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Message from the Editor-in-Chief
Building a Community of Respiratory Therapy Researchers in Canada
Jason Nickerson, RRT, FCSRT, PhD(c)
Centre for Global Health, Institute of Population Health, University of Ottawa, Ottawa, Ontario, Canada

I

t is a pleasure to present the first 2012 edition of the Canadian
Journal of Respiratory Therapy (CJRT) as the new Editor-inChief. It is with much thanks and humble appreciation that
I accepted this role in the fall of 2011, taking over from Amy
Reid, who spearheaded the journal for the past eight years. I
look forward to stimulating important discussion through the
CJRT and ensuring that the journal continues to respond to
the information needs of respiratory therapists in Canada and
around the world.
With change comes a renewed vision, focus, and ambition.
It is of the utmost importance that the journal serves not only
as a source of information for clinicians, but also as a supportive
venue and vehicle for reporting successes and challenges in
clinical practice, and for challenging the ways in which we do
things and organize our profession. We are a small journal, but
we provide an important service for clinicians, decision-makers,
and researchers alike. During my tenure as Editor-in-Chief, it
is my intention to closely explore the role that the CJRT plays
in addressing the knowledge needs of respiratory therapists in
Canada, and its role in clinical practice. Equally important is
to understand how we can improve, to better serve as a vehicle
for knowledge translation of important research questions and
answers in clinical practice and health policymaking in Canada
and around the world.
In many ways, the strength of the CJRT lies in its position
as a small medical journal. This allows us to offer a supportive
venue for first-time authors, and gives us the ability to invest
in the growing community of respiratory therapist researchers
in Canada. As the journal continues to grow, we will continue
to adopt and refine an “author-helpful” approach to medical
publishing. This entails an emphasis on the valuable role of
peer-reviewers and our editorial board in working with authors
to refine and strengthen their articles [1] while they are under
consideration for publication in the CJRT. Our goal is to
collaborate with researchers and clinicians to produce highquality publications, but also to broaden and strengthen the
community of respiratory therapy researchers.
This approach will see us take the journal in new
directions, building on the foundation of previous Editors-inChief and editorial boards. We will work to bring the CJRT
in line with relevant guidelines and standards for reporting on
different study designs [2,3], as well as best practices in medical
publishing [4], propelled by the belief that better reporting
of research improves clinicians’ and researchers’ ability to use
it. Underpinning this is a responsibility to readers, authors,
patients, and society to ensure transparency in the research that
we publish [5], as well as a responsibility to provide transparency
in the editorial process of the journal itself.
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All of these changes should be viewed within the context
of growing the profession of respiratory therapy through
investments in education, critical discourse, professional
advocacy, accountability, and a desire to improve the quality
of patient care provided by respiratory therapists [6]. To
this end, the CJRT is working to strengthen our role as a
resource to potential authors, beginning with an educational
workshop held in conjunction with the Canadian Society of
Respiratory Therapists (CSRT) Annual Education Conference
in Vancouver, British Columbia. This half-day workshop
will present participants with detailed information on the
publication process; specifically, the submission of manuscripts
to the CJRT. The workshop is intended to provide participants
with an introduction to medical publishing, and we hope to
continue to invest in supporting authors with similar initiatives
in future years. Details of this year’s workshop are available
through the CSRT.
Looking forward, I want to encourage all prospective
authors to consider publishing with the CJRT. While we are
always looking for original research, we are also looking to
publish well-articulated and argumentative commentaries
on issues of importance to respiratory therapists, as well as
systematic reviews of important topics in clinical practice,
among others. We are pleased to receive preliminary inquiries
with good ideas for potential manuscripts, and want to
emphasize an author-helpful approach to publishing. Our goal
is to encourage authors to publish high-quality works, and
this requires inquisitive minds and submissions from readers.
We welcome the opportunity to serve as a sounding board for
potential submissions, and we look forward to working with
you.
References
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Message du rédacteur en chef
Établir un groupe de chercheurs en thérapie respiratoire au Canada
Jason Nickerson, RRT, FCSRT, PhD(c)
Centre for Global Health, Institut de recherche sur la santé des populations, Université d’Ottawa, Ottawa (Ontario), Canada

J

e suis heureux de présenter le premier numéro de 2012
du Journal canadien de thérapie respiratoire (JCTR) en tant
que nouveau rédacteur en chef. C’est avec une immense
gratitude et beaucoup d’humilité que j’ai accepté ce poste à
l’automne dernier, en remplacement d’Amy Reid, qui a dirigé le
journal d’une main de maître au cours des huit dernières années.
J’envisage avec grand plaisir tous les échanges qui se tiendront
pour la production du journal pour faire en sorte qu’il continue à
répondre aux besoins d’information des thérapeutes respiratoires
du pays et du monde entier.
Les changements apportent une vision, un centre d’intérêt
et des objectifs renouvelés. Il est de la plus haute importance que
le journal serve de source d’information pour les cliniciens mais
aussi qu’il soit une voie d’appui et un véhicule de communication
des réussites et des défis de l’exercice clinique et de la façon dont
nous exerçons nos activités et organisons notre profession. Nous
produisons un petit journal, mais il fournit un service important
aux cliniciens, aux décideurs et aux chercheurs. Dans le cadre de
mon mandat comme rédacteur en chef, j’ai l’intention d’explorer
à fond le rôle que joue le JCTR en répondant aux besoins de
connaissances des thérapeutes respiratoires du Canada, et son
rôle sur le plan de l’exercice clinique. Il nous faut également
comprendre comment nous pouvons nous améliorer, pour
devenir un meilleur véhicule du transfert des connaissances des
enjeux de recherche importants et des activités d’exercice clinique
et de politiques de santé au Canada et dans le monde.
À de nombreux égards, la force du JCTR repose sur sa
position comme petit journal médical. C’est ce qui nous permet
d’offrir un appui aux auteurs qui produisent leurs premiers textes
et qui nous donne la possibilité d’investir dans le milieu en
évolution des chercheurs en thérapie respiratoire du Canada. Au
fur et à mesure de la croissance du journal, nous continuerons de
maintenir notre position d’aide aux nouveaux auteurs médicaux
et de la raffiner. Cette approche met l’accent sur le rôle précieux
de la révision par les pairs et de notre comité de rédaction qui
collabore avec les auteurs pour raffiner et renforcer leurs articles
[1] avant leur publication dans le JCTR. Nous visons à collaborer
avec les chercheurs et les cliniciens pour produire des publications
de haute qualité, mais aussi pour élargir et renforcer le milieu des
chercheurs en thérapie respiratoire.
Notre approche mènera le journal dans d’autres directions,
s’inspirant des fondements mis en place par les comités de
rédaction et les rédacteurs précédents. Nous allons harmoniser le
JCTR aux directives et aux normes de publication des rapports
de différents types d’études [2,3], aux pratiques exemplaires
dans le domaine médical [4], nous appuyant sur l’hypothèse
qu’une diffusion de recherches de qualité inspire les cliniciens
et les chercheurs à l’utiliser. À cela s’ajoute notre responsabilité
à l’égard des lecteurs, des auteurs, des patients et de la société
d’assurer la transparence de la recherche que nous publions [5], et
la responsabilité d’assurer la transparence du processus éditorial
du journal comme tel.
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Tous ces changements doivent être perçus dans un contexte
de croissance de la profession de thérapie respiratoire par le
biais de l’investissement en éducation, du discours critique, de
la défense des intérêts, de la reddition des comptes, ainsi qu’un
désir d’améliorer la qualité des services aux patients fournis par
les thérapeutes respiratoires [6]. À cet effet, le JCTR contribue
à renforcer notre rôle comme ressource des auteurs potentiels, à
partir d’un atelier éducatif tenu dans le cadre du Congrès éducatif
annuel de la Société canadienne des thérapeutes respiratoires
(SCTR) de Vancouver en Colombie-Britannique. Cet atelier
d’une demi-journée offrira aux participants des renseignements
détaillés sur les étapes de la publication, plus particulièrement sur
la soumission d’un manuscrit au JCTR. L’atelier vise à présenter
aux participants une introduction sur la publication médicale.
Nous espérons continuer à investir dans des initiatives d’appui
semblables dans les années qui viendront. On peut obtenir des
détails sur l’atelier de cette année auprès de la SCTR.
Pour la suite des choses, j’encourage tous les auteurs à
envisager de publier dans le JCTR. Pendant que nous recherchons
toujours des recherches originales, nous cherchons aussi des
commentaires bien rédigés et solides sur les enjeux d’importances
pour les thérapeutes respiratoires, de même que des critiques
systémiques de thèmes qui relèvent de l’exercice clinique. Nous
sommes toujours heureux d’accueillir des demandes préalables
présentant de bonnes idées de manuscrits possibles et voulons
vous rappeler notre concept d’une approche d’aide aux auteurs.
Nous voulons encourager les auteurs à publier des articles de
haute qualité, ce qui nécessite des esprits inquisiteurs et des
soumissions des lecteurs. Nous sommes prêts à servir de groupe
de rétroaction pour les manuscrits soumis, et nous serons heureux
de collaborer avec vous.
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Original Article

The Ventilatory Management of a Metabolic Acidosis: A Case Study
Melissa L. Parke
Respiratory Therapy Student, Dalhousie University, Halifax, Nova Scotia, Canada

Abstract

Résumé

The following investigation describes the case of a
young male admitted to the emergency room with diabetic
ketoacidosis (DKA). The challenges faced by respiratory
therapists in the treatment of this metabolic disorder require
an in-depth comprehension of metabolic acidosis, the
body’s normal respiratory compensation, and ventilatory
management. For correction of a metabolic acidosis
concurrent with DKA, the goal of the respiratory therapist is
to support carbon dioxide (CO2) removal (in this case with
mechanical ventilation) while additional therapies such as an
insulin infusion, fluid replacement, and electrolyte corrections
are taking place. The main issue with DKA is determining
how sustainable the respiratory compensation is, and at
what point mechanical ventilation is indicated. Ultimately,
this case study concludes that conscientious and appropriate
mechanical ventilation that mimics the patient’s normal
ventilatory response to metabolic acidosis is essential to avoid
cardiac, cerebral, and other organ complications. Multiple
choice questions and answers related to this case study are
provided to enhance understanding of the ventilatory
management of the patient who presents with DKA.

L’investigation qui suit décrit le cas d’un jeune homme
admis à la salle d’urgence avec une acidocétose diabétique. Les
défis auxquels les thérapeutes respiratoires faisaient face pour
traiter ce trouble métabolique exigaient une compréhension
poussée de l’acidose métabolique, de la compensation
respiratoire normale du corps, et de la gestion ventilatoire.
Afin de régler une acidose métabolique en même temps qu’une
acidocétose diabétique, l’objectif du thérapeute respiratoire
consiste à appuyer le retrait du dioxyde de carbone (CO2)
(dans ce cas par ventilation mécanique) pendant que d’autres
thérapies telles que la perfusion d’insuline, le remplacement
liquidien et les corrections des troubles électrolytiques sont
administrées. Le principal problème posé par l’acidocétose
diabétique consiste à déterminer la durabilité de la
compensation respiratoire et à quel moment la ventilation
mécanique est indiquée. En dernier ressort, cette étude de
cas conclut qu’une ventilation mécanique consciencieuse
et appropriée qui imite la réaction ventilatoire normale du
patient à l’acidocétose métabolique est essentielle pour éviter
des complications cardiaques, cérébrales ou à d’autres organes.
Des questions à choix multiples et des réponses relatives à cette
étude de cas sont fournies pour améliorer la compréhension
de la gestion ventilatoire du patient qui se présente avec une
acidocétose diabétique.

Keywords: acid-base equilibrium, respiration, bicarbonates, carbon dioxide,
metabolic acidosis, diabetic ketoacidosis

Mots-clés : équilibre acido-basique, respiration, bicarbonates, dioxyde de
carbone, acidose métabolique, acidocétose diabétique.

Introduction
Occurring due to complications of type 1 diabetes,
diabetic ketoacidosis (DKA) is one of the most dangerous
acute metabolic disorders. The three main indicators of DKA
are an increased anion gap metabolic acidosis, hyperglycemia,
and ketones in the blood and urine [1,2]. In addition,
this metabolic disorder is complicated by dehydration and
electrolyte imbalances. DKA is normally treated in the
intensive care unit (ICU) of the hospital unless it is a relatively
mild case [1,2]. Treatment includes continuous infusion of
intravenous (IV) insulin, managing fluid and electrolyte
deficits and/or overloads, and potential invasive ventilatory
management [2].
With DKA, there is a relative or absolute deficiency in
insulin which prevents the body from using glucose as a source
of energy. The insulin deficiency leads to cell starvation,
which results in the promotion of gluconeogenesis and
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glycogen conversion in the liver. The body will eventually
break down fat stores to meet its energy requirements. The
breakdown of fat causes an accumulation of fixed acid in the
blood, known as ketones [3]. The accumulations of acidic
ketones in the blood are buffered by bicarbonate (HCO3-).
This reduces the overall level of HCO3- and ultimately lowers
the pH. The low pH signals receptors in the brain to increase
ventilation to aid in the removal of carbon dioxide (CO2) in
an attempt to return the pH back to normal [4].
The mechanism of respiratory compensation for
metabolic acidosis is hyperventilation [5]. The main issue is
determining how sustainable the respiratory compensation is,
and at what point mechanical ventilation is indicated. If there
are no underlying lung conditions, the normal compensatory
response is to hyperventilate to a partial pressure of arterial
carbon dioxide (PCO2) level that is 1.54 times the HCO3-
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plus 8.36, which is represented by the following equation:
PCO2 = [1.54 × (HCO3-) + 8.36]
The PCO2 value calculated from this equation may
vary by ± 2 [6]. The respiratory compensation may not
be sufficient. The energy costs of maintaining spontaneous
hyperventilation are very high, and the muscles will eventually
fatigue.
When metabolic acidosis becomes severe enough, the
patient needs to be intubated and mechanically ventilated as
the normal respiratory compensation will not be adequate.
Appropriate mechanical ventilation that mimics the patient’s
normal ventilatory response to metabolic acidosis is essential
to avoid cardiac, cerebral, and other organ complications [7].
Although rare in adults, a sudden increase in PCO2 may cause
a disturbance to the cerebrospinal fluid acid-base balance.
The disturbance can result in changes in cerebral blood flow,
with potentially detrimental effects [8].
The purpose of this case study is to present and discuss
the challenges associated with the ventilatory management of
a metabolic acidosis, and to describe other necessary medical
interventions. The following investigation describes the
case of a young male admitted to the ER with DKA, and
the challenges that were met during the treatment of this
metabolic disorder.

Methods
A review of the literature relevant to the respiratory
response and ventilatory management of metabolic acidosis
was conducted through PubMed, CINAHL, and Embase
databases. MeSH terms included “acid-base equilibrium”,
“respiration”, “bicarbonates”, “carbon dioxide”, “metabolic
acidosis”, and “diabetic ketoacidosis”. Limits placed on the
search methodology included humans, links to full text,
English, children, adolescents, young adults, and adults.

Case Study
A 32-year-old male patient weighing 90 kg arrived to
the ER with multiple complaints. The patient had vomited
two times the night before. The morning before arriving
at the hospital, he stated he had felt unwell and was unsure
if he had taken his insulin. His blood sugar at home was
33 mmol/L. The patient had increased work of breathing
(WOB) on arrival and presented with an abnormally deep
and rapid breathing pattern. It was evident that if the patient
continued to breathe in this pattern he would eventually tire,
and CO2 levels would start to increase. On examination, the
patient had a decreased level of consciousness (LOC), and he
was agitated and uncooperative. The patient’s vital signs on
arrival included a heart rate of 125 bpm, blood pressure of
80/65 mmHg, temperature of 33ºC, respiratory rate of 40
b/min, and an oxygen saturation by pulse oximeter (SpO2)
of 98% on 100% non-rebreather. On auscultation, air entry
was equal bilaterally and no wheezes or crackles were heard.
His skin was dry and flushed, with poor skin turgor. The
patient also had a fruity odour on his breath.
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The patient worked as a landscaper and reported no
alcohol or drug use. The patient stated that he smoked one
pack of cigarettes a day for the last 10 years. He had surgery
on his left shoulder two years ago and now reported chronic
pain, which he treated with oxycodone HCl-acetaminophen
[9]. Despite denying any alcohol or drug use, the patient’s
wife revealed that he had taken approximately 100 oxycodone
HCl-acetaminophen tablets over the past 11-12 days. The
patient had also been an insulin-dependent diabetic for
9 years but was not compliant with taking insulin regularly,
resulting in seven accounts of DKA over the past few years.
The patient immediately had an arterial blood gas
(ABG) taken from the right radial artery (Table 1). Patients
with DKA occasionally present with hypothermia for various
reasons, including peripheral vasodilation due to acidosis,
and the inability to maintain core body temperature in
colder environments [10]. The patient was hypothermic
with a temperature of 33ºC at the time the ABG was taken.
It is important to recognize hypothermia as there is a direct
relationship between decreased body temperatures and lower
partial pressures of oxygen and carbon dioxide in the blood.
For example, a partial pressure of arterial oxygen (PO2) of 60
mmHg at 37ºC would be 37 mmHg at 30ºC; and a PCO2
of 40 mmHg at 37ºC would be 30 mmHg at 30ºC. When
body temperature is lower than 37ºC, the reported PO2 and
PCO2 measured at 37ºC will be higher than the actual values
in the patient [5].
Table 1. Temperature-Corrected Arterial Blood Gas Results
pH
pCO2
pO2
HCO3B.E.
SpO2
FIO2
Temp.

