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MESSAGE FROM THE EDITOR-IN-CHIEF

“Tea” time? Cannabis legalization in Canada
Justin Sorge RRT FCSRT MPH

C

annabis legalization in Canada is coming
socioeconomic factors. Such with other legal psythis summer. At press, the Cannabis Act,
choactive or habit-forming substances—namely
Bill C45, has been approved by the Senate.
alcohol and tobacco—it is the responsibility of the
This legislation, aimed at restricting access for
health care practitioner to remain informed of the
Canadian youth to cannabis while curbing the
most up to date and robust evidence of the beneorganized criminal activity associated with the disfits, risks, harms, and mitigating factors of canntribution of this illegal substance, will allow
abis use and to translate this knowledge to their
Canadian adults to possess up to 30 grams
patients in language and a medium that will be
of legal cannabis and grow up to four plants at
accepted and understood.
home [1–3].
One benefit of legalization of cannabis in
While there is some conclusive evidence
Canada is certain: this research is going to be a lot
supporting cannabis use for treatment of some
easier to carry out as more robust data are available
illnesses—see Whiting et al. [4] and the Committee
for analysis!
on the Health Effects of Marijuana: An Evidence
Justin Sorge
Review and Research Agenda [5] for further
details—the associated risks of use may be of particular interest to our readership.
While difficult to rule out residual confounding with concurrent
tobacco use, lifetime combustible cannabis use was associated with a 2.12
hazard ratio of developing tracheal, bronchus, or lung cancer over nonusers [6]. The acute intoxicating effects of use have been associated with
a higher risk of motor vehicle collision [7–9] and marginally associated
with fatal and serious injury [10]. Long-term use has been associated with
Justin Sorge RRT, FCSRT, MPH, Editor-in-Chief
a host of mental health, developmental, and psychosocial outcomes;
curious readers are directed to the World Health Organization’s recent
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comprehensive review of the health effects of cannabis use [10].
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RESEARCH ARTICLE

Obstructive sleep apnoea in patients with fibrotic diffuse
parenchymal lung disease—characterization and treatment
compliance assessment
Ana Verónica Cardoso, MD1, Nuno Pereira, MD2, Inês Neves, MD3, Vanessa Santos, MD1, José Miguel Jesus, MD4,
Natália Melo, MD1, Patrícia Caetano Mota, MD1,2, António Morais, PhD1,2, Marta Drummond, PhD1,2
AV Cardoso, N Pereira, I Neves, V Santos, JM Jesus, N Melo, PC Mota, A Morais, M Drummond. Obstructive sleep apnoea in patients with
fibrotic diffuse parenchymal lung disease—characterization and treatment compliance assessment. Can J Respir Ther 2018;54(2):35–40. doi:
10.29390/cjrt-2018-005.
Introduction: Recent studies have reported a high prevalence of obstructive sleep apnoea (OSA) among patients with diffuse parenchymal lung disease
(DPLD), mainly idiopathic pulmonary fibrosis (IPF). Effective OSA treatment appears to have a positive impact on morbidity and mortality in these
patients. However, poor compliance to positive airway pressure (PAP) treatment in fibrotic DPLD patients has been reported. The aims of our study were
to characterize patients with fibrotic DPLD and OSA and to assess their compliance to PAP treatment.
Methods: Forty-nine patients with fibrotic DPLD underwent level III polysomnography. Auto-adjusting PAP (APAP) treatment was proposed for those
patients with moderate-to-severe OSA and those with mild OSA with daytime sleepiness and/or cardiovascular disease. The APAP treatment compliance
was assessed after 1 month of therapy.
Results: The distribution of the 49 fibrotic DPLD patients included was as follows: 21 with chronic hypersensitivity pneumonitis, 12 with IPF, 10 with
connective-tissue associated DPLD, 4 with stage IV sarcoidosis, 1 with idiopathic pleuropulmonary fibroelastosis, and 1 with DPLD-associated vasculitis.
Thirty-four (69.4%) of the patients presented with OSA; 22 had mild OSA, and 12 had moderate-to-severe OSA. APAP treatment was prescribed in 17 of
the patients. After 1 month of therapy, all patients used APAP more than 70% of the nights for more than 4 h per night.
Conclusion: We found a high prevalence of OSA among all of the patients with fibrotic DPLD (not only IPF). Despite certain difficulties, it was possible
to achieve good APAP compliance in these patients.
Key Words: obstructive sleep apnea; diffuse parenchymal lung disease; positive airway pressure treatment; compliance

INTRODUCTION
Diffuse parenchymal lung diseases (DPLDs) are a heterogeneous group of
disorders resulting from damage to the lung parenchyma by varying patterns of inflammation and fibrosis [1, 2]. Fibrotic DPLD, namely idiopathic
pulmonary fibrosis (IPF), is associated with high morbidity and mortality.
Frequently, these patients have exercise intolerance and hypoxemia that can
progress to respiratory failure, pulmonary hypertension, and death [3].
Recently published studies [4–10] have reported a 59%–90.3% prevalence of obstructive sleep apnoea (OSA) among patients with DPLD,
mainly IPF. In these patients, OSA exhibits atypical features, such as a
lack of association between severity of OSA and body mass index (BMI)
or daytime sleepiness [4, 5]. The mechanism underlying OSA and
fibrotic DPLD linkage is probably related to the decreased lung volumes
in these diseases, which can reduce the upper airway stability and
increase resistance due to decreased traction in the upper airway. These
changes can facilitate upper airway collapse, especially during REM
sleep, when the functional residual capacity is further reduced due to
intercostal muscle inactivity [11–14]. Although the majority of studies
regarding the mechanism causing OSA included only patients with IPF,
we hypothesize that all patients with fibrotic DPLD have an increased
risk for this sleep breathing disorder (SBD). In these patients, OSA may
be one reason for their impaired sleep quality [4, 5] and, consequently,

may have a negative influence on daily activities and overall quality of life
[15–17]. In addition, underlying OSA and other SBDs, such as sleep
oxygen desaturation, appear to have a negative influence on morbidity
and mortality in DPLD patients [7, 8].
The timely diagnosis and management of OSA in DPLD patients
may be an intervention that can significantly improve these patients’
outcomes [8, 18]. The main issue in sleep medicine is not only the recognition of sleep disorders but also providing effective treatment. There
have been few studies addressing OSA treatment in DPLD patients, and
all of them included only IPF patients [8, 19, 20]. That population is
associated with a high incidence of positive airway pressure (PAP) nonacceptance or poor compliance, which can only be eliminated through an
intense follow-up by a well-organized sleep centre [19, 20]. However,
recent studies have shown that effective PAP treatment in IPF patients
with OSA resulted in a significant improvement in daily living activities
based on a functional outcomes of sleep questionnaire [8, 19] as well as
quality of sleep and life [8]. PAP treatment may also influence the mortality in these patients [8] despite the high incidence of nonacceptance
and poor compliance to PAP in IPF patients with OSA [8, 19, 20].
Based on the abovementioned information, the aims of our study
were to characterize patients with concomitant fibrotic DPLD and OSA
and to assess their compliance to PAP treatment.

1
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Subjects

METHODS

This prospective study was conducted at the Pulmonology Department
of the Centro Hospitalar São João in Oporto (Portugal) from July 2015
to March 2017. Patients who had been followed-up at the Diffuse Lung
Disease Outpatient Clinic of the Pulmonology Department were
assessed. All of the patients were informed about the study and voluntarily signed their informed consent. This study was approved by the hospital ethics committee.
The inclusion criteria were as follows: diagnosis of fibrotic DPLD
namely IPF, usual interstitial pneumonia (UIP)-like fibrosis, fibrotic nonspecific interstitial pneumonia (NSIP) (idiopathic or NSIP-like), idiopathic pleuropulmonary fibroelastosis, or stage IV sarcoidosis. In
addition, they had to exhibit a stable disease; that is, no treatment
change and no deterioration in the forced vital capacity (FVC) >10%
and/or diffusing capacity of the lungs for carbon monoxide (DLCO)
>15% for the last 3 months.
The exclusion criteria were as follows: known risk factors for sleep
disorders (BMI ≥ 30 kg/m2, cranial-facial deformities, and benzodiazepine use), neuromuscular diseases, severe psychiatric disorders, other
chronic pulmonary diseases, a partial pressure of O2 in the arterial blood
(PaO2) < 60 mmHg at rest on room air, and previously diagnosed OSA.
Of the 65 eligible patients, 49 agreed to participate in the study. They
underwent level III polysomnography (PSG III) and were asked to fill out
the Epworth Sleepiness Scale (ESS). Each patient’s epidemiological data,
co-morbidities, pulmonary function test (PFT), 6-min walk test (6MWT),
blood gas analysis, fibrosis score, and echocardiogram results were retrieved,
retrospectively, from their hospital records. All tests and assessments were
carried out within a maximum period of 2 months before inclusion in the
study and the accomplishment of the respective polysomnography.

Polysomnography
The diagnosis of OSA was based on a six-channel overnight PSG III
study (ResMed® EmblettaTM Gold Portable Testing Device; Embla,
Broomfield, CO, USA), which included monitoring of the heart rate,
oronasal airflow (using a thermistor and nasal cannula), respiratory
effort (using abdominal and thoracic strain gauges), oxygen saturation
(using pulse oximetry), snoring, and body position. All of the sleep studies were manually scored by experienced sleep technicians, and apnoea
and hypopnoea were defined according to the criteria of American
Academy of Sleep Medicine (AASM) [21, 22]. Apnoea was defined as the
reduction in airflow ≥ 90% of baseline, lasting ≥ 10 s, and hypopnoea as
the reduction in baseline airflow ≥ 30% with ≥ 3% desaturation, lasting
≥ 10 s. The apnoea–hypopnoea index (AHI) was calculated as the number of apnoea and hypopnoea events per hour of sleep. OSA severity is
defined as mild for AHI ≥ 5 and < 15, moderate for AHI ≥ 15 and ≤ 30,
and severe for AHI > 30/h [21]. The oxygen desaturation index (ODI),
defined as the number of arterial oxygen desaturations per hour ≥ 3%
[21], was also reported. We considered desaturation significant when
ODI > 10/h and/or sleep time with SpO2 less than 90% (ST<90%) was
more than 20% [23]. Patients with OSA and ST<90% scores greater than
20% underwent nocturnal oximetry after beginning OSA treatment.

PFT and 6MWT
The spirometry (forced expiratory volume in the first second (FEV1),
forced vital capacity (FVC) and FEV1/FVC ratio), static lung volume
measurements (total lung capacity (TLC), residual volume (RV) and RV/
TLC ratio via body box plethysmography) and DLCO via single-breath
technique were performed using the Jaeger® MasterScreen Body with the
patient in a seated position, according to the approved standards [24].
The 6MWT was performed using the protocol approved by the
European Respiratory Society/American Thoracic Society Task Force [25].

Fibrosis score
The radiological extent of pulmonary fibrosis was evaluated using
the same fibrosis score as that used in the composite physiological index
validation [26]. All patients underwent high-resolution computed tomography (HRCT), and the images were independently evaluated by two
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thoracic radiologists (the same two radiologists evaluated all HRCTs) at
five levels (origin of great vessels, mid-arch of aorta, carina, pulmonary
venous confluence, and 1 cm above the right dome of diaphragm) for the
extent of fibrosis [27]. The alterations were graded as follows: 1 = predominantly fine intralobular fibrosis, 2 = predominantly microcystic honeycombing (comprised of air spaces less than 4 mm in diameter), and 3 =
predominantly macrocystic honeycombing (comprised of air spaces more
than 4 mm in diameter), with a maximum score of 15 for five levels [26].

ESS
The ESS is the most widely used instrument for measuring daytime
sleepiness in clinical practice. It is simple, self-administered, and measures the risk of falling asleep in 8 specific situations. A score higher than
11 is associated with subjective daytime sleepiness [28].

