 5.1 hours; p=0.51) at six months. The
percentage of days with NIV use >4 hours was 56% in cases (vs. 45% in controls; p=0.29) at one
month, 60% (vs. 46%; p=0.22) at three months, and 88% (vs. 61%; p=0.18) at six months.
Dropout rates within the first 6 months were 15% in the case group and 22% in the control
group, with no significant difference (p = 0.504; OR: 0.63, 95% CI: 0.16-2.48).

Conclusion: This study did not reveal a significant impact with respect to the timing of mask
fitting on NIV initiation and therapy adherence at six months. This is not surprising since many
other known factors can impact NIV adherence, including patient comfort, severity of medical
conditions, and family involvement. This study, however, showed adherence rates in both cases
and controls higher than previously reported in the literature, suggesting mask fitting and
headgear adaptation are key interventions in successful NIV initiation, either before or shortly
after NIV initiation. Since these interventions have become the standard of care, collecting

further information on the control group for further comparisons will be challenging.

Keywords: Non-Invasive Ventilation Therapy, Mask Fitting, Adherence Rate, Pediatrics

Respirology
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Background on Non-Invasive Ventilation

Non-invasive ventilation (NIV) therapy provides breathing support through a mask
interface outside the airway and is used for managing various pediatric disorders that disrupt
breathing during sleep (5-7). Home NIV therapy improves the quality of life and well-being of
pediatric patients by providing chronic ventilation support, maintaining airway patency, and
preventing suboptimal ventilation during sleep (8-10). It also avoids the need for invasive
ventilation and reduces respiratory morbidity and mortality (6, 7, 9, 11). Some indications for
NIV include chronic respiratory failure, musculoskeletal weakness, obstructive sleep apnea,
craniofacial malformations, sleep disorders associated with neurological conditions, and
abnormalities in the central respiratory drive (6-8, 10, 12-15).

Providing NIV therapy in the pediatric population requires focused research, as children
are unique physiologically (16). For example, pediatric respiratory physiology highly depends on
age, weight, and developmental stage, which adds additional challenges related to adherence,
including side effects such as nasal symptoms, eye irritation, skin breakdown, mid-face
hypoplasia, increased drooling, and gastrointestinal symptoms (6, 11-13, 17). Therefore,
healthcare practitioners need an advanced understanding to support and optimize adherence to
pediatric NIV therapy, ensuring patients and families receive evidence-informed and
personalized care that improves NIV use and overall health for children.

Literature has focused on NIV adherence rates in the pediatric population and described
factors associated with poor adherence, including poor mask fit, are partly due to limited options
for pediatric interfaces and headgear, as well as the development of short- and long-term
complications associated with the therapy (7, 9, 12, 18-20). Complications may be related to

inappropriate mask fitting, or the pressure exerted by the interface (6, 17). Factors influencing
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adherence to NIV therapy encompass various elements, such as the occurrence of fewer side
effects, the type and fitting of the mask, sex, age, maternal education level, developmental
delays, baseline apnea-hypopnea index, oxygen saturation level, arousal index level, and sleep
maintenance difficulties (6, 18, 19, 22, 41).

Appropriate mask fitting and headgear adaptation are crucial for increasing adherence
rates and decreasing the likelihood of complications (9, 11, 22, 23). In 2022, the European
Respiratory Society (ERS) published a guideline for NIV initiation in children, emphasizing
appropriate mask and headgear fit as vital for optimal initiation and maintenance of NIV (6).
Additionally, the 2018 Canadian Pediatric Home Mechanical Ventilation guideline stated that for
NIV, interfaces need to be trialed to ensure comfort and effectiveness, which again emphasizes
the importance of mask fitting and headgear adaptation in NIV therapy (15). However, to date,
original research evaluating strategies to improve mask and headgear fit and, ultimately,
improved adherence is limited. This gap identifies the need to research whether interventions to
improve mask fit and the timing of these interventions potentially shape outcomes for pediatric
patients using NIV therapy.

NIV Initiation and Mask Fitting

Mask selection and well-fitting headgear are essential in the initiation and maintenance of
long-term NIV therapy in the pediatric population (11, 17, 25). Five standard mask interface
types, including the nasal mask, the oro-nasal mask, the nasal pillow, the total face mask, and the
mouthpiece, were available for the pediatric population in the early 2010s (11, 14). Nasal masks
are the most commonly used interfaces in the pediatric population (6, 24). Oronasal masks, nasal
pillows, and total face masks (only used in intensive care unit settings) may be indicated in cases

of poor tolerance or side effects from nasal masks (11, 24). When selecting a mask, it is
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important to consider the individual patient's needs and the potential for complications (6, 11,
24). Proper mask fitting is key to minimizing complications and ensuring effective therapy (6,
11, 24).

There have been advancements in pediatric NIV therapy, with case reports of using three-
dimensional printing technologies to enhance mask fitting and prevent complications (27-29).
However, the current clinical practice remains heavily reliant on the expertise of clinicians in
selecting and evaluating optimal masks based on the age of the child and the type of ventilatory
support required (8, 9, 11, 42). The limited availability of pediatric masks and headgear during
the study period between 2012-2015 made proper mask fitting challenging, especially for
children with craniofacial abnormalities and very young infants, leading to increased side effects
and reduced adherence (6, 11, 14, 27, 43). Customization becomes imperative to ensure a proper
mask fit and mitigate unwanted side effects. Even though there are documented benefits of
customization, such as improved adherence to therapy and decreased skin injuries among
children (17, 25, 27), there remains a lack of research exploring the customization of headgear
and the optimal timing for mask fitting and headgear adaptation. This gap persists despite the
recognized impact on adherence rates and the development of complications, as indicated by
expert opinion (6).

Adherence to NIV Therapy

NIV compliance reports contain detailed information about the patient’s respiratory cycle
and NIV usage (25, 36). The four adherence variables listed in the compliance report include
average usage on total days, average usage on days used only, days used, and percent of days
used over 4 hours (44). Parameters defining adequate NIV adherence for the pediatric population

lack universal validation and are often extrapolated from adult standards (6, 25). In adults,
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acceptable overnight NIV adherence typically involves usage for at least four hours a night for a
minimum of five nights (70%) per week (8, 14, 25). While this definition is commonly applied in
pediatrics, its limitations are acknowledged, particularly in younger children (<14 years) who
may have longer sleep durations (32). The primary goal is optimal adherence, so using NIV
throughout the entire sleep duration is advocated (6).

Although a standardized definition for NIV adherence rates in the pediatric population is
lacking, earlier research emphasizes the predictive value of early adherence patterns for long-
term outcomes (7, 18, 19, 37). Consequently, identifying and understanding early adherence
patterns can provide valuable insights for healthcare practitioners caring for children requiring
long-term NIV.

Complications to NIV Therapy

Improper mask fitting is one of the leading barriers to adherence and a significant cause
of complications among infants and children using home NIV therapy (11, 14, 30, 41, 45-47).
Interface-related complications are common and can be categorized into several types: mask-
related skin issues (e.g., redness to severe skin breakdown and ulcers), short-term pressure-
related issues (e.g., bloating and gastric distention), leak-related issues (e.g., eye irritation and
mouth leaks), humidification-related issues (e.g., nosebleeds and airway dryness), and long-term
complications (e.g., pneumothorax and midface hypoplasia) (11, 12, 14, 16-18, 24, 38, 39).

