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After just the blink of an eye, my 
tenure as Editor-in-Chief of the 
Canadian Journal of Respiratory 

Therapy has come to an end. I have 
thoroughly enjoyed my eight years with 
the CJRT – helping guide the journal 
into its current position as a respected 
knowledge-dissemination tool.

It has been my pleasure to work 
with some wonderful individuals on the 
CJRT Editorial Board. Their guidance 
and patience has been instrumental 
in getting me over some of the rough 
patches during the transformation of 
the journal. The success of the CJRT 
is a testament to the commitment of 
the Editorial Board. I feel fortunate to  
have had the opportunity to work with 
this team. We might not always have been in agreement –  
but we always worked together towards our common goals.  
My thanks go to Christina Dolgowicz, Wrae Hill, Christiane 
Ménard, Norman Tiffin, Rita Hansen, Peter Papadakos,  
Jason Nickerson, and Andrea White Markham.

The CJRT also relies heavily on the countless hours 
volunteered by interested individuals who work in relative 
anonymity on behalf of the CJRT. Not only do our volunteers 
assist in peer reviews, but also provide manuscripts and articles 
for publication and act as judges for our abstract presentations 
at conference.

No one can do everything, but everyone can do something. 
I would like to sincerely acknowledge our volunteers for doing 
something!

MESSAGE FROM THE EDITOR-IN-CHIEF

 Amy Reid, RRT, FCSRT, CRE

Darcy Andres
Andrew AuCoin
John Bach
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Sue Dunington
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Thomas Fudge
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Robert Gorman
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For one final time, I present to you the 
contents of this issue.

We have a number of excellent original 
articles. Dr. Francois Lellouche presents 
Protective Ventilation in Patients Without 
Acute Lung Injury or Acute Respiratory 
Distress Syndrome. Dr. Lellouche reviews 
the physiologic rationale for applying low 

tidal volume ventilation and the evidence supporting its use 
in patients with and without acute lung injury and acute 
respiratory distress syndrome.  In the paper Asthma in 2011 - 
What is the Role of the RT, Dr. Louis-Phillipe Boulet, discusses 
the achievement and maintenance of asthma control through 
education, adequate assessment of control, environmental 
measures and adapted pharmacotherapy.  Marilyn Hyndman 
reports on the changes to the 6th edition of NRP in her article 
Neonatal Resuscitation Program 2011.  An Overview of Home 
Oxygen Delivery Devices and Prescribing Practices written by Dr. 
James Stoller, reviews the types of home oxygen delivery devices 
and the advantages and disadvantages. 

We also have our regular columns. In the Leadership 
Column - Leadership – What I Believe to be Important, Christina 
Sperling discusses the concepts of good leadership practices.  
Tom Dorval has written the Educator’s Column - A Flexible 
Respiratory Therapy Program Model Using Blended Learning.  
He describes the evolution of the distance courses into a 
blending of distance and face to face education.  The Student 
Column, What Can I do After I Have Graduated? by Krystal 
Hong, provides students with some interesting options to 
consider after graduation.  Also abstracts of current literature 
are included.

It has been a privilege and an honour for me to hold the 
position of Editor-in-Chief of the CJRT. It has been time well 
spent! I look forward to the challenges of the future and I am 
sure they will include other volunteer positions with the CSRT. 
I thank you all for your support, advice and encouragement 
during my term.

Ana MacPherson
Carolyn McCoy
Mika Nonoyama 
Marianne Ng
Melissa Parke
Tom Piraino
Shelley Prevost
Misbah Quraishi
Patti Redpath-Plater 

Andrew Sifain
Christina Sperling
Kathy Spurr
James Stoller
Kevin Taylor
Norm Tiffin
Shaun Turcotte
Gil Vergilio
Andrew West 
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Le temps d’un clin d’oeil, et mon 
mandat de rédactrice en chef du Journal 
canadien de thérapie respiratoire 

(JCTR) est terminé. Mes années au journal 
ont été complètement agréables et j’ai 
beaucoup aimé guider le journal vers la 
position respectée qu’il occupe actuellement 
comme outil de diffusion de connaissances.

Ma collaboration avec les membres du 
Comité de rédaction du JCTR a été plus que 
gratifiante. Leur aide et leur patience ont 
grandement contribué à me faire franchir 
certains des obstacles à la transformation 
du journal. Le succès du JCTR témoigne de 
l’engagement des membres du Comité de 
rédaction. Je me sens privilégiée d’avoir eu 
l’occasion de travailler avec chacun d’entre 
eux. Nous n’étions peut-être pas toujours 
d’accord, mais nous avons toujours visé les mêmes objectifs. 
Je tiens donc à remercier Christina Dolgowicz, Wrae Hill, 
Christiane Ménard, Norman Tiffin,  Rita Hansen, Peter 
Papadakos, Jason Nickerson, et Andrea White Markham.

Le JCTR doit pouvoir aussi compter grandement sur les 
nombreuses heures fournies par les bénévoles qui travaillent 
en grande partie dans un anonymat relatif. Ils participent à la 
révision des textes de leurs collègues, mais rédigent aussi des 
textes et des articles à publier et jouent le rôle de juges à la 
présentation des résumés au congrès.  

Personne ne peut tout faire, mais chacun peut accomplir 
quelque chose. Je tiens à souligner le travail de nos bénévoles 
qui accomplissent énormément de travail. 
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Pour la dernière fois, je vous 
présente le contenu du présent numéro.  

Nous vous offrons d’excellents 
articles originaux. Le Dr Francois 
Lellouche a rédigé Protective Ventilation 
in Patients Without Acute Lung Injury  
or Acute Respiratory Distress Syndrome.  
Il examine la justification physiologique 
d’une ventilation à faible volume et  

les preuves appuyant son application aux patients avec ou  
sans faiblesse pulmonaire aigüe ou affectés par le 
syndrome de détresse respiratoire aigüe. Dans l’article  
Asthma in 2011 - What is th e Role of the RT, le  
Dr Louis-Phillipe Boulet aborde la question de la gestion et de la 
maîtrise de l’asthme par l’information des patients, l’évaluation 
des moyens de maîtrise, les conditions appropriées du milieu 
et la pharmacothérapie adaptée. Dans son article Neonatal 
Resuscitation Program 2011, Marilyn Hyndman explique les 
modifications de la 6e version du programme. An Overview 
of Home Oxygen Delivery Devices and Prescribing Practices du 
Dr James Stoller passe en revue les divers types d’appareils 
domestiques d’administration d’oxygène et leurs avantages  
et désavantages. 

Nous publions également les chroniques habituelles. 
Dans la chronique sur le leadership, Ma vision du leadership, 
Christina Sperling aborde les bonnes pratiques de leadership. 
Tom Dorval rédige cette fois-ci la chronique sur l’éducation, 
Un modèle souple de programme d’enseignement de la thérapie 
respiratoire basé sur l’apprentissage hybride dans laquelle il décrit 
l’évolution des cours à distance devenus une combinaison de 
cours à distance et d’enseignement en vis-à-vis. La chronique 
étudiante de Krystal Hong, Une fois mon diplôme obtenu, quelles 
sont mes options?, explique aux étudiants différentes options à 
examiner après l’obtention de leur diplôme. Le journal publie 
aussi des extraits de publications courantes.   

Je m’estime privilégiée et je suis très honorée d’avoir 
occupé le poste de rédactrice en chef du JCTR. Ce fut une 
période bien remplie! J’envisage avec plaisir mes nouveaux 
défis et je suis certaine qu’ils m’offriront d’autres occasions de 
bénévolat au sein de la SCTR. Je vous remercie tous de votre 
appui, de vos conseils et de votre encouragement tout au long 
de mon mandat. 

Melissa Parke
Tom Piraino
Shelley Prevost
Misbah Quraishi
Patti Redpath-Plater 
Andrew Sifain
Christina Sperling

Kathy Spurr
James Stoller
Kevin Taylor
Norm Tiffin
Shaun Turcotte
Gil Vergilio
Andrew West 
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lung injury

Mots-clés : ventilation protectrice, syndrome respiratoire aigu, syndrome de 
détresse respiratoire aiguë, ventilation mécanique, faible volume respiratoire, 
syndrome respiratoire dû à un problème de ventilation

ORIGINAL ARTICLE

protective Ventilation in patients Without Acute Lung Injury or  
Acute Respiratory Distress Syndrome 

jed Lipes1, Francois Lellouche2 
1Clinical Fellow, Critical Care Medicine, Institut Universitaire de Cardiologie et de pneumologie de Quebec, Université Laval, Quebec.

2Institut Universitaire de Cardiologie et de pneumologie de Quebec, Université Laval, Quebec.

RÉSUMÉ
La ventilation mécanique à faible volume respiratoire est 

devenue la norme pour le traitement du syndrome respiratoire 
aigu et du syndrome de détresse respiratoire aiguë. Dans cet 
article, nous examinons brièvement la justification sur le plan 
physiologique du recours à la ventilation à faible volume 
respiratoire et les données appuyant son utilisation chez les 
patients atteints ou non du syndrome respiratoire aigu et 
du syndrome de détresse respiratoire aiguë. Il est question 
également des obstacles à l’utilisation clinique efficace de 
faibles volumes respiratoires et des difficultés afférentes. La 
question de savoir si l’on doit avoir recours à la ventilation 
protectrice chez des patients non atteints d’un syndrome 
respiratoire demeure controversée, mais il existe de plus 
en plus de données indiquant que ces patients pourraient 
bénéficier de son utilisation à des fins préventives. 

INTRODUCTION
The concept of protective ventilation has emerged 

over the last 20 years largely in the literature surrounding 
acute respiratory distress syndrome (ARDS) and acute lung 
injury (ALI).  Lung protective ventilation refers to the use 
of low tidal volume (TV), often in the range of 4-8 ml/kg 
of predicted body weight (PBW).  In fact, 6 ml/ kg is the 
normal physiologic TV in humans.(1) Data in both animals 
and humans have shown that mechanical ventilation can 
be injurious to the lungs, a process referred to as ventilator 
induced lung injury (VILI).(2-4) Investigators have conducted 
several large randomized trials which have shown that the use 
of lower TVs is associated with improved outcomes.(5-9)  
Indeed, over the last two decades, TVs in the intensive care 
unit (ICU) have decreased, predominantly in patients with 
ALI or ARDS.(10-11)  However, evidence also exists showing 
that mechanical ventilation can be injurious to the lungs as 
well as other organ systems in patients without ALI or ARDS. 
We will review the evidence regarding TV use in ARDS, 
the pathophysiology of VILI, current evidence surrounding 
protective ventilation in non-lung injured patients as well as 
the barriers to the use of protective ventilation.  

VENTILATOR INDUCED LUNG INJURY  
IN ALI/ARDS pATIENTS

Mechanical ventilation, although life saving in acute 
respiratory failure, is also associated with significant side 
effects. In ALI or ARDS, there is a breakdown of normal lung 
architecture, loss of functional lung units and the development 
of high permeability pulmonary edema, all of which result 
in clinically stiff, non-compliant and heterogeneous lungs 
(12,13). The ventilator in this setting can produce a wide 
array of local and systemic adverse effects, known as ventilator 
induced lung injury (VILI).(13,14) One can divide VILI 
into 2 large categories of pathologic injury; macroscopic and 
microscopic (13). Macroscopic injury is the development 
of barotrauma with pneumothoraces or subcutaneous air. 
This occurs when high airway pressure is transmitted to 
alveoli with subsequent rupture.  Risk factors for barotrauma 
include the use of high TV, elevated plateau pressure and 
minute ventilation with mechanical ventilation, as well as 
underlying conditions including chronic obstructive lung 
disease and ARDS. (15-20) What is important to note is that 
the peak pressure is not necessarily the distending pressure 
transmitted to the alveoli and consequently elevated peak 

ABSTRACT
Low tidal volume mechanical ventilation has become the 

standard of care for the treatment of acute lung injury and 
acute respiratory distress syndrome. In this paper we briefly 
review the physiologic rationale for applying low tidal volume 
ventilation and the evidence supporting its use in patients 
with and without acute lung injury and acute respiratory 
distress syndrome. Moreover, some of the barriers and pitfalls 
in effectively utilizing low tidal volumes in clinical practice 
are discussed. Whether a strategy of protective ventilation 
should be applied to patients without lung injury remains 
controversial, however there is increasing data that suggests 
these patients could benefit from the prophylactic use of lung 
protective ventilation. 
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pressures are not detrimental to the lung per se.  In truth, the 
transmitted pressure or transpulmonary pressure, calculated 
as the difference between the alveolar and pleural pressures 
(21), is what causes alveolar trauma, although it can be more 
difficult to measure and monitor at the bedside.  As such, to 
prevent lung injury one should monitor the plateau pressure.  
Microscopic injury consists of epithelial and endothelial cell 
damage, loss of integrity of the alveolar-capillary membrane 
and the production of cytokines, which have both pulmonary 
and systemic effects leading to multi-organ failure. (13,22)  

Mechanistically, these pathophysiologic changes occur 
from the direct effect of high pressure on the lung, leading to 
barotrauma, from the damage caused by lung overdistension, 
leading to volutrauma, from the shear stress of repetitive 
opening and closing of alveoli, leading to atelectotrauma 
and from the generation of cytokines and an inflammatory 
cascade, resulting in biotrauma. This can perpetuate lung 
injury as well as induce multiorgan failure, the most common 
cause of death in patients with ARDS. (23-25)

HISTORY OF HIGH TIDAL VOLUME USE
The history behind the use of high TVs can be traced 

back to early papers in anesthesia and ARDS.  In 1963 a 
seminal paper by Bendixen in the New England Journal 
of Medicine (26) revealed that use of higher TVs during 
anesthesia (18 patients undergoing laparotomy) resulted 
in less atelectasis, less acidosis and improved oxygenation 
compared to lower TVs.  Anesthesiology textbooks have 
subsequently maintained that TVs should be between 10-
15 ml/kg while undergoing mechanical ventilation to avoid 
atelectasis and desaturation (27), which for a 70 kg patient 
equates to 900-1050cc breaths. Following the original 
description of ARDS by Ashbaugh in 1967 (28), many 
studies have been performed in this susceptible population 
with a variety of TVs ranging from 10 to 24 ml/kg.(29-32)  It 
was not until the 1970s-1980’s when a significant amount of 
data first started to emerge focusing on the deleterious effects 
of large TVs in the lungs of animals.(14,33,34)  Furthermore, 
it wasn’t until the 1990s and 2000s when randomized clinical 
data emerged in humans which revealed improved outcomes 
with the use of lower TVs with or without the use of high 
levels of positive end-expiratory pressure (PEEP), although 
initial data was conflicting.(5-8,35-37) Hickling was the 
first author to propose the notion of permissive hypercapnia 
with the use of low TV.(38,39) Amato et al. performed a 
randomized trial on 53 patients with ARDS which revealed a 
reduction in 28 day mortality from 71% to 38% using 12 ml/
kg versus 6 ml/kg. The mean TV with protective ventilation 
was 387cc compared to 738cc with plateau pressures of 24 vs. 
28 cmH20 and peak pressures of 24 vs. 46 cmH20.(6)  In the 
same year, two other clinical trials emerged with conflicting 
results. A trial by Brochard et al. compared TVs of < 10 ml/
kg versus ≥ 10 ml/kg in 116 patients with ARDS and failed to 
show a significant reduction in mortality (37.9% vs. 46.6% 
p=0.38,), barotrauma or multi-organ dysfunction.(7)  Stewart 
completed a similar trial in 120 patients comparing a TV of 

8 ml/kg versus 10-15 ml/kg, which again did not result in a 
reduction in mortality (50% vs. 47% respectively).(8)  

In the largest trial to date, the Acute Respiratory Distress 
Syndrome Network randomized 861 patients to a protective 
low TV strategy of 6 ml/kg of PBW with a plateau pressure 
less than 30 cm H20, versus 12 ml/kg with a plateau pressure 
less than 50 cm H20. They found a statistically significant 
reduction in mortality from 39.8% to 31%.(5) Based on 
these results, current guidelines recommend TVs of 6 ml/kg 
of PBW for the management of patients with ALI or ARDS.
(40)  The effect of low TV ventilation in patients without ALI 
or ARDS is less well known.

pROTECTIVE VENTILATION IN pATIENTS  
WITH ALI/ARDS

Protective ventilation refers to a combination of changes 
made to standard mechanical ventilation to reduce the risk 
of VILI. The potential consequences of low TV are the same 
as those described by Bendixen almost 50 years ago: (i) 
progressive derecruitment–atelectasis leading to hypoxemia 
and (ii) respiratory acidosis.

To reduce the risk of barotrauma, plateau pressures 
are maintained below 30 cmH20. To avoid alveolar 
overdistention and volutrauma, a TV of 6 ml/kg of PBW is 
used.  Of note, it is crucial that the PBW and not the actual 
body weight (ABW) be used to calculate tidal volume.  The 
use of ABW may overestimate the required TV.(41) To 
minimize atelectotrauma, PEEP is used to keep the alveoli 
open; a “lung-open” strategy. PEEP also protects from 
alveolar derecruitment and hypoxemia while minimizing 
the amount of inspired oxygen required, thereby avoiding 
denitrogenation atelectasis and potential oxygen toxicity 
(convincing data exists in animal studies).(42)  From clinical 
data, various levels of PEEP ranging between 5 and 24 cmH20 
have been associated with improved oxygenation, less need of 
rescue therapy for refractory hypoxemia, reduced multiorgan 
failure, and safety.(35,37,43)  In fact, the use of zero PEEP 
(ZEEP) has been associated with worse outcomes, including 
increased hypoxemia, ventilator associated pneumonia as 
well as hospital mortality.(44,45) Another way to avoid 
atelectasis is to reduce the FiO2, as levels above 60% can 
cause denitrogenation atelectasis.(46,47)  To this end, the 
SpO2 target must be reduced in the case of ARDS patients to 
88-92%.(40,48)  Due to the reduction in TV and subsequent 
minute ventilation, carbon dioxide levels are often elevated 
in these patients and the hypercapnia tolerated, a concept 
referred to as permissive hypercapnia.(49) To avoid severe 
respiratory acidosis (ph < 7.20), the respiratory rate needs to be 
increased, often up to 30 breaths/min and heated humidifiers 
can be used to decrease the anatomic dead space.(50)

pROTECTIVE VENTILATION IN pATIENTS  
WITHOUT LUNG INJURY

Many postulate that the development of ALI follows a 
“multiple hit” model, whereby the lung is primed by an initial 
physiologic stressor such as pneumonia, aspiration, sepsis, 
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blood transfusions or cardiopulmonary bypass, and then 
a second hit occurs, such as ventilator induced lung injury, 
leading to ALI or ARDS.(51)  Consequently, patients at the 
highest risk for the development of ventilator associated lung 
injury are often those found in the ICU or undergoing high 
risk surgical procedures.  