6.94
9.6 mmHg
170 mmHg
2.1 mmol/L
-30.8
98.1%
1.00
33 ºC

pCO2 = partial pressure of arterial carbon dioxide, pO2 = partial pressure of arterial
oxygen, HCO3- = bicarbonate, B.E. = Base excess, SaO2 = arterial oxygen saturation,
FIO2 = Fraction of inspired oxygen, Temp. = Temperature

Routine blood cultures and a urine analysis were
completed and the urine analysis revealed severely increased
levels of ketones and glucose (Table 2). The patient was
diagnosed with DKA and respiratory failure. The patient was
admitted to ICU and a central line was placed in the right
internal jugular artery. The patient was given haloperidol
and midazolam during the central line insertion because he
was agitated and thrashing. The patient began obstructing
his airway during the central line insertion. The jaw was
clenched; the respiratory therapist was unable to insert an
oropharyngeal airway, and a nasal airway was implemented
instead. Intravenous fluids and an insulin drip were started.
The physician ordered blood cultures, electrolyte panels every
two hours, and broad-spectrum antibiotics for possible sepsis
(Table 3).

spring | hiver 2012
printemps | Numéro 48.1

7

Table 2. Lab Data from Blood Cultures and Urine Analysis

Table 4. Settings and Patient Data for PB840 Ventilator

INR 1.0

Urine analysis: ++ ketones, ++ glucose (45.8 mmol/L)

Assist Control-Volume 	Patient Data:
Control (AC-VC):

BUN 13.9 mg/dL Cr 211 µmol/L

RR 24 b/min	PIP = 23

WBC 25.7 × 109 U/L Hgb 123 g/L Hct 40%
Platelets 173 000/µL Neutrophils 78%

Vt 800 mls/breath

Mean airway pressure = 13

PEEP 5 cmH2O

Minute ventilation = 24.6

Flow 90 lpm (decelerating flow waveform)

Total RR = 31

FIO2 0.80

SpO2 = 100%

PTT 31.8 seconds

INR = International Normalized Ratio, PTT = Partial thromboplastin time,
BUN = Blood urea nitrogen, Cr = Creatinine, WBC = White blood cells,
Hgb = Hemoglobin, Hct = Hematocrit

Table 3. Lab Data from Blood Cultures and Electrolyte Panels
Na+ 127 mmol/L

K+ 5.2 mmol/L

BUN 13.9 mg/dL Cr 211 µmol/L
gradient 538.7 mmHg

AC-VC = Assist control-volume control mode, RR = Respiratory rate, Vt = Tidal volume,
PEEP = Positive end expiratory pressure, lpm = Litres per minute, FIO2 = Fraction of
inspired oxygen, PIP = Peak inspiratory pressure, Total RR = Total respiratory rate,
SpO2 = oxygen saturation by pulse oximeter

Cl- 90 mmol/L
Lactate 3.1 mEq/L

From most recent ABG: PCO2 9.6 mmHg

P(A-a)O2

HCO3- 2.1 mmol/L

Na+ = Sodium, K+ = Potassium, Cl- = Chloride, BUN = Blood urea nitrogen, Cr = Creatinine,
[P(A-a)O2] = the difference between partial pressure of alveolar oxygen and arterial
oxygen, pCO2 = partial pressure of arterial carbon dioxide, HCO3- = bicarbonate

The decision was made to intubate the patient with a
#8.0 endotracheal tube (ETT). Midazolam, fentanyl, and
propofol were administered to the patient for the intubation.
Airway assessment of the patient concluded a Grade 3
Mallampati score, adequate thyromental distance, good head/
neck flexion and extension, and the patient had all his own
teeth. The patient did not have any indicators of a difficult
intubation.
A medical student attempted to intubate the patient
twice, but was not able to pass the ETT through the vocal
cords. This resulted in slight damage and inflammation
to the patient’s airway, which made the intubation more
difficult. The respiratory therapist attempted to intubate
with the bougie, but was also not able to pass the ETT.
Anaesthesia was called to help intubate with the assistance of
the GlideScope (Verathon Inc. 20001 North Creek Parkway,
Bothell, WA 98011 USA), which allowed for a clear view
of the vocal cords. The ETT was successfully placed in the
trachea. No air entry was heard to the stomach, and air entry
was equal to both the left and right lungs. A chest x-ray
confirmed endotracheal tube placement to be 4 cm above
the carina. The ETT was secured 24 cm at the lips with
Anchor Fast (Hollister Incorporated, 2000 Hollister Drive,
Libertyville, Illinois 60048 USA). The patient was placed
on the PB840 (Puritan Bennett™, 6135 Gunbarrel Avenue,
Boulder, CO 80301 U.S.A.) ventilator due to altered mental
status and the need for airway protection (Table 4). The first
ABG 30 minutes post-initiation of mechanical ventilation
showed a pH of 7.02, PCO2 of 16.4 mmHg, PO2 of
394 mmHg with an FIO2 of 80%, HCO3- of 4.2 mmol/L,
and a BE of -26.5.

The physician ordered an electrocardiogram (ECG) on
the patient to monitor for any ECG changes and dysrhythmias.
There are numerous potential fluid and electrolyte disturbances
that occur with DKA. These include fluid volume deficits
caused by polyuria from hyperglycemia, and ketonemia, sodium,
phosphate, magnesium, chloride, and potassium disturbances.
Despite the fact that there is a large loss of potassium in the urine,
a patient who presents with DKA may initially be hyperkalemic.
DKA patients normally present with hyperkalemia due to the
movement of potassium from the cell into the blood due to
the acidosis. Hypokalemia ensues after insulin administration
and metabolic acidosis correction due to osmotic diuresis and
potassium moving back into the cell [3]. In addition, this patient
had a pH that was lower than normal and cardiac arrhythmias
are more likely to occur with a pH of less than 7.20 [4]. The pH
levels and electrolyte levels may change precipitously throughout
the treatment of DKA which necessitates frequent monitoring,
including ECG monitoring [3].
The patient did not appear comfortable, was not settling
out well on the ventilator, and was breathing approximately
7-10 breaths above the ventilator in the assist-control volumecontrol (AC-VC) mode. The patient was switched over to
the Volume Control Plus (VC+) mode to see if he would
tolerate it better (Table 5). An ABG was drawn 20 minutes
post-initiation of the VC+ mode, and revealed a pH of 7.25,
a PCO2 of 14.1 mmHg, a PO2 of 171 mmHg with an FIO2
of 40%, a HCO3- of 6.2 mmol/L, and a B.E. of -20.2. After
being changed over to the VC+ mode the patient appeared
more comfortable on the ventilator and was able to get some
rest. The ABG values started to improve (Table 6).
Table 5. Patient Data from VC+ Mode
VC+ mode:	Patient Data:
RR 24 b/min	PIP = 34
Vt 950 mls/breath

Mean airway pressure = 15

PEEP 5 cmH2O

Minute ventilation = 24

FIO2 40%

Total RR = 24

Inspiratory Time 0.80 seconds

SpO2 = 100%

AC-VC+ = Assist Control-Volume Control Plus mode, RR = Respiratory rate, Vt = Tidal volume,
PEEP = Positive end expiratory pressure, FIO2 = Fraction of inspired oxygen,
PIP = Peak inspiratory pressure, Total RR = Total respiratory rate, SpO2 = oxygen saturation
by pulse oximeter
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Table 6: Ventilator Flow Sheet
		Day 1	Day 1	Day 1	Day 1	Day 2	Day 2	Day 2	Day 2	Day 2
Time

20:15

20:45

Mode

A/C-VC

A/C-VC

22:50

23:10

23:55

08:20

08:55

09:12

11:20

14:45

A/C-VC+	VC+	VC+	VC+	VC+	PSV	PSV	PSV

RR total/set

31/24

31/24

24/24

24/24

24/24

18/18

14/14

---

---

Vt total/set

814/800

954/950

970/950

885/850

884/850

888/850

879/850

---

---

---

0.80

0.50

0.40

0.30

0.30

0.25

0.25

0.25

0.25

0.25

FIO2

---

PEEP/CPAP cmH2O

5

5

5

5

5

5

5

5

5

5

PIP cmH2O

23

31

34

29

29

31

31

---

---

---

cmH2O

13

15

15

13

13

11

10

7.2

7.8

7.9

Flow lpm

90

90

---

---

---

---

---

---

---

---

---

---

0.80

0.80

0.80

0.80

0.80

---

---

---

1:1.1

1:1.7

1:2.1

1:2.1

1:2.1

1:3.2

1:4.4

1:2.5

1:2.1

1:1.6

45/---

45/---

40/15

37/17

37/17

37/17

37/17

37/---

37/---

37/---

---

---

---

---

---

---

---

6

6

6

Mean Pressure

Insp. Time
seconds

Set/Act I:E
Pressure Limit
high/low

Pressure Support
cmH2O

Minute Volume

24.6

31.1

24.0

21.3

21.2

15.2

12.4

8.4

13.6

15.1

Spont. Vt mls/breath

---

---

---

---

---

---

---

510

580

439

Spont. RR breath/min

---

---

---

---

---

---

---

16

22

31

SpO2

100%

N/A

100%

100%

100%

100%

100%

96%

97%

97%

Litres/min

Time

20:45		

23:10			

08:44			

14:10

FIO2

0.80		

0.40			

0.25			

0.25

Ph

7.02		

7.25			

7.45			

7.42

PCO2 mmHg

16.4		14.1			 20			 28

PO2 mmHg
HCO3- mmol/L

394		171			96			 83

B.E.

-26.5		

SaO2

99%		99%			99%			98%

4.2		6.2			
13.8			17.8
-20.2			

-8.6			

-5.1

AC-VC = Assist control-volume control mode, AC-VC+ = Assist Control-Volume Control Plus mode, PSV = pressure support ventilation, RR = respiratory rate, Vt = Tidal volume,
FIO2 = fraction of inspired oxygen, PEEP = positive end expiratory pressure, CPAP = Continuous positive airway pressure, PIP = Peak inspiratory pressure, lpm = litres per minute, Insp.
Time = Inspiratory time, Inspiratory to expiratory ratio (I:E), Spont. Vt = Spontaneous tidal volume, Spont. RR = Spontaneous respiratory rate, SpO2 = oxygen saturation by pulse oximeter,
pH = Power of hydrogen, pCO2 = partial pressure of arterial carbon dioxide, pO2 = partial pressure of arterial oxygen, HCO3- = bicarbonate, B.E. = Base excess,
SaO2 = arterial oxygen saturation

The next morning the patient was doing much better
and the most recent ABG showed a pH of 7.45, a PCO2
of 20 mmHg, a PO2 of 96 mmHg with an FIO2 of 25%,
a HCO3- of 13.8 mmol/L, and a B.E. of -8.6. The patient
was weaned off of the midazolam, fentanyl, and propofol
with no complications. The DKA (the problem that initially
necessitated mechanical ventilation) had been corrected by
insulin replacement, fluid replacement, electrolyte corrections,
and mechanical ventilation. Hemodynamics and metabolic
status were stable and the patient had an adequate LOC. The
patient was switched over to pressure support ventilation with
6 cmH2O of pressure support and 5 cm H2O of PEEP to
aid in spontaneous breathing. The patient was breathing at
a RR 22 b/min, tidal volumes around 580 mls/breath, and a
maximum inspiratory pressure (MIP) of -35 cmH2O.
The patient was successfully extubated after being
mechanically ventilated for approximately 24 hours and was
placed on oxygen by nasal prongs at 2 litres per minute. The
patient was able to maintain an SpO2 of 99-100% and was in
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no respiratory distress. The patient’s glucose level returned
to 8 mmol/L, allowing for the discontinuation of the insulin
infusion. The HCO3- eventually reached 22 mmol/L, and
the pH and anion gap were corrected. It is suggested by
Maciel & Park that patients may be discharged from the ICU
when specific DKA resolution criteria are reached. The DKA
resolution criteria include glucose levels less than 11 mmol/L,
a serum bicarbonate greater than 18 mmol/L, a venous
pH greater than 7.30, an anion gap less than 12 mmol/L,
and the discontinuation of an IV insulin infusion [2]. The
patient presented in this case study met the DKA resolution
criteria and was discharged from the ICU. The patient’s
nurse provided him with further education about his type
1 diabetes by answering his questions and discussing the
importance of managing his disease. He was also given proper
instruction about taking insulin to avoid having to come into
the emergency department again with DKA. The patient was
referred to a diabetes team for further education and follow
up. He was discharged from the hospital later that afternoon.
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Discussion
The patient discussed in this case study presented with
DKA that was characterized by hyperglycemia, ketosis,
high anion gap metabolic acidosis, and fluid and electrolyte
imbalances. As previously mentioned, hyperventilation is
the main compensatory mechanism for metabolic acidosis.
The high anion gap metabolic acidosis was caused by the
accumulation of acid; in this case, ketones created from the
breakdown of fat. The increased levels of ketones within
the blood are buffered by HCO3-. This ultimately lowers
the level of HCO3- and lowers the pH below 7.35 [4]. The
acidic nature of the blood stimulates the respiratory center,
resulting in increased respiratory rate and depth categorized
as Kussmaul respirations. The initial hyperventilation is the
physiologically based compensatory mechanism that attempts
to lower hydrogen ion concentration by excreting CO2.
The patient in this case presented with severe hypocapnia
(9.6 mmHg) resulting from the abnormal Kussmaul
breathing pattern. The Kussmaul breathing pattern increased
the patient’s WOB significantly. Kussmaul respirations could
not be maintained for an extended period of time, which
demonstrates that spontaneous hyperventilation in DKA
has limitations and is not an adequate ventilatory pattern
for this patient. Assessing the energy costs of spontaneous
hyperventilation demonstrate that there is significant energy
expenditure [8]. The respiratory muscles would have fatigued
and the PCO2 would have increased to dangerously high
levels if mechanical ventilation had not been initiated for this
patient [4].
When the metabolic acidosis induces compensatory
hyperventilation there is a fixed relationship between the
anticipated partial pressure of PCO2 and HCO3-. The
initiation of hyperventilation is seen within the first few
minutes after a significant decrease in HCO3-. The equation
to represent this relationship is PCO2 = [1.54 × (HCO3-) +
8.36] ± 2 [6]. However, this equation represents the steady
state values after 24 hours of metabolic acidosis, the actual
respiratory compensation is almost immediate [11]. The
use of this relationship allows physicians to approximate the
degree of respiratory acidosis by calculating the anticipated
PCO2 based on a given HCO3- value from an ABG. If a
patient demonstrates inappropriately normal levels of CO2
(35-45 mmHg) during metabolic acidosis, it can indicate the
possibility of respiratory failure due to insufficient respiratory
compensation.
It is hypothesized that patients with normal or increased
CO2 levels relative to the intensity of the metabolic acidosis
may have a higher incidence of impending respiratory failure
and the need for intubation and mechanical ventilation [6].
The degree and efficiency of respiratory compensation to
metabolic acidosis depends on the severity of the acidosis,
the duration, and the time course of its development. If
a metabolic acidosis develops more rapidly and severely
there will be a larger variation between the CO2 levels seen
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in the patient and the steady state CO2. The opposite
is true when metabolic acidosis develops more slowly as
respiratory compensation does not lag behind resulting in
less variation between observed CO2 and steady state CO2.
The development of metabolic acidosis in which the pH is
less than 7.10 is associated with a larger risk of ventilatory
insufficiency. There is a larger risk of ventilatory insufficiency
in this case due to the limitations of respiratory compensation
where the lowest CO2 attainable in spontaneous respiration is
around 12 mmHg [7].
The superimposition of an impending respiratory
acidosis on the patient with a metabolic acidosis will yield an
even further decline in pH. The problem occurs here where
such a decline in pH levels will lead to organ dysfunction
and failure of pharmacotherapy with subsequent intubation
and mechanical ventilation. When patients with metabolic
acidosis are intubated and ventilated the ventilation goals are
to reach a PCO2 that is 1.54 times the bicarbonate level plus
8. As bicarbonate levels recover with the help of integrated
treatments such as insulin infusion and managing fluids
and electrolytes, ventilatory parameters need to be adjusted
downwards by decreasing respiratory rate, tidal volume, or
pressure control depending on the mode of ventilation being
used [7].
Ultimately this case study demonstrates the importance
of conscientious and appropriate mechanical ventilation in
metabolic acidosis for avoiding cardiac, cerebral, and other
organ complications.

Multiple Choice Questions
1.		 Which of the following respiratory waveforms
		 correctly illustrates the patient’s breathing pattern?