Many complications, especially mask-related skin issues, are typically related to poor
mask fit and are correctable with optimally fitted masks and headgear (11, 14, 16, 25, 38, 39).
These potential complications of therapy may be minimized and even eliminated with optimal,

customized equipment (11, 14, 16, 25, 38, 39). To our knowledge, no previous research has
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captured the impact of mask fitting and headgear customization and when it should be done to
minimize complications.
Stollery’s Pediatric NIV Program

Pediatric home NIV therapy is a highly specialized field. The Stollery Children's Hospital
is a tertiary pediatric medical center with 236 beds located in Alberta, Canada, with a unique,
interdisciplinary, and comprehensive pediatric home NIV program (40). The program is led by a
nurse practitioner (NP) and joined by a team of pediatric respirologists and respiratory therapists.
It is also supported by social workers, occupational therapists (inpatient and outpatient), child
life specialists, and orthotists.

A vital aspect of the program is determining the need for individualized mask fitting and
headgear adaptation before initiating NIV therapy. The Stollery’s mask fit program was
established through a recognized need to optimize NIV masks for infants and children when
commercial headgear could not support the appropriate use of mask interfaces. Initially, not
every patient required mask fitting and headgear adaptation prior to starting NIV therapy at the
NIV clinics. However, over the study period, there was a shift towards a more proactive
approach of integrating masking fitting and headgear adaptation (if required) before initiating
NIV, aiming to enhance the tolerance to and effectiveness of the therapy and reduce adverse
effects from available pediatric interfaces from the outset.

Notably, the mask fit and headgear adaptation program at the Stollery is unique and
originated from an established need when standard headgear did not fit an infant/child.

As headgear is the key factor in mask stabilization, which adapts to fit a child’s unique head
shape, it ensures not only comfort but also usability for the child (11). During this process,

occupational therapists and occupational therapy assistants thoroughly evaluate the patient's
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facial structure and NIV mask fit for a precise fit through adjustment of interface straps, addition
of non-skid materials to stabilize the headgear and even utilizing several headgear types to create
a new modified headgear that optimizes the mask fit and relieves pressure points (9).
Furthermore, custom helmets designed by orthotists are available for highly specialized patients,
such as those with plagiocephaly or facial deformities. These helmets accommodate unique
cranial shapes and facial traits, enhancing mask fitting and ensuring more effective and
comfortable NIV therapy.

This shift towards a proactive mask fitting and headgear adaptation at the Stollery
highlights the program's individualized patient care model and commitment to enhancing the
NIV adherence rates by optimizing the NIV mask fit. Over time, the team describes that
customized headgear optimizes mask fits, which is essential for promoting increased NIV
tolerance and use. As a result, the program continues to grow and is utilized today despite the
increasing number of pediatric interface options. Currently, no literature on the optimal timing
for such interventions is available. The Stollery NIV team theorized that commencing mask
fitting early, prior to the initiation of home NIV, could potentially have a positive effect on initial
and short-term adherence rates.

Methodology
Study Design

This retrospective case-control study analyzed patient data from the Stollery NIV
program between 2012 and 2015. During this period, clinical practice evolved through an
identified need to fit infants and children with well-fitting masks. Initially, sleep vendors were
responsible for providing the respiratory equipment, and the program would only provide mask

fitting and headgear adaptation services after NIV initiation, during the first follow-up clinic visit
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within the next three to six months. A more proactive strategy of mask and headgear
customization prior to NIV initiation was subsequently established in 2012. This practice change
was implemented in the hopes that optimization of mask and headgear fits at an earlier time point
would potentially help children initiate and maintain NIV adherence to therapy. To test our
hypothesis, NIV adherence data from machine downloads at one, three-, and six months post-
NIV initiation were analyzed.
Ethics approval for this project was obtained from the University of Alberta Health
Ethics Research Board (Pro00120218).
Population
The study's sample included a pediatric patient cohort that met the following criteria:
1. Agerange of 0 to 17 years.
2. Documented visits with the pediatric NIV program at the Stollery Children's Hospital
between 2012 and 2015 with the intention of initiating home NIV.
3. Underwent mask and headgear fitting at any point during the study period.
Recruitment
Eligible participants were identified through the program’s patient list, which contains
information on patients with documented clinic visits with the pediatric NIV program at the
Stollery Children’s Hospital and completed specialized mask fittings between January 1, 2012,
and December 31, 2015.
Data Collection
Data for this study were previously collected from the medical charts and NIV machine
downloads of patients included in the existing database. Missing data were addressed by cross-

referencing original medical charts. Demographics and clinical variables included date of birth,
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geographic location of home residence, the primary reason for NIV initiation (conditions that
involve upper airway, pulmonary, musculoskeletal, central nervous system, and cardiac
systems), location of NIV initiation (inpatient or outpatient), age at NIV initiation, NIV initiation
and discontinuation status within six months after NIV recommendation based on machine
adherence reports and clinical documentation. Equipment-related information was also extracted,
including the type of NIV therapy (CPAP or BIPAP), the type of masks used (nasal or full-face),
headgear adaptation status, and numbers of mask fittings within the first six months after NIV
recommendation. NIV adherence variables reflected NIV use within 30 days, and data were
extracted from the adherence reports at 1, 3, and 6 months from NIV initiation. Appendix C
includes all collected variables from research electronic data capture (REDCap), providing a
comprehensive overview of the dataset used in this study.

NIV adherence data were obtained directly from local drives of the two most commonly
utilized sleep vendors collaborating with the pediatric NIV program and confirmed with the
information documented in the medical charts. All of the available machine-generated data were
captured during the study period. Prior to the adherence data release, the researchers confirmed
appropriate consent forms from patients’ guardians.

Outcomes of Interest

Outcomes of interest included:

1. Overall NIV initiation rates within six months from the initial visit with the NIV program as
well as at 1, 3 and 6 months.

2. Average nightly hours of NIV use over a 30-day period at 1, 3, and 6 months.

3. Average nightly hours of NIV use on nights used over a 30-day period at 1, 3, and 6 months.

4. Number of nights worn over a 30-day period at 1, 3, and 6 months.
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5. Percentage of nights with >4 hours of NIV use over a 30-day period at 1, 3, and 6 months.
6. Discontinuation rate at 6 months from the initial visit with the NIV program.
Database Storage and Access

Study data (including identifying information, clinical information about mask fitting and
headgear adaptation, and NIV adherence data) were extracted from previously collected clinical
databases, properly stored in a hospital IT drive, and kept confidential. Study data were then
uploaded and securely stored in a REDCap database hosted by the Women & Children's Health
Research Institute at the University of Alberta (2).

Data Management and Analysis

Once data extraction was complete, data cleansing was performed to ensure accuracy.
Data errors were eliminated, and inconsistencies and duplicate entries were removed. All patient
data was de-identified prior to analysis. Data analysis was completed using IBM SPSS Statistics
version 29 (48).