Gajic et al. in 2004 performed a retrospective cohort 
study of mixed medical-surgical patients receiving mechanical 
ventilation for > 48 hours in the ICU who did not have ALI 
at the time of intubation.(52)  332 patients were analyzed of 
which 80 (24%) developed ALI within 5 days of mechanical 
ventilation. Women tended have to have higher TV (11.4 
vs. 10.4 ml/kg PBW) and developed ALI more frequently 
(29% vs. 20%, p < 0.068).  A multivariate analysis revealed 
an increased risk of developing ALI with the use of volumes 
greater than 6 ml/kg PBW (OR 1.3 for every ml > 6 ml, P < 0.001).  

In a large international database of 3261 mechanically 
ventilated medical-surgical ICU patients without ALI/
ARDS, Gajic et al. showed that ARDS developed in 6.2% 
of patients after 48 hours of mechanical ventilation.  Most of 
the patients were admitted with sepsis, pneumonia, trauma 
or post-operatively.  A multivariate analysis revealed that the 
use of a TV greater than 700 ml was associated with an odds 
ratio of 2.66 for the development of ARDS (P < 0.001).(53)

Determann et al. recently performed a randomized 
nonblinded two-centre trial comparing conventional 10 ml/
kg PBW to 6 ml/kg PBW in 152 critically ill medical/surgical 
patients.(54)  Patients were randomized within 36 hours of 
initiation of mechanical ventilation. The primary outcome 
was cytokine levels in bronchoalveolar lavage (BAL) fluid 
and plasma. Secondary outcomes included the development 
of ALI/ARDS, duration of ventilation and overall mortality.  
Despite balanced baseline demographics including known 

risk factors for ALI/ARDS, the trial was stopped early when 
more patients developed lung injury in the conventional 
group, 13.5% versus 2.6% (p=0.01).  The relative risk for 
developing lung injury with conventional ventilation was 
5.1 (95%CI, 1.2-22.6). Plasma IL-6 levels decreased over  
 4 days and were more pronounced in the low TV group (21 ng/ 
ml vs. 11 ng/ml, p=0.01). BAL cytokine levels including IL-6 
trended higher in the conventional group, although did not 
reach significance.

A multicenter randomized controlled trial by Mascia et al.  
enrolled 118 patients with normal lungs who were potential 
organ donors, to receive either conventional or protective 
ventilation.(55) Current guidelines for the management of 
organ donors suggest 10-12 ml/kg of TV.(56,57) Patients 
receiving conventional ventilation were treated with 10-12 
ml/kg PBW with a PEEP of 3-5 cm H20, whereas patients 
receiving  protective ventilation  were treated with  6-8 ml/kg 
PBW with a PEEP of 8-10 cm H20. The study period was 6 
hours.  The results revealed a dramatic increase in the number 
of eligible lung donors (54% vs. 95%, P< 0.001), as well as in 
the number of patients in whom lungs were harvested (27% 
vs. 54%, P=0.004), suggesting a decrease in lung damage due 
to a brief reduction in exposure to potentially injurious high 
TV ventilation. 

Studies in high-risk surgical populations have showed 
results favoring prophylactic protective ventilation. A trial 
by Lee et al. in a surgical ICU excluding neuro-trauma and 
cardiac surgery patients, randomized 103 patients to 12 ml/
kg vs. 6 ml/kg.  They documented a reduction in pulmonary 
infections, a trend towards a reduced ICU length of stay 
and a reduced duration of intubation with lower TVs.(58)  
Fernandez-Perez et al. analyzed 170 patients undergoing 
pneumonectomy via retrospective chart review. Of all 

reference

(year)

Fernandez 
(2006) observational

Michelet 
(2006) RCT

Lee 
(1990) RCT

Wrigge 
(2000) RCT 

Wrigge 
(2004) RCT 

Choi 
(2006) RCT 

Weingarten 
(2010) RCT

type of  patients

(n)

Pneumonectomy 
170

Esophagectomy 
52

Post-operative patients 
103

Elective surgeries 
39

Abdominal and thoracic surgeries 
64

Prolonged surgeries 
40

Major abdominal surgeries 
40

tV  –   PEEP

 ml/kg     cmH2O

TV 8.3 vs 6.7

 
TV 9/9 – PEEP 0 
TV 9/5 – PEEP 5

TV 12 vs. 6

 
TV  15 - PEEP 0 
TV 6 – PEEP 0

TV 6 – PEEP 10 
TV 12-15 – PEEP 0

TV 6 – PEEP 10 
TV 12 – PEEP 0

TV 6 – PEEP 10 
TV 10 – PEEP 0 
TV 6 – PEEP 12

Main results

18% post-operative ARF  
TV & balance risk factors for ARF

↘ inflammatory markers 
↗ oxygenation, ↘ MV duration

Trend for ↘ pulmonary  
infections and ↘ MV duration

No difference in inflammatory markers   
1h after the surgery

No difference in inflammatory markers   
3h after the surgery

↘ coagulation activation after  5h of  MV

 
Improved respiratory mechanics  
and oxygenation 
No difference in biomarkers

tabLE 1: Impact of ventilation strategy after surgery (except cardiac surgery).  
Abbreviations: RCT=randomized controlled studies. MV=mechanical ventilation. ARF= acute respiratory failure.
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patients, 18% developed respiratory failure, of which 50% 
developed ALI. Those who developed respiratory failure 
had higher intraoperative TVs compared to those who did 
not (8.3 vs. 6.7 ml/kg P< 0.001, OR 1.56).(59)  Michelet 
et al. performed a randomized trial with 52 cancer patients 
undergoing esophagectomy, receiving either 9 ml/kg and 
ZEEP or 9 ml/kg during two-lung ventilation reduced to 5 
ml/kg with one-lung ventilation with a PEEP of 5 cm H20.
(60)  Post-operatively, a reduction in inflammatory cytokines 
and more importantly, improved PaO2/FiO2 ratios and a 
reduction in the duration of intubation were found. A small 
randomized trial of 40 elderly patients undergoing major 
abdominal surgery compared 10 ml/kg and ZEEP with 6 ml/
kg and 12 cm H20 of PEEP with recruitment maneuvers.  
The major finding was that an “open lung” protective 
ventilation strategy was tolerated hemodynamically, and 
despite no change in inflammatory biomarkers, the low TV-
high PEEP group had improved intraoperative oxygenation 
and respiratory mechanics.(61) 

A large prospective case control trial of 4420 consecutive 
patients undergoing major surgery lasting for > 3 hours 
examined intraoperative ventilator settings and the incidence 
of ALI and survival. 83 patients (3%) developed ALI. The 
mean airway pressure in the first hour of ventilation, but not 
TV or PEEP was associated with development of ALI. (62)  In 
addition, in a recent retrospective study of 89 surgical patients 
admitted with respiratory failure, Hughes et al. were unable 
to find any correlation between intraoperative TV and the 
development of ARDS, although most patients in this study 
were being ventilated with a TV of < 10 ml/kg PBW.(63)   

Cardiac surgery patients seem to be at higher risk of 
acquiring ALI/ARDS.(64) Due to the induced inflammatory 
changes secondary to cardiopulmonary bypass (65), this 

represents an interesting subset of patients to study. In cardiac 
surgery a number of studies have been performed examining 
clinical and biochemical changes associated with varying TVs.  
A reduction in plasma and bronchoalveolar cytokine levels 
was seen when using a low TV strategy (8 ml/kg and PEEP 
of 10 compared to 10-12 ml/kg and PEEP of 2-3 cmH2O) in 
40 randomized elective coronary artery bypass surgeries.(66) 
Other small trials revealed similar reductions in inflammatory 
markers, although with conflicting results.(67-69)  A recent 
paper by Sundar et al. randomized elective cardiac surgery 
patients to receive a TV of either 6 or 10 ml/kg PBW.  
Patients receiving lower TVs were more likely to be liberated 
from ventilation at six hours post surgery.  It is not clear if 
these effects were related to a strategy of protective ventilation 
or if they were due to an increase in respiratory drive by the 
effect of low TV inducing higher PaCO2 and lower pH levels.   
Moreover, fewer patients with low TV required re-intubation. 
(70) The largest study concerning cardiac surgery patients 
examined 3434 consecutive bypass, valve or combined 
procedures and the immediate post-operative TVs used.  TVs 
were divided into low (< 10 ml/kg PBW), traditional (10-
12 ml/kg PBW) or high (> 12 ml/kg PBW). A multivariate 
analysis comparing high vs. low TV revealed an increased 
risk of having mechanical ventilation lasting more than  
24 hours (OR 2.4, P=0.001), hemodynamic instability for 
more than 48 hours (OR 1.8, P=0.007) and a prolonged ICU 
stay for more than 7 days (OR 1.8, P= 0.045). In addition, 
risk factors for the use of high TV included a BMI > 30 (OR 
6.2, P < 0.0001) and female sex (OR 4.3, P < 0.0001).(71)

In elective surgery data is more controversial. A trial of 
39 low risk patients undergoing elective surgery randomized 
patients to 15 ml/kg PBW with ZEEP, 6 ml/kg PBW with 
ZEEP or 6 ml/kg PBW with a PEEP of 10 cmH20.  Plasma 

reference

(year)

Koner 
(2004) RCT

Wrigge 
(2005) RCT

Reis Miranda 
(2005) RCT

Zupancich 
(2005) RCT 

Sundar 
(2011) RCT 

Lellouche 
(2011) 
observational  

type of  patients

(n)

CABG 
44 

CABG 
44

CABG 
62

CABG 
40

CABG, Valves 
149

CABG, Valves 
3434

tV  –   PEEP

 ml/kg     cmH2O

TV 10 – PEEP 0 
TV 6 – PEEP 0

TV 6 – PEEP 10 
TV 12 (PEEP 7) 
TV 6 (PEEP 9)

TV 6-8 – PEEP 5 
TV 4-6 – PEEP 10

TV 10-12 (ABW) – PEEP 2-3 
TV 8 (ABW) – PEEP 10

TV 10 - PEEP >5 
TV 6 – PEEP >5

TV <10 vs. 10-12 vs. >12

Main results

No difference on inflammation. 
↗ oxygenation with PEEP

 

↘ TNF in BAL

More rapid ↘ of the pro-inflammatory  
cytokines

↘ of the pro-inflammatory cytokines after 
cardio pulmonary bypass

Less intubated patients after 6hours.  
Less reintubation

 High and traditionnal TV 
↗ organ dysfunction and  
↗ ICU length of stay

tabLE 2: Impact of the ventilation strategy after cardiac surgery 
Abbreviations: RCT=randomized controlled studies. MV=mechanical ventilation. ARF= acute respiratory failure. BAL=bronchoalveolar lavage
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cytokine levels were measured after 1 hr of mechanical 
ventilation.  The authors were unable to find any difference in 
inflammatory biomarkers. (72)  In another trial, investigators 
randomized 64 patients undergoing elective thoracotomy or 
laparotomy to 12 or 15 ml/kg PBW respectively, with ZEEP 
or 6 ml/kg PBW with 10 cmH2O of PEEP. After 3 hours of 
ventilation, inflammatory mediators including TNF, IL-1, 6, 
8, 10 and 12 were measured in both the plasma and tracheal 
secretions. They too were unable to find a significant difference 
between the two groups.(73)  Whether cytokine levels are a 
meaningful endpoint or whether or not 3 hours is sufficient 
to find a difference may both be limiting factors. Choi et al. 
analyzed pulmonary inflammation in the bronchoalveolar 
fluid of 40 patients undergoing elective complex abdominal 
surgeries with a minimum duration of 5 hours.  Patients were 
randomized to 12 ml/kg PBW with ZEEP or 6 ml/kg PBW 
with 10 cmH20 of PEEP.  Although no clinical differences 
were found between groups (the study was not powered to 
find clinical differences), they did find a significant increase  
in procoagulant biomarkers in patients ventilated with 
elevated TVs.(74) 

BARRIERS TO THE USE OF pROTECTIVE VENTILATION
Although convincing data has accumulated from animal 

and clinical studies, protective ventilation is not as widely 
used as it should be. (75) Why might clinicians not utilize 
protective ventilation? The use of protective ventilation does 
require more advanced knowledge of ventilator management.  
In order to maintain adequate minute ventilation, one is 
often required to increase the respiratory rate to higher than 
“usual” rates and sometimes above 30 breaths/min. This may 
lead to the development of dynamic hyperinflation and auto-

PEEP which can have significant negative respiratory and 
hemodynamic consequences. (76) However, due to short 
time constants in patients with ALI/ARDS and low lung 
compliance, this risk is limited below 30 breaths/minutes.
(77) The ability to recognize patients at risk for auto-PEEP 
as well as to accurately recognize the presence of dynamic 
hyperinflation from abnormal ventilator waveforms is 
fundamental to safe clinical practice.

Barriers to implement protective ventilation have been 
associated with physicians concerns for hypercapnia, acidosis, 
hypoxemia, as well as patient comfort and tachypnea.(78)  
Permissive hypercapnia should be tolerated in patients 
undergoing protective ventilation.  Knowledge of the adverse 
effects of hypercapnia on the cardiovascular, respiratory as 
well as other organ systems is critical to avoid serious adverse 
effects. Some important physiologic considerations due to 
hypercarbia include the potential negative effects of acidosis on 
cardiovascular hemodynamics, pulmonary vasoconstriction 
with secondary pulmonary hypertension, as well as cerebral 
vasodilation and elevation of intracranial pressure. (49)  

In the specific situation with low TVs and high 
respiratory rates, the humidification system used with the 
ventilator is particularly important and can be a significant 
contributor to increased respiratory acidosis. To reduce the 
severity of hypercapnia, reduction of dead space can be easily 
accomplished by using a heated humidifier instead of a heat and 
moisture exchanger, as demonstrated in several studies. (79-83) 

Although physicians and respiratory therapists often 
target an oxygen saturation of greater than 95%, relative 
hypoxemia should be tolerated in patients with ALI/ARDS.
(48)  It is recommended to target a SpO2 of 88-92% in ARDS 
patients in order to reduce FiO2 levels.  In the landmark 

tabLE 3: recommendations to implement lung-protective mechanical ventilation following 
initial intubation

Patients without risks factors
for ALI/ARDS 

Patients with risks factors
for ALI/ARDS *

TV (ml/Kg of PBW not ABW) < 10 6-8

Respiratory rate (breath/min) = 15 (if no intrinsic PEEP) = 20 (if no intrinsic PEEP)

PEEP (cmH2O) = 5 = 8 

FiO2 (%) Below 60 ** Below 60 **

SpO2 target (%) 92-96 92-96

Humidification
HME ***

HH if respiratory acidosis
despite increased respiratory rate

HME ***
HH if respiratory acidosis

despite increased respiratory rate

* Risk factors for acquired ALI/ARDS include: sepsis, trauma, transfusions, cardiopulmonary bypass and others. 
** To avoid denitrogenation atelectasis. SpO2 target should be reduced to 88-92% if required to maintain low FiO2. 
*** Heterogeneity of the HME must be known (83).  

Abbreviations: TV=tidal volume. pBW=predicated body weight. ABW=actual body weight.HME=heat and moisture exchangers.
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ARDS Network study, the reduction in TV was associated 
with a lower PaO2, which did not impede the reduction in 
overall mortality.(5) Reduction of FiO2 levels below 60% 
when possible are mostly to avoid denitrogenation atelectasis.
(46,47) The use of both recruitment maneuvers and higher 
levels of PEEP in non-hypovolemic patients is helpful to 
reduce FiO2. 

There are many practical considerations limiting 
the application of protective ventilation in ALI and non-
lung injured patients. There is under-recognition of ALI 
and ARDS in clinical practice (75, 84) and consequently, 
many patients who could benefit from this therapy are not 
receiving appropriate treatment. Furthermore, it is widely 
acknowledged that it takes many years to implement research 
findings into clinical practice, a process referred to as 
knowledge translation.(85,86)  Indeed, despite the evidence  
showing that a reduced TV strategy is associated with 
improved outcomes, clinicians still routinely use TVs greater 
than 10 ml/kg.(86,87) Eight years following the original 
landmark ARDS Network paper, Umoh et al. still found that 
only 46% of eligible patients received low TV ventilation in 
nine ICUs of three different teaching hospitals.(88) Studies 
showing the best implementation of protective ventilation 
were carried out in centers participating in mechanical 
ventilation networks (89), but this does not reflect real life 
practice, where protective ventilation in ARDS patients is 
even less successfully applied.(90)

Even when physicians and respiratory therapists attempt 
to use protective ventilation in their everyday practice, the use 
of actual instead of predicted body weight in the calculation 
of TV is a frequent error, leading to over-treatment with 
higher TVs. PBW in men is equal to 50 (45 in women) + 
0.91(Height cm -152.4).(5)  In many instances, the height 
of the patient is not immediately known.  This is especially 
true outside of the ICU (i.e emergency department, post-
anesthesia recovery room), or in medical rather than surgical 
ICUs (surgical ICUs are more likely to have height and weight 
measurements due to the operative record).(41)  In addition, 
visual estimation of patient height and weight is known to be 
inaccurate.(91-93)  The ability to rapidly calculate PBW at 
the bedside is important.  Novel devices such as applications 
on smartphones, (eg. iAnthropometer ICU), where one can 
quickly calculate the patients’ height based on hand, forearm, 
or chumlea (knee-height) length and automatically derive the 
PBW and subsequent TVs, are promising tools.(94)

IMpLEMENTATION OF pROTECTIVE VENTILATION
Protective ventilation can be implemented in the 

majority of patients within research protocols or with 
automated systems of ventilation. The general application 
of protective ventilation is still not recommended, but the 
amount of available data is leaning in that direction.  Schultz 
et al. recommends the use of TV of 6 ml/kg PBW in patients 
with ALI/ARDS or with risk factors for developing lung 
injury (95), such as multiple transfusions, trauma, sepsis, or 
high-risk surgery.  In other mechanically ventilated patients, 

he recommends the use of TVs below 10 ml/Kg PBW from 
the initiation of mechanical ventilation.  This is in agreement 
with our findings in patients undergoing cardiac surgery.(71)  
Protective ventilation should always include low TVs, higher 
respiratory rates, higher levels of PEEP and a reduction in 
dead space by using heated humidifiers for the most severe 
patients (Table 3).