		 Figure 1: Abnormal Respiratory Patterns [12]
2.		 What physiologically occurs with DKA that results in
		 increased ketone and glucose levels?
		A) Glucagon causes increased release of glucose from
				the liver
		B)		 Ketone levels increase due to proteins being
				metabolized
		C) Ketone levels increase due to fat being metabolized
		D) Blood glucose increases because of high insulin levels
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3.		 What is the anion gap for this patient?
		A) 27.4 mmol/L
		B)		 39.4 mmol/L
		C) 34.6 mmol/L
		D) 35.2 mmol/L

9.		 What is the rapid shallow breathing index (RSBI)
		 for this patient?
		A) RSBI = 0.026
		B)		 RSBI = 379
		C) RSBI = 37.93
		D) Not ready to extubate

4.		 What is true of midazolam?
		A) The reversal agent for midazolam is naloxone
		B)		 Midazolam has a wide therapeutic index
		C) Midazolam is a short-acting barbiturate
		D) There is no reversal agent for midazolam
5.		 If airway pressures started to become too high, what
		 are appropriate changes on the ventilator to decrease
		 mean airway pressure?
		A) Set a descending flow waveform; decrease the
				pressure control setting
		B)		 Set a square (constant) flow waveform; add an
				inspiratory plateau time
		C) Increase flow rate; set I:E at 1:3
		D) Decrease PEEP setting; decrease set tidal volume
6.		 Which abnormality will initially be present on this
		patient’s ECG?
		A) Peaked T waves
		B)		 S-T segment depression
		C) S-T segment elevation
		D) Flat/inverted T waves
7.		 If the patient was being ventilated with alternative
		 parameters that resulted in lower minute ventilation
		 what would their pH be (CO2 increased to 40 mmHg
		and HCO3- is 2.1 mmol/L)?
		A) 6.34
		B)		 5.85
		C) 7.34
		D) 7.38
8.		 Which of the following statements is true concerning
		 the VC+ mode on the PB840 ventilator?
		A) Similar to pressure regulated volume control
				 (PRVC), flow waveform can be either square
				or descending
		B)		 Similar to airway pressure release ventilation
				 (APRV), provides two levels of PEEP or
				 continuous positive airway pressure (CPAP)
		C) Changes in compliance or resistance will have no
				 effect on the pressure, flow waveform is descending
				only
		D) Pressure limited/volume targeted breaths, the
				 ventilator automatically adjusts pressure to achieve
				set volumes
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case study Questions (Answers Page 22)
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Brain Cooling for Asphyxiated Newborns: The Impact on Respiratory
Mechanics, Oxygenation and Ventilation
Pia Wintermark, MD
Division of Newborn Medicine, Montreal Children’s Hospital, McGill University, Montreal, Canada

Abstract

RÉSUMÉ

Hypoxic-ischemic encephalopathy (HIE) is a serious
brain injury due to the lack of blood flow and/or
hypoxia occurring around birth (birth asphyxia), and is a
significant cause of mortality and long-term morbidity in these
children. Hypothermia is currently the only neuroprotective
treatment to have been clinically tested in large trials to minimize brain injury in these term newborns. Most of the asphyxiated newborns treated with hypothermia are intubated at birth
as per resuscitation measures and remain on mechanical
ventilation during the treatment. When taking care of these
newborns, there are a few important points to remember
about the impact of asphyxia and therapeutic hypothermia
on oxygenation and ventilation. In this article, some of
the physiopathology behind HIE and the implications of
brain cooling from a respiratory point of view are reviewed.
Strategies to optimize oxygenation and ventilation in these
newborns, as well as to prevent further brain injury, are
also discussed.

L’encéphalopathie hypoxique-ischémique (EHI) est une lésion
cérébrale grave attribuable au manque de débit sanguin et/
ou à une hypoxie à la naissance (asphyxie) et est une cause
importante de mortalité et de morbidité à long terme pour
ces enfants. L’hypothermie est actuellement le seul traitement neuroprotecteur à avoir été cliniquement testé dans
des essais importants pour réduire au minimum les lésions
cérébrales chez ces nouveaux-nés à terme. La plupart des
nouveaux-nés asphyxiés traités par hypothermie sont intubés à
la naissance selon des mesures de réanimation et demeurent sous
ventilation artificielle pendant le traitement. En prenant soin
de ces nouveaux-nés, il est important de se rappeler quelques
points importants relatifs aux répercussions de l’asphyxie
et de l’hypothermie thérapeutique sur l’oxygénation et la
ventilation. Dans cet article, on aborde une partie de la
physiopathologie de l’EHI et les répercussions du refroidissement du cerveau d’un point de vue respiratoire. On discute
également des stratégies pour optimiser l’oxygénation et la
ventilation de ces nouveaux-nés de même que pour prévenir
d’autres lésions cérébrales.

Keywords: newborn; brain; hypoxic-ischemic encephalopathy; oxygenation;
perinatal asphyxia; respiratory therapist; therapeutic hypothermia; ventilation.

Mots-clés : nouveau-né, cerveau, encéphalopathie hypoxique-ischémique,
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Introduction

According to the trials mentioned above, mild
hypothermia to an esophageal temperature of 33.5°C must
be started in an asphyxiated newborn within 6 hours of life
and continued for 72 hours [6-11]. Results of these clinical
trials in newborns have shown that moderate hypothermia
after birth asphyxia reduces the risk of death and disability
at 18 months, with prevention of brain injury in one in nine
asphyxiated newborns [12-14].
In this article, some of the physiopathology behind HIE
and the implications of brain cooling from a respiratory point
of view are reviewed. Strategies to optimize oxygenation and
ventilation in these newborns, as well as to prevent further
brain injury, are also discussed.

Hypoxic-ischemic encephalopathy (HIE) is a serious
brain injury due to the lack of blood flow and/or hypoxia
occurring around birth (birth asphyxia) [1-2]. Despite major
advances in neonatal intensive care, birth asphyxia is still the
cause of significant mortality and long-term morbidity (23%
of all neonatal deaths worldwide) [3-4]. As per the World
Health Organization, it is one of the top 20 leading causes
of burden of disease in all age groups, in terms of disability
life adjusted years [4]. Children who survive birth asphyxia
often develop neurological problems such as cerebral palsy,
cognitive impairments, learning difficulties, and other longterm disabilities [5]. Until recently, there were no therapies
other than supportive measures for perinatal HIE. In the past
few years, however, clinical trials have addressed the safety
and efficacy of cooling (induced hypothermia) in perinatal
HIE [6-11].
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What is Asphyxia and what is the Treatment?
Neonatal brain hypoxic-ischemic injury is an evolving
process initiated by the hypoxic-ischemic insult leading to
decreased blood flow to the brain (primary lesions). This
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is followed by the restoration of blood flow in an injured
brain and the initiation of a cascade of pathways (secondary
lesions or “reperfusion injury”). As the only neuroprotective
treatment to have been clinically tested in large randomized
controlled trials to minimize brain injury in asphyxiated
term newborns [6-11], cooling is thought to be protective.
This is mainly achieved by reducing brain perfusion and
metabolism, as well as mitigating reperfusion injury, reducing
excessive free radical production, depressing the immune
response and various potentially harmful pro-inflammatory
reactions, and suppression of epileptic activity [15]. Results
of these clinical trials have shown that moderate hypothermia
after birth asphyxia reduces the risk of death and disability at
18 months (survival without neurological abnormality: 35%
in hypothermic group versus 23% in control group) with
a number needed to treat of nine asphyxiated newborns to
prevent brain injury in one of them [12-14].

What is the Impact of Asphyxia and
Therapeutic Hypothermia on Oxygenation
and Ventilation?
Most of the asphyxiated newborns treated with
hypothermia are intubated at birth as per resuscitation
measures and remain on mechanical ventilation during the
treatment. When taking care of these newborns, there are
a few important points to remember about the impact of
asphyxia and therapeutic hypothermia on oxygenation and
ventilation. Hypoxia is known to cause significant pulmonary
vasoconstriction, and these newborns are thus more prone
to developing severe persistent pulmonary hypertension.
This requires oxygen treatment, nitric oxide treatment,
and sometimes extracorporeal membranous oxygenation
(ECMO) [16]. Furthermore, hypothermia itself has also been
associated with a significant increase in pulmonary vascular
resistance [17]. One could thus wonder about the risk of
worsening persistent pulmonary hypertension in asphyxiated
newborns by treating them with hypothermia.
Considering severe persistent pulmonary hypertension
as a relative contraindication for hypothermia treatment
remains a debated topic. However, some authors have now
demonstrated that ECMO is feasible for these patients during
hypothermia treatment [18]. These examples in the literature
should open discussion among caregivers of whether to offer
the cooling treatment to asphyxiated newborns presenting
with persistent pulmonary hypertension. There may even
be some evidence that hypothermia may inhibit hypoxic
pulmonary vasoconstriction [17]. Despite the current lack
of formal randomized studies in the literature, persistent
pulmonary hypertension should not be considered a
contraindication for hypothermia treatment. However, every
caregiver should be aware of the risk of severe pulmonary
hypertension in these patients.
Reduction of metabolism during hypothermia includes
a decrease of cellular oxygen and glucose requirements by
an average of 5-8% per °C decrease in temperature [15].
This leads to a decrease in carbon dioxide production. As a

14

reminder, partial pressure of carbon dioxide is proportional to
carbon dioxide production over carbon dioxide elimination
plus inspired carbon dioxide [19]. In spontaneously
breathing newborns treated with hypothermia, this means
that any drop in arterial partial pressure of carbon dioxide
(by decrease in carbon dioxide production) will correlate
to decreased ventilation via chemoreceptor inhibitory
input into the respiratory center. However, in an intubated
asphyxiated newborn treated with hypothermia, there is a
risk of hyperventilation and respiratory alkalosis if alveolar
ventilation is continued the same way as if the patient was not
treated by cooling, and if ventilation settings are not adjusted
to decreased carbon dioxide production due to hypothermia.
Hypothermia also affects blood gas parameters such
as pH and PCO2 [20]. Physical laws have established that the
solubility of a gas within a liquid (such as blood) decreases with
lower temperature. At hypothermia temperature (33.5°C),
arterial PCO2 will thus decrease and pH will increase
compared to normal body temperature (37°C) [20]. It is
important to remember that lab measurements of blood gas
parameters (i.e., pH and partial pressure of gases) are usually
performed at 37°C if not mentioned otherwise. However,
most instruments can calculate and present temperaturecorrected pH and PCO2 values.
This brings us to the discussion about the management
of asphyxiated newborns treated with hypothermia, and
about whether or not to correct the pH and the PCO2 values
for body temperature [20]. Some caregivers use the “alphastat strategy” and do not correct these values according to the
body temperature. They argue that intracellular pH changes
with temperature such that intracellular pH remains at or close
to the pH of neutrality (the state when [H+]=[OH-]) largely
by protein buffering, but also by phosphate and bicarbonate
buffering. This keeps the net charge on all proteins constant
despite changes in temperature, permitting them to function
optimally [20]. Other caregivers use the “pH-stat strategy”
and correct the pH and PCO2 values for body temperature,
arguing that it better represents what is happening in the
newborn [20].
Depending on the theory which is used, the optimal
targets for these patients are pH 7.40 and PaCO2 40 mmHg
in blood measured at 37°C, or at the corrected temperature
of 33.5°C. It is currently not known which theory is better
suited to treating asphyxiated newborns with hypothermia.
One study of mild hypothermia in newborns with HIE
revealed that brain tissue oxygen saturation in alpha-stat
management was greater than that in pH-stat management
[21]. However, other studies of hypothermic circulatory
arrest in pigs have shown that pH-stat management leads to
neurologic protection against ischemia [22-25]. One study
in infants undergoing deep hypothermic cardiopulmonary
bypass demonstrated that pH-stat management leads to
lower postoperative morbidity [26]. Finally, in the two large
randomized controlled trials on therapeutic hypothermia in
term newborns with HIE, attending physicians were advised to
correct blood gases and pH for body temperature [9-10]. This
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last attitude seems the most cautious as it more aggressively
lowers the ventilator settings to obtain the targeted blood gas
values (i.e., pH 7.40 and PaCO2 40 mmHg).

What are the Strategies to Optimize
Oxygenation and Ventilation?
Following the above discussion, caregivers for these
asphyxiated newborns treated with hypothermia should
target strategies to optimize oxygenation and ventilation.
Arterial partial pressures of oxygen (PaO2) and carbon dioxide
(PaCO2) are known to affect vascular tone, and thus cerebral
blood flow and cerebral perfusion [27]. The newborn brain
vasculature has indeed been shown to be sensitive to variations
of oxygen (i.e., hypoxemia and hyperoxemia) and carbon
dioxide (i.e., hypocapnia and hypercapnia). Regional changes
in response to carbon dioxide are rather uniform throughout
the brain, despite a slightly greater percent decrease in blood
flow in the cerebral hemispheres compared to other brain
regions during hypocapnia [28]. Slopes of changes of cerebral
blood flow according to PaO2 and PaCO2 varied according to
development [29]. Under normal conditions, term newborns
autoregulate this cerebral blood flow in response to these
changes. However, this mechanism can be impaired in sick
term newborns. Cerebral hyperperfusion and abolished
carbon dioxide autoregulation associated with cerebral
damage in asphyxiated infants has been shown to be an early
indicator of severe brain damage [17].
Severe hyperoxemia and severe hypocapnia during the
first 2 hours of life were associated with increased risk of brain
injury and adverse outcome in newborns after intrapartum
asphyxia [30]. Severity of brain injury in these patients seems
to be a direct function of PaCO2, as most severe brain injuries
have been associated with hypocapnia and less severe injuries
with hypercapnia [19]. Hypocapnia with normoxemia
induces cerebral vasoconstriction and thus decreases cerebral
blood flow and causes ischemic infarcts [29]. Furthermore,
hypocapnia may worsen brain injury by increasing lactate
production associated with ischemia; increasing cerebral
oxygen demand; increasing neuronal excitability, seizures
activity, and anaerobic metabolism; and thus increasing
production of cytotoxic excitatory amino acids associated with
seizures [19]. Hyperventilation should be avoided in these
newborns, especially if they are treated with hypothermia,
as hypothermia has been shown to decrease cerebral blood
flow [15]. Hypocapnia will only further increase the risk of
insufficient blood flow to the brain. However, hypercapnia
should also be avoided in these patients. Hypercapnia with
normoxemia is known to cause cerebral vasodilatation [29],
which may direct more blood flow to some parts of the brain
and extend reperfusion injury, causing extension of infarct size.

Conclusions
How to treat asphyxiated newborns has become one of
today’s hottest topics in neonatal medicine. Over the past
decade, substantial progress has been made in neurointensive
care for newborns; however, much remains to be done to
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improve these early positive results. The eventual neonatal
brain injury needs to be further reduced, and the future
neurodevelopmental outcome of newborns with a hypoxicischemic event at birth needs to be improved.
Most of the asphyxiated newborns treated with
hypothermia are intubated and remain on mechanical
ventilation during the treatment. Caregivers should thus
target strategies to optimize oxygenation and ventilation,
especially during the first days of life while they are treated
with hypothermia. Every caregiver should be aware about
the increased risk of severe pulmonary hypertension in these
patients, as well as the risk of hyperventilation and respiratory
alkalosis if ventilation settings are not adjusted to decreased
carbon dioxide production due to hypothermia. It is of the
utmost importance to maintain the blood gases within the
normal range by ensuring good oxygenation and adequate
ventilation in asphyxiated newborns in order to prevent
hyperoxemia and hypocapnia. It seems conservative to target
a normal pH and PCO2 in the blood corrected to the actual
body temperature of the patient [20,30], not only during the
first hours of life of an asphyxiated newborn, but also during
the whole hypothermia treatment, in order to prevent further
brain injury in this patient.