Participants were first categorized into case and control groups based on the timing of
mask fitting in a 2:1 ratio. The case group consisted of patients who underwent mask fitting and
headgear adaptation (if needed) during the initial visit with the NIV program before starting NIV
therapy. The control group included patients who had a mask fit and headgear adaptation (if
needed) done after NIV initiation. Patients who underwent multiple mask fittings and headgear
adaptations throughout the study period to optimize NIV use as they grew and developed were
treated as separate entries for adherence analysis as long as they occurred at least three months
apart. This approach allowed for the evaluation of the impact of additional fittings on adherence.

Using the Shapiro-Wilk test, a normality analysis was first performed on all collected

data. Descriptive statistics were then analyzed to understand the characteristics of the
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participants. Given the non-normality indicated by the Shapiro-Wilk test, medians and
interquartile ranges (IQR) were calculated for continuous variables and percentages for
categorical variables. An alpha level of 0.05 was used for all statistical tests.

A comparative analysis of demographic and clinical variables between the case and
control groups followed the descriptive analysis. The differences between groups were assessed
using Pearson's chi-squared test for categorical data and the Mann-Whitney U test for continuous
data. Subsequently, Pearson's chi-squared test and odds ratio (OR) with 95% confidence
intervals (CI) were used to examine the relationship between early mask fitting and NIV
initiation status at 1-, 3-, and 6 months after NIV therapy was recommended.

The median and IQR were utilized as primary statistics for central tendency and
variability for comparative analysis of the adherence variables measured at 1-, 3-, and 6-month
intervals post-initiation between cases and controls. Due to the non-normality of adherence data,
the Mann-Whitney U test was employed to compare the case and control groups. Furthermore,
the Kruskal-Wallis H test was conducted separately for the case and control groups to compare
adherence rates at 1-, 3-, and 6-month intervals post-initiation, assessing whether there were
significant differences in adherence rates within each group over time. Lastly, Pearson's chi-
squared test and OR with 95% CI were used to examine the relationship between early mask
fitting and NIV discontinuation status at 6 months after NIV therapy was recommended. A
comparative analysis was also conducted using Pearson's chi-squared test and Mann-Whitney U
tests of demographic and clinical variables between the case and control groups at NIV
discontinuation.

Results
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During the study period, the Stollery NIV program saw 221 new patients through
consultations, either with the intention of starting NIV or in preparation for a titration sleep study
where a mask would be needed (Figure 2), accounting for 330 mask-fitting/headgear adaptation
occasions. Of these, 111 patients did not meet inclusion criteria: 40 patients did not initiate NIV
as their underlying medical condition improved and NIV was no longer required, 32 patients
initiated NIV therapy during an acute hospitalization but did not require long-term home NIV
therapy upon discharge, 16 patients required a transition to invasive ventilation via tracheostomy
or had unfortunately passed away before initiation of home NIV, 16 patients were transferred for
care to adult NIV programs or providers in other provinces, and 7 patients were lost to follow-up.

Figure 2. Process of Patients’ Exclusion.
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had maskfitting and
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therapy
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program between 2012-2015
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Abbreviations: NIV = non-invasive ventilation.
Demographic and Clinical Characteristics of the Study Population

One hundred and ten patients (29% females) met the inclusion criteria of having been
mask-fitted through the Stollery pediatric NIV program and provided home equipment to initiate
NIV, accounting for 146 patient entries of mask-fitting/headgear adaptation occasions. Close to
half of the children reside in the local Edmonton community, the largest city in Northern Alberta,
where the Stollery Children’s Hospital is located. Around 45% of the children came from
suburban, rural, or remote areas. Less than 10% of children came from surrounding provinces
served by the Stollery Children's Hospital. Upper airway conditions (64%) emerged as the
primary indication for initiating NIV, followed by musculoskeletal conditions (13%), central
nervous system disorders (12%), pulmonary conditions (6%), and cardiac conditions (5%). The
median age at NIV initiation was 8 years (IQR 1-13), with most patients (72%) starting therapy
in outpatient settings, mostly at home. CPAP (63%) was more commonly used, and most patients
were fitted with a nasal mask provided by the Stollery NIV clinic (91%). All patients were mask-
fitted, either before or after NIV initiation; 27% required headgear adaptations, and 33% required
more than one mask fit/headgear adaptation.

Overall, 84 (76%) patients were able to initiate NIV and had clear evidence of NIV use
either through adherence download data or clear documentation in the medical chart of NIV
being initiated within six months of NIV being recommended, regardless of when they were
mask-fitted and whether or not they received a headgear adaptation. When adherence report data
was only used to determine NIV initiation, 64 patients were able to initiate, and the NIV
initiation rate was 58%. 20 (18%) had no adherence reports available (i.e., SD card malfunction,

sleep vendor local drive system upgrades, NIV machines provided by other sleep vendors that



28

did not provide download reports) but clinical-reported documentation of NIV initiation. These
patients were excluded from the comparative analysis since NIV initiation could not be verified
with objective NIV usage data. Further details about patient demographics and clinical profiles
are depicted in Table 1.

Table 1. Overall Patient Demographics and Clinical Profiles (n = 110).

N (%)
Male 78 (71)
Sex
Female 32 (29)
Edmonton (city) 52 (47)
Geographic location Within Alberta (rural) 49 (45)
Out of Alberta 9(8)
Upper airway 71 (64)
Musculoskeletal system 14 (13)
Primary reason for NIV initiation Central nervous system 13 (12)
Pulmonary 7 (6)
Cardiac 5(5)
<2 25 (23)
Age category at NIV initiation 2-5 17 (15)
(years old) 5-13 34 (31)
>13 34 (31)
Age at NIV initiation Median (IQR) 8 (1-13)
e . Outpatient 79 (72)
Initiat locat
nitiation location Inpatient 31(28)
CPAP 69 (63)
NIV therapy type BIPAP 41 (37)
Nasal mask 100 (91)
NIV kt
masictype Full face mask 10 (9)
. Yes 30 (27)
Headgear adaptation performed No 80 (73)
Need for multiple mask fittings within ~ Yes 36 (33)
six months No 74 (67)
NIV initiation status within six months ~ Yes 84 (76)
based on clinical documentation No 26 (24)
NIV initiation status within six months Yes 64 (58)
based on adherence reports No 46 (42)
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Abbreviations: NIV = non-invasive ventilation, IQR = interquartile range, CPAP = continuous
positive airway pressure, BIPAP = bilevel positive airway pressure.

Comparison of Demographic and Clinical Characteristics of Cases and Controls

76 patients (69%) had mask fit/headgear adaptation services prior to initiating NIV
(cases), while 34 patients (31%) started NIV with the standard equipment provided by the sleep
vendors and were mask fit/headgear adapted during one of the follow-up visits with the NIV
program (controls) within the first six months. Overall, the case and control groups were
homogeneous in terms of their demographic and clinical characteristics as well as equipment-
related characteristics, with no significant differences noticed between groups. Of note, the
variable “age at initiation” was also tested. As indicated, the median age at initiation for the case
group was 9 years old (IQR 3-13), and for the control group, it was 6 years old (IQR -12), with
no overall significant differences (p=0.256). There were also no significant differences between
the groups when comparing mask fit and headgear adaptation. Specifically, 17 patients (22%) in
the case group and 13 patients (38%) in the control group required headgear adaptation, with no
statistically significant difference (p=0.084). Additionally, 25 patients (33%) in the case group
and 11 patients (32%) in the control group required multiple mask fittings within the first six
months, also showing no significant difference (p=0.955). Table 2 depicts further details about
the comparative analysis of clinical and demographic variables at baseline.