Automated systems for mechanical ventilation are 
another way to implement protective ventilation. In a 
preliminary study, we evaluated the new Intellivent system 
(Hamilton medical, Bonaduz, Switzerland) in a population 
of patients after cardiac surgery.(96) We showed that TVs 
were automatically reduced below 10 ml/kg of PBW after a 
few minutes of mechanical ventilation, and the respiratory 
rate was automatically increased to maintain a stable minute 
ventilation. These closed loop systems will likely become 
more widely available given the results of promising initial 
clinical evaluations. (97-100)

CONCLUSION
There is clear evidence from large randomized trials that 

protective ventilation can reduce morbidity and mortality 
in patients with ALI and ARDS.  More recently, significant 
data has emerged which suggests that a protective ventilation 
strategy in patients with healthy lungs may lead to reduced 
inflammation, less organ dysfunction and less ALI. Patients 
at highest risk are those within the intensive care, high-
risk surgical patients, organ donors or those undergoing 
cardiopulmonary bypass, as these patients may be exposed 
to “multiple hits” leading to ALI. Whether there is a benefit 
in other subgroups of patients, such as those intubated for 
congestive heart failure or other high-risk surgeries, remains 
to be seen and further studies are needed.

Given the various barriers in knowledge translation, 
the fact that patients with ALI/ARDS are under-diagnosed 
and that patients may develop ALI/ARDS unpredictably 
during their illness, a ventilatory strategy that incorporates 
low TV and high PEEP is warranted.(95) Currently, only a 
minority of patients are considered eligible to benefit from 
protective ventilation. Conversely, new evidence favors the 
implementation of protective ventilation in the majority of 
patients. Patients who may not benefit from this strategy are 
those who are otherwise healthy and are undergoing routine 
elective surgery. However, given the safety of this approach one 
can argue that all mechanically ventilated patients should be 
ventilated in this manner to standardize its implementation. 
Until further randomized trials are completed, we recommend 
that a low TV strategy be applied to all patients with any 
increased risk of ALI.
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ABSTRACT
Asthma is the most frequent chronic respiratory disorder  
and our understanding of its mechanisms and its optimal  
management has significantly improved in the last few  
decades. Unfortunately it is still too often poorly controlled 
and evidence-based guidelines are still insufficiently imple-
mented. Achievement and maintenance of asthma control 
can be obtained through patient education, adequate assess-
ment of control including objective measures of airway func-
tion, environmental measures, adapted pharmacotherapy and 
regular follow-up. The Respiratory Therapist has a major role 
in asthma care.

Keywords: Asthma, education, respiratory therapist, asthma control Mots-clés : Asthme, éducation, thérapeute respiratoire, inhalothérapeute, con-
trôle de l’asthme

RÉSUMÉ

L’asthme est le trouble respiratoire chronique le plus fréquent. 
Les connaissances sur le fonctionnement et le mode de ges-
tion optimale de cette maladie ont augmenté considérable-
ment au cours des dernières décennies. Néanmoins, encore 
trop souvent, l’asthme est mal maîtrisé et on n’applique pas 
encore suffisamment les directives fondées sur l’expérience 
clinique. Il existe plusieurs moyens d’assurer la maîtrise de 
l’asthme : information des patients, évaluation adéquate des 
moyens de maîtrise notamment par des mesures objectives 
des voies respiratoires, pharmacothérapie adaptée, et suivi ré-
gulier. Le thérapeute respiratoire joue un rôle majeur dans le 
traitement de l’asthme.

INTRODUCTION
Asthma is characterized by variable airway obstruction, 

usually fully reversible, and airway hyperresponsiveness 
(1). These physiological markers will serve to confirm the 
diagnosis of asthma but the basic mechanisms of this disease 
are related to inflammation and structural changes of the 
airways (2).

The main goal of asthma treatment is to achieve 
control of the disease, mainly in reducing the inflammatory 
process, but it also aims at preventing long-term changes in 
airway function and structure (1,3). (Table 1, Figure 1). In 
the following lines, we will provide an update on current 
management of asthma, discuss the basic principles of asthma 
education and self-management, and conclude with the role 
of the respiratory therapist in asthma management.

EpIDEMIOLOGY OF ASTHMA
The prevalence of asthma has increased in the last decades 

and although some reports suggested that there was a plateau 
in regard to this increase, a recent worldwide survey suggests 
that the prevalence of asthma is probably still increasing in 
many countries and therefore still responsible for a marked 
human and socio-economical burden (4). 

Data from the Center for Chronic Disease Prevention 
and Control at the Public Health Agency of Canada suggested 
that the prevalence of a physician-diagnosed asthma by recent 
symptom or medication use in men and women aged 12 
years and more has increased significantly in Canada from 
1994 to 2005 for a rate of about 6.3% to 8.4%, although this 
prevalence seems even higher in some parts of Canada (5).

DEFINITION AND pHYSIOpATHOLOGY OF ASTHMA
Asthma is an inflammatory disorder of the airways 

characterized by paroxysmal or persistent symptoms such 
as dyspnea, chest tightness, wheezing, sputum production 
and cough, associated with variable airflow limitation 
and a variable degree of hyperresponsiveness of airways to 
endogenous or exogenous stimuli (1,3).

A recent task force emphasizes the fact that asthma includes 
various phenotypes according to which its manifestations can 

tabLE 1.  asthma control

Characteristic Frequency or Value 

Daytime symptoms < 4 days/week

Night-time symptoms <1 night/week

physical activity Normal

Exacerbations Mild, infrequent

Absence from work or  None 
school due to asthma 

Need for a fast-acting β2-agnonist <4 doses/week

FEV1 or pEF >90% personal best

pEF diurnal variation† <10-15%

 
From Lougheed et al. 2010  
FEV1 = forced expiratory volume in 1s; pEF = peak expiratory flow.

†Diurnal variation is calculated as the highest pEF minus the lowest divided by the  
highest pEF multiplied by 100 for morning and night (determined over a 2 week period).

From : Lougheed MD, Lemiere C, Dell S,  Ducharme FM,  FitzGerald JM,  Leigh R, Licskai C,  
Rowe BH,  Bowie D,  Becker A,  Boulet LP.  Canadian Thoracic Society Asthma Management 
Continuum –  2010 Consensus Summary for Children 6 years and over and Adults. Can Resp J 
2010:17:15-30.
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vary (6): “Asthma is a heterogeneous condition. Its natural 
history includes acute episodic deterioration (exacerbations) 
against a background of chronic persistent inflammation and/
or structural changes that may be associated with persistent 
symptoms and reduced lung function. Trigger factor exposure 
combines with the underlying phenotype, the degree of 
hyperresponsiveness and of airflow obstruction, and the 
severity of airway inflammation to cause wide variability in 
the manifestations of asthma in individual patients. »

Not only is the airway inflammatory process still 
considered to be the primary mechanisms leading to 
the development and persistence of asthma, but many 
inflammatory phenotypes have been defined (7). The most 
common form is the eosinophilic type of asthma, which has 
been shown to better respond to anti-inflammatory agents 
such as inhaled corticosteroids compared, for example, to 
the neutrophilic, type, often found in severe or occupational 
asthma or in smoking asthmatic patients (8). 

FIgurE 1.  asthma Management continuum

From : Lougheed MD, Lemiere C, Dell S,  Ducharme FM,  FitzGerald JM,  Leigh R, Licskai C,  Rowe BH,  Bowie D,  Becker A,  Boulet Lp.  Canadian Thoracic Society Asthma Management 
Continuum –  2010 Consensus Summary for Children 6 years and over and Adults. Can Resp J 2010:17:15-30.

Figure 1) Very mild, intermittent asthma may be treated with fast-acting beta2-agonists taken as needed. Inhaled corticosteroids 
(ICS) should be introduced early as the initial maintenance treatment for asthma, even in individuals who report asthma symptoms 
less than three times a week. Leukotriene receptor antagonists (LTRAs) are second-line monotherapy for mild asthma. If asthma is not 
adequately controlled by low doses of ICS, additional therapy should be considered. In children six to 11 years of age, the ICS should 
be increased to a moderate dose before an additional agent such as a long-acting beta2-agonist (LABA) or LTRA is added. In children 
12 years of age and over, and adults, a LABA should be considered first as add-on therapy only in combination with an ICS. Increasing 
to a moderate dose of ICS or addition of a LTRA are third-line  therapeutic options. Theophylline may be considered as a fourth-line 
agent in adults. Severely uncontrolled asthma may require additional treatment with prednisone. Omalizumab may be considered in 
individuals 12 years of age and over with poorly controlled atopic asthma despite high doses of ICS and appropriate add-on therapy, 
with or without prednisone. Asthma symptom control and lung function tests, inhaler technique, adherence to asthma treatment, ex-
posure to asthma triggers in the environment and the presence of comorbidities should be reassessed at each visit and before altering 
the maintenance therapy. After achieving proper asthma control for at least a few weeks to months, the medication should be reduced 
to the minimum necessary to achieve adequate asthma control. HFA Hydrofluoroalkane; IgE Immunoglobulin E; mcg Micrograms; pEF 
peak expiratory flow; yrs Years 
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AppROACH TO ASTHMA MANAGEMENT
Current guidelines suggest the following approach to a patient 
suspected of asthma (1,3):
A) Confirm diagnosis with history and objective lung   
 function measurements;
B) Offer self-management education including    
 environmental trigger avoidance, inhaler technique,   
 adherence, and written action plan;
C) Prescribe symptoms “reliever” therapy (Fast-acting   
 bronchodilator “on demand”);
D) Prescribe daily controller therapy;
E)  Regularly reassess asthma control, including spirometry  
 or peak expiratory flow (PEF);
F) Provide regular medical and educational follow-up.

GOAL OF ASTHMA MANAGEMENT
The main goal of asthma management is to achieve 

current control of the disease and the most recent update of 
the Canadian consensus suggests achieving and maintaining 
specific criteria mostly based on symptoms and pulmonary 
function (Table 1). However, control of the disease does no 
only mean optimal symptom control and pulmonary function 
but also prevention of exacerbations (9). Indeed, it has been 
recently emphasized that an important aim of the treatment is 
reduce the future risk of severe asthma or asthma exacerbations, 
such risk being assessed by looking at instability or worsening 
of asthma and the frequency of exacerbations, in addition to 
the loss of lung function. Not only asthma exacerbations can 
increase health care use and affect quality of life of the patient, 

but may lead to severe life-threatening episodes, in addition 
to promoting loss of pulmonary function (10). Adverse effects 
of medication should obviously be avoided.

DIAGNOSIS OF ASTHMA
Asthma symptoms may be typical, as mentioned 

above, or may take the form of a chronic cough or exercise 
intolerance. Symptoms can develop following viral respiratory 
tract infections, after exercise, or exposure to aeroallergens or 
irritants, or be persistent in severe or uncontrolled asthma. 
In young children, symptoms such as dyspnea or cough 
can develop after playing or laughing and improve with 
bronchodilators or corticosteroids.

The objective measures required to support the diagnosis 
of asthma include assessment of the reversibility of airway 
obstruction after a bronchodilator, changes in expiratory 
flows over time and measure of airway hyperresponsiveness 
(1) (Figure 2). We previously showed that there was a 
high frequency of over-diagnosis of asthma in the general 
population, probably due to the insufficient use of objective 
proof of the presence of asthma (11). There is probably as 
much under-diagnosis however. 

In regard to diagnostic criteria for asthma, in patients 
with a normal pulmonary function, or non-significant 
reversibility of airway obstruction, a methacholine challenge 
or other types of bronchoprovocation tests can be performed 
to confirm the presence of airway hyperresponsiveness. 
For the methacholine test, a provocative concentration of 
methacholine inducing a 20% fall in Forced Expiratory flow 

From : Lougheed MD, Lemiere C, Dell S,  Ducharme FM,  FitzGerald JM,  Leigh R, Licskai C,  Rowe BH,  Bowie D,  Becker A,  Boulet Lp.  Canadian Thoracic Society Asthma Management 
Continuum –  2010 Consensus Summary for Children 6 years and over and Adults. Can Resp J 2010:17:15-30.

FIgurE 2.  Diagnosis of asthma
A diagnosis of asthma requires compatible symptoms and the demonstration of variable airway obstruction / airway hyperresponsiveness:
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in one second (PC20 FEV1) less than 4 mg/mL is considered 
to demonstrate a significant airway hyperresponsiveness while 
a value between 4-16 mg/mL is considered “borderline”, 
suggesting nevertheless the presence of asthma if compatible 
symptoms are reported (1). A PC20 over 16 mg/mL is 
considered to represent a negative test. We should however 
remember that airway responsiveness can be normal if 
an allergic or sensitized patient is not currently exposed 
to relevant allergens or sensitizers and that regular use of 
inhaled corticosteroids may “normalize” the methacholine 
test in mild asthmatic patients. In steroid-naive patients with 
convincing symptoms of asthma and a negative methacholine 
test (as it happens sometimes in athletes particularly), another 
provocation test can be done such as exercise challenge or 
Eucapnic Voluntary Hyperpnea (EVH) (12). For exercise or 
EVH challenges, a decrease of at least 10% in FEV1 post-test 
is generally used to confirm a positive response to this type of 
challenge (13).

ASTHMA INDUCERS AND TRIGGERS
Asthma inducers consist mostly of current airborne 

allergens, respiratory infections and occupational substances. 
Other factors can influence asthma such as tobacco smoke, 
gastroesophageal reflux, environmental pollutants, as well 
as some medications (beta-blockers or aspirin) and food 
additives.  Irritant factors such exercise in cold air, emotions, 
stress, strong odors or other respiratory itrritants and 
temperature changes can trigger a bronchoconstriction but 
usually do not induce significant inflammation or a change 
in baseline control of the disease. Environmental control is 
obviously a key-component of asthma treatment.

pATIENT EDUCATION
Asthma education is one of the most important 

recommendations of all current asthma guidelines. It can be 
defined as a planned learning experience using a combination 
of methods such as teaching, counselling and behaviour 
modification techniques which influence patients’ knowledge 
and health behaviour; it involves an interactive process 
which assists patients to participate actively in their health 
care (14,15). The goal of asthma education is to achieve and 
maintain adequate control of asthma through the acquisition 
of specific knowledge, change in attitudes and development 
of skills. This should result in improved self-management 
abilities and better quality of life. Implementation of a 
successful asthma self-management education programme 
addresses four main components: the provision of 
information, self-monitoring, regular medical review, and 
provision of a written asthma management plan.

In a review of the effects of self-management education 
(SME) in regular general practitioner review in adult asthma, 
Gibson et al. (15) have reported a Cochrane airway’s group 
analysis of randomized controlled trials looking at SME in 
asthmatic adults. Regular medical review, self-monitoring, 
action plan or all SME, reduced hospitalizations, unscheduled 
visits, days off work/school and nocturnal symptoms, and 

increased PEF. Interventions including an action plan were 
more effective. We also showed that SME reduced Emergency 
room visits in the following year, in patients recruited after an 
acute asthma event (16). The use of a written action plan has 
also decrease the risk of mortality form asthma (17).

When educating, patients should not only know but also 
understand. They have to agree with the recommendations 
and be motivated to implement those. They should have the 
tools and means to apply self-management skills, be supported 
and their progress regularly reviewed.

In this regard, Shared decision making (SDM) 
techniques have been proposed as a mean to improve patient 
involvement in its own management (18). It is defined as 
a process by which a healthcare choice is made by a health 
professional together with a patient. Decision making means 
that the recent information exchanged between the health 
professional and the patient who discussed together about 
the pro and con of specific recommendations and they agree 
together about a treatment choice. This is different from the 
paternalistic approach or the informed patient choice for 
which the decision is taken either by the health professional 
or the patient in isolation. Joosten et al. (19), suggested 
that shared decision making is certainly a relevant approach 
in the context of chronic diseases. SDM was particularly 
effective for long term decisions and/or chronic diseases and 
interventions containing more than 1 session. Its efficacy in 
helping to control asthma and improve treatment adherence, 
a key-component of asthma therapy, has also been shown by 
Wilson et al. (20).

In regard to the content of an Asthma Education Program, 
the educational program should ideally include information 
on airway inflammation and bronchospasm with examples 
and figures illustrate the concept, the rationale and methods 
for avoiding irritants and relevant allergens, a description 
of the rationale, correct use and side effects of preventive 
medications and bronchodilators, the demonstration and 
practice of inhaler technique and monitoring using symptoms 
or PEF meters, a discussion of the action plan to improve 
the patient’s and family’s understanding and willingness to 
implement the plan, and a demonstration of techniques for 
successful communication with health care professionals, 
in addition to relevant issues for a given patient (e.g. ASA 
avoidance in a patient with nasal polyps and asthma). Regular 
follow-up should be ensured.

One of the important aspects of asthma management is 
the inhaler technique and it has often been shown that this 
technique is very often problematic even if patients consider 
that they have a good technique. Guidelines recommended 
that it should be checked at each visit. Another deficiency 
in asthma care is the use of an action plan for the treatment 
of asthma exacerbations. These two last items are among 
common asthma care gaps that should be addressed (21).

In Canada, asthma education can be offered in many 
institutions and Networks such as the Quebec Asthma 
and COPD Network (www.rqam.ca) and the Respiratory 
Network for Respiratory Care (cnrchome.net) provide 
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training to health professionals, to ensure high quality asthma 
education to patients suffering from these diseases. Referrals 
to asthma education centers are unfortunately still to few in 
Canada, as elsewhere.

pHARMACOTHERApY OF ASTHMA
In regard to the pharmacological treatment of asthma, 

inhaled corticosteroids are the mainstay of asthma treatment 
for all patients who have regular symptoms. If insufficient to 
control asthma at low doses, additional therapies could be 
added as shown on Figure 1. The association of a long-acting 
beta agonist to an inhaled corticosteroid is the preferred 
option in adults not controlled by the ICS at low dose, while 
an increase in inhaled corticosteroids to a moderate dose is 
suggesting in children (Figure 1). With the association of 
and inhaled corticosteroids and formoterol, this medication 
can be used both as maintenance and reliever therapy (1,22). 
Overall, all current inhaled corticosteroids are effective to 
help control asthma. Response to treatment can be variable 
from a subject to another however, and each treatment should 
be carefully assessed in regards to its ability to achieve and 
maintain asthma control (23,24) For the treatment of severe 
allergic asthma insufficiently controlled by current therapy, a 
trial of omalizumab may be considered, carefully assessing its 
potential advantages in a given patient in regard to the high cost 
of this treatment (25). For severe eosinophilic asthma, drugs 
such as mepolizumab should be soon available (26). Many 
other anti-inflammatory agents and immunomodulators are 
currently on trial for severe asthma (27). Thermoplasty has 
been proposed as a potential therapy, particularly in severe 
asthma,  although how it fits in the therapeutic scheme of 
asthma remains to be determined (28). This technique 
consists in delivering a radiofrequency (thermal) energy 
through a catheter inserted in a bronchoscope, therefore « 
heating » the airways in an attempt to decrease the amount of 
airway smooth muscle.

One of the future approaches of asthma therapy will be 
to adapt the treatment and management according to the 
phenotype. Phenotyping has been done either on a basis of 
clinical or physiological features, according to the trigger of 
asthma or type of inflammation that has been observed using 
non-invasive measurements of airway inflammation such as 
induced sputum analysis (Table 2).