Summary Chart
•

•

•

•

Most of the asphyxiated newborns treated with
hypothermia are intubated and remain on mechanical
ventilation during the treatment. There are thus a few
important points to remember about the impact of
asphyxia and therapeutic hypothermia on respiratory
mechanics, oxygenation and ventilation when taking
care of these newborns. Caregivers should thus target
strategies to optimize oxygenation and ventilation in
these asphyxiated newborns treated with hypothermia.
Hypoxia is known to cause significant pulmonary
vasoconstriction, and these newborns are thus more
prone to developing severe persistent pulmonary
hypertension. Every caregiver should be aware about the
risk of severe pulmonary hypertension in these patients.
Reduction of metabolism during hypothermia includes
decrease of cellular oxygen and glucose requirements,
as well as a decrease in carbon dioxide production.
In an intubated asphyxiated newborn treated with
hypothermia, there is a risk of hyperventilation and
respiratory alkalosis if ventilation settings are not
adjusted to decreased carbon dioxide production due to
hypothermia.
Hypothermia affects blood gas parameters such as pH
and PCO2. Lab measurements of blood gas parameters
are usually performed at 37°C if not mentioned
otherwise. However, most instruments can calculate and
present temperature-corrected pH and PCO2 values. In
the 2 large randomized, controlled trials on therapeutic
hypothermia in term newborns with HIE, physicians
were advised to correct blood gases and pH for body
temperature. This attitude seems the most cautious as it
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•

more aggressively lowers the ventilator settings to obtain
the targeted blood gas values.
Changes in arterial partial pressures of oxygen (PaO2)
and carbon dioxide (PaCO2) are known to affect vascular
tone, and thus cerebral blood flow and cerebral perfusion.
Under normal conditions, term newborns autoregulate
his cerebral blood flow in response to these changes.
However, this mechanism can be impaired in sick term
newborns. Variations of oxygen (i.e. hypoxemia and
hyperoxemia) and carbon dioxide (i.e. hypocapnia and
hypercapnia) should thus be avoided in these patients, in
order to prevent further brain injury in this patient.
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Introduction
ccording to the Canadian Centre for Occupational
Health and Safety (CCOHS) and other agencies,
such as the U.S. National Institute for Occupational
Safety and Health (NIOSH), health care workers who
practice in hospital operating, recovery, and delivery rooms
may be exposed to harmful and dangerous concentrations of
inhalation anesthetic agents [1,2]. The adverse health effects
associated with occupational exposure to waste anesthetic
agents have been a concern of health professionals for many
years. A review of the literature recently published by the
Institut national de santé publique du Québec and the Centre
antipoison du Québec describes occupational exposure to
inhalation anesthetic agents and concludes that it is not
without risk [3]. Indeed, the toxicity of anesthetic agents was
noted at the outset of their use.
There are many actions that can considerably reduce the
risks associated with the use of anesthetic gases, including
the discontinuation of the use of the most toxic gases, the
use of ventilated rooms and air purifying systems, the use of
scavenging systems and exhaust ventilation, the use of masks
and vaporizers that recover some or all of the expired gas
(closed circuit), and the use of low fresh gas flow techniques
[1,2,4,5]. However, other factors can influence the ambientair concentrations of these gases, such as the anesthesiologists’
and respiratory therapists’ work methods, the maintenance of
their equipment, the choice of inhalation anesthetic agents,
and the technical means for using these agents. The type of
packaging used for inhalation anesthetic agents is another
important factor to be considered. It is a potential source of
leaks and accidental spills, with a resulting risk of exposing
staff to high concentrations of anesthetic agents.
The Canadian market of anesthetic agents is mainly
divided between three substances: sevoflurane, which accounts
for approximately 52% of the market; desflurane, with 3638% of the market; and isoflurane, with a 5-7% share of the
market [6]. Desflurane and sevoflurane are the two most-used
halogenated anesthetic agents in Canada. Abbott’s sevoflurane
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(SEVOrane® AF) and Baxter’s desflurane (SUPRANE®) have
been commercially available in Canada for more than 10 years
[7]. Anesthesiologists and respiratory therapists have therefore
had lengthy experience with these two products, both of
which are supplied in bottles whose cap/filling adapter is fused
during the manufacturing process [8,9]. Therefore, these
bottles allow safe handling of inhalation anesthetic agents
in a “closed” system, as the product is never in contact with
ambient air and there is no risk of accidental spillage. More
recently, generic versions of sevoflurane were introduced on
the market by Baxter and Minrad/Piramal Healthcare, in 2007
and 2009, respectively [10,11]. However, these two generic
products are supplied in conventional bottles. Using this
type of bottle requires additional manipulations during the
filling of the vaporizers. In this so-called “open” system, the
anesthetic agent comes into contact with ambient air. The use
of these bottles also carries the risk of accidental spills.
Clinical practice has advanced considerably over the
past 10 years, and this includes the availability of closedsystem bottles; thus, the new generic versions supplied
in open-system bottles constitutes a major step back in
terms of patients’ and health care workers’ safety. With the
introduction of generic sevoflurane in the market, and the
impending arrival of generic versions of desflurane, hospital
and government decision-makers are faced with having to
make a choice among the various formulations as part of the
group purchasing process. They might see an opportunity to
control costs by simply opting for the least expensive product.
As a group of experts, we wish to express our concerns
regarding the interchangeability of these products and the
resulting potential occupational health and safety issues.
While Health Canada considers these products
equivalent, their analysis is based on the chemicals within the
bottles. They neglect to comment on the differences in their
formulation and packaging, and the major advantages of the
closed-system bottles for filling of the vaporizers [7,8,10,11].
On one hand, product stability varies, especially during
contact with vaporizers; and on the other hand, the packaging
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of the generic Baxter and Minrad/Piramal Healthcare products
require additional manipulations in the operating room. The
potential risks associated with these additional manipulations
are the main subject of this paper. Given the widespread,
daily use of sevoflurane in our hospitals, these risks are real.
They can have a significant impact on the health and safety
of patients and health care personnel, and should therefore
be taken into consideration when selecting a product. Each
institution should promote appropriate work practices and
opt for equipment and products that ensure product integrity,
reduce contamination, and most importantly, minimize the
risk of accidents.
In this paper we review the various aspects that should
be considered when selecting inhalation anesthetic agents,
mainly regarding issues of health and safety. This article is
intended as a summary reference for government and hospital
decision-makers.
Brief Overview of the Issues Associated
with Occupational Exposure to Inhalation
Anesthetic Agents
It is known and generally accepted that exposure to high
concentrations of inhalation anesthetic agents, even for a short
time, can cause headaches, dizziness, nausea, fatigue, memory
and concentration problems, and other symptoms [1,2,3].
Balance and dexterity problems have also been reported as
well [1,2,3].
The occupational risks associated with chronic exposure
to inhalation anesthetic agents have led to a number of
epidemiological studies over the past 40 years. Several
studies and reports describe the harmful effects on the body’s
various functions; namely, reproduction and renal, hepatic,
neurological and hematopoietic functions, and genotoxic and
carcinogenic effects [2,3,5,12-24]. Many of these studies
are retrospective and carry certain methodological biases
that complicate the interpretation of their results. Therefore,
their conclusions are sometimes contradictory. However, the
increase in the rate of miscarriage and congenital defects is
reported more consistently over several studies. Although these
studies do not establish a definite cause-effect relationship,
they do show a correlation between exposure to inhalation
anesthetic agents and the increased risk of miscarriage, and
the increased incidence of congenital defects in children born
to exposed women and to the wives of exposed men [21-23].
A number of these studies are more than 10 years old, so it
is difficult to draw any firm conclusions from their results
because the practice context and the inhalation anesthetic
agents used today have changed.
More recently, Teschke and colleagues published a
retrospective cohort study involving a group of nurses
(n=9433) practicing in British Columbia, and data on
newborns (n=15,317) for the period from 1990 to 2000
[24]. This study is more representative of current practice,
including exposure to currently used inhalation anesthetic
agents, such as sevoflurane and desflurane. This study clearly
shows an increase in the risk of congenital defects in children
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of women exposed to inhalation anesthetic agents. In the
children of women exposed to sevoflurane, Teschke and
colleagues estimate that the risk of congenital defects is four
times higher than for children of unexposed women.
Given these potential risks, Quebec hospitals offer a
preventive withdrawal program from the Commission de
la santé et de la sécurité du travail (CSST) under which a
pregnant or breastfeeding worker who feels that her work poses
a risk to her or her child can ask her employer to eliminate
the risk, or for a reassignment to another position [25]. If the
employer is unable to eliminate the risk or reassign the worker
to another position, she can opt for a preventive withdrawal
and receive indemnity payments.
Even if studies on the effects of exposure to inhalation
anesthetic agents do not seem conclusive, the safe levels of
exposure to these substances are not known. Thus, it seems
wise to recommend taking as many precautions as possible
to avoid any practice that could increase ambient-air
concentrations of inhalation anesthetic agents, and any risk
of leaks or accidental spills.
The Importance of the Type of Bottles Used to
Package Inhalation Anesthetic Agents
As mentioned previously, in Canada, Abbott’s sevoflurane
(SEVOrane AF®) and Baxter’s desflurane (SUPRANE®) are
both supplied in entirely fused bottles with a built-in adaptor;
that is, the product is packaged in a bottle whose cap/filling
adapter is fused during the manufacturing process [8,9]. Thus,
no further manipulation is required and no adapter is needed
during the filling of vaporizers. The bottle is completely
sealed and ready to be introduced directly into the vaporizers,
thus allowing use in a closed system. The bottle is inserted
directly into the vaporizer and the product transfer takes place
without any other intervention or manipulation.
To the contrary, Baxter’s and Minrad/Piramal
Healthcare’s generic versions of sevoflurane are supplied in
conventional bottles. These bottles require the removal of the
screw cap and the installation of an adapter prior to use so the
product can be transferred into the vaporizer, thus use in an
open system [10,11]. When the cap is removed, the volatile
liquid is exposed to the environment and some evaporation
occurs. This creates the risk of spills during handling when
removing the cap and installating the adapter. There is also
the risk of leakage between the adapter and the bottle, as well
as between the adapter and the vaporizer. Table 1 compares
the characteristics of the two types of packaging.
Concerns regarding conventional bottles (or open
systems) have to do with the risk of accidental spillage
and the resulting exposure of operating room personnel to
high concentrations of anesthetic agents. The personnel
in our hospitals are concerned that the use of conventional
bottles may potentially be associated with risks of leakage
and evaporation when opening the container, and spills
when installing the adapter at the time when they fill the
vaporizers during a case. These additional manipulations
create potential for accidents, particularly among respiratory
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therapy technicians who have no experience working with the
conventional bottles and adapters. In addition, the storage of
bottles once they have been opened and the storage of the
adapters require special attention. Most hospitals do not
have protocols in place for this. Our hospital personnel also
question the product’s integrity once the bottle has been
opened, as the residual content may be transferred from one
bottle to another.
In contrast, the use of fused bottles (or closed systems)
considerably reduces the risk of leaks and accidental spillage.
These bottles are an important measure in minimizing
ambient-air concentrations of anesthetic agents in operating
rooms. Based on the experience of users in certain Quebec
hospitals, returning to open-systems would be a significant
step back in standard of care as it relates to occupational
health and safety.
The consequences of the choice of inhalation anesthetic
agents and the risk of leaks and spills are more than theoretical.
They are based on actual historical experience of the use of
conventional bottles. They also have been documented by
Quebec hospitals that compared the two options, and have
led to closed systems being the preferred choice in many
cases, and to health professionals refusing to use other, less
safe systems.
A recent study compared levels of sevoflurane exposure
during filling with Abbott’s closed Quick-Fil system and two
open systems with different models of adapters and vaporizers
(Dräger Fil and Easy Fil). In this study, the ambient-air
sevoflurane concentrations were within the limits normally
accepted in Sweden; that is, on average, < 20 ppm over a
15-minute period, for both systems. However, the study
showed that the ambient-air concentrations of sevoflurane
were significantly lower with the use of the closed system
than with the open system (p=0.016) [26]. Heijbel et al
emphasize that the potential risk of accidental spillage with
the use of conventional bottles should be acknowledged [26].
Moreover, the authors specify that the Abbott QuikFil closed
system does not require any manoeuvre which could result in
the risk of accidental spillage from the bottle; from the bottle;
the cap/adapter is built-in and the bottle is sealed when the
protecting cap is removed. Note also that in comparison to
the study, in practice, health professionals working in the
operating room are exposed to anesthetic agents for periods
longer than 15 minutes. It is therefore especially important to
use products and practices to minimize risks.
Decision-makers also need to take operational
considerations into account. If a spill occurs, the operating
room would need to be evacuated, aired out, and cleaned.
This would cause delays ranging from at least 30 minutes
if there is a room change, to several hours or even a whole
day if another room is not available. In cases when it is not
possible to evacuate the room because it would endanger the
lives of patients, professionals in the operating room would
be exposed to risks to their health. It is therefore important to
use products and practices that prevent any risk of accidents.
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Overview of Standards
In Quebec, health and safety guidelines and
recommendations require identifying hazardous materials and
instituting measures to minimize the risk of exposure in order
to protect staff and patients [3,27,28]. However, there are
no standards or regulations specific to inhalation anesthetic
agents. Equipment and product procurement decisions are
therefore made at the local level by the hospital and/or the
Centre de santé et de services sociaux (CSSS).
The Association paritaire pour la santé et la sécurité du
travail du secteur affaires sociales, commonly referred to as
ASSTSAS, provides certain tools for the safe handling of
hazardous drugs, such as antineoplastics [27]. However, there
are no tools for safely handling inhalation anesthetic agents.
In addition, although the CSST’s preventive withdrawal
program permits preventive withdrawal of a pregnant
or breastfeeding worker when the employer is unable to
eliminate the risk, CSST standards are not specific to the risk
of exposure to inhalation anesthetic agents.
At the Canadian level, the Operating Room Nurses
Association of Canada (ORNAC) recommended in 2003, in
its document entitled “Recommended Standards, Guidelines,
and Position Statements for Perioperative Registered Nursing
Practice,” the use of closed-systems for transferring anesthetic
agents to vaporizers [29].
On the other hand, there are specific recommendations
in other jurisdictions that suggest choosing a closed system
or, if such a system is not available, installing equipment
(hoods) and instituting protocols for filling, for cleaning, and
for preventing exposure to inhalation anesthetic agents. The
purpose of all these measures is to protect health professionals
and patients exposed to these substances. When choosing an
open system, one must institute the necessary procedures for
protecting staff and patients, including training, inspections,
audits, etc., that can generate additional costs and require
resources for managing the issue.
The Portuguese Association of Operating Room Nurses
(AESOP, Associação dos Enfermeiros de Sala de Operação
Portugueses) has also recently published practice guidelines on
the use of inhalation anesthetic agents [30]. These practice
guidelines include specific recommendations including the
preferential use of “vapor filling systems” that allow closed
circuit filling, to avoid manipulations such as the removal
of the screw cap from the bottle and the installation of an
adapter. The reasons cited are that inhalation anesthetic
agents are highly volatile, that a significant amount of product
can evaporate and pollute the air when opening bottles (opensystem bottles that do not have a fused cap), and that the
use of an adapter involves additional handling and may cause
leakage of product.
Sweden has also issued guidelines specific to inhalation
anesthetic agents [31]. They recognize the advantages of
closed systems. If closed systems are not used to reduce the
risk of exposure to inhalation anesthetic agents, the guidelines
recommend specific measures for their safe handling and
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storage. In fact, these guidelines emphasize that because
anesthetic gases are highly volatile products, they can evaporate
into the air if they are not packaged in containers completely
closed. Thus, in section 13 of these guidelines, there are
speciﬁc recommendations for safe storage of anesthetic agents
available in open-system bottles; that is, that they shall be
stored in a specially delimited, ventilated space. Examples
of such spaces are a special storage room, cabinet, or similar
device, connected to an exhaust air outlet. Moreover, the
guidelines cite that considerable air contamination can occur
during ﬁlling and emptying of vaporizers unless anesthetic
agents in a completely sealed bottle, or closed-system bottle,
are used. When it is not possible to use products available in
sealed bottles, these guidelines indicate that the safest course
when ﬁlling vaporizers is to work in a safety cabinet or in
conjunction with a local scavenging device.
The standards of Accreditation Canada (a private, notfor-proﬁt, independent organization that assesses the quality
of health services based on standards of excellence) also
emphasizes the need to institute measures aimed at ensuring
the safe storage of drugs, including inhalation anesthetic
agents [32]. However, these measures are not always easy to
implement in our hospitals.
The U.S. National Institute for Occupational Safety and
Health (NIOSH) is of the same opinion and addresses this
matter in the document entitled “USA Waste Anesthetic Gases
- Occupational Hazards in Hospitals’’ [2]. NIOSH describes the
harmful effects of occupational exposure to inhalation anesthetic
agents, stating that they can be harmful to workers’ health. In
this document, it is stated that although some studies report no
adverse effects of long-term exposure to low concentrations of
waste anesthetic gases, several studies have linked such exposure
to miscarriages, genetic damage, and cancer among operating
room workers. Of note, it is also cited that studies have reported
spontaneous abortions among the wives of exposed workers,
as well as birth defects in their children. Finally, it emphasizes
that workers are most likely to be exposed to waste anesthetic
gases when leaks occur in the anesthesia circuit and when

anesthetic gases escape during hookup and disconnection of the
system, such as the vaporizers. Consequently, like Sweden, this
organization has issued a recommendation speciﬁc to the ﬁlling
of vaporizers and the use of a laminar-ﬂow hood for preventing
exposure to inhalation anesthetic agents.
Unfortunately, hospital operating rooms in Quebec, as in
other Canadian provinces, are seldom equipped with hoods,
and transporting vaporizers between the pharmacy and the
operating room is neither safe nor realistic. Furthermore,
most hospitals, in Quebec and other provinces, do not always
have protocols or procedure for managing potential leaks,
with the result that returning to open systems would pose an
operational problem.
CONCLUSION
When choosing an inhalation anesthetic agent, priority
should be given to minimizing the risk associated with its
use for patients and health care professionals working in the
operating room. Decision-makers should take into account
the impact of this choice on human and ﬁnancial resources,
and on health care team efﬁciency. Decision-makers should
consult the individuals who would be most affected by
these decisions so that they can be part of the decisionmaking process.
The review of this issue demonstrates the need for
national and provincial standards and practice guidelines in
this area in order to standardize the operating procedures,
protect patients and staff, and reduce risks, with the ultimate
goal being to promote the safest choice.
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TABLE 1. Comparison of the Characteristics of Two Types of Packaging of Anesthetic Agents
Fused bottle
So-called “closed” system

Conventional bottle
So-called “open” system

•

• Screw cap requiring removal from the bottle and the installation of
an adapter, hence additional steps when filling the vaporizer

vaporizer in a single step
• No adapter required

• Need for adapters which generate additional costs
• Handling of adapters requires special attention, and is a
potential source of contamination and of accidental spillage
• The adapters are reusable and subject to wear and tear, and
thus risks of accidental exposure
• The storage of adapters also represents a potential source of
problems

• Tamper-resistant packaging, which ensures the product’s integrity at all times

• Risk of contamination when opening the bottle
• In some cases the residual volume in the bottles is transferred
by the staff which can compromise the product’s integrity
• The storage of partially used bottles also requires special attention
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Case Study Article Answers

1.