Table 2. Comparative Analysis of Clinical and Demographic Variables at Baseline (n =110).

Demographic and Cases Controls  Chi- P
clinical variables N (%) N (%)  square
Total number of 76 34
participants (100) (100)
Edmonton (city) 36 (47) 16 (47) 0.027 2 0.986
Geographic location Within Alb‘erta (rural) 34 (45) 15 (46)
Other provinces 6 (8) 3(7)
Sex Female 20 (26) 12 (35) 918 1 0.338
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Upper airway 48 (63) 23(67) 1903 4 0.754
Musculoskeletal 9(12) 5(15)
. system
Primary reason for NIV Central
initiation entral hervous 11 (14) 2 (6)
system
Pulmonary 5(7) 2 (6)
Cardiac 3(4) 2 (6)
<2 13 (17) 12(35) 5720 3 0.126
Age category at NIV 2-5 14 (19) 309
initiation (years old) 5.13 23 (30) 11 (32)
>13 26 (34) 8 (24)
Age at NIV initiation =~ Median (IQR) 9 (3-13) 6 (1-12) 0.256
_ _ Outpatient 57 (75) 22(65) 1230 1 0.267
Initiation location .
Inpatient 19 (25) 12 (35)
CPAP 48 (63) 21 (60) 0.020 1 0.889
NIV therapy type g p 28(37) 13 (40)
Nasal mask 69 (91) 3191)  0.04 1 0.948
NIV mask type
Full face mask 709) 309
Need for headgear g, 17(22)  1338) 7194 1  0.084
adaptation
Need for multiple mask 2533) 11(32) 0003 1 0955

fitting within six months

Abbreviations: df = degree of freedom, NIV = non-invasive ventilation, IQR = interquartile

range, CPAP = continuous positive airway pressure, BIPAP = bilevel positive airway pressure.

Comparison of NIV Initiation Rates between Cases and Controls

Overall, 46 children (61%) in the case group had evidence of NIV use, compared to 18

children (53%) in the control group (p=0.456) with an OR of 1.36 (95% CI: 0.60 to 3.08). There

were no significant differences in initiation rates within the first 6 months since the initial visit
with the NIV program between patients who underwent mask fitting and headgear adaptation
prior to initiating NIV (cases) and those who received these interventions following NIV

initiation (controls) based on adherence download data.

At one month following the initial visit with the NIV program, 41 children (54%) in the

case group had evidence of NIV use in available downloads, and 15 children (44%) in the
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control group. This difference was not statistically significant (p = 0.341), with an OR of 1.48
(95% CI: 0.66 to 3.35). By three months, 43 children (57%) in the case group had evidence of
NIV use, compared to 17 (50%) in the control group, again showing no significant differences
(p=0.522) with an OR of 1.30 (95% CI: 0.58 to 2.93). By six months, 46 children (61%) in the
case group had evidence of NIV use, compared to 18 children (53%) in the control group. This
difference remained non-significant (p = 0.456), with an OR of 1.36 (95% CI: 0.60 to 3.08).
Further details are provided in Table 3.

Table 3. Documented NIV Initiation at 1-, 3-, and 6-months after NIV Recommendation

(n=110).
L Cases Controls  Chi- OR
NIV Initiation rate N (%) N (%) square df P (OR 95% CT)
76 34

Total number of participants (100) (100)

NIV initiation status within
one month based on 41 (54) 15@44) 0.908 1 0.341
adherence report
NIV initiation status within

1.48
(0.66 to 3.35)

three months based on 43 (57) 17(50) 0.410 1 0.522 130
(0.58 t0 2.93)
adherence report
NIV initiation status within 136

six months based on 46 (61) 18(53) 0.555 1 0.456
adherence report

Abbreviations: NIV = non-invasive ventilation, df = degree of freedom, OR = odds ratio, CI =
confidence intervals.

(0.60 to 3.08)

Comparative Analysis of NIV Adherence at 1-, 3-, and 6-Months post NIV Initiation

All of the 73 available adherence reports were obtained from the sleep vendors, providing
a comprehensive dataset for analyzing the adherence patterns over time between the cases and
controls. There were 43 adherence reports in the case group and 20 adherence reports available
in the control group 1 month after the initial NIV program visit. At 3 months, 36 adherence

reports were available for the cases and 18 for the controls. By 6 months, 32 adherence reports
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were available for the case group, and 14 were available for the control group. Overall, no
significant differences in NIV adherence parameters were observed between patients who were
mask-fitted before NIV initiation (case group) and those who have fitted afterward (control
group) at 1-, 3-, and 6 months after NIV initiation.

At 1 month, the median nightly NIV usage over a 30-day period was 273 minutes (IQR
32-486) in the case group compared to 243 minutes (IQR 19-333) in the control group, with no
significant difference (p=0.4). At 3 months, the cases’ median nightly usage was 344 minutes
(IQR 88-565) compared to 257 minutes (IQR 27-419) in the controls (p=0.13). By 6 months, the
median nightly NIV usage was 377 minutes (IQR 34-561) in the case group versus 308 minutes
(IQR 52-423) in the control group (p=0.51).

When examining NIV usage on only the days it was used, at 1 month, the median usage
in the case group was 347 minutes (IQR 152-513) compared to 313 minutes (IQR 75-392) in the
control group (p=0.55). At 3 months, the case group had a median usage of 391 minutes (IQR
147-578) compared to 312 minutes (IQR 87-467) in the control group (p=0.37). By 6 months,
the case group’s median usage on days used increased to 476 minutes (IQR 109-567) compared
to 331 minutes (IQR 105-528) in the control group (p=0.29).

For the number of days with NIV use, at 1 month, the case group had a median of 18
days (IQR 7-29) of use compared to 19 days (IQR 6-30) in the control group (p=0.67). At 3
months, the case group had a median of 22 days (IQR 13-30) of NIV use compared to 17 days
(IQR 2-28) in the control group (p=0.29). By 6 months, the case group had a median of 27 days
(IQR 14-30) of NIV use compared to 24 days (IQR 7-30) in the control group (p=0.43).

Lastly, when examining the percentage of days with more than 4 hours of NIV use, at 1

month, 56% (IQR 7-96) of days in the case group had more than 4 hours of use, compared to
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45% (IQR 2-68) in the control group (p=0.21). At 3 months, the case group had 60% (IQR 5-

100) of days with more than 4 hours of use, compared to 46% (IQR 2-89) in the control group

(p=0.34). By 6 months, 88% (IQR 1-100) of days in the case group had more than 4 hours of

NIV use, compared to 61% (IQR 4-84) in the control group (p=0.18). Tables 4, 5, and 6 depict

further details regarding comparative analysis.

Table 4. Adherence Variables Comparison of Case/control Groups at 1-month (n=63).