Another important aspect of asthma management is the  
identification and treatment of associated co-morbid 
conditions which could influence asthma outcomes and 
manifestations such as rhinitis, gastroeosophageal reflux, 
obstructive sleep apnea, psychological disorders and obesity (29).

Needless to say that smoking cessation should absolutely 
be promoted as smoking can markedly affect asthma in 
addition to lead to the development of a combined asthma/
chronic pulmonary obstructive disease phenotype. The 
consequences of smoking for an asthmatic patient include 
an increased in asthma morbidity and severity, a reduced 
asthma control, an increased health care use, an increased rate 
of decline in pulmonary function and a reduced response of 
asthma medications (30).

  The respiratory therapist has an important role in 
asthma management and guideline implementation. Not 
only does he/she has a key-role in acute and intensive Care 
management of respiratory disorders, but promotion of 
preventative measures and patient education should also be 
included in his/her tasks in addition to regular assessment of 
pulmonary function. Teaching inhaler technique training and 
self-management skills (action plan, Peak Expiratory Flow 
measurements, etc.) are particularly important, in addition 
to his/her involvement in patient follow-up, monitoring and 
research. The role of the Respiratory Therapist has evolved 
over the years and becomes more global, touching all aspects 
of the prevention and management of airways diseases.

tabLE 2

Some phenotypes of asthma

Inflammatory 
•	 Eosinophilic
•	 Neutrophilic
•	 Pauci-granulocytic	

clinical 
•	 Mild/moderate/severe	asthma
•	 Exacerbation-prone
•	 Treatment-resistant
•	 Early/late	onset	asthma

Physiological
•	 With	a	component	of	fixed	airway	obstruction
•	 With	marked	hyperinflation

related to triggers
•	 Allergic/non-allergic	asthma
•	 Aspirin	or	on-steroidal	anti-inflammatory	drugs
•	 Occupational	allergens	or	irritants
•	 Menses
•	 Exercise/cold	air	induced	asthma

tabLE 3

co-morbid conditions frequently associated with asthma

•	 Rhinitis/rhinosinusitis 
 - Allergic 
 - Non-allergic 
 - Associated with nasal polyps and aspirin intolerance

•	 Gastroesophageal	reflux	disease	

•	 Obstructive	sleep	apnea	

•	 Psychological	disturbances	(e.g.	depression	and	 
 anxiety disorders)

•	 Recurrent	respiratory	infections

•	 Hyperventilation	syndrome

•	 Vocal	cord	dysfunction

•	 Chronic	Obstructive	Pulmonary	Disease	

•	 Hormonal	disturbances

•	 Obesity
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In conclusion, asthma is a very common disorder, 
still unfortunately often poorly controlled. Current 
guidelines provide strategies to optimize care but are often 
insufficiently implemented. Objective measures to confirm 
the diagnostic and assess control during regular follow-up 
are essential. Education should be provided to all asthmatic 
people and their family. Environmental control should be 
promoted. Adapted pharmacotherapy and an action plan 
for the management of exacerbations should be provided. 
At all levels, the Respiratory Therapist has a key-role in the 
management of asthma.
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ABSTRACT
Home oxygen is used commonly, is costly, and consumes 

many resources in Canada and the United States. Because a 
variety of oxygen delivery and oxygen-conserving devices are 
available, optimal prescribing requires solid understanding 
of these devices and of strategies for their clinical use by 
respiratory clinicians. At the same time, a review of current 
prescribing practices suggests opportunities to standardize 
practice and to improve.

In the hope of enhancing clinical care of patients using 
home oxygen, this paper reviews available features and relative 
advantages and disadvantages of oxygen delivery devices: 
compressed gas, liquid oxygen, and oxygen concentrators. 
Oxygen conserving devices – reservoir devices, transtracheal 
oxygen, and demand-pulse systems – are then reviewed. 
Finally, current practices of prescribing home oxygen are 
reviewed, highlighting a great degree of variation within and 
across countries.

ORIGINAL ARTICLE
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RÉSUMÉ
L’utilisation d’oxygène à domicile à des fins thérapeutiques est 

répandue, mais elle est coûteuse et mobilise beaucoup de ressources 
au Canada et aux États Unis. Comme il existe une grande diver-
sité d’appareils de distribution et de conservation de l’oxygène, il 
faut avoir une parfaite connaissance de leur fonctionnement pour 
prescrire leur utilisation de façon optimale ainsi que des stratégies 
d’utilisation par les cliniciens en thérapie respiratoire. L’examen des 
pratiques de prescription actuelles permet de proposer des pistes 
d’action en ce qui touche leur normalisation et leur amélioration.

Dans le but d’améliorer les soins cliniques aux patients qui 
font usage d’oxygène à domicile à des fins thérapeutiques, cet  
article passe en revue les divers systèmes disponibles et en présente 
les avantages et inconvénients relatifs : systèmes à gaz comprimé 
et à oxygène liquide et concentrateurs d’oxygène. Les systèmes de 
conservation de l’oxygène – dispositifs à réservoir, cathéters trans-
trachéaux et systèmes à régulation de la demande et des impulsions 
– sont également passés en revue. Enfin, on examine les pratiques 
courantes de prescription d’oxygène thérapeutique pour usage à 
domicile, en soulignant une importante variation à cet égard à 
l’intérieur de chaque pays et d’un pays à l’autre.

INTRODUCTION

Consider  ing that oxygen use is increasingly common 
and costs the United States Medicare system more than  
$2 billion (1), understanding oxygen devices is 

important to optimize the delivery and use of oxygen. This 
brief paper will first review the types of home oxygen delivery 
devices that are currently available and their relative advantages 
and disadvantages, as well as the types of oxygen-conserving 
devices and how they perform in patients at rest, with activity, 
and during sleep. Attention then turns to current practices of 
prescribing oxygen and to strategies to improve prescribing 
oxygen. Finally, several recommendations regarding the use 
and prescription of oxygen that derive from prior oxygen 
consensus conferences and guidelines are reviewed. As with 
the issue of oxygen in general, many gaps in current knowledge 
about devices and prescribing exist and the discussion will 
identify opportunities to clarify fundamental but unanswered 
questions. Also, enhanced awareness should permit improved 
clinical care for individual patients and more rational use of 
oxygen for society.

OXYGEN DELIVERY DEVICES
Three general types of oxygen delivery systems are 

available: compressed gas, liquid oxygen, and oxygen 
concentrators (2, 3). As reviewed in Table 1, each type of 
delivery device offers advantages and has drawbacks. For 
example, compressed gas cylinders are relatively inexpensive, 
are available in a spectrum of tank sizes (from A to H 
cylinders), and can provide an FIO2 of 1.0 (2). On the other 
hand, some compressed gas cylinders are heavy (e.g., steel H 
cylinders may weigh 135 pounds), bulky, and provide oxygen 
for generally shorter durations than other delivery systems. 
Also the regulators may be difficult to change.

Liquid oxygen systems offer the advantages of longer 
use (because a volume of liquid oxygen can provide a large 
volume of gas [i.e., 1 square foot of liquid oxygen can supply 
24,335 liters of oxygen]), the ability to provide an FIO2 of 1.0, 
and a spectrum of vessel sizes, but carry the disadvantages of 
increased expense related to delivery costs and the associated 
services required, evaporative loss, and risk of thermal burns in 
transfilling smaller portable vessels from larger dewar vessels.
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 Finally, oxygen concentrators are self-sufficient once 
delivered, can be transfilled (with high pressure concentrators) 
to smaller, portable vessels, and are now available as portable 
systems (some of which are permitted by the United States 
Federal Aviation Administration on commercial airplanes 
[4]). However, concentrators  show a drop in the delivered 
FIO2 with increasing liter flow rates and cause the associated 
costs of electricity  use that are born by the patient; this cost is 
approximately $20-$30/month. Overall, although the choice 
of a delivery system is often influenced by regional factors 
(i.e., which local durable medical equipment companies are 
available to the patient and what equipment they offer, the 
prescribing physician’s level of awareness of various systems 
and their relative individual advantages for their patients), 
optimal prescribing of oxygen should consider the informed 
patient’s choice based on lifestyle issues and the likelihood of 
adhering to a carefully considered oxygen prescription.

 OXYGEN-CONSERVING DEVICES
Because a major goal in providing oxygen is to enhance 

the patient’s functional status and freedom from lifestyle 
constraints in using supplemental oxygen and because both 
compressed gas and liquid oxygen delivery systems are 
limited by the finite amount of oxygen available in the vessel, 
oxygen-conserving devices have been developed to extend the 
available use time by optimizing and conserving the delivery 
of oxygen (5-14). Three main types of conserving devices 
are available: reservoir devices, transtracheal oxygen, and 
demand-pulse oxygen delivery devices. Currently, available 
reservoir devices include the Oxymizer cannula and the 
Oxymizer Pendant Chad Therapeutics, Naples, FL [Figure 
1{6-8}). Though different, both devices share the design 
feature of frontloading the delivery of high fraction oxygen 
to the airway on the patient’s inspiration because oxygen is 
stored in special chambers in the cannula or in the tubing of 
the Pendant. Like all oxygen-conserving devices, the efficiency 
of the reservoir devices can be described by the so-called 
efficacy ratio, which represents the ratio of liter flow rates 
of the conserving device to continuous flow nasal cannula 
needed to provide the same degree of oxygen saturation for 
the patient (6, 7, 9). For example, an efficacy ratio of 4 means 
that the patient achieves the same saturation value on 0.5 L/
minute using the conserving device as on 2 L/minute using 
continuous flow oxygen provided through nasal cannula. 
Efficacy ratios for the three types of conserving devices vary, 
and may be as high as 7. The higher the efficacy ratio, the 
more efficient the conserving device, the longer the time 
available to use oxygen, and the greater the associated savings. 
Reservoir devices generally achieve efficacy ratios of  2 to 4 
(6-8). While available studies of their performance during 
activity and sleep are sparse, the few available studies suggest 
that the performance of reservoir systems during exercise is 
good and that saturations achieved during sleep achieved are 
lower than those obtained using continuous flow with nasal 
cannula, though the clinical significance of the differences 
remain unclear (9, 10).

tabLE 1. Features of available Oxygen Delivery Systems*

Delivery 
System

Compressed 
gas

Liquid oxygen

Oxygen  
concentrator

Advantages

•	 Inexpensive		 
	 •	 More	widely	 
  available in less  
  developed parts   
  of the world

•	 Range	of	cylinder		 	
 sizes available  
 (e.g., A to H)

•	 Can	provide	 
 100% oxygen

•	 Available	in	lighter			
 aluminum and   
 epoxy matrix  
 cylinders                       

                                                             

•	 Small	liquid	volume		
 provide much gas   
 (i.e., 1 square foot   
 of liquid oxygen   
 provides 24,255   
 liters of gas)

•	 Long	duration		supply	 
 (home reservoir  
 holds 40 liters and  
 can provide 2 L/m  
 in flow for > 11 days)

•	 Portable	vessels	can	 
 be transfilled from  
 large reservoirs 

•	 Can	provide	100%	 
 oxygen over a range  
 of flows 

•	 No	home	delivery	 
 needed

•	 Self-sufficient	system

•	 Range	of	devices	from	 
 stationary home   
 devices to portable  
 devices, many of  
 which are now  
 permitted aboard  
 commercial  airliners  
 by the Federal Aviation  
 Administration

•	 High-pressure	 
 concentrators are  
 available that can  
 transfill portable tanks

Disadvantages

•	 Some	cylinders	are	 
 heavy (e.g., steel H  
 cylinders)

•	 Some	cylinders	are	 
 unsightly

•	 Shorter	duration	of	 
 available oxygen  
 (e.g., H cylinder  
 provides 2 L/min  
 for maximum of  
 57 hours, 33 minutes  
 (vs. > 11 days for a  
 liquid reservoir)

•	 Bulky,	requiring	 
 storage space in  
 the patient’s home

•	 Difficult	to	change	 
 regulators

•	 Risk	that	the	cylinder	 
 would become a   
 projectile if the  
 stem breaks

•	 Expensive	to	provide	 
 (requires regular  
 delivery, trucks,  
 etc.), making liquid  
 oxygen less avail- 
 able in cost- 
 attentive settings

•	 Evaporative	loss	 
 (0.055 pounds/ 
 hour or 40-55  
 liters/hour loss)

•	 Transfilling	 
 technique can be  
 challenging and  
 risks thermal burns

•	 FIO2 decreases as  
 flow rate increases  
 (to <0.90 at >  
 5 L/min) and is  
 less than  1.0

•	 Use	of	home	 
 concentrators  
 requires electricity  
 and incurs a cost  
 (~$300/year) which  
 is not reimbursed  
 by Medicare

*All oxygen delivery systems pose the risk of combustion of oxygen 
near open flames.
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Transtracheal oxygen (11, 12) involves the placement 
of a catheter through the neck into the trachea and can 
achieve better oxygenation than nasal cannula because 
high concentrations of oxygen can collect in the trachea 
for inspiration. Though transtracheal oxygen offers many 
benefits, including a better cosmetic appearance, the need for 
an invasive placement procedure, significant motivation and 
manual dexterity to regularly clean and replace the catheter, 
and the risk, albeit small, of serious and even life-threatening 
complications, has resulted in limited adoption by physicians 
and patients (11, 12).

Demand pulsed oxygen-conserving devices represent 
the third available oxygen-conserving system and offer three 
different approaches (5, 6, 13, 14): demand systems that 
are triggered by the patient’s inspiration and provide flow 
throughout the inspiratory cycle, turning off with exhalation; 
pulsed dose systems that deliver a small bolus of pure oxygen 
for a brief interval at the very onset of inspiration (ideally 
within the first 0.5 second), and hybrid systems that provide 
both a pulse at the onset of inspiration and a continuous 
flow through the remainder of inspiration. Considering 
that there are no standard manufacturers’ specifications 
for the demand-pulse systems, the flow profiles of various 
available devices differ greatly, with the consequence that the 
delivered FIO2 of various devices vary greatly as the patient’s 
respiratory rate changes. For example, in a comparison of 
18 different demand-pulse devices (11 pulse devices and 7 
demand flow devices) by Bliss et al. (13), the delivered FIO2 
varied widely at respiratory rates of 15 breaths/minute (from 
0.30 to 0.46) and 30 breaths/minute (from 0.27 – 0.37). 

As with the performance of reservoir devices during activity 
and sleep, studies of the performance of the pulse-demand 
devices with exercise and sleep are sparse (5-7, 14). Available 
studies suggest that the ability of different devices to maintain 
equivalent oxygen saturation values differ widely and that 
a minority of studied patients show markedly worsened 
oxygenation with the demand-pulse devices compared with 
continuous flow oxygen through nasal cannula. The result is 
that ideal use of such conserving devices requires individual 
patient assessment with the specific device that the patient is 
using under the clinical conditions of use (i.e., at rest, with 
exercise, and during sleep [15-17]). Regrettably, available data 
and experience suggest that practice often differs from this 
ideal. This challenge is compounded by uncertainty regarding 
the need and benefits of supplemental oxygen use that is 
confined to exercise and sleep only (18, 19).

pRESCRIBING pRACTICES FOR HOME OXYGEN
Knowledge gaps regard the performance of oxygen-

conserving devices as well as prescribing and monitoring 
oxygen for patients (20-22). Table 2 outlines the sequence 
of steps in recognizing a patient’s need for supplemental 
oxygen and then prescribing and monitoring supplemental 
oxygen use. Importantly, available guidelines suggest that 
patients’ oxygen needs should be assessed at rest, with 
activity, and during sleep (20, 23, 24), with some discretion 
given to the clinician as to how adjustments of liter flow 
requirements should be made during sleep. Specific oxygen 
saturation targets are offered. For example, the American 
Thoracic Society COPD guidelines (20) suggest the oxygen 
prescription should target an oxygen saturation of 90% in all 
states  and, for sleep, oxygen should either be directly titrated 
(as with nocturnal oximetry to guide adjustment of prescribed 
liter flow rates) or increased by 1 L/min for sleep over the 
patient’s resting flow rate (Table 3). 

FIgurE 1. reservoir Devices: the Oxymizer cannula (a) and 
the Oxymizer Pendant (b)

[OXYMIzER CANNULA (A)]                                 OXYMIzER pENDANT (B)

From www.deltaoxygensystems.com

tabLE 2.  Steps in Prescribing Homegoing Supplemental 
Oxygen therapy

1. Assess room air oxygenation (by pulse oximetry or arterial  
 blood gas)

2. Determine the need for supplemental oxygen

3. Write an oxygen prescription 
 a. Determine and specify the type of delivery system and the  
  durable medical equipment (DME) supplier

 b. Determine and specify settings (flow rates [for a continuous  
  flow system] or settings on an oxygen-conserving device) at  
  rest, during activity, and with sleep

 c. Determine and specify whether an oxygen-conserving device  
  will be used

4. Complete the required forms (i.e., United States CMS Form 484  
 [Certification of Medical Necessity])

5. The Durable Medical Equipment company supplies the oxygen

6. Re-certify at one year as required by United States Medicare

7. Re-assess the need for oxygen and required settings at  
 physician discretion
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Despite some agreement across countries regarding the 
specific indications for prescribing supplemental oxygen at 
rest and the specific oxygenation targets (e.g., a resting room 
air PaO2 of 55 mmHg or less), observations suggest wide 
variability in clinicians’ adherence to the target saturation 
criteria as well as wide variation in how oxygen is actually 
prescribed (21-24). For example, Ringbaek et al. (22) showed 
that although guidelines across seven countries (United 
States, Australia, England, Sweden, Poland, Spain, France, 
and Denmark) uniformly recommended a criterion of PaO2 

of < 55 mmHg as the indication for prescribing supplemental 
oxygen at rest, adherence by clinicians in those countries was 
as low as 30%. Similarly, in a survey (21) of 100 practicing 
pulmonologists from seven countries (United States, Canada, 
Brazil, the Netherlands, France, Italy, and Spain), wide 
variation in practices regarding both the saturation targets 
for oxygen titration studies and the methods for prescribing 
oxygen flow rates at rest, during sleep, and with activity was 
demonstrated. For example, in the United States, 19% of 
respondents to a survey reported an oxygen saturation target 
for supplemental oxygen of <90%, 71% reported a target 
of 90-91% saturations, and 10% reported a target >91% 
saturation (20). Similarly, recommendations from official 
pulmonary/critical care societies from Australia/New Zealand 
(23), the United States (20), and the United Kingdom (24) 
regarding the recommended frequency of reassessing patients’ 
needs for supplemental oxygen vary greatly. 