C) [Correct]: DKA commonly occurs in people with
type 1 diabetes who lack insulin. Normal levels of
insulin help to lower blood glucose by promoting
glucose uptake by cells and providing glucose storage
as glycogen, preventing fat/glycogen breakdown, and
increasing protein synthesis. The lack of insulin causes
mobilization of fatty acids from adipose tissue. A large
amount of fatty acid breakdown occurs in the liver,
especially when large quantities of fatty acids are being
used for energy. The liver uses some fatty acids for its
own energy needs and then the rest is converted into
ketones and released into the blood. Ketones are organic
acids and when they accumulate in the blood they cause
ketoacidosis [15].

A) [Incorrect]: The abnormal breathing pattern in this
answer is known as apneustic breathing. Apneustic
breathing can be caused by brain damage and results in a
prolonged inspiratory phase [4].
B) [Incorrect]: The breathing pattern shown in this
answer is called Cheyne-Stokes respirations. CheyneStokes respirations are an irregular breathing pattern
where each individual breath varies with the tidal volume
and rate. There are also periods of apnea between
breaths. Cheyne-Stokes respirations occur with diseases
of the central nervous system and congestive heart failure
[4].
C) [Incorrect]: This breathing pattern is known as Biot’s
respirations. Biot’s respirations consist of irregular
breathing with lengthened periods of apnea in between.
This type of breathing occurs when there is increased
intracranial pressure [4].
D) [Correct]: The respiratory waveform that correctly
illustrates the patient’s breathing pattern is called
Kussmaul respirations. A patient with Kussmaul
respirations will be breathing deeply and rapidly.
The deep and rapid breathing is the lungs trying to
compensate for the acidotic pH by attempting to blow
off CO2. This abnormal breathing pattern is caused by a
metabolic acidosis which occurs during DKA [4,8].

2.

D) [Incorrect]: DKA is a complication of type 1 diabetes.
Type 1 diabetes involves the destruction of the pancreatic
islet cells which results in decreased/lack of insulin to
control blood glucose levels from getting too high.
Insulin is the hormone which helps lower blood glucose.
If there were high insulin levels the blood glucose would
be lowered and not elevated [15].
3.

A) [Incorrect]: The anion gap is a calculation that reflects
the unmeasurable anions present in plasma. According
to the normal values published by the CBRC, the
accepted range for the anion gap is 9-14 mmol/L [13].

A) [Incorrect]: Glucagon is a hormone that is released
from the pancreatic islet cells of the pancreas in response
to low blood glucose. Glucagon will increase blood
glucose concentration by stimulating glycogenolysis
(the breakdown of liver glycogen) and gluconeogenesis.
Despite the fact that this is a normal physiological
response to low blood glucose, the patient has DKA
which initially presents with extremely elevated blood
glucose levels. Therefore, since there is already increased
glucose in DKA, glucagon does not cause increased
release of glucose from the liver [15].

The calculation used to determine the anion gap is AG
= (Na+) - [Cl- + total carbon dioxide (TCO2)] where
TCO2 = HCO3- + (PaCO2 x 0.03)

B) [Incorrect]: Within the body, proteins are broken
down into amino acids. The body will break down
proteins and use the amino acids as a substrate for
gluconeogenesis during situations when metabolic needs
are greater than food intake. The ketone levels are
not increased during DKA due to protein metabolism
because it is amino acids that are produced [15].

B) [Incorrect]: The anion gap equation is not used
properly as TCO2 is subtracted from Cl- instead of
being added. This results in an answer of 39.4 mmol/L.

An incorrect value is used in the anion gap equation
which results in a value of 27.4 mmol/L. The improper
PCO2 value of 9.6 mmHg is being used when it should
actually be TCO2. The following calculation is used to
get the answer.
AG = (127 mmol/L) - (90 mmol/L + 9.6 mmHg)
AG = 27.4 mmol/L

TCO2 = 2.1 mmol/L + (9.6 mmHg x 0.03)
TCO2 = 2.388
AG = (127 mmol/L) - (90 mmol/L - 2.388)
AG = 39.4 mmol/L
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C) [Correct]: The anion gap is 34.6 mmol/L. This
level is increased and indicates a metabolic acidosis. An
increase in the anion gap occurs with the accumulation
of non-volatile acids such as the ketones that present in
DKA [3]. First the TCO2 ¬is calculated and then used
in the anion gap calculation as follows.
TCO2 = HCO3- + (PaCO2 x 0.03)
TCO2 = 2.1 mmol/L + (9.6 mmHg x 0.03)
TCO2 = 2.388
AG = (Na+) - (Cl- + TCO2)
AG = (127 mmol/L) - (90 mmol/L + 2.388)
AG = 34.6 mmol/L
D) [Incorrect]: The TCO2 is not calculated properly
from the beginning, which leads to the final anion gap
value being incorrect. In the calculation for TCO2 the
(PCO2 x 0.03) is being subtracted from HCO3- when
instead it should be added. The following calculation
demonstrates the error in this answer.
TCO2 = 2.1 mmol/L - (9.6 mmHg x 0.03)
TCO2 = 1.812
AG = (127 mmol/L) - (90 mmol/L + 1.812)
AG = 35.2 mmol/L
4.

A) [Incorrect]: Midazolam is benzodiazepine that is
commonly used during intubation for its sedative and
hypnotic effects. The reversal agent for midazolam is
flumazenil (Romazicon) and not naloxone (Narcan).
Naloxone is used to reverse the effects of too many
opiates such as fentanyl or hydromorphone [16].
B) [Correct]: Midazolam does have a larger therapeutic
index. The therapeutic index is a measurement between
the TD50 (therapeutic dose of a certain drug that will
treat 50% of a population) and the LD50 (lethal dose of
a certain drug that will kill 50% of a population). The
larger the gap between the TD50 and LD50 means that
it is a much safer drug as it causes less respiratory and
cardiovascular depression [16].
C) [Incorrect]: Midazolam is a short-acting drug that has
a half-life of about approximately 2-4 hours. However
midazolam is a benzodiazepine and not a barbituate.
Some short-acting barbituates would include drugs like
thiopental, secobarbital, and pentobarbital [16].
D) [Incorrect]: This answer is incorrect because there is
a reversal agent for midazolam. The reversal agent is
known as flumazenil (Romazicon) and will reverse the
sedative and hypnotic effects of midazolam if too much
is administered. The classification of drugs that do not
have reversal agents are barbituates [16].
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5.

A) [Incorrect]: Mean airway pressure is the amount and
duration of positive pressure applied to the lungs during
ventilation. When mean airway pressure gets too high
it may start to compromise the cardiovascular system.
Increased mean airway pressure may cause decreased
venous return to the right side of the heart which further
leads to decreased cardiac output and perfusion to the
organs/tissues. It may also cause increased intracranial
pressure, decreased cerebral perfusion pressure, and
overall decreased blood pressure. It is important to keep
mean airway pressure low to avoid these complications
and there are multiple ways on the ventilator to lower
mean airway pressure. The patient was being ventilated
with AC-VC which allows changes in the type of
flow waveform. Setting a descending flow waveform
will not decrease mean airway pressure because it will
promote a longer inspiratory time. To decrease the
pressure control setting the patient would have to be
ventilated with a pressure control mode. Decreasing
the ventilating pressures would decrease mean airway
pressure. However, this patient was ventilated with a
volume control mode so changing pressure control levels
is not applicable [4,17].
B) [Incorrect]: In the AC-VC mode of ventilation a
square (constant) flow waveform can be set which will
result in a higher PIP but ultimately leads to a shorter
inspiratory time and lower mean airway pressure.
Despite the use of the square (constant) flow waveform,
adding/increasing an inspiratory plateau time will cause
the overall inspiratory period to last longer and will
increase mean airway pressure [17].
C) [Incorrect]: In the AC-VC mode the flow rate can be
set to determine how quickly the set tidal volume should
be delivered. Increasing the flow rate causes the tidal
volume to be delivered at a much faster pace. Since
tidal volume is delivered in the inspiratory period of
the breath cycle any increases in flow rate will decrease
the inspiratory time and decease mean airway pressure.
However, an I:E ratio could not be set for this patient
because they were ventilated in a volume control mode
so it is not applicable. The I:E ratio is set in pressure
control modes. If a ratio of 1:3 were set it would
help decrease mean airway pressure as there would be
appropriate inspiratory and expiratory time [17].
D) [Correct]: PEEP is the oxygenation setting that
correlates directly with mean airway pressure. For every
1 cmH2O increase made in PEEP there will be a 1 cm
H2O increase in mean airway pressure. Decreasing the
PEEP level will help to directly decrease the mean airway
pressure. In addition, a decrease in set tidal volume for
this patient on AC-VC would mean less time needed for
delivery and a decrease in mean airway pressure [4,17].

spring | hiver 2012
printemps | Numéro 48.1

23

6.

denominator and the HCO3- should be the numerator
in the division calculation of the equation. This results
in the incorrect pH of 5.85.

A) [Correct]: According to the normal values published
by the CBRC, the accepted range for potassium is
3.5-4.8 mmol/L [13]. Potassium is one of the main
electrolytes that affect the function of the heart. Within
the heart, specific levels of intracellular and extracellular
potassium are needed for normal electrical pulse
initiation and conduction [18]. Increases and decreases
in potassium may cause dysrhythmias on an ECG. The
patient was initially hyperkalemic with a K+ value of
5.2 mmol/L. Hyperkalemia causes many ECG changes
such as tall/peaked T waves. Other ECG changes that
can be seen with hyperkalemia are disappearing P waves as
potassium levels increase, the PR interval may be normal
or prolonged, QRS complexes may widen and the ST
segment disappears as potassium levels increase [10,19].

pH = 6.1 + log [40 mmHg × 0.03)/2.1 mmol/L]
pH = 5.85
C) [Incorrect]: The wrong value is multiplied by the CO2
in this answer. The CO2 value should be multiplied
by 0.03 and not 0.003. The 0.003 value comes up
in the equation for arterial oxygen content (CaO2)
where CaO2 = (Hb g/100 ml blood × 1.34 ml O2/g Hb)
× SaO2 + (PaO2 mmHg ×0.003) [5]. This results in an
incorrect pH of 7.34.
pH = 6.1 + log [2.1 mmol/L/(40 mmHg × 0.003)]
pH = 7.34

B) [Incorrect]: A myocardial infarction (MI) would
be determined by ST segment elevation. ST segment
elevation gives the strongest evidence for recognition
of a MI. ST segment depression is another type of ST
segment deviation that is more indicative of ischemia to
a certain region of the heart [19].
C) [Incorrect]: Ischemia results from a decreased/lack of
blood flow to an area of the heart. On an ECG ischemia
will show ST segment depression. As previously
mentioned the ST segment elevation correlates more
with myocardial infarctions. ST segment elevation is
significant when it is elevated by 1 mm or more and seen
in 2 or more contiguous leads [19].

7.

pH = 6.1 + log [40 mmHg/2.1 mmol/L]
pH = 7.38
8.

D) [Incorrect]: Hypokalemia is defined as a potassium
level less than 3.5 mmol/L. This patient’s potassium
levels are at 5.2 mmol/L initially which demonstrates
hyperkalemia. The ECG would not show abnormally
flat/inverted T waves. However if hypokalemia was an
issue for the patient, flat/inverted T waves would start to
appear on the ECG [19] .

A) [Incorrect]: The VC+ mode on the PB840 ventilator is
similar to a PRVC mode because VC+ delivers a standard
volume test breath to determine lung compliance and in
the following breaths adjusts pressure to achieve the set
volume. However this answer is incorrect, because the
flow waveform cannot be either square or descending.
This is referring to regular volume control where the
flow waveform can be set as square or descending to
affect mean airway pressure and inspiratory time. In
VC+ the flow waveform will be descending just like any
pressure limited ventilation mode [20].

A) [Correct]: To determine what the patient’s pH would be
the CO2 and HCO3- are put into the Henderson-Hasselbalch
equation. The Henderson-Hasselbalch equation is used to
calculate the pH and determine the relationships between
CO2, HCO3-, and pH. The following calculation has been
used to determine the pH [5].
pH = 6.1 + log [HCO3- /(PCO2 × 0.03)]

B) [Incorrect]: The mode referred to in this answer is BiLevel
ventilation on the PB840 not VC+. BiLevel is a different
mode of ventilation that is similar to APRV as it allows
spontaneous breathing to occur at two levels of PEEP
or CPAP. The two levels of PEEP are set as PEEPH (also
known as PEEP high) and PEEPL (also known as PEEP
low). These two levels of PEEP are independent of one
another and are regulated by a set breath rate and length of
time they are to be applied (time high and time low) [20].

pH = 6.1 + log [2.1 mmol/L/(40 mmHg × 0.03)]
pH = 6.34
This pH value would not be compatible with life
which explains why the patient required a large minute
ventilation to continuously excrete CO2.
B) [Incorrect]: This is the incorrect use of the HendersonHasselbalch equation as the CO2 and HCO3- are on the
wrong side of the equation. The CO2 × 0.03 should be
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D) [Incorrect]: In this answer the Henderson-Hasselbalch
equation is also used improperly. The CO2 and HCO3are reversed and not multiplied by 0.03 which is
incorrect. The result is a pH of 7.38.

C) [Incorrect]: This answer is incorrect because when
there are changes in compliance and/or resistance in
VC+ the delivered pressures will change accordingly to
deliver the set tidal volume. It is in pressure control that
compliance and resistance changes in the lungs have no
effect on delivered pressure because the pressure is set
and volumes will change. It is true though that the flow
waveform in VC+ is descending because it is a pressure
limited mode of ventilation [20].
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D) [Correct]: VC+ is a mode that is pressure limited and
volume targeted because you set a target tidal volume
that is achieved by delivering varying pressures according
to a patient’s lung compliance and resistance. A test
breath is delivered and then if the following breaths
have a smaller or larger tidal volume than what is set,
the ventilator will automatically adjust the delivered
pressure. The delivered pressure is limited to 5 cm
H2O below the upper set pressure limit. Therefore if
the upper set pressure limit is at 40 cm H2O then the
delivered pressure cannot exceed 35 cm H2O [20].
9.

A) [Incorrect]: According to the normal values published
by the CBRC, the accepted value of the RSBI for weaning
is anything less than 105 [13]. The RSBI is one of the
best indicators of successful extubation. The proper
equation used to calculate the RSBI is spontaneous
RR/spontaneous Vt (L). In this answer the equation
is flipped where tidal volume is the numerator and
respiratory rate is the denominator which is incorrect.
This gives the following answer of an RSBI of 0.026.
RSBI = [0.580 L]/[22 b/min]

C) [Correct]: The calculated RSBI for this patient is 37.93
which is less than 105. The calculated RSBI and other
measured values such as spontaneous respiratory rate,
spontaneous tidal volume, and maximum inspiratory
pressure (MIP) are also appropriate.
RSBI = [22 b/min/0.580 L]
= 37.93
D) [Incorrect]: The CBRC states that the accepted
weaning parameters are a spontaneous respiratory rate
less than 35 b/min, a spontaneous tidal volume between
4-6 ml/kg, and a MIP greater than -20 cmH2O [13].
There are no factors indicating that the patient was
not ready to be extubated. The primary problem
(DKA) that necessitated mechanical ventilation had
been resolved, the FIO2 was less than 50%, there was
adequate respiratory muscle strength indicated by a MIP
of -35 cmH2O, the spontaneous respiratory rate & tidal
volume were adequate, there was adequate LOC and
respiratory drive, stable hemodynamics, stable metabolic
status, and no weaning failure within the last 24 hours.
There were no parameters that indicated that the patient
was not ready to be extubated.