APAP treatment and compliance
OSA treatment, with auto-adjusting continuous positive airway pressure
(APAP), was proposed for those patients with moderate-to-severe OSA
(AHI ≥ 15/h), and those with mild OSA with daytime sleepiness and/or
cardiovascular disease (including arterial hypertension, diabetes mellitus, coronary disease, or stroke).
In Portugal, the cost of APAP treatment, which includes delivery
and technical maintenance by domiciliary respiratory care providers, is
completely covered by the Portuguese national health system; therefore,
treatment is provided at no additional cost to the patient [29]. In our
department, it is a common practice to prescribe, at least initially, APAP
to OSA patients instead continuous positive airway pressure (CPAP)
because it spares pressure titration.
Prior to APAP treatment, all patients received education from a sleep
physician regarding OSA, its known effects on comorbidities, proper sleep
hygiene, adjunctive/conservative methods to improve sleep, and the
importance of treatment compliance. Each patient was scheduled for a
clinical appointment with a sleep physician 1 month after starting APAP
therapy. At that point, the clinical symptoms were evaluated as well as
APAP compliance variables (percentage of nights of APAP use and number of hours per night), 90% night-time pressure (P90) and residual AHI
which were assessed by analysing the data from equipment’s memory card.
The compliance to therapy was classified as good if the patient used
APAP more than 70% of the nights and more than 4 h/night and poor
if the usage was less than 70% of the nights and/or less than 4 h/night
[30]. During the follow-up of these patients, whenever necessary, heated
humidification was added, nasal corticosteroids were prescribed, and
masks were changed according to the patient’s preference or to control
the excessive leaking to improve the efficacy, comfort, and compliance.

Statistical analysis
The data were described as mean and standard deviation (SD) for quantitative variables, and compared using the Mann–Whitney U or Kruskal–
Wallis tests, as appropriate. The categorical variables were described as
counts and proportions and compared using χ2 or Fisher’s exact tests.
The statistical analysis was performed using SPSS version 24.0 software
(SPSS Inc., Chicago, Illinois, USA). All of the probabilities were twotailed, and p values <0.05 were regarded as significant.

RESULTS
The study group included 49 patients with diagnosis of chronic hypersensitivity pneumonitis (CHP) (UIP-like or fibrotic NSIP-like, n = 21),
IPF (n = 12), connective-tissue associated DPLD (UIP-like or fibrotic
NSIP-like, n = 10), stage IV sarcoidosis (n = 4), idiopathic pleuropulmonary fibroelastosis (n = 1), and vasculitis associated DPLD (UIP-like,
n = 1). Demographic and clinical data are shown in Table 1.
A diagnosis of OSA (AHI ≥ 5 events/h) was made in 34 (69.4%)
patients, of those 22 (64.7%) had mild OSA and 12 (35.3%) had
moderate-to-severe OSA. The prevalence of OSA was 83.3% in the IPF,
76.2% in the CHP, 70.0% in the connective-tissue associated DPLD,
and 25.0% in the stage IV sarcoidosis patients. Neither of the two
patients with idiopathic pleuropulmonary fibroelastosis and vasculitis-
associated DPLD presented with OSA.

Can J Respir Ther Vol 54 No 2 Summer 2018

OSA in patients with fibrotic DPLD

TABLE 1
Demographic and clinical data of the patients included in this study
Variables
Age (years)
Gender (male/female)
Smoking history
Current smokers
Ex-smokers
Non-smokers
Diffuse parenchymal lung disease
CHP
IPF
Connective-tissue associated DPLD
Stage IV sarcoidosis
Idiopathic pleuropulmonary fibroelastosis
Vasculitis associated DPLD
Comorbidities
GERD
Arterial hypertension
Diabetes mellitus
Coronary disease and/or heart failure
Stroke
Pulmonary hypertension

All patients (n = 49)

Patients with OSA (n = 34)

Patients eligible for APAP treatment (n = 25)

67.2 ± 12.2
26 (53.1)/23 (46.9)

69.2 ± 11.2
16 (47.1)/18 (52.9)

71.2 ± 10.0
10 (40.0)/15 (60.0)

4 (8.2)
16 (32.7)
29 (59.2)

2 (5.9)
10 (29.4)
22 (64.7)

1 (4.0)
6 (24.0)
18 (72.0)

21 (42.9)
12 (24.5)
10 (20.4)
4 (8.2)
1 (2.0)
1 (2.0)

16 (47.1)
10 (29.4)
7 (20.6)
1 (2.9)
0 (0)
0 (0)

13 (52.0)
6 (24.0)
5 (20.0)
1 (4.0)
0 (0)
0 (0)

34 (69.4)
23 (46.9)
9 (18.4)
7 (14.3)
4 (8.2)
6/35 (17.1)

21 (61.8)
18 (52.9)
7 (20.6)
5 (14.7)
3 (8.8)
4/22 (18.2)

18 (72.0)
15 (60.0)
7 (28.0)
5 (20.0)
3 (12.0)
4/22 (18.2)

All data are given as the mean ± SD or n (%). OSA, obstructive sleep apnoea; APAP, auto-adjusting positive airway pressure; CHP, chronic hypersensitivity
pneumonitis; IPF, idiopathic pulmonary fibrosis; DPLD, diffuse parenchymal lung disease; GERD, gastro-oesophageal reflux disease.

TABLE 2
Pulmonary function test results, fibrotic scores, ESS scores, and polysomnographic parameters of the included patients
Variables
AHI (events/h)

Pulmonary function tests
FEV1 (% predicted)
FVC (% predicted)
FEV1/FVC (%)
TLC (% predicted)
DLCO (% predicted)
Six-minute walk test
Distance (meters)
SpO2 before (%)
SpO2 after (%)
Blood gas analysis
PaO2 (mmHg)
PaCO2 (mmHg)
Fibrosis score
ESS
>11
<11
Polysomnography III
AHI (events/h)
Apnea index (events/h)
Hypopnoea (events/h)
ODI (events/h)
>10 events/h
<10 events/h
Minimum SpO2 (%)
Average SpO2 (%)
ST<90% (%)
>20%
<20%

All patients (n = 49)

Patients with OSA (n = 34)

Patients eligible for PAP treatment (n = 25)

<5 – 15 patients
5–14 – 22 patients
≥15 – 12 patients

5–14 – 22 patients
≥15 – 12 patients

5–14 – 13 patients
≥15 – 12 patients

89.3 ± 23.9
86.1 ± 18.9
80.3 ± 9.6
84.4 ± 14.8
65.8 ± 18.6

94.8 ± 23.6
89.8 ± 18.4
81.6 ± 9.3
85.5 ± 14.5
67.5 ± 18.8

96.3 ± 26.4
91.2 ± 20.4
81.1 ± 10.5
87.3 ± 15.3
61.3 ± 15.9

405.0 ± 124.8
95.5 ± 2.5
87.4 ± 6.1

401.8 ± 113.9
95.7 ± 2.2
87.5 ± 5.8

373.2 ± 94.4
95.7 ± 1.5
86.5 ± 6.4

79.6 ± 10.7
38.7 ± 5.1
9.3 ± 3.4
6.7 ± 5.2
9 (18.4)
40 (81.6)

79.1 ± 10.9
39.2 ± 5.3
8.5 ± 3.1
6.6 ± 4.6
5 (14.7)
29 (85.3)

78.2 ± 10.5
39.2 ± 5.9
8.8 ± 3.3
8.1 ± 4.7
5 (20.0)
20 (80.0)

11.3 ± 9.9
4.4 ± 5.1
7.0 ± 7.3
11.5 ± 10.7
23 (46.9)
26 (53.1)
83.0 ± 6.9
92.9 ± 2.9
14.4 ± 24.7
12 (24.5)
37 (75.5)

15.0 ± 9.8
5.8 ± 5.5
9.2 ± 7.8
15.2 ± 11.1
23 (67.6)
11 (32.4)
81.5 ± 7.6
92.7 ± 3.0
16.9 ± 27.5
10 (29.4)
24 (70.6)

17.1 ± 10.5
5.9 ± 6.3
11.2 ± 8.0
17.5 ± 11.5
20 (80.0)
5 (20.0)
80.1 ± 7.4
92.1 ± 3.0
21.9 ± 30.0
10 (40.0)
15 (60.0)

All data are given as the mean ± SD or n (%). ESS, Epworth sleepiness score; OSA, obstructive sleep apnoea; PAP, positive airway pressure; AHI, apnoea-
hypopnoea index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity of lung for carbon
monoxide; ODI, oxygen desaturation index; ST<90%, sleep time with SpO2 below 90%.

PFTs and 6MWTs, blood gas analyses, fibrosis scores, ESS scores,
and PSG parameters are shown in Table 2. Most respiratory events consisted of hypopnoea rather than apnoea. ODI was higher than 10
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events/h in 23 (46.5%) of the patients, all with OSA. The mean of the
ODI was statistically different between those patients with and without OSA (15.2 ± 11.1 events/h and 3.4 ± 2.1 events/h, respectively,
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p = 0.009). Twelve patients (24.5%) exhibited more than 20% of their
ST<90%, from which 10 (83.3%) had OSA. Despite the lack of statistical
significance, the mean percentage of ST<90% was substantially higher in
OSA patients than in those without this comorbidity (16.9 ± 27.5% and
8.4 ± 15.7%, respectively, p = 0.06). There were no significant differences
concerning age, gender, smoking history, comorbidities, PFTs, 6MWTs,
blood gas analyses, fibrosis scores, and ESS scores between patients with
and without OSA (Table 3).
Among OSA patients, 25 were eligible for APAP treatment according
to the criteria described above. Of these, 4 patients refused APAP treatment (none of these had excessive daytime sleepiness), 2 patients died
before starting treatment, and 2 others reported APAP intolerance due
to claustrophobia and/or insomnia and were excluded 1 week after
unsuccessful attempts. APAP treatment was prescribed for the remaining
patients. Supplemental oxygen was not added to any of these patients.
The APAP treatment compliance after 1 month is described in
Table 4. All of the patients used APAP for more than 70% of the nights
and for more than 4 h/night. Those patients with previous ST<90%
scores greater than 20% (n = 8) underwent nocturnal oximetry while

TABLE 4
APAP compliance of 17 included patients* after 1-month
follow-up
Patients under APAP
treatment (n = 17)

Variables
Baseline AHI (events/h)
% nights used each month (%)
Hours per night, on nights APAP was used (h)
% nights >4 h per night (%)
Minimum pressure (mmHg)
Maximum pressure (mmHg)
Pressure P95 (mmHg)
Residual AHI (events/h)

5–14 (8 patients)
≥15 (9 patients)
97.6 ± 3.2
6.2 ± 1.1
85.4 ± 14.5
6.8 ± 1.65
13.86 ± 2.7
10.5 ± 1.7
2.3 ± 3.3

All data are given as the mean ± SD. APAP, auto-adjusting positive airway
pressure; AHI, apnoea-hypopnoea index.
*Of the 25 patients eligible for treatment: 4 refused treatment, 2 died before
initiating treatment, and 2 abandoned the treatment in the first week.