NIV adherence at 1 month ) Mean | Sum of
(30-day period) Groups N | Median IQR rank ranks u P
Average NIV usage on Case 43 273 32-486 29.18 1432.5 3735 04
total days (in mins) Control | 20 243 19-333 | 33.31 583.5 ' '
AVerage usage on days Case 43 347 152-513 29.1 1434 372 0.39
used only (in mins) Control | 20 313 75-392 | 33.35 582 ’
Case 43 18 7-29 31.58 1358
D d 412 | 0.79
Y s Control | 20 | 19 630 | 329 | 658
Percent of days use over 4 Case 43 56 7-96 33.66 1447.5 3585 | 0.29
hours (%) Control | 20 45 2-68 28.43 568.5 ' ’
Abbreviations: NIV = non-invasive ventilation, IQR = interquartile range.
Table 5. Adherence Variables Comparison of Case/control Groups at 3-month (n=54).
NIV adherence at 3 Mean | Sum of
months Groups N Median IQR U P
. rank ranks
(30-day period)
Average usage on total Case 36 344 88-565 | 29.79 | 1072.5 2415 | 013
days (in mins) Control 18 257 27-419 | 22.92 412.5 ' '
Average usage on days Case 36 391 147-578 | 29.79 1072.5 24151013
used only (in mins) Control 18 312 87-467 22.92 412.5 ] ]
Case 36 22 13-30 30.33 1092
Days used Control | 18 17 228 | 2183 | 3903 | >2* | 000
Percent of days use over Case 36 60 5-100 29.35 | 1056.5 2575|022
4 hours (%) Control 18 46 2-89 23.81 428.5 ' '

Abbreviations: NIV = non-invasive ventilation, IQR = interquartile range.




Table 6. Adherence Variables Comparison of Case/control Groups at 6-month (n =46).
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NIV adherence at 6 months . Mean | Sum of
(30-day period) Groups N | Median IQR rank | ranks U P
Average usage on total Case 32 377 34-561 | 24.36 | 779.5 1965 | 051
days (in mins) Control | 14 308 52-423 | 21.54 | 301.5 ’ ]
Average usage on days Case 32 476 109-567 | 24.36 | 779.5 196.5 | 0.51
used only (in mins) Control | 14 331 105-528 | 21.54 | 301.5 ' '
Case 32 27 14-30 | 24.08 | 770.5
Days used Control | 14 | 24 730 | 2218 | 3105 | 222|003
Percent of days use over 4 Case 32 88 1-100 | 2522 | 807 169 1018
hours (%) Control 14 61 4-84 19.57 274 ’

Abbreviations: NIV = non-invasive ventilation, IQR = interquartile range.

Changes in Adherence Rates Over Time within the Case and Control Groups

Available adherence data at 1, 3, and 6 months were compared within both the case and

control groups to determine changes over time. Overall, NIV usage remained consistent over

time during the first six months after NIV initiation in both case and control groups. Tables 7 and

8 provide further details.

Table 7. Case group’s Adherence Rates at 1-, 3-, and 6-month Intervals Post-initiation.

NIV adherence variables gggj Caa\sgs Mean rank \I;Izﬁia; df P

1-month 43 50.58

Average usage on total days 3-month 36 59.82 2.001 2 0.368
6-month 32 58.98
Average usage on days used I-month 43 51.55

only 3-month 36 59.38 1.367 2 0.505
6-month 32 58.19
1-month 43 4942

Days used 3-month 36 60.85 3.047 2 0.218
6-month 32 59.39
1-month 43 52.88

Percent of days use over 4 hours | 3-month 36 57.18 0.726 2 0.695
6-month 32 58.86

Abbreviations: NIV = non-invasive ventilation, df = degree of freedom.
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Table 8. Control Group’s Adherence Rates at 1-, 3-, and 6-month Intervals Post-initiation.

NIV adherence variables g(l)rll:; Cog;[lr)ols Mean rank \I%gﬁi{sa; df P

1-month 20 25.05

Average usage on total days 3-month 18 26.36 0.493 2 0.781
6-month 14 28.71
Average usage on days used [-month 20 2625

only 3-month 18 26.00 0.086 2 0.958
6-month 14 27.50
1-month 20 27.73

Days used 3-month 18 23.69 0.964 2 0.618
6-month 14 28.36
1-month 20 25.73

Percent of days use over 4 hours | 3-month 18 26.83 0.090 2 0.956
6-month 14 27.18

Abbreviations: NIV = non-invasive ventilation, df = degree of freedom.

Comparison of Discontinuation Rates between Cases and Controls at 6 Months

Out of the 64 patients who had adherence reports during the study period, 11 (17%) had a
documented discontinuation of NIV within six months after initiation. When examining the
dropout rates between case and control groups, 7 patients (15%) in the case group and 4 patients
(22%) in the control group stopped using NIV therapy within the first 6 months after initiation
(p=0.504) with an OR of 0.63 (95% CI: 0.16 to 2.48). The demographic and clinical
characteristics of patients who dropped between cases and controls were similar (Table 9).

Notably, the median age at initiation for the case group was 5 years (IQR 3-15), and for
the control group, it was 2 years (IQR 0-12). However, the two groups had similar dispersion
measures and no overall significant differences (p=0.257). There were also no significant
differences between the groups when comparing mask fit and headgear adaptation. Specifically,
1 patient (14%) in the case group and 1 patient (25%) in the control group required headgear

adaptation, with no statistically significant difference (p=0.658). Additionally, 4 patients (57%)
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in the case group and 3 patients (75%) in the control group required multiple mask fittings, also
showing no significant difference (p=0.554).

Table 9. Comparative Analysis of Clinical and Demographic Variables who Discontinued at 6
Months (n=11).

Demographic and clinical Cases Controls Chi-

variables N (%) N (%) Square df P
. OR (95% CI)
Patients who dropped out 0.63 (0.16 to 2.48) 7 (100) 4 (100) 0.446 1 0.504
Edmonton (city) 2 (29) 1 (25) 0.016 1 0.898
Geographic location Within Alberta 5(71) 3(75)
(rural)
Out of province 0(0) 0(0)
Sex Female 2 (28) 1 (25) 0.016 1 0.898
Upper airway 3 (43) 2 (50) 5.814 4 0.213
' Musculoskeletal 0 (0) 2 (50)
Primary reason for NIV~ system
initiation Central nervous 1 (14) 0(0)
system
Pulmonary 1(14) 0(0)
Cardiac 2(29) 0(0)
<2 1(14) 2 (50) 1.997 3 0.573
Age category at NIV 2-5 2(29) 1 (25)
initiation (years old) 5-13 1(14) 0 (0)
>13 3(43) 1(25)
Age at NIV initiation Median (IQR) 5(3-15) 2 (0-12) 0.257
Initiation locati Outpatient 5(71) 2 (50) 0.505 1 0477
nitiation location
Inpatient 2 (29) 2 (50)
CPAP 4 (57) 2 (50) 0.052 1 0819
NIV th t
erapy type BIPAP 3 (43) 2 (50)
NIV Kt Nasal mask 7 (100) 4 (100)
mas e
P Full face mask 0 (0) 0 (0)
Need for headgear
adaptation Yes 1(14) 1 (25) 0.196 1 0.658
Need for multiple mask 4 (57) 3(75) 0351 1 0.554

fitting within six months

Abbreviations: df = degree of freedom, NIV = non-invasive ventilation, IQR = interquartile
range, CPAP = continuous positive airway pressure, BIPAP = bilevel positive airway pressure.
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Discussion