= 0.026
B) [Incorrect]: The improper use of the equation for RSBI
is also demonstrated in this answer. The spontaneous
respiratory rate is divided by the incorrect tidal volume
in litres.
RSBI = [22 b/min]/[0.0580 L]
= 379
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editorial

Know the Score: A New Tool to Help Assess, Address, and Evaluate COPD Education
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Introduction
The Lung Information Needs Questionnaire (LINQ) is a
short, self-administered questionnaire used to capture the perceived
lung information needs of patients with chronic obstructive
pulmonary disease (COPD). The LINQ is useful for determining
which kind of lung health information to deliver to a given patient,
and also for assessing the impact of such educational intervention.
Background
The LINQ was developed by UK researchers Dr. Rupert
Jones and Professor Michael Hyland, in response to research
undertaken on compliance in COPD with maintenance therapies
[1]. Their research showed that people with COPD lacked critical
information about their condition -- they clearly stated that they
had no idea what was wrong with them. They knew that a serious
lung condition caused their breathlessness and disability, that it
might progress, and that they would likely die from it. However,
they had no idea what was actually happening to their lungs, or
what they could do about it.
A patient’s lack of understanding regarding their condition is
a major problem for those suffering from any long-term ailment.
COPD in particular requires effective self-management; therefore,
it is important that patients and their families learn about the disease
process. They need to learn to recognize important changes in their
health, how to respond to deterioration, how to keep well, and
how to minimize disease progression. With a clear understanding
of COPD, people can feel more confident. They can recognize that
they can control their disease, and not the reverse.
Focus groups revealed what patients felt to be important,
including questions such as what is the name of my lung disease;
what do I do if my condition gets worse; and, when do I call an
ambulance? Further themes that emerged in discussion with experts
were the importance of smoking cessation, healthy nutrition, and
physical activity [2]. As with many chronic diseases, lifestyle factors
such as these are hugely important. However, any advice given to
those with COPD needs to be specific – it is not enough to stress
that exercise is good for you; they need to know how much to
exercise, in what form, and for how long.
Questionnaire Formulation
To assess patients’ understanding of their disease and its
management, there are two different approaches: knowledge
questionnaires and information needs questionnaires. Knowledge
questionnaires provide a series of questions which test the patient’s
knowledge. Knowledge questionnaires are clinician-led, and tend
to be longer than information needs questionnaires. Information
needs questionnaires tend to be patient-led, and ask the patient
whether they have sufficient information or understanding on key
issues. We favoured information needs as we wished to measure
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the patients perception of the information they lacked, in order to
remedy any deficiency.
To design the preliminary information needs questionnaire
for COPD patients, focus groups were used to define the themes.
The questionnaire was refined with another series of focus groups,
using an iterative process in which patients chose the wording of
the questions. The questionnaire was tested in a large-scale survey
and then further refined by item reduction to a shorter, final
questionnaire [2].
The final questionnaire has 16 questions, takes a few minutes
to complete, and includes six domains:
•
Disease Knowledge
•
Medicines Knowledge
•
Self-Management
•
Smoking
•
Exercise
•
Diet
The LINQ has subsequently been tested in pulmonary
rehabilitation programs in the UK, and was shown to be highly
responsive to change [3]. It has been used to identify the effect
of education programs [4] and case management on patients
with advanced COPD. It is widely used in clinical practice and,
in particular, pulmonary rehabilitation, where its use has been
encouraged by guidelines.
The LINQ is freely available online, in twelve different
languages, at http://www.linq.org/uk/ for research and clinical use.
It recently debuted at the Canadian Network for Respiratory Care’s
National Respiratory Care and Education Conference, along with
a one-page scoring tool, to enable quick, easy scoring of LINQ
questionnaires. The scoring tool was developed by Susan Haskell,
Registered Respiratory Therapist and Certified Respiratory
Educator, during program evaluation of COPD education in
Pulmonary Rehabilitation at St. Clare’s Mercy Hospital, St. John’s,
Newfoundland and Labrador (Appendix 1,2).
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Appendix 1. LINQ Scoring Template

Scoring Range = 0 – 25
The higher the score, the greater the learning need.
Minimal Clinically Important Difference (MCID) = 1
Question #
Yes = 0
No =1	Tally	Domain score
1.
Yes
No		
2.
Yes
No		
3.
Yes
No		
4.
0 1 1 1
Disease Knowledge
5.
Yes
No		
6.
Yes
No		
7.
0 1 2 3
Medicines
8.
0 1 2 3		
9.
0 1 2 3		
Self Management
10.
X* X* X**		
*Go to question 13.

				

11.
12.
Smoking
13.
14.
15.
Exercise
16. ***

Yes
Yes

**Score 1. Go to question 11.

Appendix 2. LINQ Scoring Template Instructions

•

The Lung Information Needs Questionnaire (LINQ)
contains nineteen questions. You need only score 		
the first sixteen of them.

•

There are two types of questions to score:
Yes and No Response Type
(#’s 1, 2, 3, 5, 6, 11, 12, 13)

To score, simply circle the given response on the
template and tally up the assigned value.
Example:
If the response to question one (Do you know the name
of your lung disease?) is “No,” circle “No” and record a
score of 1 in the tally block. “Yes” scores 0 points.
Question #
1.

No		
No		

0 1 1 2		

No =1	Tally	Domain score
No

Multiple Choice Type
(#’s 4, 7, 8, 9, 10, 14, 15, 16)

Yes
No		
0 1 1 2		
0 1 2		

				
				

Yes = 0
Yes

***Score single, lowest
value. Do not add
multiple responses.

Diet
TOTAL SCORE
This scoring template was developed by Susan M. Haskell BA, RRT, CRE, FCSRT as part of
her work as a Respiratory Therapist in the Pulmonary Rehabilitation Program at Eastern
Health, Newfoundland and Labrador, Canada.

To score, circle the letter or numeral that corresponds
with the given response on the template. The first option
corresponds to the first value (from left to right) on the
template. The second option corresponds to the second
value on the template and so on.
Example:
For question seven, if the third block (I am slightly confused about my medicines) has been selected, circle the
third value (from left to right) on the template. Score 2 in
the Tally block.
Question #
7.

Yes = 0
0 1

No =1	Tally	Domain score
2 3
2

NOTE: Pay attention to special instructions in
the margins for numbers ten and sixteen!
Example:
If the person is still smoking, circle X**. Score 1 point and
go to the next question to continue scoring. Otherwise,
score nothing and skip to question thirteen.
Question #
10.

Yes = 0
No =1	Tally	Domain score
X* X* X**
1
*Go to question 13.

				

**Score 1. Go to question 11.

Tally up scores for each of the six domains (Disease Knowledge,
Medicines, Self Management, Smoking, Exercise, Diet) to determine
the total score. Range = 0 – 25. The higher the score, the greater
the learning need.

Canadian Journal of Respiratory Therapy
Journal canadien de La thérapie respiratoire

spring | hiver 2012
printemps | Numéro 48.1

27

COMMENTARY

Prevention of Distracted Care: Educating Health Professionals in the Field
of Electronic Etiquette
Peter J. Papadakos, MD, FCCM
University of Rochester, Rochester, New York, USA

Introduction
lectronic medical records (EMRs) and the widespread
use of personal electronic devices by health care
providers holds great promise for increased information
sharing, real time review of diagnostic testing, electronic
order writing, and the possibility of decreasing health care
errors. But like all technological introductions, there are
negative aspects that come to light only after widespread
use. An international firestorm was recently ignited in the
international press when Matt Richtel of the New York Times
[1] published the observations of this author regarding this
subject in Anesthesiology News [2], as well as the behaviour
of cardiac perfusionists in the operating room in the journal
Perfusion [3], where 55 percent of technicians acknowledged
using wireless devices during surgery. The term “distracted
doctoring” was coined, and the resultant heightened public
awareness has been pressuring health care professionals to
address electronic etiquette as both a professionalism issue
and a safety issue.
Another concerning aspect of the advancement of this
technology is the ever-increasing rate of accidents caused
by distracted driving, and even walking. To many social
psychologists this illustrates an addictive component to the
use of personal electronic devices and smart phones in the
general public. The patient and their family, however, expect
a different level of behaviour from their caregivers, with a total
focus on them during health care delivery. Initial commentary
from patients has been mostly negative in terms of how they
fit into this new technological environment. They feel that
they are no longer the focus of the providers’ attention: that
labs, images, and data are at the center instead. Patients feel
out of touch with their provider and no longer in control of
their care.
In the highly human environment of health care,
education in the proper etiquette for using EMRs and
personal devices is greatly lacking. Health care education and
medical facilities need to address the changes brought about
by our evolving use of both public and private information
systems. The majority of education currently being provided
addresses only the technological aspects of use, data entry, and
maintenance. In this article, a sampling of the pros and cons
of both EMRs and personal electronic devices are explored,
and solutions are offered in order to better integrate each of
these technologies with patient care.

E
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Increasing Electronic Medical Record Error
One of the key features in the introduction of
EMRs has been to decrease health care errors; however, as
EMRs have gained widespread use, hospitals and government
agencies have noted an increase in a new form of error. The
checklist-rich environments of most of the commercially
available EMRs have led to so-called “click errors.” Click
errors are when you have long lists to check off, or “click,”
for data entry. Without being focused, there is the potential
to either add or omit conditions or findings that you would
never do if you were writing a note. This can confuse the data
available for review on that specific patient and could lead to
diagnostic and legal problems.
An example of another form of error is the growing
number of false allergies that patients claim through checklist
use and pre-programmed links. A patient may have an
expected psychological or pharmacological response to a drug
or a therapy as opposed to a true allergy. An example of this
is the statement “Narcotics make me feel out of body.” The
health care professional must enter free text, thus clarifying
that information or an allergy is recorded.
Another aspect of the EMR that is easy to forget is
that by clicking on aspects of the physical that you did
not perform, you may be populating the patient note with
too much information, thus confusing care. Some EMR
programs will include findings not specified or omitted by the
practitioner. Thus, a patient may have all 12 cranial nerves
examined at every exam. This not only populates the note
with false data, but can be a major issue in legal entanglement
for the practitioner, creating the illusion of fraud.
Another major problem in EMR use is the so-called cut
and paste-rich note. You populate your note with data that
you cut and pasted from other people’s notes. This not only
creates long, hard-to-read notes, but also fills up computer
space, thus increasing health costs. Try to refer to other
notes and lab data that can be easily reviewed that contain
that information, unless required by government or billing
regulations.
Alarm fatigue is another important aspect of human-totechnology interfacing that can lead to errors. Unimportant
warnings crowd out the important warnings that may be
instrumental in caring for a patient. Drug-ordering programs
are filled with these, and may also lack “hard stops.” The
practitioner should be focused and understand how important
it is to respond to each individual alert, and to review how
these alerts affect their judgment.
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Integrating Patient Satisfaction and
Electronic Medical Records
There is, of course, a great benefit to the utilization
of technology for patient care. In North America, over 27
billion dollars has been spent to accelerate the meaningful use
of EMRs. They promise to enhance data sharing, improve
quality, share patient information, increase efficiency, and
thus enhance patient safety. However, despite evidence that
EMRs can achieve these goals, [4] this new technology may
also dehumanize patient care, decrease patient satisfaction,
and present new challenges to health care providers (such as
the introduction of new types of medical errors and risks, as
described above).
To increase patient satisfaction and provide a
proper relationship with new technology, the practitioner
must develop a new set of skills in electronic etiquette. The
respiratory therapist already interacts with many computerbased devices in front of patients, such as ventilator and
oxygen delivery devices. Now add computers to this, to enter
data into the EMR, and you have an environment crowded
with technology that can make the patient feel overwhelmed,
and no longer the focus of care. The practitioner must
start any professional relationship with developing a human
relationship and clearly put the patient and family members
in focus from the very start. Some simple etiquette will
not only quickly improve practitioner-to-patient relations,
but will also allow the practitioner to maximize the positive
outcomes inherent in EMRs.
When you first enter a patient care area, introduce
yourself. Make eye contact and physical contact with the
patient. If they are present, also make contact with the
patient’s family or significant others. If you are going to use
any computer or other devices, introduce them as devices that
are instrumental to the care of the patient and explain their
role in providing that care. It has been recommended that
you handle the computer as a “third person in the room.”
An example of proper etiquette is illustrated in this patient
introduction: “Ms. Jones, I am Bill Gomez, your respiratory
therapist. I will be interviewing you and examining you and
then entering my findings into this computer. By doing so, I
can share my findings with your health care team so that they
can better care for you.” It is important to reinforce that the
computer and EMR do not remove the patient as the center
of focus, but actually put him more in the center. Providing
further information, such as sharing images and laboratory
data with the patient, will greatly add to their understanding
that the computer is there to improve care.
Electronic Distraction from Personal Devices
As use-data and use-pattern demographics grow, many
of our personal devices such as smart phones, tablets, and
portable computers may be distracting us from focusing on
the patient and providing safe care. Individuals working in
health care must understand the pressures of this informationchecking landslide and how the inclusion of games and
entertainment access in personal devices has affected us. Cell
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phones are no longer just phones; they have evolved into
portals to access the Internet, to text, to play games, and to
provide hundreds of additional applications. The individual
user may be overwhelmed by these devices and not be able
to balance the input. The ever-growing death toll from using
these devices while driving clearly illustrates the negative
aspects of being focused on the device and not on your
environment.
These devices may also be gateways to addictive aspects
of our personalities. The study of perfusionists, referenced
early in this paper, clearly showed that these providers knew
they were improperly using their devices in the operating
theater, but were unable to stop against their better judgment.
University educators have identified that addiction to social
media and gaming are a leading cause of failure and dropping
out of the universities. These general observations can easily
be reinforced by observing public behavior in any mall or
public place. We now have reports that checking social
networks and emails may also have as great addictive potential
[5]. This is clearly illustrated in the rate of Facebook use by
the general public.
Another aspect of distraction these devices offer is the
constant ringing and chimes that do not allow an individual
to focus on their patient. This fact was clearly illustrated in
an AHRQ web M+M case [6] when a young resident was
distracted by texting alerts while on her computer and did
not write a key order that led to a major patient care mishap.
Distracted behavior may develop as we constantly check our
device to see if we got a work-related message each time it
alerts, as we believe that if we do not answer that alert, our
world would collapse.
Education in Distraction
The first and foremost way to address this distraction
by electronics is early in professional education. Schools,
professional societies, clinics, and hospital should orientate
and educate individuals on proper and improper use of
these devices. By pointing out the addictive properties and
illustrating the harmful effects and unprofessional behaviour
that can be observed by patients, we may decrease this
behaviour.
General guidelines that can help include separating your
devices or leaving personal devices in your office or locker.
Hospital-issued devices are available that are also security
protected to show only alerts about patient care. The beeper
system has a long history of doing just that. When a beeper
goes off, it is about patient care, and the practitioner can focus
on it as the only stimulus. Other suggestions include:
•
•
•

Checking your personal device or the Internet only 		
during breaks away from patients.
Not focusing on your handheld device in the 		
hallway or on the elevator. This may project a 		
negative image of the profession and your facility.
Silencing alerts in patient rooms. This is highly 		
disruptive in dealing with patients.
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•
•
•

If you have to answer an emergency call or alert, 		 References
explain it to the patient.
1. Richtel M. As Doctors use more devices, potential for distraction
grows. New York Times. December 15, 2011, A1.
Educating other staff on professionalism in dealing 		
2. Papadakos PJ. Electronic Distraction: Unmeasured Variable in
with these devices.
Modern Medicine. Anesthesiology News, 2011;27:11.
Minimizing your own use of devices. You may fatigue
3. Smith T, Darling E, Searles B. 2010 Survey on cell phone use while
from too much overload. Learn a proper balance.
performing cardiopulmonary bypass. Perfusion, 2011:26(5);375Direct human contact is more important than Facebook
380.
and other social networking.

Conclusion
As we move forward, the health care environment and
our own lives will become more information-rich. We must
learn to provide humanistic care to our patients at all times
and balance device use. Professionals must develop proper
etiquette and learn how to properly interact with EMRs and
personal electronic devices. During the day, we need periods
to escape this information tidal wave and constant electronic
socialization to provide the inner peace necessary to care for
the sick. Health care professionals, through their long history
of always putting the patient first, can lead the way as we learn
to balance the technology that surrounds us.
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LEADERSHIP Column

Leadership and Self-Regulation
Shelley Nevills, BSc, RRT Respiratory Therapy, St. Michael’s Hospital, Toronto ON
Peterborough Regional Health Centre, Peterborough, Ontario, Canada