TABLE 3
Comparison between patients with and without OSA
Variables (units)
Age (years)
Gender (male/female)
Smoking history
Current smokers
Ex-smokers
Non-smokers
Comorbidities
GERD
Arterial hypertension
Diabetes mellitus
Coronary disease and/or heart failure
Stroke
Pulmonary hypertension
Pulmonary function tests
FEV1 (% predicted)
FVC (% predicted)
FEV1/FVC (%)
TLC (% predicted)
DLCO (% predicted)
Six-minute walk test
Distance (m)
SpO2 before (%)
SpO2 after (%)
Blood gas analysis
PaO2 (mmHg)
PaCO2 (mmHg)
Fibrosis score
ESS
>11
<11
Polysomnography III
AHI (events/h)
Apnea index (events/h)
Hypopnoea (events/h)
ODI (events/h)
>10 events/h
<10 events/h
Minimum SpO2 (%)
Average SpO2 (%)
ST<90% (%)
>20%
<20%

Patients without OSA (n = 15)

Patients with OSA (n = 34)

p

62.5 ± 13.4
10 (66.7)/5 (33.3)

69.2 ± 11.2
16 (47.1)/18 (52.9)

NS
NS

2 (13.3)
6 (40.0)
7 (46.7

2 (5.9)
10 (29.4)
22 (64.7)

NS
NS
NS

13 (86.7)
5 (33.3)
2 (13.3)
2 (13.3)
1 (6.7)
2/13 (15.4)

21 (61.8)
18 (52.9)
7 (20.6)
5 (14.7)
3 (8.8)
4/22 (18.2)

NS
NS
NS
NS
NS
NS

77.0 ± 20.3
77.9 ± 17.9
77.5 ± 9.9
81.9 ± 15.7
62.1 ± 18.4

94.8 ± 23.6
89.8 ± 18.4
81.6 ± 9.3
85.5 ± 14.5
67.5 ± 18.8

NS
NS
NS
NS
NS

411.7 ± 148.8
95.1 ± 3.0
87.2 ± 6.8

401.8 ± 113.9
95.7 ± 2.2
87.5 ± 5.8

NS
NS
NS

80.8 ± 10.7
37.5 ± 4.8
9.9 ± 2.9
6.5 ± 6.6
4 (26.7)
11 (73.3)

79.1 ± 10.9
39.2 ± 5.3
8.5 ± 3.1
6.6 ± 4.6
5 (14.7)
29 (85.3)

NS
NS
NS
NS
NS
NS

3.0 ± 1.4
1.2 ± 1.4
1.9 ± 1.4
3.4 ± 2.1
0 (0)
15 (100)
86.1 ± 3.9
93.1 ± 2.6
8.4 ± 15.7
2 (13.3)
13 (86.7

15.0 ± 9.8
5.8 ± 5.5
9.2 ± 7.8
15.2 ± 11.1
23 (67.6)
11 (32.4)
81.5 ± 7.6
92.7 ± 3.0
16.9 ± 27.5
10 (29.4)
24 (70.6)

0.002
0.004
0.020
0.009
NS
NS
NS
NS
NS
NS
NS

All data are given as the mean ± SD or n (%). OSA, obstructive sleep apnoea; NS, not statistically significant; GERD, gastro-oesophageal reflux disease; FEV1,
forced expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity of lung for carbon monoxide; ESS, Epworth
sleepiness score; AHI, apnoea-hypopnoea index; ODI, oxygen desaturation index; ST<90%, sleep time with SpO2 below 90%.
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under APAP, and all of them presented with resolved desaturation
(mean SpO2: 94.3 ± 1.6% and mean ST<90%: 4.5 ± 2.8%). The most
frequent complaints related to APAP treatment were sleep onset and
maintenance insomnia (n = 3, 17.6%) and dry mouth despite heated
humidification (n = 3, 17.6%).

DISCUSSION
In this study, even after excluding obesity and other risk factors for
OSA, a high prevalence of this condition was found in fibrotic
DPLD patients (69.4%), mainly in IPF (83.3%) and CHP (76.2%) cases.
In addition, there was good compliance with the APAP treatment in
fibrotic DPLD patients. In this study group, OSA severity was mostly
mild, as reported in some studies of DPLD patients [5, 6] but in contrast
with others [4, 7, 8, 19].
Fibrotic DPLD is characterized by a decreased lung volume that can
reduce the upper airway stability and increase resistance due to decreased
traction in the upper airway [11–14]. Based on this information, a significant correlation was expected between AHI/OSA severity and PFTs
values, such as FVC and TLC. However, we did not find significant
differences in the PFTs between patients with and without OSA.

Additionally, there have been conflicting reports on this subject in literature, with most studies failing to demonstrate this relationship [4–6].
The lack of an inverse correlation between PFTs and OSA severity may
be explained because PFTs were obtained with the patient in a seated
position and not in a supine position [4–6]. The FVC and TLC obtained
with the patient in a supine position may be more accurate at predicting
sleep lung volumes and may better display the interdependence between
upper airway and lung volumes during sleep [4–6]. Nevertheless, other
explanations can also be addressed, including the small number of
patients included in these studies as well as the existence of other mechanisms increasing OSA incidence in DPLD, such as proinflammatory
cytokines released due to underlying lung inflammation with subsequent oedema and swelling of the upper airway that would increase the
likelihood of OSA [28].
The respiratory events were predominantly hypopnoea rather than
apnoea, as observed in previous reports [4, 6]. The ODI and percentage
with an ST<90% were the parameters that exhibited greater differentiation in patients with and without OSA. Oxygen desaturation during
sleep, measured as ODI [6] and minimum SpO2 [4, 7, 31], showed a
correlation with AHI in several reports. In contrast, in this study, ESS
score did not differ between patients with and without OSA, which is in
agreement with previous studies [4–7, 31]. Based on these results, in the
absence of other OSA screening tools in fibrotic DPLD patients and
understanding that PSG is an expensive procedure to be performed in
all patients, the authors suggest that nocturnal oximetry should help in
recognizing those patients at risk of OSA.
OSA in fibrotic DPLD patients may be one reason for impaired sleep
quality and, consequently, may have a negative influence on daily activities and overall quality of life [15–17]. In addition, underlying OSA and
other SBDs such as sleep oxygen desaturation appear to have a negative
influence on mortality in fibrotic DPLD patients, namely IPF [7, 8].
Recent studies have shown that effective PAP treatment (good compliance) in IPF patients with OSA resulted in a significant improvement in
the daily living activities, as well as quality of sleep and life, and may also
influence the mortality in these patients [8, 19]. Therefore, OSA treatment in fibrotic DPLD patients appears to be emergent. As such, the
most common difficulties in compliance should be identified, and solutions should be found to improve treatment acceptance.
There are a few studies about OSA treatment in DPLD, and all of
them included only IPF patients [8, 19]. In our study, we included other
fibrotic DPLDs, namely CHP, which is common in Portugal and like IPF
is often associated with a poor prognosis [32].
High incidences of nonacceptance and poor compliance to PAP in
IPF patients with OSA have been reported [8, 19, 20]. The following
main therapeutic difficulties have been noted [20]: frequent complaints
of a nocturnal, dry, and irritating cough; discomfort and claustrophobia
associated with the use of facial or oronasal masks; sleep problems such
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as sleep onset and maintenance insomnia; depression; and low incidence of excessive daytime sleepiness. In our study, 4 patients that were
eligible for OSA treatment refused APAP therapy. The authors considered that this rate of treatment refusal was the most important problem
in this group of patients. Some possible reasons for this could be related
to the lack of excessive daytime sleepiness as well as the presence of other
comorbidities with consequent follow-ups in multiple medical appointments. These patients may have viewed APAP treatment as just another
problem rather than a solution with added benefits. This attitude could
be diminished if physicians involved in the management and follow-up
of fibrotic DPLD patients were sensitive to this comorbidity. At the
beginning of treatment, they should explain that some of the symptoms,
like daytime fatigue, could be related to OSA and clarify the potential
benefits of the treatment.
Two patients started APAP treatment but reported intolerance
(claustrophobia and/or insomnia) in the first week and left the treatment. In the remaining patients (n = 17) that started APAP treatment,
the compliance was good enough to correct AHI and oxygen desaturation without supplemental oxygen therapy. Oxygen desaturation during
sleep has a negative association with survival in fibrotic DPLD, namely
IPF [7]. Consequently, an oxygen desaturation correction with APAP
treatment may contribute to achieve better results in the survival of these
patients. The good compliance in this study group was possible due to a
well-organized sleep clinic that was able to deal with and to overcome
difficult cases. Furthermore, APAP treatment may be more comfortable
for patients than CPAP treatment as reported previously [33].
Our study had several limitations, such as the small size and heterogeneity of DPLD cases. In addition, the use of PSG III instead of PSG I
could have underestimated OSA severity. Moreover, it did not provide
any information about sleep architecture. On the other hand, the OSA
impact and of treatment compliance in patients’ quality of life and mortality is one of the most important outcomes in this population.
However, in this study we had too small a sample and short follow-up
period for this assessment. This evaluation should be included in future
studies.

CONCLUSION
In conclusion, we found a high prevalence of OSA among patients with
fibrotic DPLD, including IPF, CHP, connective-tissue associated DPLD,
and stage IV sarcoidosis. The ODI and percentage of ST<90% were the
more differentiated parameters between patients with and without OSA.
Therefore, nocturnal oximetry should be performed in all patients
with fibrotic DPLD to determine those that require a more thorough
evaluation with PSG. In patients with fibrotic DPLD and OSA, APAP
treatment could be sufficient to correct oxygen desaturation. Through
recognition of these comorbidities by physicians involved in the management/follow-up of fibrotic DPLD patients and their articulation with
the sleep clinic, it would be possible contribute to a good APAP compliance and a possible positive impact on survival.
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Background: Bronchial challenge testing (BCT) measures airway hyperresponsiveness; asthma guidelines recommend using BCT when symptoms manifest despite normal spirometry. Improper application of these guidelines commonly results in the misdiagnosis of asthma. Yet, statistics concerning BCT
remain largely obscure. The current paper addresses this gap and explores how various health variables may elucidate adherence to asthma guidelines and
patterns of BCT across Canadian provinces.
Methods: Using the Access to Information Act, medical financial claims for BCT (or equivalent procedures) were requested from each of the Canadian
provinces and territories. Based on the available information (from provinces only), correlations between frequency of BCT claims and medical demographics (e.g., prevalence of respirologists, health expenditures) are reported.
Results: Controlling for population or for people with asthma, physicians from Québec claim four times more BCT per year than those in other provinces;
physicians from Alberta close to eight-fold fewer. The number of respirologists per capita and BCT per capita correlated moderately, r(132) = 0.582,
p < 0.001, [95% CI 0.421, 0.716]. Excluding “outliers” (i.e., British Columbia, Alberta, and Saskatchewan) greatly strengthened this correlation, r(87) =
0.930, p < 0.001, [95% CI 0.883, 0.958].
Discussion: These findings demonstrate that provinces vary in their use of BCT. This result seems to stem, at least in part, from differences in the prevalence of respirologists. Interestingly, geographic region appears to wield a strong influence; in the correlation between number of tests and number of
respirologists, physicians from Western provinces (i.e., Alberta, Saskatchewan, and British Columbia) administered fewer tests than their Eastern colleagues. Given the association between inadequate application of BCT and misdiagnosis of asthma, physicians should pay special attention to the
Canadian guidelines when considering an asthma diagnosis.
Key Words: bronchial challenge testing; asthma; misdiagnosis; medical financial claims; guidelines; respirologists

INTRODUCTION
Existing asthma guidelines [1–6] recommend that physicians confirm
the diagnosis of asthma with objective pulmonary function testing (PFT)
measures [7], including, but not limited to, spirometry [8] and nonspecific bronchial challenge testing (BCT) [9]. This practice helps to reduce
misdiagnosis and its societal and personal costs [10]. Without PFT, physicians risk over-diagnosing or under-diagnosing asthma by approximately 30% [11–16] and 20% [15–18], respectively. Consequently, an
editorial in the Canadian Medical Association Journal [19] stated that
“Failure to make the diagnosis of asthma objectively is unacceptable…
Physicians who do not use spirometry for their asthma patients should
not be managing asthma,” (p. 1099), although some disagree [20]. And
yet, the little available documentation concerning frequency of PFT suggests that Canada scantily meets its asthma guidelines [2]. One study [21]
reported only 54% of individuals diagnosed with asthma ever had PFT;
only 49% of general practitioners and 46% of physicians reported using
PFT. In a study looking at over-diagnosis [12, 22], only 49% of patients
went through spirometry on the initial diagnosis of asthma. Two other
studies revealed that only 43% and 52% of diagnosed individuals
received PFT in Ontario [23] and Nova Scotia [13], respectively. Overall,
these findings propose that Canadian physicians resort to PFT in a suboptimal fashion [24].
In the presence of symptoms but normal spirometry, Canadian
guidelines [2] recommend measuring airway hyper-responsiveness
via BCT [9]. A rough estimate of the percentage of people requiring
BCT can be formed from the number of patients that show normal

spirometry despite reporting respiratory symptoms (although alternative methods besides BCT can also be used to investigate asthma
given normal spirometry, such as bronchodilator response [25], peak
flow monitoring and trial of therapy [26], and sputum induction and
fractional exhaled nitric oxide [27]). The NHANES III study [28],
based on a US sample of more than 16,000 individuals, estimated
that more than 85% of adults older than 24 years of age with respiratory symptoms (including diagnosis of asthma) will have normal lung
function as measured by spirometry. Moreover, when specifically investigated for asthma, between 55% [29] and 67% [30] of children and
approximately 34% [31] of adults older than 50 years will typically
show normal spirometry. In one study [32] of adults with symptoms
of obstructive pulmonary disease, 63% had normal spirometry
(80% excluding chronic obstructive pulmonary disease); BCT later
identified asthma in 47% of individuals with normal spirometry.
Despite these abovementioned data concerning normal spirometry,
to the best of our knowledge, the only source documenting BCT is a
survey that relied on a small convenience sample [33]. This survey estimated the application of BCT in the province of Québec to approximate 5150 tests per year. Otherwise, no systematic data are readily
obtainable on the use of BCT within Canada. This paper presents patterns of BCT across Canada, speculates on potential factors influencing its use, and contextualizes these trends in relation to the Canadian
asthma guidelines. This work will contribute to bring a unique perspective to better understand, and eventually address, the misdiagnosis of
asthma in Canada.
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METHOD