While the current understanding of pediatric home NIV therapy highlights factors such as
patient comfort, medical condition severity, and family involvement as some of the key
influencers of adherence, our study found that the timing of mask fitting did not significantly
impact NIV initiation, adherence, or discontinuation (6, 11, 16, 18, 46, 49-51). This suggests that
adherence may be influenced by a more complex interplay of factors, with elements beyond the
timing of mask fitting potentially playing a more crucial role in successful NIV therapy. Notably,
adherence rates in both groups in our study were higher than previously reported in the literature,
suggesting that mask fitting and headgear adaptation—whether performed prior to or shortly
after NIV initiation—are key interventions for successful therapy, which are consistent with the
current guideline recommendations (6, 15). Although the timing of mask fitting in this study did
not influence NIV initiation, adherence or discontinuation, our findings offer valuable insights
into pediatric NIV therapy adherence from a different perspective.
Role of Mask and Headgear Fitting in NIV Initiation and Adherence

Choosing an adequate, properly fitting interface is believed to be imperative to
successfully support infants and children requiring NIV (6, 11, 15, 17, 24, 25, 47, 52). Although
this study could not determine whether the timing of mask and headgear fitting prior to NIV
initiation could facilitate NIV initiation and adherence, in our clinical practice, our experience is
that it is an essential part of optimizing NIV use and care of these patients. Further, we observed
overall higher adherence rates within the first six months post-NIV initiation in our cohort in
comparison to current literature (14, 21, 45, 46, 53-56). A meta-analysis by Sawunyavisuth et al.
(2022) reported an adherence rate of 46.53% (9,883/21,240) across 13 studies based on the

percentage of days used for >4 hours (21). Pascoe et al. (2019) found that 42 youths with
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Duchenne muscular dystrophy had adherence rates of 56.1% + 38.7% for days used and 46.2% =+
40.6% for days used > 4 hours, with an average usage of 5.61 +4.23 hours on days worn (46).
Ennis et al. (2015) reported a mean BiPAP usage of 6.04 & 3.47 hours per night, while Marcus et
al. (2012) noted a mean NIV usage of 170 + 145 minutes per night (45, 56). Simon et al. (2012)
observed an average NIV usage of 3.35 + 2.79 hours per night and 5.01 + 2.51 hours per night on
days used, with 41% + 35% of days used for > 4 hours (55).

Prior to or within the first six months after NIV initiation, Stollery’s standard of care is
the provision of a mask fitting/customization of headgear by a highly specialized
multidisciplinary team, which might explain the overall higher initiation rates and adherence. It
is reasonable to consider that providing these services before NIV initiation might prevent
negative early experiences with inadequate fit, thereby reducing resistance from patients and
families using NIV.

Other factors beyond the timing of mask fitting, however, may have also played critical
roles in impacting the ability of a child and family to initiate and adhere to NIV, limiting our
ability to demonstrate significant differences in adherence rates based on the timing for which
mask fit/headgear adaptation services were offered. Previously reported factors included patient
comfort, the severity of medical conditions, and the level of family involvement (6, 11, 16, 18,
46, 49-51). Using a patient-centered care model, as an experienced team, the NIV program at the
Stollery Children’s Hospital actively identifies and addresses these modifiable factors, supports
families who have already shown interest in initiating NIV, and acts on modifiable factors (57).
This practice affects both case and control groups, minimizing the chances of detecting

significant differences.
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Maintained NIV Adherence within 6 Months after NIV Initiation

As revealed by the Kruskal-Wallis H test, the maintained adherence rates over time for
both the case and control groups underscore several critical factors that might have contributed to
this outcome. We hypothesized that early mask fit/headgear prior to NIV initiation might result
in earlier initiation and higher NIV usage, which this study could not demonstrate. This was not
entirely surprising since our team provides early follow-up during the first one to six months of
NIV initiation and remains available for families to call with concerns about their children’s
equipment. In fact, all children in the control group had an assessment of their mask fit within
the first six months, and, in a high proportion of them, their headgear was adapted, correcting
potential improper fits from standard equipment. This standard approach, consistent with
recommendations from the literature, might have played a pivotal role in sustaining adherence in
both cases and control groups and, therefore, limiting our capacity to find differences between
groups (6, 11, 14, 17, 24, 25, 30, 41, 45-47). Consistent and proper fitting of the mask and
headgear ensures comfort and the effective delivery of NIV therapy, which is essential for
promoting continued use among pediatric patients (6, 11, 17, 24, 25). Properly fitted masks and
headgear help minimize side effects such as skin irritation, pressure sores, and discomfort, all of
which can significantly impact adherence (11, 14, 30, 41, 45-47). The significance of
maintaining a proper fit throughout therapy duration cannot be overstated, as discomfort or poor
fit can lead to discontinuation or improper use of the therapy, ultimately affecting its efficacy (6,
11,17, 24, 25).

Secondly, incorporating an interdisciplinary healthcare team approach is crucial in
maintaining high adherence rates (6, 15, 54). As the lead of the NIV program, the NP coordinates

the overall care plan, ensures that each patient's treatment is tailored to their specific needs, and
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monitors their progress throughout the therapy. The respiratory therapists are responsible for
participation in the mask fitting, educating patients and families on NIV therapy, and making
ongoing adjustments to optimize ventilation support. The social workers offer financial resources
to families so patients can receive home NIV therapy without adding extra financial burdens.
Occupational therapists and occupational therapy assistants thoroughly evaluate the patient's
facial structure and provide headgear adaptation to optimize the mask fit, comfort, and
adherence. Child life specialists help children cope with their NIV by using therapeutic play and
providing emotional support to reduce anxiety and improve children’s ability to adjust to starting
NIV therapy and their experiences with NIV therapy over time. Orthotists design and customize
helmets for highly specialized patients, such as those with plagiocephaly or scaphocephaly,
ensuring their unique cranial shapes are accommodated for effective NIV therapy.