W

hen I first applied for the role of “Team Lead” at
Peterborough Regional Health Centre (PRHC), I
was a staff respiratory therapist (RT) with 10 years’
experience. I had worked at several different hospitals and
clinics and was looking for a challenge. In my naïvely limited
view of what accepting the newly developed “Team Lead” role
would be I had envisioned a research-based, policy writing
role. I had assumed that procedures would need to be outlined, roles clarified, and directives developed, all in an effort
to further the role of the RT department and to clearly define
what it meant to be an RT at PRHC. At the corporate level,
things like quality and patient safety were the current buzzwords and I had assumed these concepts would be paramount
to this role, with absolute buy-in from the staff. After all,
everyone is invested in taking care of our patients in the best
way possible. Clearly, having everything neatly defined and
tied up in a pretty bow was what was needed to succeed in this
newly developed position.
Shockingly, the reality turned out to be something completely different. The name of the role changed several times
during the first few months, morphing from “Team Lead” to
“Senior RT” to the much more appropriate “Practice Lead.”
This alone created much confusion, for both staff as well as
me. Role expectations were not clearly defined which led to a
tumultuous transition from 100% staff RT to acting as staff
RT 90% of the time and Practice Lead for the remaining 10%
of the time. While floundering and trying to find my footing on this new path of my choosing, I eventually came to
a couple of realizations about what this role could be, and
about how I wanted to perform it.
Early on, it became apparent that policies and procedures that are carved in stone are not the wheels that drive
a profession forward. Rather, it is the people who challenge
the status quo who function as agents of change. The ability
to lead, both formally and informally (and believe me, this
role is very informal), depends on being able to recognize the
value in these professionals, and to facilitate change within
the accepted standards of the profession. As you can imagine,
this is a daunting prospect for a leader and a frustrating one
for staff.
However, this realization has allowed me to break out
of my own mindset and to use these professionals as a sort of
professional compass. I often stop to ask myself what certain
staff members would do while pondering decisions, and I use
this internal conversation to influence my decisions when the
need arises. Maintaining a clearly defined “comfort zone” impedes progress. I am a big believer in continual feedback from
others, staff consultation, and open communication. With a
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group of such highly trained professionals, I can’t imagine a
leadership structure that would function in any other way.
This allows everyone to express their own unique thoughts
and ideas, which should absolutely influence decision making. A consensus isn’t always possible, but more often than
not, greater gains are achieved when everyone is engaged in
the process.
The other realization that I have stumbled upon has to
do with self-regulation. The profession of respiratory therapy
has the privilege of being self-regulated. Self-regulation is defined as being a unique combination of knowledge and skills,
commitment to duty above self-interest or personal gain, and
independence from external interference in the affairs of the
profession [1]. This definition suits the role of respiratory
therapist to a tee. It also fully supports those staff members
that challenge the “it’s our policy” mentality. We are a unique
breed within the health care environment. Respiratory therapists, by their very nature, do not need to be “led” in the traditional sense. In order to be an effective RT, you have to be
able to think on your feet. You have to be both creative and
innovative on nearly a daily basis. Every professional within
an RT department owns their own performance. Every RT
comes to work with the intent of making a difference and
turning in a high quality performance.
RT’s accept personal responsibility, meet accepted standards, and are accountable for their own actions inherently.
Quite often we work independently of other RT’s as part of
the health care team. It is understood by holding the title Respiratory Therapist, that there is a responsibility to participate
in and to maintain and develop the profession to allow it to
move forward and meet the challenges of an ever-evolving
health care landscape. RT’s do not need to be told how to
achieve this. They just require the support and structure to
allow it to happen. This can be facilitated by managers who
are responsible for planning and resource allocation, and by
supervisors/practice leads/team leads (whatever the current label may be) who find a way to allow everyone around them to
be more effective. Leaders inspire others to act on their values,
make informed decisions, and effect change to achieve common goals by behaving in this way themselves. As Michael
Henry Cohen said, “what you accept is what you teach.” A
Practice Lead is in a unique position to act as a role model.
In the health care setting, where clinicians often carry
the burden of poor outcomes, self-regulation allows the RT to
develop the self awareness and self management skills necessary to navigate, and in fact adapt, to this ever-changing work
environment. Performance hinges upon how well clinicians
can juggle the pressures and priorities of the job. A leader-
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ship structure that unwaveringly supports staff allows them
to become inspired to believe that they can do more and that
they can achieve more. This foundation will then support the
structure of change, and therefore, progress.
Within a profession there are always rules that need to be
followed. All staff must be aware of, although not limited by,
these professional guidelines. These rules can be offered in the
context of a framework that allows the status quo to be challenged, performance to be improved, and change to occur.
Informal leaders such as myself need to set the goals and
targets, establish flexible plans, and hopefully support the
people around us in such a way that this can be allowed to
happen on an ongoing basis. One of my professional goals is
to be able to rise to the challenge of both facilitating change
and setting the tone for a group of self-regulated professions
by always keeping in mind the following three rules for success:

1. Every day get better at what you are doing
2. Do the right thing
3. Enjoy what you do [2]
As with anything else, mistakes will be made. Not
everyone is always going to agree with everything that you do.
Keeping the above three rules in mind allows me to move past
these mistakes and to always keep my footing on this often
rocky pathway to progress.
References
1. Reader R. Drafting the Proposed Biologists Act: A Discussion
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CHRONIQUE DE LA DIRECTION

Leadership et autoréglementation
Shelley Nevills, B. Sc., RRT,
Centre régional de santé de Peterborough, Peterborough (Ontario), Canada

L

orsque j’ai posé ma candidature au rôle de « chef d’équipe
» au Centre régional de santé de Peterborough, je faisais
partie du personnel en tant que thérapeute respiratoire
et j’avais dix ans d’expérience. J’avais travaillé dans plusieurs
hôpitaux et cliniques et j’étais à la recherche d’un défi. Dans
ma perception restreinte et naïve de l’acceptation du nouveau
rôle récemment créé de « chef d’équipe », j’avais imaginé un
rôle fondé sur la recherche et la rédaction de politiques. J’avais
présumé que les procédures devraient être exposées, les rôles
précisés et les directives élaborées et ce, dans un effort visant
à faire connaître davantage le service de thérapie respiratoire
et de définir clairement la signification du rôle de thérapeute
respiratoire au Centre régional de santé de Peterborough.
En matière d’organisation, qualité et sécurité des patients
faisaient partie des mots à la mode et j’avais présumé que ces
concepts seraient d’une importance primordiale dans ce rôle,
avec une acceptation inconditionnelle de la part du personnel. Après tout, chacun s’investit dans les soins de ses patients
de la meilleure façon possible. En somme, pour réussir à ce
nouveau poste, il fallait que tout soit précisé clairement et
présenté de façon attrayante.
À ma grande surprise, la réalité s’est révélée complètement différente. L’appellation de ce rôle a changé plusieurs
fois pendant les premiers mois, passant de « chef d’équipe »
à « thérapeute respiratoire principale » à celle beaucoup plus
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appropriée de « chef des services », ce qui a causé à beaucoup
de confusion, tant pour le personnel que pour moi. Les attentes à l’égard de ce rôle n’étaient pas définies clairement, ce
qui a donné lieu à une transition tumultueuse de thérapeute
respiratoire membre du personnel à 100 % à thérapeute respiratoire membre du personnel à 90 % et chef des services
pendant les 10 % du temps qui restait. Tout en pataugeant et
en essayant de trouver mon équilibre sur cette nouvelle voie
que j’avais choisie, j’en suis arrivée éventuellement à réaliser
ce que pouvait être ce rôle et la façon dont je voulais le jouer.
Au début, il est devenu apparent que les politiques et
les procédures coulées dans le béton ne font pas progresser
la profession. Ce sont plutôt les gens qui contestent le statu
quo qui agissent comme agents de changement. L’aptitude à
diriger, officiellement et officieusement (et croyez-moi, ce rôle
est très officieux), repose sur la capacité de reconnaître la valeur chez ces professionnels et de faciliter le changement dans
les normes de la profession acceptées. Comme vous pouvez
l’imaginer, c’est décourageant pour un chef et frustrant pour
le personnel.
Cependant, cette prise de conscience m’a permis de sortir
de ma propre mentalité et d’utiliser ces professionnels comme
une sorte de compas professionnel. Je m’arrête souvent pour
me demander ce que certains membres du personnel feraient
en réfléchissant à des décisions et je me sers de cette conversa-
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tion interne pour orienter mes décisions, lorsque le besoin se
fait sentir. En maintenant une « zone de confort » nettement
définie, on entrave le progrès. Je crois fermement à la rétroaction continue d’autrui, à la consultation du personnel et à
une communication ouverte. Avec une telle élite professionnelle, je n’arrive pas à imaginer une structure de leadership qui
fonctionnerait autrement. Elle permet à chacun d’exprimer
ses propres pensées et idées uniques, ce qui doit absolument
influer sur la prise de décisions. Un consensus n’est pas toujours possible, mais plus souvent qu’autrement, des gains plus
importants sont réalisés lorsque chacun est engagé dans le
processus.
L’autoréglementation a également retenu mon attention.
La profession de thérapeute respiratoire a le privilège d’être
autoréglementée. On définit l’autoréglementation comme
étant une combinaison unique de connaissances et de compétences, un sens du devoir dépassant l’intérêt ou le gain personnel, et l’indépendance à l’égard de l’ingérence externe dans les
affaires de la profession [1]. Cette définition convient tout à
fait au rôle de thérapeute respiratoire. Elle appuie aussi sans
réserve les membres du personnel qui contestent la mentalité
affirmant « c’est notre politique ». Nous sommes un groupe
unique au sein du milieu des soins de santé. Les thérapeutes
respiratoires, par leur nature même, n’ont pas besoin d’être «
dirigés » dans le sens traditionnel. Afin d’être un thérapeute
respiratoire efficace, vous devez être mesure de vous adapter
rapidement. Vous devez à la fois être créatif et novateur, presque quotidiennement. Chaque professionnel d’un service
de thérapie respiratoire est responsable de son propre rendement. Chacun se rend au travail dans l’intention de changer
les choses et d’avoir un excellent rendement.
Les thérapeutes respiratoires acceptent une responsabilité
personnelle, satisfont aux normes acceptées et répondent de
leurs propres actes par nature. Il nous arrive assez souvent
de travailler indépendamment de nos collègues dans le cadre
d’une équipe de soins de santé. Il est clair que le titre de thérapeute respiratoire confère une responsabilité de participer à la
profession, à la maintenir et à la perfectionner pour lui permettre de progresser et de relever les défis d’un secteur des
soins de santé en constante évolution. Les thérapeutes respiratoires n’ont pas à se faire dire comment y arriver. Ils n’ont besoin que du soutien et de la structure nécessaires, ce qui peut
être facilité par les gestionnaires qui sont chargés de planifier
et d’affecter les ressources et par les superviseurs, les chefs des
services, les chefs d’équipe (quelle que soit l’appellation actuelle) qui trouvent une façon de permettre à tous ceux qui les
entourent d’être plus efficaces. Les leaders inspirent les autres
à respecter leurs valeurs, à prendre des décisions éclairées et
à effectuer un changement pour atteindre des objectifs communs en donnant eux-mêmes l’exemple. Comme l’affirmait
Michael Henry Cohen, « on enseigne ce qu’on accepte ». Un
chef des services occupe un poste unique pour agir en tant
que modèle.
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Dans le milieu des soins de santé, où les cliniciens
portent souvent le fardeau des résultats insatisfaisants,
l’autoréglementation permet aux thérapeutes respiratoires
d’acquérir un conscience de soi et les compétences en matière
de gestion nécessaires afin de travailler dans ce milieu en
évolution constante et en fait, de s’y adapter. Le rendement
dépend à quel point les cliniciens réussissent à gérer les pressions et les priorités de ce travail. Une structure de leadership
qui appuie inébranlablement le personnel permet à celui-ci de
devenir inspiré pour croire qu’il peut accomplir davantage et
réaliser davantage. Cette base appuiera ensuite la structure de
changement et, par conséquent, le progrès.
Au sein d’une profession, il y a toujours des règles qu’on
doit observer. Tous les membres du personnel doivent connaître, sans s’y limiter, ces directives professionnelles. Ces règles
peuvent être offertes dans le contexte d’un cadre de travail qui
permet la contestation du statu quo, l’amélioration du rendement et l’avènement du changement. Les leaders officieux,
tels que moi-même, doivent fixer des objectifs et des cibles,
établir des plans souples et, osons-nous l’espérer, appuyer les
gens autour d’eux afin d’y parvenir de façon continue. L’un
de mes objectifs professionnels consiste à relever le défi à la
fois de faciliter le changement et de donner le ton à un groupe
de professions autoréglementées en se rappelant toujours des
trois règles de la réussite suivantes :
1. Chaque jour, améliorez-vous dans ce que vous faites
2. Faites ce qu’il faut
3. Aimez ce que vous faites [2]
Comme partout ailleurs, des erreurs surviendront. Ce
n’est pas tout le monde qui est d’accord avec tout ce que vous
faites. En retenant les trois règles susmentionnées, j’arrive à
passer par-dessus les erreurs et à toujours garder mon équilibre sur ce sentier rocailleux qui mène au progrès.
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STUDENTS COLUMN

Tips from One RT Student to Another
Krystle Hong, BSc.
Director, Student Representative, on the CSRT Board of Directors

A

s I write my last journal article as the
CSRT student representative, I sit and reflect on my years as a respiratory therapy
student. Graduating in April 2012, it has been
three full years of learning, great experiences,
stress, frustration, satisfaction, “ah-ha” moments, laughter and tears, and meeting great
people. As a seasoned student, there are some
valuable tips I would like to pass on:
1. Don’t stand at the foot of the bed or anywhere in direct
line of projection of a tracheostomy tube.
2. Always introduce yourself to your patient, and be kind.
Patients will usually want tell you more because you listen.
But focus, and stay on topic.
3. A wise teacher once answered this question from a fellow
student: “Do I need my stethoscope?” with, “Are you
an RT?”
4. Always carry a pen or a number of pens (in different
colours), a calculator, a stethoscope, your nametag, a
watch, and a notebook. If possible, also carry a syringe,
scissors, tape, and some blood gas kits.
5. Try not to lose your equipment that is sitting in your
pocket–either while following a quick-walking, stairsjogging preceptor or while running to a code.
6. When lending out your stethoscope, burn the image
of the borrower’s face into your memory–can you pick
him/her out of a lineup?
7. Learn how you learn. Experiment with different learning
technique styles. Just don’t take too long figuring this
one out–marks are riding on it.
8. Take up a hobby that is non-respiratory related.
9. Everyone knows everyone else in respiratory therapy.
Think wisely before commenting.
10. Savour every moment–even at 3 or 4 o’clock in the
morning, on a night shift, remember why you are here.
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Sitting on the board for the last two years has
given me the privilege of meeting many students
from across the country and learning about all the
post-graduation opportunities available to me. I
encourage all students to explore the possibilities
and resources available to us. For example, the
CSRT student membership is a one-time fee that
is valid from the day you enter the RT school program to approximately one year post-graduation.
This membership provides you with the same benefits as a
registered member, including online access to many education resources, professional liability insurance, and reduced
rates for the annual CSRT conference. It allows you to belong
to a national professional organization and help promote the
profession throughout the country.
This year’s annual CSRT Education Conference and
Trade Show will take place May 31 to June 2, 2012, in beautiful Vancouver, British Columbia. Are you registered to attend? This conference will be my third as an RT student,
and I can say I am hooked. The atmosphere for knowledge
is inviting and stimulating, and the parties are a blast. It is a
fabulous opportunity for a student to attend and see what it
is all about. And you can’t beat the price! CSRT student
members pay only $75.00 for a full registration. Grab a
fellow RT friend and join us. Will you be there?
As the school year winds down, I hope everyone has
had a wonderful year. Take this time, as I do, to reflect on
your growth through the semesters. If you have any questions
about the CSRT, feel free to send me an email through the
CSRT website (www.csrt.com). I value any comments you
may have as well. I look forward to hearing from you and
seeing you in Vancouver, BC.
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CHRONIQUE DES ÉTUDIANTS

Conseils d’une étudiante en thérapie respiratoire
Krystle Hong, BSc.
Représentante des étudiants au Conseil d’administration de la SCTR

E

n rédigeant mon dernier article pour le
journal en tant que représentante des
étudiants de la SCTR, je m’arrête et je
réfléchis à mes années d’étudiante en thérapie
respiratoire. Diplômée en avril 2012, ce sont trois
années entières d’apprentissage, d’expériences
formidables, de stress, de frustration, de satisfaction, de moments d’étonnement, de joie et de
peine et de rencontres avec des gens extraordinaires. En tant qu’étudiante expérimentée, j’aimerais
transmettre certains conseils précieux :
1. Ne vous tenez pas debout au pied du lit ou à n’importe
quel endroit directement en ligne avec un tube de
trachéostomie.
2. Présentez-vous toujours au patient et soyez gentil. Les
patients voudront vous en dire davantage si vous écoutez.
Cependant, concentrez-vous et ne débordez pas du sujet.
3. Un professeur avisé a déjà répondu à cette question
d’un compagnon d’études : « Ai-je besoin de mon
stéthoscope? » ce qui suit : « Êtes-vous un thérapeute
respiratoire? »
4. Ayez toujours sur vous une plume ou un certain nombre
de plumes (de différentes couleurs), une calculatrice, un
stéthoscope, votre porte-nom, une montre et un carnet.
Dans la mesure du possible, ayez aussi une seringue, des
ciseaux, du ruban adhésif et des trousses pour l’analyse
des gaz sanguins.
5. Essayez de ne pas perdre votre équipement qui se trouve
dans votre poche, soit eu suivant un précepteur qui
marche rapidement ou qui monte les escaliers au pas de
course ou en vous rendant en courant à un code.
6. Lorsque vous prêtez votre stéthoscope, mémorisez le visage de l’emprunteur afin de pouvoir le repérer dans une
file.
7. Apprenez votre façon d’apprendre. Expérimentez
différents styles de techniques d’apprentissage. Ne prenez
pas trop de temps à le faire, car vos notes en dépendent.
8. Choisissez un passe-temps qui n’est pas lié à la respiration.
9. Tout le monde se connaît en thérapie respiratoire. Réfléchissez avant de formuler des commentaires.
10. Savourez chaque moment, même à trois ou quatre
heures du matin, en travaillant sur un quart de nuit,
rappelez-vous la raison de votre présence.
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En siégeant au conseil d’administration au
cours des deux dernières années, j’ai eu le privilège
de rencontrer de nombreux étudiants venant de
tout le pays et de découvrir toutes les occasions
qui s’offraient à moi après l’obtention de mon
diplôme. J’encourage tous les étudiants à
explorer les possibilités et les ressources qui nous
sont offertes. À titre d’exemple, l’adhésion de
membre étudiant à la SCTR est une cotisation
unique valide à partir du jour ou vous entreprenez le
programme d’études de thérapeute respiratoire jusqu’à environ
un an après l’obtention de votre diplôme. Cette adhésion
vous procure les mêmes avantages qu’un membre agréé, dont
l’accès en ligne à de nombreuses ressources éducatives, une
assurance responsabilité professionnelle ainsi que des tarifs réduits pour assister au congrès annuel de la SCTR. Elle
vous permet d’appartenir à une organisation professionnelle
nationale et d’aider à promouvoir la profession à l’échelle
du pays.
Cette année, le Congrès éducatif et salon professionnel de la SCTR aura lieu du 31 mai au 2 juin 2012, dans la
magnifique ville de Vancouver, en Colombie-Britannique.
Êtes-vous inscrit? Ce congrès sera le troisième auquel
j’assisterai en tant qu’étudiante en thérapie respiratoire et
je dois avouer que je suis accro. L’ambiance d’apprentissage
est accueillante et stimulante et les fêtes sont formidables.
C’est une occasion fabuleuse pour un étudiant d’assister à cet
événement et de constater de quoi il s’agit. Et le prix est
imbattable! Les membres étudiants de la SCTR ne paient
que 75 $ pour l’inscription complète. Demandez à un ami
thérapeute respiratoire de vous y accompagner. Y serez-vous?
L’année scolaire tirant à sa fin, j’espère que tout le monde
a passé une bonne année. Profitez de ce moment, comme je le
fais, pour réfléchir à votre croissance au cours des semestres.
Si vous avez des questions relatives à la SCTR, n’hésitez pas
à me les transmettre par courriel par l’entremise du site Web
de la SCTR (www.csrt.com). J’apprécie également tous vos
commentaires et j’ai hâte de recevoir de vos nouvelles et de
vous voir à Vancouver (C.-B.).
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Educators’ Column