DISCUSSION

Using the Access to Information Act, medical financial claims for BCT
(or equivalent procedures; see Supplementary File 11 for an overview
of how each province labels BCT) were requested from each of the
Canadian provinces and territories (see Supplementary File 21 for exclusions and details on data format and handling). Time-series data were
obtained from 9 provinces: spanning the most recent year on record
(2014–2015) and going back to the earliest year reporting was available
(2000–2001). Based on the available information (see Supplementary
File 31) an exploratory effort was performed to: (i) examine national and
provincial trends and frequencies of (insurance) reimbursement records
for BCT; (ii) normalize numbers of BCT claims per 10,000 people based
on population estimates from Statistics Canada [34] and per 1000 individuals with asthma [35]; and (iii) correlate the number of BCT claims
with the prevalence of professionals (i.e., respirologists, allergists, internists, and general practitioners) based on estimates from the Canadian
Medical Association Masterfile [36]. The correlation between the number of BCT claims and various health variables were also investigated
(e.g., population with asthma, location of physician training, and health
expenditures). For all computations, SPSS version 24 and bootstrapping
(resampled 2000 times) were used to obtain confidence intervals for
all correlations. Bootstrapping is a commonly used technique that simulates multiple potential samples based on the available data to provide
estimations that do not rely on the classical assumptions of statistical
inference.

Compared with other provinces, the number of tests in Québec is four
times higher; in Alberta, it is eight-fold lower—acknowledging population size and asthma rates. The higher rate of Québec respirologists
(per capita) may partly explain this higher rate of BCT. However,
Canada’s geography seems to moderate the correlation between the
number of tests and respirologists: there were fewer tests per respirologist in the West (i.e., Alberta, Saskatchewan, and British Columbia,
with the exclusion of Manitoba). Other variables—including numbers
of allergists and internists, location of completion of medical training,
population, percentage of urban population, population density,
and health expenditures—also correlate with the number of tests,
albeit more weakly. Moreover, the current interpretation of these
findings alongside the ratios of BCTs to asthmatics, as illustrated in
Figure 5, suggest that Québec and Ontario aside, Canada may be
under-utilizing BCT.

Could BCT be over-prescribed?
From consultations with asthma experts who harbour decades-long operational insights into the diagnosis of asthma in Canada (Dr. Ronald
Dandurand, written communication, May 2016; Dr. André Cartier, written communication, August 2016; Dr. Jean-Luc Malo, written communication, July 2016; Dr. James Martin, written communication, August
2016; Dr. Larry Lands, written communication, May 2016; Dr. Francisco
Noya, written communication, September 2016) emerged the question of
whether BCT is under- or over-prescribed across the nation. To this aim,
an informal, “back-of-the-envelope” calculation was performed using simplified assumptions—to be taken with a pinch of salt. To form a rough
provincial estimate of the percentage of asthmatics who had BCT over the
past 15 years (the period of available data), the total number of claims
throughout 2000–2014 was divided by the number of people with asthma
in 2014 (the most comprehensive figures available from Statistics Canada)
[35] for each individual province. In sum, this procedure highlights the
total number of BCT claims as a percentage of the number of asthmatics—
a rough index to the number of asthmatics who received BCT.

RESULTS
Figure 1 displays data for the number of medical claims for BCT. Two
provinces markedly contrast with the others when controlled for population or alternatively for population with asthma: physicians from Québec
perform four times more tests per year (the highest ratio), whereas physicians from Alberta perform nearly eight-fold fewer tests (the lowest
ratio). Table 1 depicts correlations and confidence intervals of BCT
claims per capita. Correlation analyses revealed a moderate relationship
between number of respirologists and BCT claims (Model 1 in Table 1
and Figure 2). A visual inspection of Figure 3 suggests that Alberta,
British Columbia, and Saskatchewan differ considerably from the rest of
the other provinces in terms of their BCT and respirologist ratios. A
second, exploratory correlation analysis without these provinces was
therefore performed (Model 2 in Table 1), which greatly strengthened
the correlation between BCT claims and respirologists. In general, these
“outliers” seem to cluster on the West coast (Figure 4). Geographic
region only seems to meaningfully modulate the correlation between
BCT claims and respirologists (Table 1). Finally, Figure 5 shows clear
differences among provinces in the estimated percentage of asthmatics
with BCT over the past 15 years.
1

Supplementary data are available with the article through the journal Web site
at https://www.cjrt.ca/?wpdmdl=695
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How many tests?
Published reports document that between roughly 60% [28] and 90%
[32] of adults show normal spirometry despite respiratory symptoms.
Assuming Canada manages asthma in congruence with the asthma
guidelines [2], the proportion of asthmatics getting BCT should loosely
match the percentages of these reports. Between 2000 and 2014 it is
estimated (see Figure 5) that the equivalent of nearly 60% of asthmatics
went through BCT in Québec, whereas in Ontario this number was just
a hair over 30%. These two provinces contrast with the rest of Canada
that all lie under the 25% threshold. In addition, medical specialists are
more likely to recommend PFT compared with general practitioners [23,
24, 42]. This paper shows that the use of BCT relates to the number of
respirologists, allergists, and internists, but not to the number of general
practitioners; however, most Canadian provinces seem to shy away from
BCT. Overall, this trend echoes an overarching tendency to discount the
guidelines of the Canadian Asthma Consensus: for example, to confirm
the diagnosis of asthma objectively given that almost 50% of patients
reported having never received a lung function test [21].
Ignoring asthma guidelines may have important consequences. One
study [10] estimated that the improper diagnosis of asthma due to a lack
of objective PFT could cost Canadians more than $275 million over a
50-year period. There is also some evidence that provinces differ in their
misdiagnosis rates. Data from a recent survey of 10 Canadian cities [12,
22] suggest that over-diagnosis of asthma may be higher in western provinces (Manitoba, 49%; British Columbia, 48%; Alberta, 44%) and lower
in eastern provinces (Ontario, 39%; Nova Scotia, 29%; Québec, 24%).2
Furthermore, this regional distribution seems to follow the general pattern identified earlier regarding the relation between respirologists and
BCT (Figure 4). These findings raise the possibility that regional variation in BCT translates to similar variations in misdiagnosis rates.

Potential reasons for variation in BCT in Canada
Why provinces differ in their use of BCT remains unclear; a wide array
of complex factors and interactions is likely at play (see Table 1 for examples). For instance, to obtain financial compensation in Québec, workers
need to confirm the diagnosis of occupational asthma with objective
tests [43, 44]. Moreover, Québec reportedly possesses a higher concentration of occupational and exercise-induced asthma specialists (Dr. Sandra
D. Anderson, written communication, July 2016; Dr. Alan Kaplan,
written communication, July 2016), and individuals with occupa
tional asthma may undergo BCT multiple times, typically 4–10 times
(Dr. André Cartier, oral communication, June and December, 2016).
Counterintuitively, the number of pulmonary function laboratories per
province and the reimbursed amount physicians receive for conducting
or interpreting the test hardly relates to BCT rates (see the figure in
Supplementary File 51).
2

Misdiagnosis rates by province were computed by averaging data from the 10
Canadian cities surveyed in the study and using the same methodology as the
authors (number of participants who completed the study algorithm/number of
people for whom the diagnosis of asthma was ruled out on serial testing).
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FIGURE 1
Total number of medical claims for bronchial challenge testing for 2000–2001 to 2014–2015. This presentation, rather than
using a logarithmic scale, illustrates how the provinces of Québec and Ontario stand out from the rest. L = Newfoundland
and Labrador, P = Prince Edward Island, N = New Brunswick, Q = Québec, O = Ontario, M = Manitoba, S = Saskatchewan,
A = Alberta, B = British Columbia.

TABLE 1
Correlation analyses of number of BCT claims, per capita, for the Canadian provinces
Measure (by number of BCT claims, per capita, 2000–2014)

Degrees of freedom
(n – 2)

Correlation (r)

p

Bootstrapped 95%
confidence interval

132
87
132
87
132
87
132
87
132
88
132
25
25
132
132
132
132
132
132
132
132
132
132
132
132

0.582***
0.930***
0.718***
0.747***
0.210*
0.186
−0.071
−0.170
−0.533***
0.052
0.626***
0.451*
0.628***
−0.183*
−0.233**
−0.003
−0.254**
−0.037
0.147
−0.326***
−0.184*
0.100
−0.083
−0.101
−0.429***

<0.001
<0.001
<0.001
<0.001
0.015
0.080
0.418
0.112
<0.001
0.623
<0.001
0.018
<0.001
0.034
0.007
0.974
0.003
0.668
0.090
<0.001
0.033
0.248
0.341
0.247
<0.001

[0.421, 0.716]
[0.883, 0.958]
[0.649, 0.785]
[0.656, 0.838]
[0.105, 0.328]
[0.050, 0.325]
[−0.181, 0.045]
[−0.310, −0.031]
[−0.642, −0.403]
[−0.090, 0.193]
[0.576, 0.688]
[0.227, 0.664]
[0.442, 0.865]
[−0.330, −0.023]
[−0.374, −0.078]
[−0.180, 0.179]
[−0.330, −0.179]
[−0.205, 0.140]
[−0.050, 0.321]
[−0.447, −0.186]
[−0.311, −0.043]
[−0.046, 0.239]
[−0.232, 0.088]
[−0.270, 0.093]
[−0.546, −0.295]

Respirologists [36], per capita; Model 1
Respirologists, per capita (excluding AB, BC, and SK); Model 2
Allergists [36], per capita; Model 1
Allergists, per capita (excluding AB, BC, and SK); Model 2
General internists [36], per capita; Model 1
General internists, per capita (excluding AB, BC, and SK); Model 2
General practitioners [36], per capita
General practitioners, per capita (excluding AB, BC, and SK); Model 2
MD degree received from foreign university [35]a
Estimated population with asthma [38]b, per capita
Population [34]
Percentage of urban population [39]c
Population density [40]c
Health expenditures [41], per capita
Public health expenditures, per capita
Private health expenditures, per capita
Administration expenditures, per capita
Capital expenditures, per capita
Drug expenditures, per capita
Hospital expenditures, per capita
Other health spending expenditures, per capita
Other institutional expenditures, per capita
Other professional expenditures, per capita
Physician expenditures, per capita
“Public health” expenditures, per capita

*p < 0.05; **p < 0.01; ***p < 0.001.
Note: This table does not present an exhaustive list. Bold text indicates a statistically significant difference. AB = Alberta; BC = British Columbia; SK = Saskatchewan.
a
These data from the Canadian Institute for Health Information’s Supply, Distribution and Migration of Canadian Physicians includes all physicians (family medicine
and specialists). For the correlations, the percentage of physicians who obtained their medical training outside Canada was used.
b
Estimated population with asthma was only available for years 2003, 2005, and 2007–2014.
c
Percentages of urban population and population density were only available from the 2001, 2006, and 2011 censuses.