Beyond knowledge gaps related to practice and adherence 
variation among clinicians in prescribing oxygen, another 
challenge is healthcare providers’ inadequate knowledge about 
basic aspects of prescribing oxygen, delivery systems, and 
monitoring systems (25-27). Several opportunities to enhance 
healthcare providers’ knowledge are evident. For example, 
because misallocation of respiratory care services in general 
and oxygen in particular is so frequent (28),  many observers 
suggest that inadequate knowledge of the monitoring 
systems (e.g., oximetry [27]) and of treatments (e.g., oxygen 
delivery devices, conserving systems, etc. [25,26])contribute 
to misallocation. More specifically regarding knowledge 

of prescribing oxygen, Mbamalu et al. (26) reported that 
only 2% of senior British house officers correctly answered 
all 4 straightforward questions regarding how to prescribe 
and monitor supplemental oxygen. Similarly, inadequate 
knowledge of the principles and use of pulse oximetry has 
also been reported (27). That inadequate knowledge and /
or time to educate patients contributes to suboptimal use of 
oxygen has been suggested by the recent findings of Arnold et 
al. (29); they reported that 92.6% of surveyed British patients 
on long-term oxygen therapy did not recall receiving any 
information from their providers regarding how to use their 
oxygen systems.

The considerable disconnect between guideline 
recommendations for optimal practice and the actual practice 
of prescribing and monitoring oxygen invites measures 
to enhance prescribing and monitoring of supplemental 
oxygen. Several strategies enjoy current support, though 
others are undoubtedly yet to be developed. Substantial 
evidence, including concordant randomized controlled 
trials (30, 31), shows that empowering respiratory therapists 
(RTs) to implement respiratory therapy protocols can lessen 
misallocation, preserve clinical outcomes, and lessen cost. For 
prescribing oxygen, Guyatt et al. (32) reported the results of a 
randomized controlled clinical trial which compared oxygen 
utilization when patients were either re-assessed for oxygen 
use according to usual physician-directed care vs. when RTs 
reassessed after oxygen was initially prescribed. At 1 year, 
significantly fewer patients still required supplemental oxygen 
in the RT-supervised group than with usual physician-directed 
care (43% vs. 59%, p < 0.001) with a trend towards lower 
associated net cost (by $38/year). While this cost decrease 
failed to satisfy statistical significance criteria, the decrease 
remains administratively quite significant. Similarly, Chaney 
et al. (33) reported that an oxygen therapy clinic staffed by an 
RT (who conducted oxygen titration studies at rest and with 
activity) and overseen by a pulmonologist was associated with 
frequent discontinuation of unneeded supplemental oxygen. 
Specifically, rates at which patients using supplemental oxygen 
were able to be appropriately discontinued from its use were 

From Reference 20.

Pa,O2 mmHg

≤55

55-59

≥60

Sa,O2 %

≤88

89

≥90

LtOt indication

Absolute

Relative with qualifier

None except with qualifier

Main results

None

“P” pulmonale, polycythemia >55%

History of œdema

Excersice desaturation

Sleep desaturation not corrected by CPAP

Lung disease with severe dyspnea responding to O2

tabLE 3.  Indications for Prescribing Home Long-term Oxygen therapy (LtOt) according to the american thoracic Society

Pa,O2: arterial oxygen tension: arterial oxygen saturation; Right heart failure; CPAP: continuous positive airways pressure; 
O2: oxygen 
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as high as 50.5% for those for whom oxygen was initiated 
on discharge from a recent hospitalization but still 31.6% for 
those being evaluated after prior longstanding supplemental 
oxygen use. 

In summary, a review of existing oxygen delivery devices 
and conserving systems indicates that a variety of devices 
and systems are available but that basic questions regarding 
their use remain (1). As examples of unanswered questions, 
what are the benefits and indications for supplemental 
oxygen during exercise and sleep (1, 18, 19) and, if there is 
clear benefit, what are the optimal treatment targets (e.g., 
percent saturation values, etc.)? Do differences between 
the available oxygen-conserving devices regarding delivery 
strategies and flow profiles matter clinically and, if so, which 
strategy and/or devices should be recommended? How can 
healthcare providers be better prepared to optimally prescribe 
supplemental oxygen and what specific tactics are best suited 
to offer patients individually optimized care?

While we struggle with these larger technical, clinical, 
and healthcare system challenges and uncertainties, it is also 
appropriate to register some takeaway conclusions that have 
been the subject of prior oxygen consensus conferences and 
guidelines (15, 16, 34) but for which implementation and 
clinical practice lags. Importantly, as has been discussed in 
the 5th and 6th Long-term Oxygen Therapy Conference 
proceedings (15, 34), oxygen should be prescribed with the 
intent of optimizing the patient’s functional status and ability 
to engage in as full activity as possible. To do so, based on 
current, albeit inadequate knowledge and pending results 
of forthcoming trials like the NIH-sponsored Long-term 
Oxygen Treatment Trial (18), oxygen should be titrated during 
activity and sleep to assure adequate saturation and activity. 
Patients for whom oxygen has been recently prescribed 
should be evaluated within 90 days regarding the ongoing 
need for supplemental oxygen. Should the physiologic need 
for supplemental oxygen not persist, the oxygen should be 
discontinued. Finally, clinicians must be mindful of what has 
been called the “fallacy of equivalence,” i.e., that numeric 
settings on oxygen-conserving devices are equivalent to liter 
flow rates using continuous flow (17). Because numeric 
settings on conserving devices are neither standard across 
devices nor in any way equivalent to continuous flow rates 
(5,17), patients using such oxygen-conserving systems must 
be tested and titrated regarding the adequacy of their oxygen 
prescription using the actual delivery and conserving device 
they are using at home. In the office setting, this requires 
asking patients to bring their ambulatory systems with them 
on office follow-up visits so that titrating studies can be 
performed with their own equipment.

The hope is that future research will both identify ways 
to enhance compliance with currently understood optimal 
practice and will answer remaining questions that interfere 
with optimal care today.
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INVItatION à PréSENtEr DES artIcLES
Numéro spécial du jctr – accès à la thérapie respiratoire

Le numéro de l’été 2012 du JCRT portera, de façon générale, sur l’accès à la thérapie respiratoire. Nous recherchons des textes 
originaux qui feront avancer la pensée critique et la pratique dans tout domaine de la thérapie respiratoire. En particulier,  
nous cherchons à stimuler le débat sur la façon dont les services de thérapie respiratoire sont prodigués aux différentes  

populations de patients ou dans des circonstances particulières et uniques.  

Nous acceptons des textes internationaux et accorderons la priorité aux études et aux essais qui abordent les préoccupations 
d’ordre clinique d’une vaste gamme de praticiens et de décideurs. Nous recherchons des textes qui traitent de projets uniques  

(en place depuis longtemps ou nouveaux) visant l’amélioration de l’accès aux services et aux soins de thérapie respiratoire pour 
les patients. Les textes pourraient par exemple traiter de l’extension des services de thérapie respiratoire en milieu hospitalier  

dans des cas particuliers ou porter sur le travail des thérapeutes respiratoires dans des cliniques communautaires où l’on traite 
les maladies chroniques. Nous sollicitons aussi les commentaires sur la façon dont la thérapie respiratoire au Canada pourrait 

s’étendre pour favoriser l’accès aux soins pour les patients ou comment l’étendue du champ d’exercice des thérapeutes respira-
toires pourrait être élargie pour également améliorer l’accès aux soins. Les articles qui traitent de la question de l’équité ou  

de l’accès aux services de santé pour les populations distinctes, difficiles à atteindre ou marginales sont encouragés.   

prière d’acheminer vos textes, questions et commentaires à Jason Nickerson, RRT, FCSRT, phD(c), Rédacteur adjoint, Journal  
canadien de thérapie respiratoire, Université d’Ottawa, Ottawa (Ontario), jason.Nickerson@uottawa.ca

La date limite de soumission est le 2 mai 2012.
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COMMENTARY

Neonatal Resuscitation program 2011

Marilyn Hyndman, rrt,
MAppSc (Resp),  SunnyBrook Hospital, Toronto

It has been five years since a “new edition” of the neonatal 
resuscitation program (NRP) was launched and much has 
changed in the world since the last launch.  Health care 

has advanced many ways including learning from each other 
and about working together as a team to provide the best care 
possible. We are more and more aware that team work and 
working well together is important in all that we do in health 
care and neonatal resuscitation is no exception. Everyone  
involved in the resuscitation of infants strives to provide the 
very best care during this fragile and critical time period in a 
life.  As time progresses more research and resulting evidence 
are advancing our knowledge and skills to allow teams across 
Canada to provide the best in neonatal resuscitation.  

As the CSRT representative on the Canadian NRP steering  
committee it is my pleasure to briefly summarize the changes 
to this the 6th edition of the NRP. The new learning manuals 
and instructor manuals are now available from the Canadian 
Paediatrics Society (CPS) and Canadian launches are occur-
ring as this summary goes to print.  The new guidelines can 
be implemented immediately but for the next year both sets 
of NRP guidelines (5th edition and the 6th edition) will be 
in place. All providers will be expected to participate in an 
update by December 2012.

 For further clarification and background to the  
new guidelines I would recommend the article Neonatal  
Resuscitation: 2010 American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency Car-
diovascular Care by J Kattwinkel et al. in Paediatrics 2010;  
originally published online October 18, 2010. This article  
is available at http://www.pediatrics.org/cgi/content/full/ 
126/5/e1400. It is also available within the Neonatal Resus-
citation textbook, 6th edition. For clarifications from a Cana-
dian perspective, I would recommend “Recommendations for 
specific modifications in the Canadian context” available on 
the CPS website under the NRP section.

Not everything is new and different and many of the 
changes that were introduced in the 5th edition are recom-
mended more strongly or have been made standard in this 
edition (6th). Canadians will note that several of the recom-
mendations that CPS made in 2005 have now been incor-
porated into the American Association of Paediatrics (AAP) 
guidelines, thus there is now only one algorithm. Much of 
the content in the new edition of NRP is familiar however 
it is the method of delivering the education that has had the 
most dramatic change. A provider course will now have little 
or no lecture material. Instead the principles of self-study and 
adult learning will enable the participant to learn the material 
at their own pace and then write the online exam prior to 

attending the NRP learning session. There will be no paper  
copy of the exam available. All NRP providers, instructors 
and instructor trainers will be expected to complete this  
on line exam every two years. The NRP course time will be 
used for learning skills and integrating the different skill sets 
using simulation (scenarios) to demonstrate competency.  
Debriefing is also stressed as a technique to learn and  
improve. The assessment portion of the new NRP includes 
the on line examination, integrated skills station, simulation 
and debriefing components. In Canada there remains a mega 
code in the assessment portion of the NRP. The simulation 
and debriefing components are intended to enhance the skills 
of teamwork and communication. 

Many of the optional equipment items mentioned in the 
5th edition are no longer optional but have been included as 
standard equipment required for neonatal resuscitation. The 
items included as standard are a compressed air source, an 
oxygen blender, a pulse oximeter and a laryngeal mask airway 
(LMA). Newly added to the optional equipment list is a 00 
laryngoscope blade for premature infants. Both sodium bicar-
bonate and naloxone hydrochloride have been removed from 
the equipment required for immediate resuscitation. 

Pulse oximetry has been made a standard equipment item 
for the resuscitation area and there are now specific guide-
lines in regards to saturation target levels that increase as time  
progresses. These guidelines are for pre-ductal saturations 
and range from 60-65% at 1 minute, 65-70% at 2 minutes,  
70-75% at 3 minutes, 75-80% at 4 minutes, 80-85% at  
5 minutes, to 85-95% at 10 minutes. It is also recommended 
that the saturation probe be applied on the right hand or wrist 
(pre-ductal) first and then attached to the pulse oximeter  
(Canadian modification to ensure a quicker reading). A pulse 
oximeter should be used when an infant requires positive 
pressure ventilation (PPV) or when infant requires supple-
mental oxygen and should thus be readily available to those 
that are involved in neonatal resuscitation. It is perhaps a  
realistic expectation that if an assistant is required then it is 
this person that applies the saturation monitor.

Ensuring effective ventilation is stressed as the most 
important step in cardiopulmonary resuscitation and has 
been given more attention with the acronym of MRSOPA:  
M=mask adjustment, R=reposition airway, S=suction mouth 
and nose, O=open mouth, P=pressure increase, A=airway 
alternative. If ventilation is not effective the MR portion is 
completed and PPV is once again attempted. If PPV still not 
effective, suction, open the mouth (SO portion)  attempt PPV 
once again if still not effective increase pressure then move on 
to an airway alternative (PA portion).An alternative airway 
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might be intubation or LMA insertion . It is a Canadian rec-
ommendation that this acronym should be part of the evalu-
ation prior to commencing compressions and that intubation 
is strongly recommended prior to starting compressions. The 
length of time that compressions continue prior to reassess-
ing heart rate has been extended from 30 seconds to 45-60 
seconds. The laryngeal mask use and placement is also now 
part of the performance checklist for those infants >32 weeks 
gestation. Once again all three devices flow inflating bag, self 
inflating bag, and T-piece resuscitator are all considered to be 
acceptable methods of delivering PPV.

As mentioned previously some of the medications have 
been removed from the resuscitation list. Epinephrine is to be 
given if the heart rate has remained low even after 30 seconds 
of effective ventilation and another 45-60 seconds of chest 
compressions with effective ventilation. Again the recom-
mended route for epinephrine (1:10,000) is IV and the Cana-
dian dosage recommendation is 0.1 mL/kg. While waiting for 
IV access the endotracheal route can be used with a dose of 1 
mL/kg (to a maximum ETT dose of 3 mL). The infant’s heart 
rate should then be checked about 1 minute post epinephrine 
dose.  During this minute PPV and compressions continue.

Under special considerations therapeutic hypothermia is 
discussed in this edition with instructions to discuss this op-
tion with a tertiary centre. The guidelines to cool an infant 
>36 weeks gestation who have evidence of an acute perinatal 
hypoxic-ischemic event suggest that this cooling should be 
done within 6 hours after birth (in consultation with tertia-

ry centre).  The care of the preterm infant is also discussed.  
Warmth is a large focus in this section.  Warming up the de-
livery room to 25-26 degrees Celsius is recommended as is 
wrapping infants <29 weeks gestation in polyethylene plastic 
wrap to as a means to reduce heat loss in this population. 

 A recommendation around delayed cord clamping (for 
at least 1 minute) has been made for infants that do not re-
quire resuscitation. There is not enough evidence at this time 
to recommend this practice in the infant that requires active 
resuscitation.  

The recommendation of discontinuing resuscitation ef-
forts after 10 minutes of absent heart rate remains with ad-
ditional discussions of providing care of the dying infant and 
supporting parents and staff during this process within the 6th 
edition textbook.

“No man is an island” and now we acknowledge that 
neither are those who provide resuscitation to the neonatal 
population, it’s all about the team!  Go TEAM!
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BOOK REVIEW

Respiratory Care principles and practice, Second Edition 

author: Dean r. Hess, Neil r. MacIntyre, Shelley c. Mishoe, William F. galvin, alexander b. adams

This book is meant to serve as a textbook for respiratory 
therapy (RT) students, especially for those in the United  
States of America preparing for their qualification 

exam. The authors state seasoned RTs could use this book as a 
refresher and update and other health professionals could use 
it as an insight into RT practice. This is the second edition, 
the first published 10 years ago.

It is a large book over 1300 pages long and broken up 
into five sections: Respiratory Assessment, Respiratory Thera-
peutics, Respiratory Diseases, Applied Sciences for Respira-
tory Care and, The Respiratory Care Profession. Each section 
has several chapters describing their respective contents. The 
book holds several high quality photos, illustrations, flow-
charts, easy-to-read side boxes, glossaries, key points etc to 
supplement and help clarify the detailed text. In addition to 
this, a companion website is provided that includes chapter 
quizzes, crossword puzzles, animated flashcards, an interactive 
glossary and matching exercises. This online source also serves 
as a good way to preview this book to help the consumer decide  
if this is the best resource for them: http://go.jblearning.co/
respiratorycare. In addition instructors can send requests  
for further tools such as instructor manuals, PowerPoint  
presentations and test banks.

The authors’ purpose of this book is to provide a textbook  
for RT students preparing for their qualification exam (USA 
specifically). However they strive to focus on “respiratory 
therapy practice in the 21st century” as the RT should be  
considered as a technologist, physiologist and clinician. They 
also stress the importance of evidence based practice and devote  
a chapter to it. While this text would be very useful for the

Canadian RT, the descriptions around policy are  
American e.g. funding reimbursement, government legislation  
(e.g.Medicare) etc. is of less interest. In addition, the Canadian  
RT student should be aware this text does not focus on their 
own specific curriculum and aspects of the Canadian Board 
of Respiratory Care exam (though it is likely very similar).

The authors definitely achieve their purpose. They  
provide awesome details for each topic found in the Ameri-
can RT curriculum and up-to-date for the year of 2010/2011. 
The disadvantage of this (and any) text is to keep up-to-date 
with the latest evidence. However the evidence and skills they 
do provide every references and topic specific chapter serves as 
a good starting point for the reader interested in learning more.

The focus of this text is on respiratory therapy practice; 
every aspect of the respiratory therapy can be found in the 
text. If a person wishes to learn the basic foundations of respi-
ratory therapy or want a starting point on a RT topic, this is 
the optimal resource.

Based on the sections of which I am knowledgeable, the 
accuracy of the information is very good. In fact I received a 
refresher on some topics, just as the author’s purpose dictated. 
As mentioned previous much of the descriptions on policy 
are American based. The reader who wishes a perspective on 
the Canadian versions must seek this information themselves. 

The design of the book is a text/reference format.  
It is meant to find a singular location and stay there i.e. not 
a portable pocket guide (weighs about 8 pounds). Its details 
owe to this but also contribute as its asset. The text is in a font 
easy to read and the text organized optimally.

The diagrams and photos are excellent and enhance the 
subject matter immensely. They provide further clarifica-
tion and supplement of the details found in the pure text. It 
also allows the text to be broken up in order to decrease the  
monotony of straight words.

There are several texts available to students but this 
book is one of few that provide descriptions on all aspects of  
respiratory therapy. It also provides online supplements, a 
similar (and essential) method used by other texts and re-
sources such as scientific journals. Each topic is well described 



CANADIAN JOURNAL OF RESpIRATORY THERApY
JOURNAL CANADIEN DE LA THÉRApIE RESpIRATOIRE

WINTER | HIVER 2011
VOLUME | NUMÉRO 47.4

31

though readers seeking further knowledge may need other 
resources to provide further details e.g. home mechanical ven-
tilation, paediatric respiratory care, respiratory research etc. In 
addition the Canadian RT would need to consult Canadian 
resources for policies, legislations and practices.

If the reader wants further information, the references 
provide a starting point. The references are not exhaustive so 
the student/clinician does not have to feel overwhelmed when 
they see the list. Each reference allows for an exhaustive search 
if desired. The authors include a chapter on “Evidence-Based 
Respiratory Care” that allows the reader to develop the think-
ing and tools to search for further evidence-based practice.