DIIK (Darned If I Know)
Ray Hubble, RRT, M.Ed., FCSRT
New Brunswick Community College, Saint John, New Brunswick, Canada

I

n my teaching life, a typical day in the classroom or laboratory involves sharing information or skills within a specified
period of time. As I wrap up the content session and provide some directions for the next class or laboratory session,
it happens. Beneath my line of sight, within the confines of
book bags, purses, pockets, desk interiors, and other regions
not listed, cell phones emerge quicker than my students are
willing to answer my questions. Their fingers furiously scurry
to catch up on the latest happenings in the world of cyber
communications and respond to the plethora of “tweets”,
“texts”, “BBM’s”, or other such forms of information transfer
that they had missed during those agonizing 50 minutes in
class.
I have to admit that I am still on a learning curve with
cell phones in the classroom. I have sat on both sides of the
fence in recent years. Their use has been reported as high as
95% [1] in one recent study. My colleagues and I had agreed
upon cell phone use (or lack thereof ) in the classroom at the
beginning of the term.
Recently, a group of students in our institution were
tasked by a colleague to create some videos for an advanced
respiratory therapy procedures course. One of the submissions portrayed various faculty members and their “unique”
teaching characteristics. The student who was charged with
portraying my unique characteristic chose to lead a class while
constantly being distracted by checking Blackberry messages.
I laughed at the portrayals of myself and my colleagues and
applauded the creativity that was so evident in the execution
of their assignment. However, I was concerned with the behaviour that I had been modeling at the front of the class. I
had been caught doing the very thing that I had asked my
students not to do.
At the time of my mea culpa I was entrenched in a work
assignment in addition to my regular teaching role. This assignment required communication with a variety of contractors outside of my organization, and involved a series of timesensitive deadlines. I had somehow convinced myself that
the 50 minutes in which I had asked my students to abstain
from their electronic communication devices was “different”
than my need to check on every single message (including the
exclusive deals at my local big box store) that had me checking my Blackberry in an autonomic response every time it
vibrated on my hip.
So what is the answer? Do I allow my student unfettered
access to the World Wide Web that they can access from the
palm of their hands? Do I let them fact check every bit of
information that I present, and ask questions out of context
because Google® had an answer with 3,123,247 citations of
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relevance within 0.124 seconds? Do I work diligently with
my colleagues to write an all-encompassing policy detailing
the use of these devices in the classroom? What is and what
is not acceptable use? Do I seek out creative applications and
uses that can benefit the overall delivery of my course materials and engage the learning of my students in the medium of
their choice? I wish I had the answers, but the older I get, the
less I know. This is especially true as my 10-year-old outwits
my ability to file transfer between his iPod and our home PC.
I have become the dinosaur that I once thought was the domain of my parents.
A recent article that I reviewed in the “College Student
Journal” [2] included a summary of recommendations that I
found to be quite well rounded in the context of this discussion. Their suggested ways to overcome distractions posed by
cell phone users during class include:
1. A cell phone policy developed by your program.
2. Orientating students to the cell phone policy.
3. Clearly communicate cell phone etiquette for class.
4. Role model cell phone etiquette.
5. Reinforcing cell phone etiquette in the course syllabus
and program policy manual.
6. Request students leave cell phones in lockers during examinations [2].
Whether I want to admit it or not, this issue (problem?)
is here to stay. I have been slowly evolving to accept it and
want to embrace it as a tool in the classroom; however, I am
still searching for the right strategy. I would be interested
to hear the perspective of students and educators across the
country. What do you see the role of cell phones in the classroom being, and how have you been dealing with it? Outright ban, full embrace, somewhere in the middle, not sure as
you are too busy texting your spouse...LOL!!
Please send your rants, raves, comments, hopes, fears,
dreams, and desires to me at ray.hubble@nbcc.ca. I will collate the comments and distribute to all who respond.
TTYL (talk to you later)…
References
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Chronique DES ENSEIGnants

Je n’en sais rien
Ray Hubble, RRT, M.Ed., FCSRT
New Brunswick Community College, Saint John (Nouveau-Brunswick), Canada

D

ans ma vie d’enseignant, une journée typique en classe
ou dans le laboratoire comporte la communication
d’information ou de compétences dans une période donnée. En résumant le contenu de la session et en offrant des directives pour la prochaine session en classe ou au laboratoire, il
arrive qu’au-delà de mon champ de vision, au fond de sacs de
livres, de sacs à main, de poches, de l’intérieur des bureaux ou
d’autres lieux inconnus, les téléphones cellulaires émergent plus
rapidement que mes étudiants sont disposés à répondre à mes
questions. Ils fouillent furieusement pour attraper les derniers
événements du monde des cyber communications et répondre à
la pléthore de « tweets » et de « messages texte », de « BBM » ou
autres formes de transfert d’information qu’ils ont ratés pendant
ces 50 minutes interminables en classe.
Je dois admettre que j’en suis encore en période
d’apprentissage en ce qui a trait aux téléphones cellulaires en
classe. Au cours des dernières années je me suis retrouvé dans les
deux positions. Selon une étude récente, l’utilisation du cellulaire
a atteint 95 % [1]. Mes collègues et moi-même nous étions entendus sur l’utilisation du téléphone cellulaire (ou sa non utilisation) en classe au début de la session.
Récemment, un collègue a demandé à un groupe d’étudiants
de notre établissement de créer des vidéos pour un cours de perfectionnement sur les procédures de thérapie respiratoire. Une
des soumissions décrivait divers membres de la faculté et leurs
caractéristiques d’enseignement « uniques ». L’étudiant chargé
de décrire mes caractéristiques uniques a choisi de diriger une
classe tout en étant constamment distrait en vérifiant les messages sur son Blackberry. J’ai ri de ces interprétations de moi et
de mes collègues et applaudi la créativité qui était si évidente dans
l’exécution de leur devoir. Cependant, j’étais inquiet du comportement que j’avais eu devant la classe. On m’avait surpris à
faire la même chose que j’interdisais à mes étudiants.
Au moment de mon mea culpa, j’étais occupé à une affectation en plus de mon rôle régulier d’enseignant. Cette affectation nécessitait une communication avec divers entrepreneurs à
l’extérieur de mon établissement et une série d’échéanciers critiques. Je m’étais convaincu tant bien que mal que les 50 minutes
au cours desquelles j’avais demandé à mes étudiants de s’abstenir
d’utiliser leurs appareils de communication électroniques étaient
« différentes » de mon besoin de vérifier chaque message (incluant les aubaines exclusives à mon magasin entrepôt) qui me faisait vérifier mon Blackberry réglé en réponse autonome chaque
fois qu’il vibrait sur ma hanche.
Alors, quelle est la réponse? Est-ce que je permets à mes
étudiants un accès absolu au Web qu’ils peuvent atteindre à partir
de la paume de leurs mains? Est-ce que je les laisse vérifier chaque
information que je présente et poser des questions hors contexte
parce que Google® avait une réponse avec 3 123 247 citations
pertinentes en 0,124 secondes? Est-ce que je travaille avec diligence avec mes collègues à la rédaction d’une politique générale
détaillant l’utilisation de ces appareils en classe? Qu’est-ce qui
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est une utilisation acceptable et non acceptable? Est-ce que je recherche des applications et des utilisations créatives qui peuvent
bénéficier à la présentation globale de mon matériel didactique
et encourager l’apprentissage de mes étudiants dans le médium
de leur choix? J’aimerais avoir les réponses, mais plus je vieillis,
moins je sais. C’est particulièrement vrai, étant donné que mon
fils de dix ans peut plus facilement que moi transférer des fichiers
entre son iPod et notre OP domestique. Je suis devenu le dinosaure, qualificatif que je croyais être l’apanage de mes parents.
Un article récent que j’ai consulté dans le « College Student
Journal » [2] incluait un résumé des recommandations que j’ai
trouvées assez pertinentes dans le contexte de cette discussion.
Voici quelques-unes des façons suggérées pour éliminer les distractions attribuables aux utilisateurs de téléphones cellulaires
pendant les cours :
1. Une politique sur les téléphones cellulaires élaborée par
votre programme.
2. Renvoyer les étudiants à la politique sur les téléphones cellulaires.
3. Communiquer clairement l’étiquette en matière de téléphones cellulaires pour la classe.
4. Présenter un modèle de rôle pour l’étiquette en matière de
téléphones cellulaires.
5. Renforcer cette étiquette dans le plan de cours et le manuel
de la politique des programmes.
6. Demander aux étudiants de laisser leurs téléphones cellulaires dans leurs casiers pendant les examens [2].
Que je veuille l’admettre ou non, cette question (ce problème?) est ici pour rester. J’ai évolué lentement pour l’accepter et
je veux le considérer comme un outil dans la classe. Cependant,
je suis encore à la recherche de la bonne stratégie. J’aimerais entendre le point de vue des étudiants et des éducateurs du pays.
Comment concevez-vous le rôle des téléphones cellulaires dans
la salle de classe et comment résolvez-vous cette situation? Interdiction complète, acceptation inconditionnelle, entre ces deux
extrêmes, vous n’en êtes pas certain, étant donné que vous êtes
trop occupé à envoyer un message texte à votre conjointe…c’est
à rire aux éclats!
Veillez me faire parvenir vos tirades, commentaires, espoirs,
craintes, rêves et désirs à l’adresse suivante : ray.hubble@nbcc.ca.
Je colligerai vos commentaires et les distribuerai à tous ceux qui
répondent.
À plus tard!…
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Abstract
Background
Pneumonia is a leading cause of children’s deaths in developing
countries and hinders achievement of the fourth Millennium
Development Goal. This goal aims to reduce the under-five
mortality rate, by two thirds, between 1990 and 2015.
Few studies have examined the impact of zinc adjunct therapy
on the outcome of childhood pneumonia. We determined the
effect of zinc as adjunct therapy on time to normalization of
respiratory rate, temperature and oxygen saturation. We also
studied the effect of zinc adjunct therapy on case fatality of
severe childhood pneumonia (as a secondary outcome) in
Mulago Hospital, Uganda.
Methods
In this double blind, randomized, placebo-controlled clinical
trial, 352 children aged 6 to 59 months, with severe pneumonia
were randomized to zinc (20 mg for children ≥12 months, and
10 mg for those < 12 months) or a placebo once daily for seven
days, in addition to standard antibiotics for severe pneumonia.
Children were assessed every six hours. Oxygen saturation was
normal if it was above 92% (breathing room air) for more than
15 minutes. The respiratory rate was normal if it was consistently
(more than 24 hours) below 50 breaths per minute in infants
and 40 breaths per minute in children above 12 months of age.
Temperature was normal if consistently below 37.5°C. The difference in case fatality was expressed by the risk ratio between
the two groups.
Results
Time to normalization of the respiratory rate, temperature and
oxygen saturation was not significantly different between the
two arms.

Case fatality was 7/176 (4.0%) in the zinc group and
21/176 (11.9%) in the placebo group: Relative Risk 0.33 (95%
CI 0.15 to 0.76). Relative Risk Reduction was 0.67 (95% CI
0.24 to 0.85), while the number needed to treat was 13. Among
HIV infected children, case fatality was higher in the placebo
(7/27) than in the zinc (0/28) group; RR 0.1 (95% CI 0.0, 1.0).
Among 127 HIV uninfected children receiving the placebo,
case fatality was 7/127 (5.5%); versus 5/129 (3.9%) among HIV
uninfected group receiving zinc: RR 0.7 (95% CI 0.2, 2.2). The
excess risk of death attributable to the placebo arm (Absolute
Risk Reduction or ARR) was 8/100 (95% CI: 2/100, 14/100)
children. This excess risk was substantially greater among HIV
positive children than in HIV negative children (ARR: 26 (95%
CI: 9, 42) per 100 versus 2 (95% CI: -4, 7) per 100); P-value for
homogeneity of risk differences = 0.006.
Conclusion
Zinc adjunct therapy for severe pneumonia had no significant effect on time to normalization of the respiratory rate, temperature
and oxygen saturation. However, zinc supplementation in these
children significantly decreased case fatality.
The difference in case fatality attributable to the protective
effect of zinc therapy was greater among HIV infected than HIV
uninfected children. Given these results, zinc could be considered for use as adjunct therapy for severe pneumonia, especially
among Highly Active Antiretroviral Therapy naïve HIV infected
children in our environment.
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Abstract
Introduction
Pulmonary involvement is a known manifestation in patients
with ankylosing spondylitis (AS). However, previous studies
have been based on small samples and the reported prevalence
and associations with typical clinical features vary. The purpose
of this study was to compare pulmonary function (PF) in patients with AS and population controls, and to study associations
between PF and disease related variables, cardio-respiratory fitness and demographic variables in patients with AS.
Methods
In a cross-sectional controlled study, 147 AS patients and
121 controls underwent examinations, including demographic
variables, laboratory (C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR)) and clinical measures (disease activity
(AS disease activity score, ASDAS), physical function (Bath
ankylosing spondylitis functional index, BASFI), spinal mobility
(Bath ankylosing spondylitis metrology index, BASMI), chest
expansion, cardio-respiratory fitness (peak oxygen uptake,
VO2peak) and pulmonary function test (PFT) (spirometry)).
Cumulative probability plots were used to visualize associations
between the ASDAS and BASMI scores and the corresponding
forced vital capacity (FVC%, percentage of predicted value controlled for the influence of confounding factors) score for each
patient. Univariate ANCOVAs were performed to explore group
differences in PF adjusting for relevant variables, and a multiple
regression model was used to estimate the explanatory power of
independent variables (demographic, disease related, VO2peak)
on restrictive ventilatory impairment (FVC%).
Results
As patients showed significantly lower PF values compared
with controls, and significantly more patients were categorized
with restrictive pattern (18% vs. 0%, P < 0.001). Cumulative probability plots showed significant associations between
spinal mobility measures (BASMI) and FVC% for individual
patients. BASMI, chest expansion and male gender contributed
significantly and independently in a multiple regression model
predicting the variation of FVC% in AS patients, whereas disease activity, physical function and VO2peak did not contribute
significantly. The final model explained 45% of the variance in
FVC% (P < 0.001).
Conclusions
This study showed significantly impaired pulmonary function
in the AS patients compared to controls and reference data, and
demonstrated a clear relationship between reduced spinal mobility
and restrictive PF in AS patients. The results support the
assumption of an association between musculoskeletal limitations
and restrictive respiratory impairment in AS, emphasizing the
importance of maintaining spinal flexibility in the management
of the disease. Further, patients with severely reduced spinal mobility should be referred for pulmonary function examination
and relevant follow-up treatment.
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Fractionated breath condensate sampling: H2O2
concentrations of the alveolar fraction may be related
to asthma control in children
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Abstract (provisional)
Background
Asthma is a chronic inflammatory disease of the airways but
recent studies have shown that alveoli are also subject to pathophysiological changes. This study was undertaken to compare
hydrogen peroxide (H2O2) concentrations in different parts of
the lung using a new technique of fractioned breath condensate
sampling.
Methods
In 52 children (9-17 years, 32 asthmatic patients, 20 controls)
measurements of exhaled nitric oxide (FENO), lung function,
H2O2 in exhaled breath condensate (EBC) and the asthma control test (ACT) were performed. Exhaled breath condensate was
collected in two different fractions, representing mainly either
the airways or the alveoli. H2O2 was analysed in the airway and
alveolar fractions and compared to clinical parameters.
Results
The exhaled H2O2 concentration was significantly higher in the
airway fraction than in the alveolar fraction comparing each single pair (p=0.003, 0.032 and 0.040 for the whole study group,
the asthmatic group and the control group, respectively). Asthma control, measured by the asthma control test (ACT), correlated significantly with the H2O2 concentrations in the alveolar
fraction (r =0.606, p=0.004) but not with those in the airway
fraction in the group of children above 12 years. FENO values
and lung function parameters did not correlate to the H2O2
concentrations of each fraction.
Conclusion
The new technique of fractionated H2O2 measurement may
differentiate H2O2 concentrations in different parts of the lung
in asthmatic and control children. H2O2 concentrations of the
alveolar fraction may be related to the asthma control test in
children.
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