Several asthma specialists interviewed also pointed out that the medical culture in Québec emphasizes the objective confirmation of asthma
diagnosis (Dr. Jean-Luc Malo, written communication, May 2016; Dr. André
Cartier, oral communication, June 2016; Dr. Ronald Olivenstein,
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written communication, May 2016; Dr. James G. Martin, written communication, July 2015; Ms. Sandra Di Palma, written communication,
July 2015). Concurrently, outside of Québec, practitioners may disparage the value and clinical utility of BCT (Dr. Donald W. Cockcroft,
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FIGURE 2
Number of bronchial challenge tests per 1000 population in relation to the number of respirologists per 10,000 population
for each province, 2000–2014. L = Newfoundland and Labrador, P = Prince Edward Island, N = New Brunswick, Q = Québec,
O = Ontario, M = Manitoba, S = Saskatchewan, A = Alberta, B = British Columbia.

FIGURE 3
Provinces sorted by magnitude of the difference between the average number of bronchial challenge tests per 1000
population (in blue) and the average number of respirologists per 10,000 population (in orange), 2000–2014. Provinces to
the left indicate greater positive difference, while provinces to the right indicate greater negative difference.

written communication, July 2015)—although this does not mean they
necessarily disagree with the objective confirmation of asthma using
alternative methods such as spirometry and peak flow measurement. As
a case in point, the use of spirometry depends on whether physicians
believe it necessary to pose an accurate diagnosis [24]. This paper shows
that completing medical training outside of Canada relates to fewer BCT
claims; Québec physicians are correspondingly much more likely to
obtain their medical training in Canada than physicians from other
provinces [35]. Perhaps the influence of prominent Canadian experts
(e.g., Freddy Hargreave [45, 46] and his protégées [47, 48], and the
Montréal group, including the Meakins-Christie Laboratories [49]) lingers as a factor still governing the higher BCT rates in eastern Canada
and Québec today.
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Limitations
The following overarching caveats apply to this study. (i) Nova Scotia and
Newfoundland and Labrador provided partial or complete omissions of
data (see Supplementary file 21). (ii) The term “BCT” is hardly uniform
across provinces (see Supplementary file 11). (iii) Although a reasonable
approximation, medical claims may under-estimate the true number of
tests—for instance, in Alberta, several groups with alternative payment
plans do not always report their activities fully (Dr. Stephen K. Field,
written communication, August 2016; Mr. David Onyschuk, written
communication, September 2016). Similarly, in Québec, physicians
working in children’s hospitals sometimes have alternative payment
plans that prevent them from claiming BCT (Dr. Jacques-Édouard
Marcotte, written communication, August 2016; Dr. Larry Lands,
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FIGURE 4
Difference between average number of bronchial challenge tests per 1000 population and average number of respirologists
per 10,000 population, 2000–2014 (see Figure 3). Red indicates a greater negative difference, while green indicates no
difference or a positive difference. Figure produced with Heatmapper.ca online software available at http://www.heatmapper.
ca/geomap/ [37].

FIGURE 5
Total number of bronchial challenge tests for 2000–2014, by province, divided by the estimated number of individuals with
asthma in 2014 (estimation by Statistics Canada). The 50% (green) and 25% (red) thresholds are only for reference.

written communication, May 2016). Under-reporting of medical claims
may occur in other provinces as well.
Important limitations also apply to the procedure for estimating the
number of asthmatics who had BCT. First, provinces with a greater proportion of individuals followed for occupational asthma (e.g., Québec)
may have inflated numbers, assuming these individuals undergo BCT
more than once. Furthermore, the total number of tests only covers the
past 15 years, whereas asthmatics may have undergone BCT before this
period, hence this analysis likely under-estimates the actual number of
asthmatics who received BCT. However, the procedure used estimates
from Statistics Canada for the number of people who report having
received a diagnosis of asthma by their physician [38]—these individuals
may or may not have received BCT. This last limitation may actually
provide more support for this estimation because including cases in
which BCT excluded the diagnosis of asthma would further decrease the
percentages of suspected asthmatics who had BCT, and reinforce the
hypothesis that most provinces under-use BCT. And yet, this procedure
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provides but a rough estimation of the number of asthmatics who
received BCT.

CONCLUSION
This paper shows substantial interprovincial variations in the use of
BCT. These findings expand our understanding of the diagnosis of
asthma in Canada by highlighting the critical role of respirologists and
the moderating effect of geographic region. A tentative analysis also suggests that certain provinces may be under-prescribing BCT, thereby
increasing risks for misdiagnosis of asthma and associated health care
costs. Overall, this investigation complements earlier research on the
misdiagnosis of asthma [10–18, 21–24] and contributes to a more systematic understanding of the use of objective testing in asthma. Future
research should address the possibility of under-reporting in the current
study, as well as the reliance on a rough approximation to determine how
many individuals diagnosed with asthma underwent BCT. To detect and
address the misdiagnosis of asthma specifically, the respiratory medicine

45

Thériault and Raz

community would stand to benefit, over and beyond documenting PFT,
from a more precise and thorough assessment of clinicians’ adherence to
the Canadian guidelines when diagnosing and managing asthma.
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COMMENTARY

Medical Air: What you don’t know won’t hurt you, but what
about your patients?
Paul Edwards1 and Patricia-Ann Therriault2, RRT, FCSRT, INH., FSCRT
P Edwards, PA Therriault. Medical Air: What you don’t know won’t hurt you, but what about your patients? Can J Respir Ther 2018;54(2):48–49.
doi: 10.29390/cjrt-2018-009.

Medical Air is dispensed daily from thousands of wall outlets in Canadian
hospitals. In locations treating high acuity respiratory patients, the use of
Medical Air rivals—and often eclipses—oxygen [1]. Most hospitals with
centrally piped Medical Air make the product onsite by compressing outdoor air [1].
As an RRT responsible for ventilation, high flow therapy, isolette
environment control, or aerosol therapies, have you ever wondered
about the quality of air issued from the wall outlets? Health Canada
deems Medical Air as a Schedule E drug [2], and the Canadian Building
Code mandates that when made onsite at hospitals, “the health care
facility shall ensure that the product produced by the Medical Air supply system and delivered to the pipeline distribution system meets the
specifications for Medical Air USP or another monograph(s) as specified by the health care facility formulary” (CAN/CSA Z7396.1–17,
5.5.2.1.3) [3].
A report produced by Air Liquide Healthcare [4] describes findings
from Medical Air quality sampling that began in February 2014 and now
has over 60,000,000 chemical analysis data points collected from Medical
Air source systems at major urban and remote rural sites. Through this
data, we've learned that every site studied experienced USP formula
breaches. Most breaches are related to short-term events such as a helicopter landing, whereas others that are linked to environmental conditions, such as forest fires, persist for weeks. Sampled product has revealed
CO levels above 50 ppm; more than five times the USP limit. And elevated levels of CO2, often exceeding the USP limit by a factor of two, is
by far the most common problem.
We have found that as we share evidence of quality problems with
RRTs across the country, local stories of potential Medical Air quality
breaches come to the surface. Staff from two sites with a level III NICU
reported worrisome CO levels in patient arterial blood gas samples. In
both cases, site personnel deemed the most plausible root cause to be
high CO in centrally piped Medical Air. At sites with measured CO
breaches, the root causes range from hospital boiler exhaust to idling
diesel engine emissions that contaminate the air purity.
With CO2 being the most prevalent off-specification contaminant,
special attention must be paid to this known asphyxiant. Exposure to
concentrations of >8% or more can cause death, unconsciousness, or
convulsions [5]. In terms of human physiology, we also know that
normal CO2 levels in blood are essential to pH regulation and alveolar

gas exchange. From a therapeutic perspective, in small controlled doses
CO2 is an effective respiratory stimulant.
What we did not know until recently is that typical dryers used in
hospital production of Medical Air are catching and releasing CO2 boluses
into the pipeline [5]. Figure 1 illustrates the variability of CO2 measured
through one day at a major urban facility with a mid-day bolus release [6].
Knowing that CO2 is a “sticky” molecule (i.e., higher density than
oxygen or nitrogen), we wondered how far a bolus could travel intact
through a pipeline. Further study confirmed a 1 L release of CO2 can
travel beyond a kilometre within a half-inch copper pipeline and cause
an oxygen deficient atmosphere (i.e., O2 < 18% volume/volume percent)
upon exiting. The bolus depicted in Figure 1 occurred after a brief shutdown and restart of the Medical Air plant. The sudden spike in CO2
lasted a few minutes and very likely resulted in oxygen deficient Medical
Air at one or more wall outlets.
With consideration of this emerging evidence, the authors of
Canada’s medical gas piping regulation published a new requirement in
2017 (CSA Z7396.1, s5.5.2.1.5 (b)) that involves clinicians [3]. Moving
forward, when a Medical Air system is installed, modified, or replaced at
a health care facility, a quality risk assessment must be performed to
determine that the frequency of quality monitoring and control is appropriate, given the site-specific therapeutic applications involving Medical
Air. Additionally, clinicians must take part in the assessment and be
prepared to answer questions like:
• Are short-term bursts of oxygen deficient and CO2-laden Medical
Air safe for your patients?
• Should your site’s Medical Air production system be designed to
automatically prevent high levels of CO or CO2 from entering the
pipeline?
In conclusion, Medical Air is a therapeutic product made on-site by
most hospitals. Like all drugs, it must follow a formula. Canadian hospitals can choose the USP formula, or devise their own. USP lists six contaminants: carbon monoxide, carbon dioxide, humidity, nitric oxide,
nitrogen dioxide, and sulphur dioxide. Are there other contaminants
you would like measured and controlled, such as ozone? And what
threshold limits for each contaminant make sense for your patients [5]?
The evidence and regulations say it’s time for Respiratory Therapists
to know and enforce the Medical Air formula at their hospitals!
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FIGURE 1
Variability of CO2 measured through one day at a major urban facility, with a mid-day bolus release [7]
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Posters from the Canadian Society of Respiratory Therapists
Annual Education Conference
May 24–26, 2018 • Vancouver, British Columbia
We are pleased to present abstracts from the poster presentations that were displayed at the CSRT Annual Education Conference in Vancouver, British Columbia,
on May 24–26. As evidenced the by following abstracts, the work of our colleagues in 2018 highlights current research and practice innovations led by respiratory
therapists and students.
The editorial board looks forward to receiving manuscripts from this conference for consideration for publication in the Canadian Journal of Respiratory Therapy to
continue building the body of knowledge specific to our profession. Please note these abstracts have not been peer reviewed.
This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://creativecommons.org/
licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is properly cited and the reuse is restricted to
noncommercial purposes. For commercial reuse, contact editor@csrt.com.

RT POSTERS

01
IS THERE ANY INCENTIVE? A REVIEW ON THE USE
OF INCENTIVE SPIROMETRY IN POSTOPERATIVE
ABDOMINAL SURGERY PATIENTS
D. Adams, RRT, BSc
IWK Health Centre, Halifax, NS, Canada
dave.adams02@gmail.com
INTRODUCTION: Postoperative pulmonary complications (PPC)
frequently manifest in patients undergoing abdominal surgery. The
costs of PPCs are both monetary and at the expense of the patient,
resulting in increased length of stay, morbidity, and mortality. A common PPC treatment and prevention device is the incentive spirometer
(IS). IS mimics the actions of deep breathing while providing the
patient with visual feedback. We look to the evidence to find any benefit in using an IS versus simple breathing exercises in the prevention
of PPCs.
METHODS: A search using PubMed, EMBASE, the Cochrane Library,
and Google Scholar to find evidence (RCT or greater) supporting the use
of IS was performed. Inclusion criteria: adult abdominal surgery patients,
articles from within the last 10 years, and separate groups comparing IS
to breathing exercises. Desired clinical outcomes included: lung volumes,
length of stay, pneumonia, and respiratory failure.
RESULTS: Eighty three articles were identified and assessed by the
researcher. Seven articles were included in the review: three RCTs, two
SRs, and two CPGs. Most articles measured changes in lung volumes

and length of stay in hospital. The overall level of evidence was low and
no articles found evidence supporting the use of IS over deep breathing
as a PPC prevention strategy.
CONCLUSION: While IS remains a common practice in postoperative
patients, the evidence presented in this review finds no benefit when
compared to simple breathing exercises in preventing the development
of PPCs. Our review suggests that the role of IS in PPC prevention
should be re-evaluated and further research with improved study designs
be completed.