All the authors of this book are well known in the field  
of respiratory therapy even in Canada. In addition to the 
main authors there are several contributing authors and  
several reviewers.

The following are specific details on each main author (as  
described in the book):
•	 Dean	R.	Hess,	PhD,	RRT,	FAARC,	Assistant	Director	of	 
 Respiratory Care, Massachusetts General Hospital,  
 Associate Professor of Anesthesia, Harvard Medical  
 School, Editor-in-Chief, RESPIRATORY CARE
•	 Neil	R.	MacIntyre,	MD,	FAARC,	Professor	of	Medicine	 
 and Medical Director of Respiratory Care Services, Duke  
 University Medical Center

•	 Shelley	C.	Mishoe,	PhD,	RRT,	FAARC,	Associate	Provost	 
 and Professor of Respiratory Therapy and Graduate  
 Studies, Georgia Health Science University
•	 William	F.	Galvin,	MSEd,	RRT,	CPFT,	AE-C,	FAARC,	 
 Assistant Professor, School of Allied Health Professions,  
 Assistant Professor, School of Allied Health Professions,  
 Director of Respiratory Care Program, Administrative  
 and Teaching Faculty, TIPS Program, Gwynedd- 
 Mercy College
•	 Alexander	 B.	 Adams,	 MPH,	 RRT,	 FAARC,	 Research	 
 Associate in Pulmonary/Critical Care Medicine, Regions  
 Hospital, Assistant Professor of Medicine,. 

My first impression of this book was its sheer size. I soon 
came to realize its size and purpose went hand-in-hand. I  
appreciated the detail it provided on each RT topic. When 
I looked up topics I knew much about I was pleasantly  
surprised at learning something new. 

As an educator I find this text extremely useful for the 
well-organized description and the photos/diagrams/illus-
trations. For students I advise they take a look at this book 
prior to see if it matches well with their curriculum, especially  
considering the price – usually sold new at over $100. If this 
text were in my library I would consult it often.

Reviewed by Mika L. Nonoyama RRT, PhD; Post-Doctoral Fellow: Bloomberg Faculty of Nursing, University of Toronto
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LEADERSHIp COLUMN 

Leadership – What I Believe to be Important

christina Sperling, rrt, bKin, Professional Practice Leader and clinical Specialist

respiratory therapy, St. Michael’s Hospital, toronto ON

There are many different ways to define leadership and it 
seems that most people have their own opinion about 
what leadership means to them. I will be honest and 

admit that it was not until I began my journey as a Profes-
sional Practice Leader that I truly started to think about what 
leadership meant to me. It was at this time that I started to 
reflect on the qualities of the various managers and leaders for 
whom I have worked. What did they do that made me feel 
empowered as a clinician? When did I feel a sense of contribu-
tion and value?  

Through my experiences I have learned and grown as 
both a professional and a leader. I have examined various 
pieces of literature on the topic of leadership practices and 
have chosen some key concepts that I feel are important to 
apply to my work when trying to effectively lead others and 
get them engaged. 

building trust
Building trust within a group is extremely important and 
must begin from day one. Trust is something that will take 
time, and relates directly to character and competence1. A 
good leader will ensure that they are respectful, honest, and 
transparent. Consistency with these qualities lets others know 
that you are approachable and that it is safe to discuss ideas 
and issues openly. Proving that you have the ability to get 
things done further builds trust. Promising to get things done 
is not enough; you must keep commitments and deliver results. 

Extending trust
You must also be willing to extend trust to the group1. En-
couraging others to try different things and take the lead on 
new initiatives will show them that you have confidence in 
their abilities. If mistakes are made, focus on the learning that 
has come out of the experience instead of the mistake itself 2.   

communication
Open and effective communication is key when dealing with 
any group. This means recognizing that active listening is just 
as important your response. Communication is a two way 
street. Others want to feel like they have the opportunity 
to share their thoughts.  When they truly feel like they have 
been heard they will feel respected and valued. Once you have 
openly listened to the group, it is important to respond ap-
propriately. You want to take into consideration what they 

have said and then react clearly and truthfully. You want to 
make sure that the group that is receiving your message truly 
understands what you are trying to say3. Beyond your choice 
of words, it is important to consider things like body language 
and tone of voice. These other pieces of communication can 
relay a very different message than the one you are trying 
to convey, so it is important to consider more than just the 
words that you are speaking.     

appreciating Others Values, beliefs and Opinions
A good leader knows that a group does not respond well to 
being told what to do.  You must create a sense of meaning for 
them in order for them to even consider your idea4. Change 
and buy in will only occur when the group understands the 
what, why and how of any initiative or idea. When they are 
able to relate it to their own beliefs, values and opinions, they 
will be able to view the idea in a positive way and accept it. It 
is also important to receive and support ideas presented by the 
group.  This will demonstrate that their beliefs and opinions 
are also important to you and they will feel respected. 

recognizing Strengths
Good leaders are able to recognize that in any given group 
there will be many different personality types; each with their 
own strengths and weaknesses. It is important to appreciate 
each individual for who they are and utilize their strengths 
in the best way you can5.  This will allow all members of the 
group to feel that they have something of value to contribute 
to the team. 

Focusing on the team
It is important to recognize the needs of the team.  If morale 
and energy are down, the team will not be functioning at their 
best. Addressing issues as soon as possible will help avoid the 
escalation of concerns. When the group is functioning well, 
recognize the positive energy and celebrate it. Acknowledging 
when things are good will help keep the group motivated to 
keep doing a great job. 

I believe that clinical RTs working at the bedside have so 
much to offer health care at various levels. As a leader, I truly 
feel that interacting with my group in a constructive, respect-
ful, and trustworthy way is beneficial to all. I take pride in 
having positive relationships with each and every member of 
my group an d enjoy learning from them everyday. 
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CHRONIQUE DE LA DIRECTION

Ma vision du leadership 

christina Sperling, tra, b. Kin, chef des services professionnels et spécialiste clinique, thérapie respiratoire,  
Hôpital St. Michael’s, toronto (Ont.)

Le leadership peut être défini de multiples manières, et 
il semble que chaque personne a sa propre définition. 
En toute honnêteté, je dois avouer que c’est seulement 

lorsque je suis entrée dans mes fonctions de chef des services 
professionnels que j’ai vraiment commencé à réfléchir à ce 
que ce terme voulait dire pour moi. C’est à ce moment là 
que j’ai commencé à m’attarder aux qualités des différents  
directeurs et chefs d’équipe pour lesquels j’ai travaillé.  
Qu’ont ils fait pour que je prenne de l’assurance en tant  
que clinicienne? Quand ai-je senti que j’apportais une  
contribution importante?

Mes expériences m’ont fait grandir en tant que  
professionnelle et chef de file. J’ai lu des documents sur les 
pratiques de leadership et retenu certaines notions que j’ai 
jugé important d’appliquer dans mon travail lorsqu’il s’agit de 
diriger et de mobiliser des gens.

créer un climat de confiance
Il est extrêmement important de bâtir la confiance au sein 
du groupe, et ce, dès le départ. La confiance s’établit avec 
le temps; elle est directement liée au caractère et à la com-
pétence1. Un bon leader veille à ce que le climat de travail  
repose sur le respect, l’honnêteté et la transparence. S’il  
respecte et promeut ces valeurs en tout temps, ses collabo-
rateurs sauront qu’ils peuvent échanger leurs idées et discu-
ter des problèmes ouvertement. Et si vous démontrez votre  
capacité à faire bouger les choses, la confiance sera renforcée. 
Il n’est pas suffisant de promettre, il faut tenir ses engage-
ments et obtenir les résultats attendus.

Savoir faire confiance
Vous devez également faire confiance aux membres de 
l’équipe1. Si vous les encouragez à essayer différentes  
approches et à prendre de nouvelles initiatives, vous leur 
manifesterez que vous avez confiance en leurs capacités. S’ils 
commettent des erreurs, mettez l’accent sur les leçons à tirer 
plutôt que sur les erreurs comme telles 2.

Savoir communiquer
La communication ouverte et efficace est un préalable essentiel  
au travail d’équipe. L’écoute active est tout aussi importante 
que les réponses fournies. La communication opère dans les 
deux sens. Les autres doivent sentir qu’ils peuvent exprimer 
leurs pensées. S’ils sentent vraiment qu’ils ont été écoutés, ils 
se sentiront respectés et appréciés à leur juste valeur. Après 
avoir bien écouté les membres du groupe, il est important de 
fournir des réponses adéquates, de réagir de façon claire et 
honnête après avoir pris leurs points de vue en considération. 
Il est primordial que le groupe qui reçoit votre message le 
comprenne bien3. En plus du choix des mots, faites attention 
à votre langage corporel et au ton de votre voix, qui peuvent 
biaiser le message; il faut aller au delà des mots.

apprécier les valeurs, les convictions et  
les opinions des autres
Les bons leaders savent que les gens ne réagissent pas bien aux 
ordres. Vos idées et vos intentions doivent avoir un sens à leurs 
yeux avant même qu’ils envisagent de vous suivre4. Les membres  
de l’équipe adhéreront à votre vision seulement lorsqu’ils se 
seront approprié le quoi, le pourquoi et le comment. S’ils  
peuvent faire le lien entre votre point de vue et leurs propres  
valeurs, convictions et opinions, ils pourront l’accueillir 
positivement et l’accepter. Inversement, il est important 
d’accueillir et d’appuyer les idées présentées par les membres 
du groupe. Ils verront que vous accordez de l’importance à 
leurs façons de voir et se sentiront respectés.

reconnaître les forces
Les bons leaders savent reconnaître qu’un groupe est composé 
de personnes ayant leur personnalité et leur tempérament  
propres, chacune avec ses forces et ses faiblesses. Il est important  
d’accepter chaque personne telle qu’elle est et d’utiliser le 
mieux possible ses points forts5. Ainsi, tous les membres du 
groupe sentiront que leur contribution est importante.
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Mettre l’accent sur l’équipe
Il est important de reconnaître les besoins de l’équipe. Si le 
moral et l’énergie sont au plus bas, le rendement de l’équipe 
sera déficient. Il faut s’attaquer aux problèmes dès que  
possible pour éviter que la situation ne s’envenime. Lorsque 
le groupe fonctionne bien, sachez reconnaître et souligner les 
résultats de l’énergie positive qui s’en dégage. Féliciter les gens 
pour leurs bons coups les incite à continuer sur la bonne voie.

Les TR qui travaillent en milieu clinique ont énormé-
ment à offrir en matière de soins de santé à divers niveaux. 
C’est ma profonde conviction qu’il est avantageux pour 
l’ensemble de mon équipe d’œuvrer dans un esprit constructif  
et dans un climat de respect et de confiance mutuelle. Je me 
fais un point d’honneur d’entretenir des relations positives 
avec chacune et chacun des membres de mon groupe et j’en 
apprends un peu plus chaque jour à leur contact.
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As the first snow falls in Edmonton, I scan 
my radio for stations that are playing 24 
hours of Christmas music, daily, until 

Boxing Day. Just as I am searching, I stumbled 
across a radio show on CBC RadioOne titled 
“White Coat, Black Arti” with Dr. Brian Gold-
man. “Most of us take breathing for granted” - 
the tag line of the segment that lured me in. My 
first instinct was that it must be a quit smoking 
campaign, but as I kept listening, Dr. Goldman shed light on 
some less known professionals including a case manager, a 
clinical assistant, and the respiratory therapist. The “Unsung 
Heroes of Health Care Show” is a 30-minute show, originally 
aired on Friday, November 11, 2011. You can listen to the 
podcast through a link on the CSRT home page. As a student 
practicing to become a registered respiratory therapist, I was 
honored to listen to this programming and to know that our 
profession is being promoted, valued, and respected. 

Especially after a weeklong of festivities from Respirato-
ry Therapy Week, where our profession is showcased nation-
ally, any additional promotion of our profession gives me a 
sense of belonging and reinforces my choice to become a RT. 
“Explaining what [respiratory therapists] do can be hard to 
do at cocktail parties.” Have you ever tried to explain to your 
family and friends what you do? As the public learns about 
respiratory therapists, we, RTs and RT students, should also 
learn more about the different options we have for continuing 
our education, learning, and careers.

My clinical year has allowed me to work with many 
health professionals including RTs that have gone beyond 
basic training to advance his/her practice to, for example, an 
anesthesia assistant and a perfusionist. Entering RT school, I 
was not aware of the options that I would inherit by becom-

STUDENTS COLUMN

What Can I do After I Have Graduated? 

Krystle Hong, bSc.

Director, Student Representative, on the CSRT Board of Directors

ing a RRT. Did you know there are so many op-
portunities out there post-graduation? In addition 
to the above mentioned, have you ever thought 
of becoming a RT instructor or working outside 
of Canada with Respiratory Therapist without 
Boardersii? As the time comes for you to graduate 
and enter the profession, I ask that you take some 
time to investigate your options and interests to 
further our profession.

The progression of respiratory therapy means we need 
to commit to continual improvement of ourselves and a great 
way to stay ahead is to participate in the annual CSRT Edu-
cation Conference and Trade Show. I invite you all to join 
me at the upcoming conference in beautiful Vancouver, Brit-
ish Columbia, from May 31 to June 2, 2012. You will get 
exceptional value for a very reasonable registration fee. We 
are currently planning student specific workshops. However, 
attendance by students at any of the other seminars will not 
disappoint. Course content will only be reinforced and criti-
cal thinking will be practiced and challenged. And consider 
submitting an abstract and creating a poster for presentation 
at the Conference. This is an excellent opportunity to expand 
your professional development. There is a $500.00 prize for 
the best student poster, even if you are not able to attend in 
person. Details on criteria and an application form can be 
found at http://www.csrt.com/en/events/2012_conference.
asp.  I hope you will be able to make it out to the 2012 CSRT 
Conference. If you have any questions/comments, please feel 
free to email me at the CSRT website.

i www.cbc.ca/whitecoat
ii www.rtwb.ca
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Les premiers flacons de neige tombent sur 
Edmonton. Je cherche des chaînes radio qui 
diffusent de la musique de Noël 24 heures 

par jour jusqu’au lendemain de la grande fête.  
Je tombe sur l’émission « White Coat, Black Arti » 
de la première chaîne de la CBC, animée par 
le Dr Brian Goldman. Une parole m’accroche :  
« Pour la plupart des gens, la respiration passe  
inaperçue. » Je me dis tout de suite que ça doit 
être une campagne anti tabac, mais je continue d’écouter, 
pour me rendre compte que le Dr Goldman parle de  
spécialistes peu connus : gestionnaire de cas, adjoint médical 
et thérapeute respiratoire. Ce jour là, le 11 novembre 2011, 
l’émission de 30 minutes portrait sur les héros obscurs du 
secteur de la santé. Vous pouvez l’écouter en baladodiffusion 
à partir d’un lien fourni dans la page d’accueil du site web de 
la CBC. Comme j’étudie pour devenir thérapeute respiratoire 
agréée, j’étais fière de constater que notre profession était mise 
en valeur, appréciée et respectée.

Surtout après la Semaine de la thérapie respiratoire, qui 
fait la promotion de notre profession dans tout le pays, cette 
« cerise sur le sundae » renforce mon sens d’appartenance et 
ma décision de devenir TR. « Ça peut être difficile d’expliquer 
ce que font les thérapeutes respiratoires dans les réceptions », 
comme l’a dit quelqu’un durant l’émission. Avez vous déjà 
essayé d’expliquer votre métier à vos proches? Oui, le public 
peut en apprendre sur les thérapeutes respiratoires, mais nous, 
les TR en exercice ou en devenir, devrions aussi nous rensei-
gner davantage sur les différentes options qui s’offrent à nous 
en matière d’éducation permanente et de perfectionnement 
professionnel.

Mon année de stage en milieu clinique m’a permis  
de côtoyer de nombreux professionnels de la santé,  
dont des TR qui ont poursuivi leurs efforts après leur  
formation de base et sont devenus, par exemple, anesthé-
siste adjoint et perfusionniste. À mon entrée à l’école des 
TR, je ne connaissais pas tous les débouchés possibles après 

mon agrément. Eh oui, il existe une foule de  
possibilités pour les diplômés! En plus des deux 
professions que je viens de citer comme exemples, 
vous pourriez devenir instructeur en thérapie  
respiratoire ou œuvrer à l’étranger avec  
Thérapeutes respiratoires sans frontièresii. Aux 
étudiantes et étudiants en thérapie respiratoire  
qui seront bientôt diplômés, je suggère de  
prendre du temps pour examiner les possibilités 

de carrière au delà du titre de TR.
La thérapie respiratoire est une profession en constante 

évolution; nous avons l’obligation de nous perfectionner sans 
cesse. Une excellente façon de le faire est de participer au 
Congrès éducatif et salon professionnel annuel de la SCTR. 
Je vous invite tous à vous joindre à moi à celui de 2012, qui 
aura lieu à Vancouver du 31 mai au 2 juin. Vous en aurez 
beaucoup pour les très raisonnables frais d’inscription. Nous 
planifions actuellement des ateliers spécialement destinés  
aux étudiants, mais vous ne serez pas déçus non plus de  
participer à n’importe quelle autre des activités au programme. 
Ce sera l’occasion de confronter auprès de professionnels en 
exercice ce que vous avez appris dans vos cours et d’exercer et 
mettre à l’épreuve votre esprit critique. Et pourquoi ne pas 
présenter un résumé ou créer une affiche pour le Congrès? Ce 
serait un autre excellent moyen de perfectionnement profes-
sionnel. L’étudiant qui aura réalisé la meilleure présentation 
d’affiche remportera un prix de 500 $, et ce, même s’il n’est 
pas présent sur place. Vous trouverez de l’information et un 
formulaire d’inscription à la présentation d’affiches à http://
www.csrt.com/fr/events/2012_conference.asp. J’espère que 
vous pourrez participer au Congrès 2012 de la SCTR. Si vous 
souhaitez obtenir des précisions ou formuler des commen-
taires, n’hésitez pas à m’envoyer un courriel à partir du site 
web de la SCTR.

i www.cbc.ca/whitecoat
ii www.rtwb.ca

CHRONIQUE DES ÉTUDIANTS

Une fois mon diplôme obtenu, quelles sont mes options?

Krystle Hong, bSc.

Représentante des étudiants au Conseil d’administration de la SCTR
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The Allied Health Department at Thompson Rivers Uni-
versity (TRU) has been offering distance courses for 
respiratory therapists since 1985. Over the years the 

distance courses and how they are used have undergone sig-
nificant changes. What started as a means to provide remedial 
education has evolved into an integral component of a flexible 
model for respiratory therapy education.