The multidisciplinary approach at Stollery’s NIV program provides holistic support to
families and may have contributed to the high adherence rates observed in both groups in this
study. Since other known factors—such as patient and family education about NIV, social
support, familiarity with NIV, and continuous support from the healthcare team—can
significantly impact adherence, the comprehensive care offered by the entire team may have
enhanced adherence beyond the effects of mask fitting and headgear adaptation alone (6, 11, 16,
18, 21, 46, 49-51). This could explain why no significant differences in adherence were seen
between the groups, as both benefited from the robust support provided by the interdisciplinary
team. Therefore, while mask fitting and headgear adaptation are important, the broader, patient-
centered care approach may also play a significant role in sustaining high adherence rates across

all patients in the NIV program.
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NIV Discontinuation within 6 Months after NIV Initiation

In this study, there was no statistical significance between the discontinuation rates in the
case group and the control group. Overall, the discontinuation rate in the study cohort remained
relatively low compared to the literature observed. For example, Guilleminault et al. (1995)
reported a 39% discontinuation and a 10% loss to follow-up rate in 72 infants successfully
treated at home with CPAP, mostly for reasons including improvement after upper airway
surgeries and improvement of polygraphic monitoring results with age (58). Markstrom et al.
(2008) noted a 33% discontinuation rate in 18 infants treated with NIV for reasons including
death, improvement in condition, and requiring invasive ventilation (59). McNamara et al.
(1999) reported 6 (25%) patients discontinued NIV out of a group of 24 infants; 3 (13%) patients
did not use NIV due to family refusal (60). The other families of 3 (13%) infants were not able to
manage the NIV at home (60). These differences may suggest that interventions such as ensuring
proper mask fitting within the first six months of NIV initiation, implemented in our program,
may be effective in promoting and maintaining adherence to NIV therapy. Ensuring a properly
fitted mask and headgear throughout therapy, along with frequent follow-up, can help in the
early detection and resolution of discomfort or complications that might lead to discontinuation
(6,11, 17, 24, 25). As this is a secondary data analysis focused on the timing of mask fitting's
effect on NIV adherence metrics, it is important to note that our study did not capture the depth
of detail to analyze the reasons for discontinuation (e.g., mortality, patient/family decisions to
stop, improvement in clinical condition, or being lost to follow-up) between the cases and
controls. These reasons for discontinuation could have provided deeper insights into the factors

influencing adherence and dropout but would fall outside the scope of this research, which is
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centered on adherence behaviors rather than the clinical or personal factors driving
discontinuation.
Study Limitations

As this was a single-centered and retrospective study based on previously collected data,
there are some limitations, and generalizations must be made with caution. Although we had
access to all objective adherence data directly available through machine downloads from the
datasets of sleep companies, cloud-based systems were not available during the study period.
Adherence data was only uploaded to the database if patients and families brought secure digital
(SD) memory cards to the sleep companies for uploads, which our NIV program requested for all
our families. Unforeseeable reasons, such as company system upgrades or defective SD cards,
might have also resulted in some missing data, as highlighted in the results. However, potential
missing data should have affected cases and controls equally. This is likely the case since the
comparison analysis, including children with documentation of NIV initiation in the medical
chart and no adherence reports available, provided similar results. Additionally, a minority of
patients were served by sleep companies with no local datasets available; thus, their adherence
data was only available if documented in the medical chart. Similarly, this missing data would
have likely affected cases and controls in the same way.

Conclusion

The NP-led NIV program at Stollery Children’s Hospital has a multidisciplinary team
that collaborates with patients and families with the goal in mind: every infant or child enrolled
in the NIV program is ensured a designated mask and headgear fitting at any given time while on
NIV therapy. From a clinical perspective, early individualized mask fitting with headgear

adaptation (if required) has resulted in more effective use and optimization of adherence to
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therapy in our Stollery program. This thesis investigated whether the timing of these mask-fitting
services prior to NIV initiation affected NIV initiation and adherence rates in the pediatric
population.

While this study did not demonstrate a statistically significant impact regarding the
timing of mask fitting on NIV initiation and therapy adherence at six months; this study revealed
that adherence rates in both the case and control groups were higher than those reported in the
literature. This finding suggests that mask fitting and headgear adaptation are essential
interventions for successful NIV initiation, whether conducted before or shortly after therapy
begins. The comprehensive service offered by specialized pediatric NIV programs is vital in
maintaining high adherence rates, ultimately leading to improved health outcomes and well-

being for pediatric patients.
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Chapter 3: General Discussion and Conclusions
Implications for Future Study

The NIV adherence rates observed in this study aligned with or exceeded those reported
in the current literature. Although our results could not demonstrate that a proactive approach to
mask fitting and headgear adaptation by a specialized team prior to NIV initiation resulted in a
higher likelihood of initiating and adhering to NIV, the overall high adherence rates in both
groups potentially reflect the known benefits of a comprehensive multidisciplinary pediatric NIV
program. Since mask fitting and headgear adaptation have become the standard of care at the
Stollery Children's Hospital, we were not able to collect more data from control groups where
patients did not have access to these interventions for additional research.

Stollery’s specialized NIV program aims to target previously identified barriers to NIV
initiation and adherence. For future studies, engaging pediatric patients using home NIV and
their families in the co-design of specific interventions to address identified barriers with NIV
use would be important. Through a qualitative participatory approach that identifies barriers to
and potential solutions with respect to initiating NIV and using it over time would be beneficial
as these children and their families are the ones with the lived experiences with respect to the
challenges of initiating and maintaining NIV use. Subsequent research could then implement the
interventions recommended and measure their effectiveness, which could serve as a foundation
for developing targeted strategies to enhance the efficacy of home NIV therapy and support a
new establishment of standardized pediatric home NIV care tailored to Stollery patients.
Ultimately, this could improve the overall health outcomes for pediatric patients using home NIV

at the Stollery.
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Implications for Nursing

The findings from our study suggest that though mask fitting plays a vital role in
pediatric NIV therapy, the role of timing of mask fitting remains inconclusive. A
multidisciplinary and comprehensive approach to NIV therapy was found to be beneficial to
achieving an overall higher adherence rate than has been previously shown in the literature. One
of the most important strategies that has been found to be a key element in facilitating NIV use in
infants and children is the provision of specialized mask fitting and headgear adaptation either
before or shortly after NIV initiation, as is the current practice by a specialized team for all
infants and children requiring home NIV therapy through the Stollery NIV program. Other
individualized strategies may include patient and family education, continuous support, regular
follow-up, and ongoing reassessment of equipment and mask fit (6, 50). Addressing barriers to
adherence, such as short- and long-term side effects, discomfort, and lack of access to healthcare,
is also necessary for long-term NIV adherence (6, 45, 46). These findings are important for
healthcare professionals to consider when caring for pediatric patients on home NIV therapy.
Decision-makers, such as patient care managers who oversee the allocation of resources, should
be informed on the positive effects of these strategies so they can prioritize appropriate resource
allocation that can continue to support the ongoing requirement for an NIV mask fitting and
headgear adaptation program for Stollery patients requiring NIV therapy. Nurses and nurse
practitioners could advocate for pediatric patients to receive specialized NIV programs and care
to ensure optimal outcomes. Nursing staff and other frontline clinicians should also stay
informed with respect to NIV advanced technologies that could be used for pediatric patients
requiring NIV therapy. These could significantly shape future clinical practices and aid in

establishing improved long-term therapy routines for this vulnerable pediatric population.
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Conclusion

As one of the first studies to explore the impact of the timing of mask fitting on NIV
therapy adherence in a pediatric population, our study suggests that early mask fitting/headgear
adaptation potentially contributed to overall high adherence rates in our study cohort. However,
we could not demonstrate whether offering this specialized care prior to NIV initiation could
have resulted in an even larger effect on NIV initiation, maintenance of adherence at 1,3, and 6
months or discontinuation at 6 months after NIV initiation.