02
HEALTHCARE UTILIZATION AND COSTS OF HOME
MECHANICAL VENTILATION

M.L. Nonoyama1, D.A. McKim2, J. Road3, D. Guerriere4, P.C.
Coyte4, M. Wasilewski5, M. Avendano6, S.L. Katz7, R. Amin8,
R. Goldstein6, B. Zagorski4, L. Rose5
1
Faculty of Health Sciences, University of Ontario Institute of
Technology, Oshawa, ON, Canada
2
Division of Respiratory Medicine, The Ottawa Hospital,
Ottawa, ON, Canada
3
Division of Respirology, Department of Medicine, University of
British Columbia, Vancouver, BC, Canada
4
Institute of Health Policy, Management and Evaluation,
University of Toronto, Toronto, ON, Canada
5
Lawrence S. Bloomberg Faculty of Nursing, University of
Toronto, Toronto, ON, Canada
6
Respiratory Medicine, West Park Healthcare Centre, Toronto,
ON, Canada
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Division of Respirology, Department of Pediatrics, CHEO,
University of Ottawa, Ottawa, ON, Canada
8
Division of Respiratory Medicine, The Hospital for Sick
Children, Toronto, ON, Canada
mika.nonoyama@uoit.ca
Note this work has been published in full at: Nonoyama ML,
McKim DA, Road J, et al Healthcare utilisation and costs of home
mechanical ventilation Thorax Published Online First: 26 January
2018. doi: 10.1136/thoraxjnl-2017-211138
INTRODUCTION/OBJECTIVE: Individuals using home mechanical
ventilation (HMV) frequently choose to live at home for quality of life,
despite financial burden. Previous studies of healthcare utilization and
costs do not consider public and private expenditures, including caregiver time. This study determined public and private healthcare utilization and costs for HMV users living at home in two Canadian provinces,
and examined factors associated with higher costs.
METHODOLOGY: Longitudinal, prospective observational study (April
2012 to August 2015) collecting data on public and private (out-of-pocket,
third party insurance, caregiving) costs every 2 weeks for 6 months using the
Ambulatory Home Care Record. Functional Independence Measure (FIM)
was used at baseline and study completion. Regression models examined
variables associated with total monthly costs. A priori variables selected
using Andersen and Newman’s framework for healthcare utilization, relevant literature, and clinical expertise. Data in 2015 Canadian dollars.
RESULTS: We enrolled 134 HMV users; 95 with family caregivers.
Overall median (interquartile range) monthly healthcare cost was $5275
($2291–$10,181) with $2410 (58%) publicly funded; $1609 (39%) family
caregiving; and $141 (3%) out-of-pocket (<1% third party insurance).
Median healthcare costs were $8733 ($5868–$15,274) for those invasively ventilated and $3925 ($1212–$7390) for non-invasive ventilation.
Variables associated with highest monthly costs were Amyotrophic
Lateral Sclerosis (1.88, 95% CI 1.09–3.26, p < 0.03) and lower FIM quintiles (higher dependency) (up to 6.98, 95% CI 3.88–12.55, p < 0.0001)
adjusting for age, sex, tracheostomy, and ventilation duration.
CONCLUSIONS: For individuals using HMV and living at home, most
healthcare costs were publicly supported or associated with family caregiving. Highest costs were incurred by the most dependent users.
Understanding healthcare costs for community-residing HMV users will
inform policy decisions to optimize resource allocation, helping these
individuals live at home while minimizing caregiver burden.

03
YOU CAN ESCAPE, BUT DID YOU LEARN? USING
ESCAPE ROOMS TO MEASURE KNOWLEDGE AND
INCREASE AWARENESS

G. Styling1, RRT, CRE, BA, C. Welton1, RRT, MSc QIPS, BSc, N.
Milijasevic1, MBA PhD, E. Peterson1, H. Bphe, MPP, S. Sia2, MBA
1
Quality Department, Trillium Health Partners, Mississauga,
ON, Canada
2
Education Department, Trillium Health Partners, Mississauga,
ON, Canada
gemma.styling@thp.ca
INTRODUCTION AND OBJECTIVE: In healthcare there are endless
new initiatives communicated to staff via email or meetings. Are these
channels of communication effective? When reflecting on how to raise
awareness around Patient Safety and Required Organizational Practices
(ROPs) in preparation for our hospital Accreditation, we needed to engage
staff who are inundated with initiatives while providing patient care. At
Trillium Health Partners (THP), a multi-campus, hospital with over 10,000
staff, in Mississauga, Ontario, we created a novel educational tool: a patient
safety focused Escape Room. We evaluated this approach noting improved
team communication, increased patient safety awareness and confirmation
that Escape Rooms are a valuable knowledge translation tool.
METHODOLOGY: We created a simulated patient room with mannequin set up for five patient safety problems focused on Accreditation ROPs.
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Interprofessional teams worked collaboratively on the safety problems,
unlocking the clue for the next station. A survey captured participant baseline knowledge of patient safety incidents and accreditation standards and
was compared to lasting learnings 1-month post-Escape Room activity.
RESULTS: Participants completed a pre-assessment survey (n = 134), and
post-assessment (n = 37) survey 1 month following the event. Results indicated 89% of participants felt their awareness of common patient safety
events increased; 100% of participants felt the escape room was a great team
building activity; and, 100% of participants wanted to see this method used
to spread future educational priorities across our organization.
CONCLUSIONS: Participants were highly engaged in the Escape Room
activity, finding it to be a creative educational and team building tool.
Surveys revealed an increase in awareness of ROPs and patient safety
information. Logistically, it was time intensive to create the Escape
Room across multiple sites, however, we are encouraged by these results
and intend to continue using this education approach in the future, and
assess sustained learning over time.

04
CARING SAFELY THROUGH STANDARDIZED
HANDOVER DURING INTRAHOSPITAL TRANSFER OF
CARE
K. Barca, RRT, C. Sun, RRT
The Hospital for Sick Children, Toronto, ON, Canada
kristy.barca@sickkids.ca; chantha.sun@sickkids.ca
Building upon a Charge RT handover tool that was developed and
implemented in 2016/2017, we have further identified a need to develop
and implement a tool that will be utilized across multiple patient care
areas at the time of transfer. This initiative also aligns closely with
SickKids Caring Safely Campaign.
Safety events have occurred during the transfer of patients between
various areas of the hospital. Often the lack of communicating relevant
information is the underlying cause of these safety events. Developing
and implementing a standardized handover tool is important for patient
safety, improving communication between Respiratory Therapists, and
as such, will provide each Respiratory Therapist with a higher level of
professional accountability and work satisfaction. Performing a needs
assessment will allow us to identify common barriers to proper communication and themes of “high risk behaviours” during patient transport.
This process will allow us to develop and implement a handover tool that
will address gaps identified and support safe patient transfer. Learning
Objectives: (1) To enhance the safety culture within the Respiratory
Therapy Department by identifying a transfer of information strategy
that encompasses high reliability, error prevention and leadership methods. (2) To develop a standardized interdepartmental handover tool utilizing the I-PASS format, for use when transferring a patient between the
inpatient areas. (3) To implement the handover tool in such a way that
will lead to compliance of usage and satisfaction in the Respiratory
Therapy Department. Our presentation will focus on the development
and implementation of a standardized handover tool and the impact
that has on the Respiratory Therapy Department from a safety lens.

STUDENT POSTERS

05
IS MANNITOL MORE INDICATIVE THAN
METHACHOLINE IN A BRONCHIAL PROVOCATION
CHALLENGE FOR DIAGNOSING ASTHMA?
T. Koos, SRT
University of Manitoba, Winnipeg, MB, Canada
timkoos63@gmail.com
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BACKGROUND: Recent research shows that one third of patients
diagnosed with asthma did not have asthma but were treated with medication regardless. Two very common tests that should be performed
prior to the diagnosis of asthma are the methacholine bronchial provocation test and the mannitol bronchial provocation test. Both tests have
different mechanisms of action but achieve bronchial hyperresponsiveness regardless which is measured through spirometry.
OBJECTIVE: To compare the mannitol and methacholine bronchial
provocation tests in terms of their diagnostic validity and sensitivity and
specificity.
METHODS: A systematic literature review was conducted in November
2017 using the databases Ovid MEDLINE and Embase. A secondary
search was conducted using the references of relevant articles with no
additional citations retrieved. The studies included in this review are all
cross-sectional.
RESULTS: A primary search yielded 87 citations with a secondary
search providing no further citations. After all inclusion and exclusion
criteria were applied and abstract and full-text reviews were conducted
four citations were included in the present review.
DISCUSSION: The primary outcomes measured in three of the
included studies were the sensitivity and specificity of the mannitol and
methacholine bronchial provocation tests in regards to the diagnosis of
asthma. The fourth study only focused on mannitol. The tests were
deemed positive base on a pre-determined drop in FEV1 from baseline.
The included studies shows very similar diagnostic validity between the
two tests with mannitol potentially having a higher specificity.
CONCLUSION: All studies reviewed showed similar results between
the two tests and the potential of higher specificity with mannitol will
have to be further investigated. At present, there is no universally
accepted gold-standard bronchial provocation test.

06
BENEFICIAL EFFECTS OF DELAYED CORD CLAMPING
ON THE RESPIRATORY SYSTEM IN PREMATURE
INFANTS
T. Kinsley, SRT
University of Manitoba, Winnipeg, MB, Canada
kinsleyt@myumanitoba.ca
BACKGROUND: Recent studies have shown that 93% of newborns
born at <28 weeks gestation were diagnosed with RDS. Treatment usually requires a level of respiratory support and most often synthetic surfactant is delivered to promote lung function. Evidence suggests delayed
cord clamping (DCC) is likely to result in better outcomes in both preterm and term neonates. Controversy for DCC arises when there is a
need for resuscitation of the newborn at birth, which is often a risk with
premature infants.
OBJECTIVE: To determine whether DCC has respiratory system benefits for premature neonates <37 weeks gestation.
METHODS: A systematic literature search was conducted using the following databases: Ovid and CINAHL. Randomized controlled trials
(RCT) were preferred but were not selected for during literature search to
allow for the most relevant literature to be obtained. A secondary search
was conducted by reviewing the references of relevant publications.
RESULTS: After conducting the primary and secondary search 69 publications were identified for review. After applying inclusion and exclusion criteria through both abstract and full-text review 7 publications
were included in the literature review. Six of the publications were RCTs
and one was a cohort study.
DISCUSSION: The respiratory parameters evaluated were incidence of
RDS, required respiratory support (mechanical ventilation and oxygen
therapy), intubation rates, and surfactant administration. All of which
were secondary outcome measures in the reviewed literature.
CONCLUSION: While the literature reveals the potential for DCC to
reflect respiratory benefits, further evaluation of this treatment on premature neonates <37 weeks gestation is paramount in order to perfect
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the care that is delivered to this patient population at risk of severe lung
immaturity and the development of respiratory distress syndrome which
may lead to chronic lung disease later in life.