 The first distance courses were developed for a program 
called Registry Eligibility for Respiratory Therapists (RERT). 
At that time, respiratory therapy graduates who failed the na-
tional registry exam three times were required to repeat the 
entire Respiratory Therapy Program before challenging the 
exam again.  The RERT program, which was available to any 
respiratory therapy graduate across Canada, was designed to 
be a low cost alternative to returning to school full time. The 
registry eligibility program met with limited success and the 
full program was rendered obsolete as the rules for CBRC 
exam eligibility became more flexible. The program was then 
converted to Continuing Education for Respiratory Thera-
pists (CERT).  

CERT provided continuing education for respiratory 
therapists around the world.  The original courses offered 
were those developed for RERT which covered the core re-
spiratory therapy curriculum.  Programming was soon ex-
panded to provide new programs such as Asthma Education, 
Anesthesia Assistant, Medical Laboratory Technologist, and 
Cardiovascular Perfusion. Over time, new courses were devel-
oped and less popular courses were dropped. Some of the key 
courses still used by the Respiratory Therapy Program at TRU 
are updated versions of those originally designed for RERT.

Prior to 2004, TRU was the University College of the 
Cariboo (UCC).  In 2004, UCC was given full university sta-
tus, accorded all of the assets and responsibilities of BC Open 
University and renamed Thompson Rivers University. Shortly 
thereafter, all of the distance programming at the university 
was moved to the new Open Learning Division of TRU, in-
cluding all of the respiratory therapy courses. This removed 
the control of distance delivery from the Respiratory Therapy 
Program. However, it also brought in new resources. These 
resources have allowed expansion into online course delivery.

EDUCATORS’ COLUMN

 A Flexible Respiratory Therapy program Model using Blended Learning

tom Dorval r.r.t., M.Ed.

Senior Lecturer, respiratory therapy Program, thompson rivers university, bc

 

The first use for distance courses in the RT program at 
TRU was to reduce attrition. As with all respiratory therapy 
programs, students must successfully complete all courses in 
order to continue on to the next semester. If a student fails a 
course which is available as a distance course, they are allowed 
to attempt the distance course between semesters. If they suc-
cessfully complete the course, they are allowed to continue on 
in the Respiratory Therapy Program. This option has saved 
many students from losing a year as a result of failing one 
course. Since these courses are available everywhere, other re-
spiratory therapy programs have used TRU’s distance courses 
for the same purpose.

Just as the current distance offerings developed from a 
semi-successful RERT program, the next innovation related 
to distance delivery resulted from an entirely different goal. 
In the early 90’s the University College of the Cariboo started 
to offer full university degrees, including a Bachelor of Sci-
ence Degree (B.Sc.). In an attempt to obtain degree access 
for graduates of the TRU Respiratory Therapy Program, dis-
cussions were held with the Bachelor of Science committee 
regarding a laddering option for respiratory therapy students. 
It was decided that a graduate of the Respiratory Therapy 
Program at TRU would be given credit for the first two years 
towards a B.Sc. This would allow a respiratory therapy gradu-
ate to complete a B.Sc. in just over two years. During the ne-
gotiations, the B.Sc. committee suggested that if respiratory 
therapy graduates were to be recognized for their education, 
so should the B.Sc. graduates. This was problematic due to 
the specificity of the curriculum in respiratory therapy. We 
were unable to grant full credit, even for the first year of the 
program, regardless of the fact that a B.Sc. graduate has four 
years of science education. The solution was the development 
of a fast track option.

The fast track program requires prior education such as 
a science degree and completion of four distance courses or 
equivalence.  Successful completion of the distance courses 
allows the student to enter directly into the 2nd year of the 
Respiratory Therapy Program.  A course which has a labo-
ratory component such as “Respiratory Care Equipment” is 
delivered in a blended format. The theory course is completed 
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prior to entering 2nd year and the student completes the lab 
requirement during the first semester on campus. Fast track 
students also receive intensive instruction consisting of lec-
tures and labs during the week prior to the start of regular 
classes to prepare them for entry into the program.  

Students entering the fast track program include uni-
versity graduates from TRU and other Canadian universities 
as well foreign-trained respiratory therapists and physicians. 
The program started with two students the first year and now 
accommodates 12 to 14 students annually. It has attracted 
many highly educated students who may not have entered 
the profession otherwise and has provided affordable upgrad-
ing for landed immigrants with a healthcare background. It 
gives degree graduates credit for their education and reduces 
their cost to enter the field. This is significant as many have 
amassed sizeable student loan debt in completing their de-
gree. At this point only a few our graduates have used the 
laddering opportunity to complete a B.Sc. but approximately 
80 students have taken advantage of the fast track to enter 
the Respiratory Therapy Program so far. Advanced access is 
also available to the second semester of the first year of the 
program for students who have advanced education but do 
not qualify for the full fast track option.

The B.Sc. ladder is not the only option for degree access 
for our graduates. The Bachelor of Health Science (B.HSc.) 
degree is a more accessible and popular post diploma degree 
alternative. The B.HSc. is available to graduates of all respira-
tory therapy programs and is very flexible. The degree can be 
completed by distance learning or through a combination of 
face to face and distance courses. Degree completion may re-
quire as little as 30 credits for a graduate of a three-year respi-
ratory therapy program. This degree can now be completed 
within the Respiratory Therapy Diploma Program. In this 
stream, students complete the respiratory therapy diploma 
requirements along with their degree courses over a four-year 
period and graduate with a diploma and degree. The degree 
courses are selected from face to face and distance offerings 
at TRU.  

Through the blending of distance and face to face educa-
tion, the Respiratory Therapy Program at TRU has evolved 
from a rigid structure allowing only one pathway to RT di-
ploma completion, to a more flexible educational model. RT 
students now have several options for program entry and 
achievement of their educational goals, whether it is a respira-
tory therapy diploma or degree completion.
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CHRONIQUE DES ENSEIGNANTS

Un modèle souple de programme d’enseignement de la thérapie respiratoire 
basé sur l’apprentissage hybride

Tom Dorval, TRA, M. Éd.

Chargé d’enseignement, programme de thérapie respiratoire, Université Thompson Rivers (C.-B.)

Le département des soins paramédicaux de l’Université 
Thompson Rivers (UTR) offre un service de cours à 
distance aux thérapeutes respiratoires depuis 1985. 

Au fil des ans, ces cours et leur utilisation ont grandement 
évolué. Ce qui était à l’origine un moyen de donner des cours 
d’appoint est devenu partie intégrante d’un modèle souple de 
formation en inhalothérapie.

Les premiers cours à distance étaient destinés à faire partie 
d’un programme appelé « Registry Eligibility for Respiratory 
Therapists » (« Obtention du titre de thérapeute respiratoire 
») (RERT). À l’époque, les diplômés en thérapie respiratoire 
qui essuyaient trois échecs à l’examen national d’admission au 
titre devaient reprendre l’ensemble du programme de forma-
tion avant de tenter leur chance de nouveau. Le programme 
RERT, accessible à tous les diplômés en thérapie respiratoire 
du Canada, se voulait une option de rechange économique à 
l’obligation de réintégrer le programme de formation à plein 
temps. Or, le programme RERT a connu un succès limité et, 
en même temps, l’assouplissement des règles d’admissibilité 
à l’examen du CCSR a rendu le programme de formation de 
base obsolète. Il est alors devenu le programme de formation 
continue des thérapeutes respiratoires (FCTR).

Le FCTR a assuré une formation continue à des théra-
peutes respiratoires du monde entier. Les premiers cours of-
ferts étaient ceux qui avaient été élaborés pour le programme 
RERT, et qui couvraient le programme de formation de base 
en inhalothérapie. La palette des cours n’a pas tardé à s’étendre 
et de nouveaux sujets ont fait leur apparition, par exemple 
: asthme, assistant anesthésiste, technologiste de laboratoire 
médical et perfusion cardiovasculaire. De nouveaux cours ont 
été créés et des cours moins populaires ont été abandonnés. 
Certains des cours principaux faisant encore partie du pro-
gramme de thérapie respiratoire de l’UTR résultent de la mise 
à jour de cours élaborés à l’origine pour le programme RERT.

En 2004, l’UTR a acquis le plein statut d’université, avec 
tous les avantages et toutes les responsabilités qui lui sont as-
sociés; auparavant, elle s’appelait l’University College of the 
Cariboo (UCC). Peu de temps après, l’ensemble des pro-
grammes d’enseignement à distance, y compris tous les cours 
de thérapie respiratoire, ont été groupés dans la nouvelle di-
vision de l’apprentissage ouvert de l’UTR, ce qui a eu pour 
effet de retirer le contrôle de la prestation de l’enseignement à 
distance du programme de thérapie respiratoire. En revanche, 
il s’est produit un apport de nouvelles ressources, qui ont per-
mis l’expansion vers l’offre de cours en ligne.

Les cours à distance du programme de thérapie respi-
ratoire de l’UTR ont d’abord servi à réduire l’attrition dans 
les rangs des candidats à l’admission au titre professionnel. 
Comme dans le cas de tous les programmes de thérapie respi-
ratoire, les étudiants doivent avoir réussi tous les cours pour 
être admis au trimestre suivant. Les étudiants qui subissent 
un échec à un cours faisant partie du programme de cours à 
distance peuvent suivre le cours à distance entre les trimes-
tres. S’ils réussissent le cours, ils peuvent alors continuer leur 
cheminement dans le programme de thérapie respiratoire. 
Cette option a évité à de nombreux étudiants de perdre une 
année à la suite d’un échec à un cours. Et comme ces cours 
sont accessibles partout, les responsables d’autres programmes 
d’enseignement de la thérapie respiratoire ont utilisé les cours 
à distance de l’UTR à cette même fin.

Tout comme les actuels cours à distance sont nés du 
programme RERT au succès mitigé, l’innovation suivante 
en cette matière a résulté de la poursuite d’un objectif en-
tièrement différent. Au début des années 1990, l’University 
College of the Cariboo a commencé à offrir des diplômes 
universitaires en bonne et due forme, dont un baccalauréat 
ès sciences (B. Sc.). Dans le but d’assurer l’accès de leurs 
diplômés, les responsables du programme de thérapie respi-
ratoire de l’UTR ont tenu des pourparlers avec le comité du 
baccalauréat ès sciences concernant une option de mobilité 
verticale pour ces diplômés. On a décidé que les deux pre-
mières années du programme de B. Sc. seraient créditées aux 
diplômés du programme de thérapie respiratoire de l’UTR, 
ce qui leur permettrait d’obtenir le baccalauréat en un peu 
plus de deux ans. Pendant les pourparlers, les membres du 
comité du baccalauréat ont fait valoir que si on reconnaissait 
les études des diplômés en thérapie respiratoire, on devrait 
faire de même pour les diplômés du programme de B. Sc. 
Cela posait un problème en raison du caractère particulier des 
cours de thérapie respiratoire. Il n’a pas été possible d’accorder 
les pleins crédits à ces derniers, même les crédits équivalant à 
la première année du programme, même s’ils ont à leur actif 
quatre ans d’études en sciences. Une solution a été trouvée : 
un programme d’études accélérées.

Pour accéder à ce programme, il faut avoir fait certaines 
études, par exemple avoir obtenu un diplôme en sciences, et 
avoir suivi au moins quatre cours à distance ou l’équivalent. 
Les étudiants qui ont réussi les cours à distance peuvent entrer 
directement dans la deuxième année du programme de théra-
pie respiratoire. Les cours comprenant des travaux de labora-
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toire, comme le cours sur l’équipement de soins respiratoires, 
sont donnés selon la formule de l’apprentissage hybride. Les 
étudiants doivent réussir la partie théorique des cours avant 
d’entrer dans la deuxième année; ils passent ensuite la par-
tie pratique en laboratoire sur le campus pendant le premier 
trimestre. Les participants au programme d’études accélérées 
reçoivent aussi un enseignement intensif – cours magistraux 
et travaux en laboratoire – pendant la semaine précédant le 
début des cours réguliers pour se préparer à entrer dans le 
programme.

Parmi les étudiants du programme d’études accélérées, 
on compte des diplômés de l’UTR et d’autres universités cana-
diennes ainsi que des thérapeutes respiratoires et des médecins 
formés à l’étranger. L’année où le programme a commencé, 
deux étudiants y participaient, mais celui ci accueille main-
tenant de 12 à 14 étudiants chaque année. Ce programme a 
attiré bon nombre de personnes très scolarisées qui n’auraient 
pas autrement eu accès à la profession et permis à des im-
migrants reçus possédant des compétences en soins de santé 
de se mettre à niveau à un prix abordable. Des crédits sont 
accordés aux diplômés, qui peuvent ainsi obtenir le diplôme 
en thérapie respiratoire à moins de frais, ce qui est impor-
tant, car beaucoup ont contracté d’importantes dettes pour 
leurs études. Jusqu’à présent, seulement quelques uns de nos 
diplômés ont obtenu leur B. Sc. par la voie de l’option de mo-
bilité verticale, mais environ 80 ont emprunté la voie du pro-
gramme d’études accélérées pour accéder au programme de 
thérapie respiratoire. Par ailleurs, les étudiants qui ont fait des 
études supérieures mais qui ne se qualifient pas pour l’option 
du programme d’études accélérées peuvent entrer dans le pro-
gramme au deuxième trimestre de la première année.

La mobilité verticale vers le B. Sc. n’est pas la seule op-
tion pour nos diplômés souhaitant obtenir un diplôme en 
thérapie respiratoire. Le baccalauréat en sciences de la santé 
(B. HSc.) est plus accessible et plus populaire; le programme, 
très souple, est accessible à tous les diplômés des programmes 
de thérapie respiratoire. On peut suivre les études à distance 
ou opter pour un mélange de cours à distance et de cours en 
salle. Une personne détenant un diplôme d’un programme de 
thérapie respiratoire de trois ans peut décrocher un B. HSc. en 
obtenant seulement 30 crédits. Ce baccalauréat peut mainte-
nant être obtenu dans le cadre du programme de thérapie res-
piratoire. Ce cheminement implique que les étudiants pren-
nent quatre ans pour satisfaire aux exigences pour l’obtention 
du diplôme de thérapeute respiratoire et suivre les cours du 
baccalauréat; ils obtiennent ainsi un diplôme et un baccalau-
réat. Ils choisissent les cours du baccalauréat dans la liste des 
cours à distance et en salle offerts par l’UTR.

Grâce à l’instauration de la formule hybride cours à dis-
tance cours en salle, le programme de thérapie respiratoire de 
l’UTR est passé d’une structure rigide n’autorisant qu’un seul 
cheminement à un modèle caractérisé par la souplesse. Les 
aspirants au titre de TRA disposent maintenant de plusieurs 
options, que ce soit pour l’obtention d’un diplôme de théra-
peute respiratoire ou d’un baccalauréat.
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ABSTRACT (pROVISIONAL)
BACKGROUND

Although breastfeeding is strongly recommended for its many 
benefits, the association between breastfeeding and childhood 
asthma development remains controversial. Our objective was to 
systematically review and meta-analyze the association between 
physician-diagnosed asthma (PDA) or wheezing development 
and exclusive or any breastfeeding. 

METHODS
Prospective cohort studies of preschool (4-6 years) and school-
aged (7-9 years) children were identified from Medline (1948-
June 2011) and Embase (1980-June 2011). Breastfeeding expo-
sure for at least the first 3-4 months of life was defined as exclusive 
(breast milk as the only source of nutrition) or any (breast milk 
included in the diet). Outcomes were parent-reported PDA or 
wheezing. Risk of bias in included studies was assessed using the 
Newcastle-Ottawa scale. Data were analyzed using the Revman 
software package and adjusted odds ratios were meta-analyzed 
using random-effects models. 

RESULTS
Ten studies enrolling 35,411 participants were included. De-
creased odds of PDA or wheezing development at ages 7-9 years 
were identified for those who received exclusive breastfeeding 
[adjusted odds ratio (OR) 0.69, 95% confidence interval (CI): 
0.58-0.83] and any breastfeeding (OR 0.53, 95% CI: 0.41-0.68) 
and at ages 4-6 years for those who received exclusive breastfeed-
ing (OR 0.75, 95% CI: 0.61-0.93). Among the clinically-het-
erogeneous studies with outcome assessment at ages 4-6 years, 
any breastfeeding did not change the odds of PDA or wheezing 
(OR 1.08, 95% CI: 0.76-1.54). 

CONCLUSIONS
Exclusive or any breastfeeding for at least the first 3-4 months 
of life was associated with lower odds of PDA or wheezing in 
children, strengthening support for the current breastfeeding 
recommendations.

the validity of the canadian triage and acuity  
Scale in predicting resource utilization and the need  

for immediate life-saving interventions in elderly  
emergency department patients

Ju Young Lee, Sang Hoon Oh, Eun Hee Peck, Jung Min Lee, Kyu Nam 
Park, Soo Hyun Kim and Chun Song Youn 

Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine 2011, 19:68 doi:10.1186/1757-7241-19-68

Published: 3 November 2011

ABSTRACT (pROVISIONAL) 
BACKGROUND

We evaluated the validity of the Canadian Triage and Acuity 
Scale (CTAS) in elderly emergency department (ED) patients. 
In particular, we examined the sensitivity and specificity of  
the CTAS for identifying elderly patients who received an  
immediate life-saving intervention in the ED. 

METHODS
We reviewed the medical records of consecutive patients who 
were 65 years of age or older and presented to a single academic  
ED within a three-month period. The CTAS triage scores 
were compared to actual patient course, including disposition,  
discharge outcome and resource utilization. We calculated the 
sensitivity and specificity of the CTAS triage for identifying  
patients who received an immediate intervention. 

RESULTS
Of the 1903 consecutive patients who were [greater than or 
equal to]65 years of age, 113 (5.9%) had a CTAS level of 1, 
174 (9.1%) had a CTAS level of 2, 1154 (60.6%) had a CTAS 
level of 3, 347 (18.2%) had a CTAS level of 4, and 115 (6.0%) 
had a CTAS level of 5. As a patient’s triage score increased, the 
severity (such as mortality and intensive care unit admission) 
and resource utilization increased significantly. Ninety-four of 
the patients received a life-saving intervention within an hour 
following their arrival to the ED. The CTAS scores for these 
patients were 1, 2 and 3 for 46, 46 and 2 patients, respectively. 
The sensitivity and specificity of a CTAS score of [less than or 
equal to]2 for identifying patients for receiving an immediate 
intervention were 97.9% and 89.2%, respectively. 

CONCLUSIONS
The CTAS is a triage tool with high validity for elderly patients, 
and it is an especially useful tool for categorizing severity and for 
recognizing elderly patients who require immediate life-saving 
intervention.