Our findings emphasize the importance of an interdisciplinary team and a patient-
centered approach in optimizing the initiation and ongoing management of pediatric NIV
therapy. Care teams that facilitate NIV initiation, optimize adherence, and ensure positive
therapeutic outcomes are essential. Consideration of factors such as patient comfort, caregiver
support, and individualized strategies require study. The comprehensive care provided by
specialized pediatric NIV programs is vital in addressing the challenges to NIV adherence in
infants and children and in maintaining high adherence rates, that will ultimately improve the

health outcomes and overall well-being of infants and children requiring home NIV therapy.
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Appendix A: Glossary of Terms
The following NIV terms used throughout the thesis are commonly used in literature, and
they are defined as follows:

(1) Non-invasive ventilation (NIV) refers to the provision of mechanical ventilation without
requiring an invasive artificial airway. Non-invasive positive-pressure ventilation using a
mask (or interface) that conducts room air from a positive-pressure ventilator into the
nose or mouth has become the predominant means of administering NIV worldwide (7).
NIV has become an integral component of breathing support in acute and chronic settings
because it avoids the complications of invasive ventilation (61). For this thesis proposal,
NIV will refer to an umbrella of therapies, including continuous positive airway pressure
(CPAP) and bilevel positive airway pressure (BIPAP).

Continuous positive airway pressure (CPAP) is a type of positive airway pressure used
to deliver a set pressure to the airways maintained during inspiration (16, 62). Applying
CPAP maintains positive end-expiratory pressure; it can decrease atelectasis, increase the
alveolus's surface area, improve ventilation-perfusion matching, and improve
oxygenation (16, 62).

(2) Bilevel Positive Airway Pressure (BIPAP) is pressure-limited ventilation. BIPAP
delivers a cycling, pre-set pressure support which is higher during inspiration than
expiration (16, 42). The high airflow provided by the ventilator augments the patient's
inspiratory efforts. It should be delivered synchronously with the patient's respiratory
efforts (16, 42). BIPAP is generally indicated when chronic hypercapnic respiratory
failures occur from various etiologies, and CPAP is not tolerated or ameliorates upper

airway obstruction (42).
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(3) Headgear refers to the straps/headpiece used to keep the NIV mask in place. Headgear is
designed to minimize discomfort and optimize the placement and stabilization of the NIV
mask (9, 11).

(4) Masks interface refers to the equipment resting on the infant or child's face through
which positive airway pressure is delivered (9, 11, 22, 63). Four standard mask interface
types are available for home NIV use in children, including nasal masks, oro-nasal
masks, nasal pillows, and total-faced masks (9, 11, 16, 63).

(5) Adherence refers to NIV therapy usage by infants and children in this thesis. Definitions
of adherence vary in the literature. For this thesis, acceptable adherence is using NIV for

at least four hours a night on 70% of nights (6, 18, 37).
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Appendix B: Examples of Currently Available NIV Mask Fit and Headgear Adaptation on

Mannequins

Figure 3. Poor Infant NIV Mask Fit and Headgear Adaptation #1.

Note: This infant mannequin was wearing a small Respireo nasal cushion and a small Respireo
headgear as a set. The nasal cushion fit the infant; however, the headgear was too large, as
indicated by the red arrows, which led to mask displacement.

Figure 4. Poor Infant NIV Mask Fit and Headgear Adaptation #2.
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Note: This infant mannequin was wearing a small Cirri nasal cushion and a small Cirri headgear
as a set. The nasal cushion fit the infant; however, the headgear was too large, as indicated by the

red arrows, which made this set unusable.

Figure 5. Good Infant NIV Mask Fit and Headgear Adaptation.

Note: After having the Stollery NIV program fit the mask and headgear, it was determined that
this infant mannequin needed a small Cirri nasal cushion with an extra small Respireo headgear
to obtain a proper nasal cushion and good headgear fit as indicated.

Figure 6. Poor Child NIV Mask Fit and Headgear Adaptation #1.
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Note: This child mannequin was wearing a youth Wisp nasal mask and a youth Wisp headgear as
a set. The nasal cushion fit the child; however, the frame and the headgear were too large, as

indicated by the red arrows, which made this set unusable.

Figure 7. Poor Child NIV Mask Fit and Headgear Adaptation #2.

Note: This child mannequin was wearing a pediatric Wisp nasal mask and a pediatric headgear
as a set. The nasal cushion fit the child; however, the frame and the headgear were too small, as
indicated by the red arrows, making this set inappropriate for the child.

Figure 8. Good Child NIV Mask Fit and Headgear Adaptation.
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Note: After having the Stollery NIV program fit the mask and headgear, it was determined that
this child mannequin needed a pediatric Wisp nasal mask with a youth Wisp headgear to obtain a

proper nasal cushion and good headgear fit as indicated.
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Appendix C: REDCap Forms with Collected Variables

Establishing the role of specialized mask fitting in adherence to non-invasive ventilatian in cfvidnen
. Page 1
Demographics

Recard 1D

Last Name

First Name

Date of Birth

Alberta Healthcare Numbser

Sex ) Male
) Femnale
Geographic Location Edmanton
Within Alberta
) Out of Province

Primary Reason for NIV Initiation

21-08-2024 17:10 projectredeap.ong ﬂEDCap‘
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Establishing the role of specialized mask fitting in adherence to nom-invasive ventilation in chidnen

NIV Therapy

Page 1

Recard 1D

Initiation Date

Date of Maskfit

Additional Maskfit

Additional Maskfit 2

Age at NIV Initiation

()= 2 years
Cr2 years bo < 5 years
5 years to < 13 years

13 years and up
Initiation Location ) Inpatient
Outpatient
Mot Documented
Therapy Type Cy CPAP
(O BPAP
Mazk Type ) nasal
C full face
Headgear Adaptation needed? Tes
Mo
Case or Control Graup Oy Case
() Contral
Did patient use NIV therapy based on clinical Ches
decumentation? Cr Mo
Did patient use NIV therapy within the first 1 month Tes
after NIV recommendation? Mo
Did the patient wse NIV therapy within the first 3 Crves
months after the NIV recommendation? Mo
Did the patient use NIV therapy within the first & Crves
manths after the NIV recommendation? Cr Mo

20-08-2024 17:12

projectredcap.ong

REDCap



Reaszon for Mo NIV start

(C} Improved condition

)} Inpatient use only
NIV initiated before 2012 or after 2015
Transferred care

()} Deceased or need more therapy

) Lost to follow up

Reaszon for Mo NIV adherence downloads

21-08-2024 17:12

(O With other sleep wendors
()} Missing data due to system upgrades

posmecpoy  REDCAP'
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Establishing the role of specialized mask fitting in adherence to non-invasive venthiatian in cfildnan

Visits and Adherence

Page 1

Recard 1D

1 month adherence download available?

Download Date

Days Included

Total Average Hours of Use

Days used

Average Hours of Use Days Used

Percentage of Nights with Use =4 Hours

3 months adherence download available?

Download Date

Days Included

Total Average Hours of Use

Days used

Average Hours of Use Days Used

Percentage of Nights with Use >4 Hours

6 months adherence download available?

Yes
Mo

Download Date

20-08-2024 17:14

projectredcap.ong

REDCap
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Days Included

Total Average Hours of Use

Days used

Average Hours of Use Days Used

Percentage of Nights with Use >4 Hours

Discontinued within & months of starting

21-08-2024 17:14

projectredcap org

REDCap

61