07
DOES LESS INVASIVE SURFACTANT
ADMINISTRATION VIA THIN CATHETER FOR
PRETERM INFANTS WITH RESPIRATORY DISTRESS
SYNDROME REDUCE THE INCIDENCE OF
BRONCHOPULMONARY DYSPLASIA?
S. MacKinnon, SRT
Dalhousie University, Halifax, NS, Canada
st543807@dal.ca
BACKGROUND: Respiratory distress syndrome (RDS) is a common
neonatal condition in premature infants which often requires the use of
exogenous surfactant administration in its treatment regime. Currently,
the most common technique for surfactant delivery is intubation with
short-duration mechanical ventilation; however, lungs of premature
infants are susceptible to ventilator induced lung injury which could
increase the risk of developing bronchopulmonary dysplasia (BPD).
Therefore, as an alternative to intubation, less invasive surfactant administration (LISA) using a thin catheter has been increasingly studied with
proposed benefits in reducing the incidence of BPD.
RESEARCH QUESTION: For preterm infants with RDS, does less
invasive surfactant administration via thin catheter compared to intubation for surfactant administration reduce the incidence of BPD?
METHODS: A literature search was conducted across the databases:
PubMed, CINAHL, and Google Scholar. Only English randomized control trials (RCTs), systematic reviews (SRs), and meta-analyses published
within the last 10 years were included.
RESULTS: Two RCTs, one systematic review and one meta-analysis
were reviewed. One RCT found that BPD rates were significantly lower
among patients using the LISA technique (p = 0.008) compared to intubation for surfactant administration. The other RCT reported that there
was no significant difference in BPD rates between intervention groups
(p = 0.20). The SR found that the LISA technique resulted in a significant reduction of BPD at 36 weeks’ gestation (p = 0.03). The meta-analysis concluded that fewer infants in the thin catheter group developed
BPD as compared to the intubation group with a 34.4% reduction,
although, the results failed to reach statistical significance (p = 0.141).
CONCLUSION: The existing evidence evaluating the LISA technique
as an alternative to intubation for surfactant administration is conflicting. There is some evidence that suggests that the LISA technique may
reduce the incidence of BPD but further research is recommended,
specifically multi-centre RCTs with larger sample sizes.

08
SOLDIERING ON: IDENTIFYING RESPIRATORY
INFECTION FACTORS FOR DEPLOYED MILITARY
PERSONNEL – A SYSTEMATIC REVIEW
L. Soliman, SRT, P. Mai, BSc, BMR(RT), RRT
University of Manitoba, Winnipeg, MB, Canada
solimanlea@gmail.com
BACKGROUND: Studies prove that the military setting is suitable to
breed infection and disease outbreaks, rigorous physical labour, cramped
living conditions, and limited access to medical services all contribute to
a potentially fatal environment. Currently, respiratory infections are
responsible for over 300,000 medical interventions annually.
Investigating plausible indicators can help with prevention and early
indication of outbreaks with these populations.
OBJECTIVE: The objective of this review is to determine if enough
research exists to identify a set of independent risk factors that increase
the likelihood of contracting respiratory infections in deployed military
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personnel. With these factors, could a respiratory assessment tool be
created and protocolized to improve health care outcomes for these
populations?
METHODOLOGY: A systematic literature search was conducted in
November 2017 using the following databases: PubMed with Ovid
Medline® composites, CINAHL Full Text, and Scopus. A combined
total of 253 citations are identified and processed through PRISMA
standards in order to filter out ineligible publications.
RESULTS: All studies reviewed held objectives in assessing respiratory
infections within military populations, with set identification criteria
for febrile respiratory infections (FRIs). The majority of the study population was primarily focused on the United States Military throughout
the reviewed articles, with studies in California, Texas, and Maryland.
Two articles consisted of international military services: the Singapore
Armed Forces and the Kajaani Garrison Finnish Army of Northern
Finland.
DISCUSSION: The primary outcome measured for all included studies
were the independent factors associated with FRIs or an increase thereof.
In multiple studies, increasing age, smoking history, sex/gender, previous respiratory-related events, and clinically documented patient data
were identified as factors that increased the likelihood of an infection for
deployed populations. However, limitations in evidence exists, as there
was inadequate or absent discussion on factors, such as military rank
and daily hygiene regimes.
CONCLUSIONS: The risk factors that were identified in the review
were compiled successfully into a health assessment tool, which theoretically can be protocolized into an existing health care program.
However, further research is needed to strengthen the complexities in
differences between different military forces and the range of deployment locations.

09
HIGH-FLOW NASAL CANNULA OXYGEN THERAPY
VERSUS NON-INVASIVE MECHANICAL VENTILATION
FOR REDUCED INTUBATION RATES IN ACUTE
HYPOXEMIC RESPIRATORY FAILURE
K. Russell, SRT
Dalhousie University, Halifax, NS, Canada
kt822828@dal.ca
BACKGROUND: Acute hypoxemic respiratory failure (AHRF) is a
leading cause of patient admission to the ICU, often necessitating the
need for endotracheal intubation. For years, non-invasive ventilation
(NIV) has been used as a preventative therapy for AHRF prior to intubation. Despite showing favorable results with acute COPD exacerbations
and congestive heart failure, there is no evidence to indicate NIV as the
preferential treatment for AHRF. Recent studies have found high-flow
nasal cannula oxygen therapy (HFNC) to be effective for reducing intubation rates in pediatrics with AHRF. Recognizing this, there may be a
potential for HFNC to be implemented in adult ICUs.
RESEARCH QUESTION: For adult ICU patients with AHRF, is the
use of HFNC more effective than NIV at reducing endotracheal intubation rates?
METHODS: A systematic literature search was conducted in the
PubMed, EMBASE and Cochrane Library databases. Randomized control trials (RCTs) and systematic reviews (SRs) published in English
within the last 10 years were included.
RESULTS: Two RCTs and three SRs were examined, all of which supported HFNC as a potential alternative to NIV. Rate of endotracheal
intubation was evaluated as the primary outcome in all trials. No trial
reported statistical significance (p< 0.05) to favour HFNC therapy over
NIV therapy. There was however, a similar incidence of intubation noted
between the two therapies, with improved patient comfort reported in
favour of HFNC.
CONCLUSION: No clear evidence exists to favour HFNC over NIV for
reducing rates of endotracheal intubation in AHRF. Despite this, HFNC
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has shown to be as effective as NIV, with improved patient comfort
noted. Acknowledging this, a change in clinical practice may be warranted. Further high-quality research with large sample sizes is required
before a definitive conclusion can be drawn

10
EFFECTIVENESS OF ONLINE/WEB-BASED SMOKING
PREVENTION AND CESSATION PROGRAMS IN
ADOLESCENTS
Robert Laxdal, SRT
University of Manitoba, Winnipeg, MB, Canada
laxdalr@myumanitoba.ca
BACKGROUND: Roughly 5 million Canadians over the age of 12 are
considered smokers. Smoking is known to cause major health risks such
as lung cancer, COPD, and a decrease in quality of life. Over half of
adolescent smokers have attempted to quit but may not have had adequate resources to be successful. In Manitoba, it is estimated that smoking costs the healthcare system an additional $244 million per year.
Studies have shown that online programs may be effective in smoking
cessation/prevention in adolescents.
OBJECTIVE: To determine whether online/web-based smoking prevention/cessation programs are effective for adolescents.
METHODS: A systematic literature search was conducted using
CINAHL and OVID databases. Randomized control trials that were relevant and met inclusion criteria were reviewed.
RESULTS: Thirty eight studies were collected from a primary search of
the two databases. Once all inclusion and exclusion criteria were applied,
13 articles were reviewed. After review, five randomized control trials
remained for systematic review.
DISCUSSION: Selected studies showed that online programs are effective in reducing smoking initiation if the participant is emotionally
involved, and has sufficient exposure. One study showed that structured
planning to quit, led to higher rates of cessation compared to a rapid/
spontaneous decision to quit. Another study showed that a text message-based program was effective in decreasing the number of cigarettes
smoked by urban adolescents. Developing and implementing an online
program in Manitoba could improve overall health by decreasing smoking rates, and would help to save the province millions of dollars a year.
CONCLUSION: Online/web-based programs appear to be effective in
reducing smoking rates among adolescents. However, a separate program for prevention and cessation may be needed as a program that is
effective for prevention, may not be effective for those who already are
smokers.

11
IS POINT-OF-CARE LUNG ULTRASOUND MORE
ACCURATE THAN CHEST RADIOGRAPHY FOR
DIAGNOSIS OF COMMUNITY ACQUIRED
PNEUMONIA IN ACUTELY DYSPNEIC PEDIATRIC
PATIENTS?
B. MacMillan,SRT
Dalhousie University, Halifax, NS, Canada
bradleymacmillan@gmail.com
BACKGROUND: Community-acquired pneumonia (CAP) remains
the primary infectious cause of pediatric death. Chest radiography (CR)
represents the diagnostic reference standard; however, routine implementation is not recommended concerning radiation exposure. Nonradiating lung ultrasound (LUS) represents an alternative to CR.
Despite accumulating adult-oriented evidence, investigation in pediatric
applications remains limited, despite elevated risk of radiation-induced
deficits.
QUESTION: Is point-of-care lung ultrasound more accurate than chest
radiography for diagnosis of community-acquired pneumonia in acutely
dyspneic pediatric patients?
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METHODS: A literature review of PubMed, EMBASE, and CINAHL
databases was conducted using key terms “lung ultrasound,” “chest radiography,” “pediatric,” and “community acquired pneumonia.” Peer
reviewed English publications between 2008 and 2018 of human subjects <21 years of age, including randomized controlled trials (RCT), prospective cohort studies (PCS), systematic reviews (SR), and meta-analyses
(MA) qualified.
RESULTS: One RCT demonstrated 39% reduction in CR necessity following LUS for diagnosis. Furthermore, LUS expedited emergency
department length of stay (p< 0.05). Six PCSs demonstrated favorable
diagnostic sensitivity and specificity, reflecting high accuracy. Two
SR-MAs supported LUS as a feasible CR-substitute. Furthermore, LUS
was superior in detection of sub-centimeter lung consolidations.
LIMITATIONS: Predominantly single-center observational studies with
small sample populations comprise presently available data, limiting generalizability. Absence of GOLD-standard CT-chest data limits definitive
comparison.
DISCUSSION: Qualitative and observational evidence illustrates potential value of LUS diagnostics. LUS is a safe, inexpensive, and accurate
imaging modality. Furthermore, expedited hospital duration, radiation
avoidance, and accessibility mitigate established CR challenges.
Additionally, LUS promotes prudent antibiotic administration relative
to reliance on non-specific physical assessment.
CONCLUSION: Insufficient evidence exists to confirm superior accuracy of LUS relative to CR for CAP diagnosis in pediatric populations.
More robust experimental design research is necessary to address knowledge gaps.

12
THE USE OF ISONIAZID AS PROPHYLAXIS IN
PATIENTS CO-INFECTED WITH TUBERCULOSIS
AND HIV
G. Malenki, SRT
University of Manitoba, Winnipeg, MB, Canada
ginamalenki@gmail.com
BACKGROUND: Tuberculosis is an air borne bacteria called mycobacterium tuberculosis that can be transferred from person to person when
it is in its active stage of the infection. This bacterial infection is spread
in microscopic droplets suspended in the air when someone with active
tuberculosis coughs, spits, laughs, sneezes or sings. Tuberculosis primarily affects the lungs but can also involve other organs. HIV is a virus that
can be spread from person to person through bodily fluids. It attacks the
body’s immune system making the infected individual more prone to
contracting other infections. Therefore someone with HIV is very susceptible to infection if they are exposed to mycobacterium tuberculosis.
A co-infection of these diseases causes more rapid progression of the
diseases and poorer outcomes than if they had only one out of the two.
Once active, the immunosuppressed individual may have a difficult time
fighting off the infection and lead to very poor outcomes including
death. Isoniazid is a U.S. Food and Drug Administration approved antibacterial medication used to treat tuberculosis.
OBJECTIVES: To determine whether isoniazid is effective as a preventative therapy to avoid active tuberculosis in patients co-infected with
HIV and latent tuberculosis.
METHODS: Primary literature search conducted in November 2017,
using the databases Ovid and CINAHL, with a secondary search conducted within the reference lists of articles found in these databases. By
combining the search terms, the databases presented 4061 results. Once
the inclusion and exclusion criteria were applied, 70 results remained.
Once the duplicates were removed and articles were scanned for relevancy, seven articles remained.
RESULTS: The remaining seven articles were further narrowed down to
four, due to their content. All four of the articles used isoniazid as the
intervention and compared it to either a placebo, or a different type of
drug intervention. The results of these studies presented evidence that
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isoniazid was more effective at preventing active tuberculosis in HIV
patients, compared to placebo or alternate therapy.
DISCUSSION: The primary outcome measured was how many patients
progressed to active tuberculosis infection despite taking isoniazid prophylactic treatment. This was done by comparing it to either a different
treatment or to a placebo to further evaluate the effectiveness of isoniazid versus other treatments, or doing nothing at all.
CONCLUSION: Isoniazid is more effective at preventing active tuberculosis infection than not taking any preventative therapy at all. Further
research needs to be done comparing its efficacy versus other methods of
preventative therapy.