CANADIAN JOURNAL OF RESpIRATORY THERApY
JOURNAL CANADIEN DE LA THÉRApIE RESpIRATOIRE

WINTER | HIVER 2011
VOLUME | NUMÉRO 47.442

comparing the effects of two inhaled glucocorticoids 
on allergen-induced bronchoconstriction and  

markers of systemic effects, a randomised  
cross-over double-blind study

Jan Lotvall, Mona Palmqvist and Peter Arvidsson 

Clinical and Translational Allergy 2011,  
1:12 doi:10.1186/2045-7022-1-12 

Published: 31 October 2011

ABSTRACT (pROVISIONAL) 
BACKGROUND 

Carinal hooks increases difficulty at endotracheal intubation. 
Amputation of the carinal hook during passage and malposition-
ing of the tube to the hook are some of the potential problems  
related with left-sided Carlens double lumen tube (DLT). This 
article reports an amputation of the hook during a difficult se-
lective intubation and aimed at calling the attention to compli-
cations associated with DLTs and the importance of fiberoptic 
bronchoscopy.

CASE pRESENTATION
A 68 year-old woman was scheduled for right-sided  
thoracotomy in whom blind DLT insertion was performed. 
Narrowed trachea causes difficulty in rotating the DLT 90  
degrees counter-clockwise. After carinal hook was noticed upon 
visual inspection of the DLT, fiberoptic bronchoscopy was used 
to remove the missing part (with the use of forceps) from the 
right mainstem bronchus. 

CONCLUSION
Insertion of DLTs with carinal hook is associated with technical 
problems and potentially life-threatening hazards have discour-
aged their use. Fiberoptic evaluation and repositioning solves 
most of the problems. Although amputation of the carinal hook 
has not been previously reported, clinicians should be alert.  
This case report emphasizes the utility of the fiberoptic  
bronchoscopy in the operating theatre for placement,  
positioning and inspection of the carinal hook DLT.

case report: Detachment of the carinal hook following 
endobronchial intubation with a double lumen tube 

Ana C Rocha , Mafada G Martins , Luisa I Silva  and  
Jose M Nunes 

BMC Anesthesiology 2011, 11:20doi:10.1186/1471-2253-11-20

Published: 28 October 2011 

ABSTRACT (pROVISIONAL) 
BACKGROUND

Carinal hooks increases difficulty at endotracheal intubation. 
Amputation of the carinal hook during passage and malpo-
sitioning of the tube to the hook are some of the potential  
problems related with left-sided Carlens double lumen tube 
(DLT). This article reports an amputation of the hook during a 
difficult selective intubation and aimed at calling the attention 
to complications associated with DLTs and the importance of 
fiberoptic bronchoscopy.

CASE pRESENTATION
A 68 year-old woman was scheduled for right-sided thoracotomy  
in whom blind DLT insertion was performed. Narrowed trachea 
causes difficulty in rotating the DLT 90 degrees counter-clock-
wise. After carinal hook was noticed upon visual inspection of the 
DLT, fiberoptic bronchoscopy was used to remove the missing  
part (with the use of forceps) from the right mainstem bronchus. 

CONCLUSION
Insertion of DLTs with carinal hook is associated with technical 
problems and potentially life-threatening hazards have discour-
aged their use. Fiberoptic evaluation and repositioning solves 
most of the problems. Although amputation of the carinal hook 
has not been previously reported, clinicians should be alert. This 
case report emphasizes the utility of the fiberoptic bronchos-
copy in the operating theatre for placement, positioning and  
inspection of the carinal hook DLT.

Dynamic hyperinflation is associated with a poor  
cardiovascular response to exercise in cOPD patients. 

Panagiota Tzani, Marina Aiello, Davide Elia, Luca Boracchia, Emilio 
Marangio, Dario Olivieri, Enrico Clini and Alfredo Chetta 

 Respiratory Research 2011, 12:150 doi:10.1186/ 
1465-9921-12-150   Published: 10 November 2011

BACKGROUND 
Pulmonary hyperinflation has the potential for significant  
adverse effects on cardiovascular function in COPD. The aim of 
this study was to investigate the relationship between dynamic 
hyperinflation and cardiovascular response to maximal exercise 
in COPD patients. 

METHODS
We studied 48 patients (16F; age 68 yrs +/- 8; BMI 26 +/- 4) with 
COPD. All patients performed spirometry, plethysmography,  
lung diffusion capacity for carbon monoxide (TLco) measure-
ment, and symptom-limited cardiopulmonary exercise test 
(CPET). The end-expiratory lung volume (EELV) was evaluated  
during the CPET. Cardiovascular response was assessed by 
change during exercise in oxygen pulse (DeltaO2Pulse) and dou-
ble product, i.e. the product of systolic blood pressure and heart 
rate (DP reserve), and by the oxygen uptake efficiency slope  
(OUES), i.e. the relation between oxygen uptake and ventilation. 

RESULTS
Patients with a peak exercise EELV (%TLC) [greater than or 
equal to] 75% had a significantly lower resting FEV1/VC, 
FEF50/FIF50 ratio and IC/TLC ratio, when compared to  
patients with a peak exercise EELV (%TLC) < 75%. Dynamic 
hyperinflation was strictly associated to a poor cardiovascular 
response to exercise: EELV (%TLC) showed a negative correla-
tion with DeltaO2Pulse (r = - 0.476, p = 0.001), OUES (r = 
- 0.452, p = 0.001) and DP reserve (r = - 0.425, p = 0.004). Fur-
thermore, according to the ROC curve method, DeltaO2Pulse  
and DP reserve cut-off points which maximized sensitivity and 
specificity, with respect to a EELV (% TLC) value [greater than 
or equal to] 75 % as a threshold value, were [less than or equal 
to] 5.5 mL/bpm (0.640 sensitivity and 0.696 specificity) and 
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[less than or equal to] 10,000 Hg bpm (0.720 sensitivity and 
0.783 specificity), respectively. 

CONCLUSION
The present study shows that COPD patients with dynamic 
hyperinflation have a poor cardiovascular response to exercise. 
This finding supports the view that in COPD patients, dynamic  
hyperinflation may affect exercise performance not only by  
affecting ventilation, but also cardiac function. 

Psychosocial risk factors for hospital readmission  
in cOPD patients on early discharge services:  

a cohort study

Peter A Coventry , Isla Gemmell  and Christopher J Todd 

BMC Pulmonary Medicine 2011, 11:49doi: 
10.1186/1471-2466-11-49    

Published: 4 November 2011 

 ABSTRACT (pROVISIONAL)
BACKGROUND

Hospital readmission for acute exacerbation of COPD (AECO-
PD) occurs in up to 30% of patients, leading to excess morbidity 
and poor survival. Physiological risk factors predict readmission, 
but the impact of modifiable psychosocial risk factors remains 
uncertain. We aimed to evaluate whether psychosocial risk  
factors independently predict readmission for AECOPD in  
patients referred to early discharge services (EDS). 

METHODS
This prospective cohort study included 79 patients with AECOPD 
cared for by nurse led EDS in the UK, and followed up for 12 
months. Data on lung function, medical comorbidities, previous  
hospital admissions, medications, and sociodemographics were 
collected at baseline; St George’s Respiratory Questionnaire 
(SGRQ), Hospital Anxiety and Depression Scale (HADS), and 
social support were measured at baseline, 3 and 12-months. Ex-
ploratory multivariate models were fitted to identify psychosocial  
factors associated with readmission adjusted for known confounders. 

RESULTS
26 patients were readmitted within 90 days and 60 patients were 
readmitted at least once during follow-up. Depression at baseline  
predicted readmission adjusted for sociodemographics and forced 
expiratory volume in 1 second (odds ratio 1.30, 95% CI 1.06  
to 1.60, p=0.013). Perceived social support was not significantly as-
sociated with risk of readmission. Home ownership was associated  
with the total number of readmissions (B = 0.46, 95% CI -0.86 to 
-0.06, p=0.024). Compared with those not readmitted, readmitted  
patients had worse SGRQ and HADS scores at 12 months.

CONCLUSION
Depressive symptoms and socioeconomic status, but not  
perceived social support, predict risk of readmission and read-
mission frequency for AECOPD in patients cared for by nurse-
led EDS. Future work on reducing demand for unscheduled 
hospital admissions could include the design and evaluation  
of interventions aimed at optimising the psychosocial care of 
AECOPD patients managed at home.

acute intratracheal Pseudomonas aeruginosa infection 
in cystic fibrosis mice is age-independent

Antje Munder, Florian Wolbeling, Tanja Kerber-Momot,  
Dirk Wedekind, Ulrich Baumann,  

Erich Gulbins and Burkhard Tummler 

Respiratory Research 2011, 12:148 doi:10.1186/ 
1465-9921-12-148 

Published: 7 November 2011  

BACKGROUND
Since the discovery of the human CFTR gene in 1989 various 
mouse models for cystic fibrosis (CF) have been generated and 
used as a very suitable and popular tool to approach research 
on this life-threatening disease. Age related changes regarding 
the course of disease and susceptibility towards pulmonary infec-
tions have been discussed in numerous studies. 

METHODS
Here, we investigated CftrTgH(neoim)Hgu and Cftrtm1Unc-
Tg(FABPCFTR)1Jaw/J CF mice and their non-CF littermates 
during an acute lung infection with Pseudomonas aeruginosa 
for age dependent effects of their lung function and immune 
response. Mice younger than three or older than six months were 
intratracheally infected with P. aeruginosa TBCF10839. The in-
fection was monitored by lung function of the animals using 
non-invasive head-out spirometry and the time course of physi-
ological parameters over 192 hours. Quantitative bacteriology 
and lung histopathology of a subgroup of animals were used as 
endpoint parameters. 

RESULTS
Age-dependent changes in lung function and characteristic fea-
tures for CF like a shallower, faster breathing pattern were ob-
served in both CF mouse models in uninfected state. In contrast 
infected CF mice did not significantly differ from their non-CF 
littermates in susceptibility and severity of lung infection in both 
mouse models and age groups. The transgenic Cftrtm1Unc-
Tg(FABPCFTR)1Jaw/J and their non-CF littermates showed a 
milder course of infection than the CftrTgH(neoim)Hgu CF 
and their congenic C57Bl/6J non-CF mice suggesting that the 
genetic background was more important for outcome than Cftr 
dysfunction. 

CONCLUSIONS
Previous investigations of the same mouse lines have shown a 
higher airway susceptibility of older CF mice to intranasally 
applied P. aeruginosa. The different outcome of intranasal and 
intratracheal instillation of bacteria implies that infected CF 
epithelium is impaired during the initial colonization of upper 
airways, but not in the subsequent response of host defense. 
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Postextubation dysphagia is persistent and associated 
with poor outcomes in survivors of critical illness
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ABSTRACT (pROVISIONAL) 
INTRODUCTION

Dysphagia is common among survivors of critical illness who 
required mechanical ventilation. The risk factors associated with 
the development of post-extubation dysphagia, and the effects of 
dysphagia on patient outcomes are relatively unexplored. 

METHODS
We conducted a retrospective, observational cohort study from 
2008 to 2010 of all patients over age 18 admitted to a university 
hospital intensive care unit (ICU) who required mechanical ven-
tilation and subsequently received a bedside swallow evaluation 
(BSE) by a speech pathologist. 

RESULTS
A BSE was performed after mechanical ventilation in 25% 
(632/2484) of patients. After excluding patients with stroke/neu-
romuscular disease, dysphagia was present in 84% (374/446), 
and was classified as absent, mild, moderate, or severe in 16% 
(72/446), 44% (195/446), 23% (103/446), and 17% (76/446) 
respectively. In univariate analyses, statistically significant risk 
factors for more severe dysphagia included longer durations of 
mechanical ventilation and reintubation. In multivariate analysis,  
adjusting for age, gender, and severity of illness, mechanical 
ventilation for > 7 days remained independently associated 
with moderate/severe dysphagia (AOR 2.84 [1.78 to 4.56],  
P <0.01). The presence of more severe post-extubation dysphagia  
was significantly associated with poorer patient outcomes, in-
cluding pneumonia, reintubation, hospital mortality, length of 
stay, discharge status, and surgical placement of feeding tubes. In 
multivariate analysis, the presence of moderate/severe dysphagia 
was independently associated with the composite outcome of 
pneumonia, reintubation, or death (AOR 3.31 [1.89 to 5.90], P <0.01). 

CONCLUSIONS
In a large cohort of critically ill patients, longer duration of me-
chanical ventilation is independently associated with post-extu-
bation dysphagia, and the development of post-extubation dys-
phagia is independently associated with poorer patient outcomes. 

association of reduced total lung capacity (tLc) with 
mortality and use of health services
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ABSTRACT 
BACKGROUND

Pulmonary restriction associates with increased mortality in 
adult and elderly. Previous studies, however, have used the forced 
vital capacity (FVC) as a surrogate for the TLC. We evaluated 
the association between a reduced TLC, mortality and health care 
resources use, and compared this association with a reduced FVC. 

METHODS
752 over 60 years/old patients undergoing spirometry were  
recruited. The main analyses were performed in patients with-
out bronchial obstruction (N = 405). Mortality and admission 
to acute care hospitals were derived. Pulmonary restriction was 
alternatively defined as a TLC or a FVC below the LLN. Un-
adjusted relative risk of mortality associated with pulmonary 
restriction and adjusted incidence rate ratio were determined. 
Survival analysis was repeated using time to first hospital admis-
sion as dependent variable. 

RESULTS
Overall mortality was significantly higher in the group with 
reduced TLC compared with lower FVC (10.2 vs 4.27/100 
persons, respectively) with mortality rate ratios of 6.87 (95% 
CI: 2.54 – 18.24) and 2.73 (95% CI: 1.04 – 7.66) respectively. 
After adjustment, the hazard ratio for mortality associated with 
pulmonary restriction diagnosed using the FVC was reduced to 
2.05 (95% CI: 0.70 – 6.02). Reduced TLC remained strongly 
associated with mortality (HR: 4.52, 95% CI: 1.32 – 15.51). 
No association was found between restriction (diagnosed using 
either parameter) and risk for hospitalization. 

CONCLUSIONS
Reduced TLC is strongly associated with mortality in elderly. 
Reduction of the FVC is a weaker risk factor for mortality.

Copyright © 2011 American College of Chest Physicians
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BACKGROUND
Respiratory failure is a known complication of cardiac opera-
tions and contributes to postoperative morbidity and death. This 
study assessed the relevance of risk factors in the development of 
respiratory failure, defined as postoperative ventilation exceeding 
48 hours, and looked at the effect of respiratory failure on short-
term and long-term mortality rates.

METHODS
De-identified data for patients who underwent cardiac surgical  
procedures at The Prince Charles Hospital between January 
2002 and December 2007 were collected prospectively and ana-
lyzed using logistic regression to identify significant risk factors 
associated with respiratory failure. Long-term mortality data 
were analyzed for patients who underwent operations between 
1994 and 2005 using Kaplan-Meier survival curves.

RESULTS
The risk factor analysis included 7,440 patients. Identified risk 
factors for respiratory failure included critical preoperative state, 
neurologic dysfunction, poor left ventricular function, active 
endocarditis, chronic obstructive pulmonary disease, elevated 
preoperative creatinine, previous cardiac operation, and age. 
Survival was assessed in 18,488 patients and demonstrated in-
creased short-term and long-term mortality rates when respira-
tory failure developed and increased mortality rates with increas-
ing duration of respiratory failure.

CONCLUSIONS
Respiratory failure is complication of cardiac operations associ-
ated with increased mortality and cost. Identification of patients 
at risk of respiratory failure may help select surgical candidates 
and aid resource planning and optimization.

Ann Thorac Surg 2011;92:1573-1579. doi:10.1016/j.athorac-
sur.2011.04.019

© 2011 The Society of Thoracic Surgeons
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ABSTRACT (pROVISIONAL) 
BACKGROUND

End-stage lung disease (ESLD) is a frequent cause of death. 
What are the differences in the supports needed by caregivers 
of individuals with ESLD at end of life versus other life-limiting 
diagnoses? 

METHODS
The South Australian Health Omnibus is an annual, random, 
face-to-face, cross-sectional survey. In 2002, 2003 and 2005-
2007, respondents were asked a range of questions about end-of-
life care; there were approximately 3000 survey participants an-
nually (participation rate 77.9%). Responses were standardised 
for the whole population. The families and friends who cared for 
someone with ESLD were the focus of this analysis. In addition 
to describing caring, respondents reported additional support 
that would have been helpful. 
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RESULTS
Of 1504 deaths reported, 145 (9.6%) were due to ESLD. The 
ESLD cohort were older than those with other ‘expected’ causes 
of death (>65 years of age; 92.6 % versus 70.6%; p < 0.0001) 
and were less likely to access specialised palliative care services 
(38.4% versus 61.9%; p < 0.0001). For those with ESLD, the 
mean caring period was significantly longer at 25 months (stan-
dard deviation (SD) 24) than for ‘other diagnoses’ (15 months; 
SD 18; p < 0.0001). Domains where additional support would 
have been useful included physical care, information provision, 
and emotional and spiritual support. 

CONCLUSIONS
Caregiver needs were similar regardless of the underlying  
diagnosis although access to palliative care specialist services  
occurred less often for ESLD patients. This was despite  
significantly longer periods of time for which care was provided.
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ABSTRACT 
BACKGROUND

The relationship between sinonasal nitric oxide (NO) levels 
and the pathogenic organism Staphylococcus aureus is yet to be 
established. High NO levels measured in healthy sinuses likely 
contribute to maintenance of relative sterility. Lower concen-
trations such as is found in the sinuses of chronic rhinosinus-
itis (CRS) patients may decrease this effect. S. aureus in bio-
film form has recently been implicated in recalcitrant CRS, its 
isolation predicting a higher risk of posttreatment reinfection. 
This in vitro study aims to characterize the changes in S. aureus  
biofilm formation when exposed to different NO levels mimicking  
the normal and diseased NO sinus concentrations reported in 
previous literature in an in vitro setting.

METHODS
S. aureus ATCC 25923 and 7 clinical isolates were cultured in 
biofilm form using the MBEC device and the established bio-
films exposed to 1 to 1000 μM NO concentrations. Biofilms 
were visualized using Live/Dead Baclight stain and confocal 
scanning laser microscopy, and quantified using Comstat2, a 
biofilm quantification software.

RESULTS
Biofilm biomass decreases from an average of 0.105 to 0.057 
μm3/μm2 at higher NO concentrations (125–1000 μM), but is 
increased to 0.470 μm3/μm2 at lower NO concentrations (0.9-
2.0 μM). The average biomass at high vs low concentrations are 
statistically significant (p < 0.001).

CONCLUSION
S. aureus biofilm formation varies across exposure to different 
NO levels, with antibiofilm effects at higher concentrations, and 
enhanced biofilm formation at lower or subphysiologic concen-
trations. These results coincide with the often dualistic function 
of NO, and have implications in its future use in the treatment 
of CRS. © 2011 ARS-AAOA, LLC.
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