13
EMERGENCE DELIRIUM: CAUSATION, CORRELATION
AND IMPROVEMENTS NEEDED
H. McDonell
Southern Alberta Institute of Technology, Calgary, AB, Canada
holly.macdonell@edu.sait.ca
Emergence Delirium is a common complication often seen in the
post-anesthetic care unit and is poorly understood as well as poorly managed. Often confused with delirium found in the Intensive Care Unit,
Emergence Delirium lacks a clear differentiation clinically and is often
not even recognized. Due to its significant impact on postoperative care,
employees, and patient well-being, there is a need for more specialized
studies to be conducted on its etiology. Not only having patient-associated impacts, there is also increased hospital-associated costs, longer
duration of stay, and more staff being implemented in patient management. Attending healthcare providers need to be made aware of the condition and current research in relation to risk factors, diagnosis, and
future treatment options. Associated risk factors that have been seen to
increase the incidence of Emergence Delirium are the extreme spectrums of age, the presence of preoperative anxiety, particular anesthetic
techniques, specific surgical procedures and poor postoperative pain
management. The high need for further research will also be touched on
as the condition has a significant impact on the course of patient care
and hospital resources. Emergence Delirium contributes to a delayed
recovery process, resulting in longer lengths of stay, more resource utilization, higher hospital costs and more staff needed for patient management. The lack of a specific quantification process and measurement
tools make recognition of Emergence Delirium under-recognized
and undermanaged. A single direct cause of Emergence Delirium still
remains unknown, and further research needs to be conducted in
regards to compiling a specific scale and protocol to follow in the postoperative process.

14
THE HYPOTHALAMUS-PITUITARY-ADRENAL AXIS
INDUCED ADRENAL INSUFFICIENCY AND ONSET OF
CHRONIC LUNG DISEASE IN PRETERM NEONATES
H. Mann, BSc
Southern Alberta Institute of Technology, Calgary, AB, Canada
harbirmann30@gmail.com
The hypothalamus-pituitary-adrenal (HPA) axis, is a negative feedback
system which functions to maintain homeostasis when faced with a stressor, by secreting cortisol – a glucocorticoid hormone. Neonatal HPA axis
is a complex neural system and is functionally dependent on timely parturition, the help of enzymatic and hormonal processes and positive and
negative feedback circuits. This system is a vital component in intrauterine development and is essential for extrauterine survival. Relative adrenal insufficiency, defined by the lack of cortisol secretion in preterm
neonates is brought upon by immature neural development secondary
to premature labor. The lack of cortisol thus impedes normal surfactant
production making problems pertaining to the respiratory system prominent with increased susceptibility to chronic lung diseases such as BPD.
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Studies have shown that adrenal insufficient neonates will generally present with low basal cortisol levels with a positive response to exogenous
glucocorticoid administration with increased blood serum cortisol production. Furthermore, when comparing preterm to term infants, preterm infants are born with lower cortisol levels and present with
increased susceptibility to the onset of RDS than term infants. Finally
glucocorticoid therapy, hydrocortisone in particular, mediates similar
effects of endogenous cortisol and has been shown to have improved
outcomes in patients suffering from adrenal insufficiency by reducing
the need for respiratory support. Hydrocortisone therapy however is limited due to lack of extensive studies despite it improving outcomes of
certain neonatal pathologies; the use of the drug is to be routinely monitored and used in minimal doses. Overall, as more studies are being
conducted on premature infants, there has been an increase in the
administration of prenatal steroids in the instance of premature labor,
and initiating corticosteroid therapy earlier in infants born prematurely
in an attempt to reduce the likelihood and onset of respiratory distress
secondary to adrenal insufficiency.
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ARE VAPES AN EFFECTIVE DEVICE FOR SMOKING
CESSATION OR A GATEWAY TO CONVENTIONAL
TOBACCO SMOKING?
M. Mayel, SRT
University of Manitoba, Winnipeg, MB, Canada
mooskamayel@gmail.com
BACKGROUND: With tobacco smoking still being a leading cause of
deaths worldwide, smoking cessation has become an area of great focus
in the recent years. Vapes or e-cigarettes have been getting increasing
attention in its effectiveness as a smoking cessation device as it the only
device that provides the same illusion and behavioral resemblance to a
traditional cigarette.
OBJECTIVES: To investigate if vapes or e-cigarettes aid in smoking cessation or promote smoking.
METHODS: A literature search was completed in November 2017 using
the following databases: PubMed and Ovid. Randomized controlled trials
were only selected to be included in the search. After all inclusion and
exclusion criteria were applied, four studies were chosen. Reference lists
of selected studies were also reviewed for relevant studies.
RESULTS: All included studies were randomized controlled trials with
adult participants over the age of 18 years who were current smoker. The
intervention used in the studies included e-cigarettes with a nicotine
level between 0 and 18 mg and traditional tobacco cigarettes or nicotine
patch as a comparison.
DISCUSSION: Studies included in this review measured the effect of
e-cigarettes on cravings and withdrawal symptoms, smoking reduction or
abstinence, and eCO and cotinine levels. Most studies showed evidence
that e-cigarette use leads to an overall reduction in tobacco smoking.
CONCLUSIONS: Although the majority of the studies included in this
review revealed that e-cigarettes result in a significant decrease in smoking, further research needs to be conducted to prove its effectiveness for
complete smoking abstinence, as well as the harms and risks associated
with its use.
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IS HYPERBARIC OXYGEN THERAPY AN EFFECTIVE
TREATMENT FOR POST-CONCUSSION SYNDROME
AND TRAUMATIC BRAIN INJURY?
B. Pedreira, SRT
University of Manitoba, Winnipeg, MB, Canada
bpedreira@live.ca
BACKGROUND: The concept of delivering high amounts of oxygen at
a greater atmospheric pressure has been proven to increase the amount
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of oxygenated blood in the body (“What is Hyperbaric Oxygenation?
How Does it Work?,” 2018). The usefulness of hyperbaric oxygen therapy (HBOT) for the treatment of traumatic brain injury (TBI) has
been wildly debated and sometimes controversial. As TBI’s increase in
prevalence, it is important to recognize potentially positive and useful
treatments.
OBJECTIVES: To evaluate the effectiveness of HBOT in the treatment
of symptomatic and behavioral concerns caused by TBI.
METHODS: Inclusion criteria were based on the study being a randomized control trial (RCT), a confirmed diagnosis of post-concussion syndrome or TBI and HBOT must be used as the primary treatment
intervention. The two limits placed on the search were reports of English
origin and human studies.
RESULTS: A primary electronic search was completed using three databases producing 122 articles. Once duplicates were removed and full-text
articles were reviewed, eight RCT’s remaining for analysis. A total of five
outcomes were evaluated: intracranial pressures, cognitive scores, quality
of life, Glasgow Coma and Outcome Scores (GCS/GOS) and motor
skills and coordination.
DISCUSSION: HBOT showed improvements in GOS scores in three
articles while one article stated that HBOT was not suggested in the
treatment of fine motor speed and balance. Most articles believed the
use of HBOT had favorable results in the treatment of traumatic brain
injury. HBOT enhances the body’s natural healing process by increasing
diffusion distance of oxygen into the impaired tissue and promotes neurovascular regeneration.
CONCLUSION: HBOT has shown to have positive results in the treatment of traumatic brain injuries however more research needs to be
done to include greater subgroup analysis and more diversity in participant selection.
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PERCUTANEOUS DILATION TRACHEOSTOMY
METHOD IN PEDIATRIC PATIENTS
K. Montales SRT
University of Manitoba, Winnipeg, MB, Canada
montalesk@gmail.com
BACKGROUND: Compared to surgical tracheostomy (ST), percutaneous dilation tracheostomy (PDT) is a much newer method, having only
been introduced in the 1980s. PDT is quickly becoming the method of
choice when performing tracheostomies in adults due to benefits such as
being relatively quick and easy to perform, having a lower cost and fewer
complications, and eliminating risks associated with transfer as PDT can
be done at the bedside. Although it has become a popular procedure
method in adults, PDT is rarely done in children due to perceived difficulties posed by pediatric anatomy. Currently PDT is generally contraindicated in pediatric patients.
OBJECTIVES: To determine whether the percutaneous dilation tracheostomy method should be used more often than the traditional surgical method in pediatric populations.
METHODS: A systematic literature search of three databases (OVID
Medline, Scopus and PubMed) was conducted in November 2017. A secondary search was conducted on the reference lists of identified articles
to recognize additional sources. Articles were included in this review if
their main purpose was to study outcomes of pediatric patients undergoing percutaneous dilation tracheostomy.
RESULTS: The primary and secondary search of selected databases
identified 70 articles after removal of duplicates. Abstract analysis and
review of the full text identified seven articles which were included in
this literature review.
DISCUSSION: All seven articles analyzed complications associated with
pediatric PDT. Two studies compared complication rates and benefits of
PDT and ST. Five studies included patients younger than 10 years old.
Overall PDT is shown to be performed successfully on pediatric patients
with a low rate of complications.
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CONCLUSIONS: Percutaneous dilation tracheostomy can be safely preformed on pediatric patients, including infants, who do not have severe
underlying conditions. The long-term complications of this procedure
still need to be studied, as well as the limitations on what patients are
appropriate for PDT. Increased operator experience with the procedure
and increased accessibility to equipment are major factors in increasing
the use of PDT in pediatrics and improving patient outcomes.

18
MANAGEMENT OF ACUTE SEVERE ASTHMA IN
MECHANICALLY VENTILATED PATIENTS: CURRENT
AND EMERGING STRATEGIES
M. Rahman, SRT
Southern Alberta Institute of Technology, Calgary, AB, Canada
mahmud_ubc@yahoo.ca
Asthma is a common chronic inflammatory lung disorder of all age
groups, predominantly affecting pediatric populations. The term “acute
severe asthma” (ASA) refers to the acute exacerbation of asthma that
results in acute signs and symptoms and severe cardiopulmonary
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abnormalities. The term “status asthmaticus” refers to severity of asthma
exacerbation which is refractory to continuous administration of short
acting beta agonists. The current worldwide prevalence of asthma is
around 300 million which may be increased to 400 million by 2025. In
Canada, approximately two out of three asthma patients who are treated
in the general practice suffers from uncontrolled asthma. Amongst the
chronic diseases, asthma poses the biggest economic burden on healthcare system. ASA patients consume a significant amount of healthcare
resources since they require hospitalization, sudden unplanned medical
interventions, long hospital stay, and have increased morbidity and mortality. ASA patients account for only 5% of the total asthma population
but the costs associated with acute severe asthma is 50% of the total
asthma cost. Around 2–6% of patients who are in the hospital with ASA
ended up requiring intubation and mechanical ventilation. Ventilator
management of ASA patient is challenging because of hyperinflated
lungs and air trapping. This poster will discuss the management of
mechanically ventilated ASA patients to determine the best practices in
strategies of their care. This poster will include mechanically ventilated
ASA patients of all age groups derived from peer-reviewed research and
review articles published in the last two decades.
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