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MESSAGE FROM THE EDITOR-IN-CHIEF

Prior influenza vaccination effects on vaccine effectiveness:
a point of consideration for health care workers
Justin Sorge RRT FCSRT MPH

T

his quarter’s issue of the Canadian Journal of
benefits, in terms of reduced morbidity and morRespiratory Therapy is a dedicated special issue
tality of high-risk populations, are well docuto primary care in respiratory care. For this issue
mented [6–9]. But these recommendations, when
we have curated a rich variety of research articles
imposed as a requirement of employment, have
and commentary concerning primary care in
been a contentious point. This is the case across
Canada and globally. The Canadian Medical
British Columbian health authorities and areas of
Association describes primary care as “consist(ing)
New Brunswick and Ontario, where annual influof first-contact assessment of a patient and the
enza vaccination is a condition-to-work policy [10].
provision of continuing care for a wide range of
Despite these policies leading to discontent surhealth concerns. The scope of primary care
rounding the imposition, surveys of HCWs in
includes the diagnosis, treatment and manageNorth America show a high degree of favourability
ment of health problems; prevention and health
of influenza vaccination, whether imposed
promotion; and ongoing support, with family
through condition-to-work policy or not [11–17].
and community intervention where needed” [1].
One question surrounding mandatory influJustin Sorge
Increasingly, the importance of primary care, in
enza vaccination of HCWs regards the effects of
terms of quality of life improvements and cost-
serial vaccination on vaccine effectiveness (VE).
effectiveness, has been noted by all health profesInfluenza vaccination is unique due to the virus’s
sions. And respiratory therapists and other respiratory care practitioners
high rate of antigenic drift, necessitating annual vaccination. In the
are no exception.
1970s, studies indicated prior vaccination may modify the protection of
Vaccination is one particularly effective intervention of primary care
vaccination in the current season [18, 19]. The proposed mechanisms of
to prevent the spread of communicable diseases, fulfilling two tenets of
the relationship of current year VE and previous vaccination are comprimary care: disease prevention and health promotion. Increasingly,
plex, poorly understood, and confounded by methodological challenges
however, vaccine hesitancy is threatening to erode the massive public
of VE studies, variability of findings, limited time course studies, vaccine
health achievements these programs have realized. Health care workers
mismatch and antigenic distance between subsequent years’ vaccines,
(HCW) are positioned to act as effective influencers in combatting this
differences in vaccine preparation, antigenic drift, heterogeneity of study
phenomenon [2]. Another opportunity that HCWs may contribute
subjects, and poor understanding of immunologic response to repeated
towards disease prevention and health promotion is through influenza
vaccination; therefore, a focused exploration is beyond the scope of this
vaccination, particularly relevant this time of year.
discussion. For interested readers, Belongia et al. provided a rich review
Public Health Agency of Canada’s Respiratory Virus Report is a
of such, and I encourage the readership to review this document [20].
useful surveillance system of respiratory virus detections by province/
In brief, studies examining these effects suggest prior influenza vacciterritory, updated weekly [3]. In Canada, influenza circulates during the
nation may negatively affect VE in the current season, particularly for
late winter and fall. Populations at high-risk for influenza-related
influenza A(H3N2) vaccines as well as A(H1N1)pdm09 (although to a
complications are pregnant women; those with cardiac or pulmonary
lesser extent)—see Belongia et al. and the studies cited within [20].
disorders, diabetes, cancer or the immunocompromised; renal disease;
Furthermore, there may be a negative dose (number of previous vaccinaneurologic/neurodevelopment conditions; children 18 years old or
tions)–response (VE) relationship [21, 22]. One Canadian study revealed
younger undergoing long-term treatment with acetylsalicylic acid; resia negative VE against A(H3N2) in groups that received repeated vaccinadents of long-term care facilities, age 65 years old and greater; and
tion when compared with a group that were never vaccinated, suggesting
Aboriginal peoples. Estimates for Canada suggest 12,200 hospitalizaan increased risk of A(H3N2) infection among the repeated vaccine
tions and 3500 deaths related to influenza, annually [4]. These high-risk
group. However, these findings must be interpreted with caution as conpopulations have a high probability of exposure to HCWs, whether in
founding cannot be ruled out, the study was limited sample-size to detect
primary, secondary, or tertiary care environments; as such, HCWs are
a change, misclassification of previous vaccination due to recall bias was
obligated to limit the risk of influenza transmission during exposure to
a risk as vaccine history was self-reported [21]; additional studies are
high-risk groups.
needed to support these findings. As noted, individual studies and
The National Advisory Committee on Immunization and the Public
meta-analyses of this health issue are not without limitations, and resulHealth Agency of Canada recommend, in the absence of contraindicatantly, scientific consensus has not been reached.
tions, influenza vaccination for any individuals capable of transmitting
The choice to vaccinate should be an informed decision. Autonomous
the illness to high-risk populations, regardless of immunization status
individuals weigh the risks and benefits (hopefully in consultation
of the high-risk individual [5]. Of course, this recommendation conwith their chosen healthcare provider), balancing a complex network of
cerns HCWs, either working in a facility or in the community, and the
personal beliefs and social responsibility. Influenza vaccinations are a

Correspondence: Justin Sorge, Research Associate, Canadian Institute of Substance Use Research, University of Victoria, Victoria, BC, Canada. E-mail:
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relatively safe preventative measure (oculo-respiratory syndrome and
Guillian–Barré Syndrome (GBS) are rare, more serious adverse events
associated with vaccination—although the risk of GBS associated with
influenza-like illness is greater than for vaccination) when not contraindicated. The current evidence base of modified VE among populations
repeatedly exposed to the influenza vaccine must be compared against
evidence of significant decreased morbidity and mortality since recommendations to vaccinate individuals capable of transmitting to high-risk
groups. Further research is warranted to understand the mechanisms of
this effect to inform policy and maintain public confidence in vaccination programs. Until that time, I encourage our readers to turn to the
most comprehensive, reliable, and up to date information on how primary care interventions, such as influenza vaccination, may prevent disease and promote health in themselves and their patients and clients.
I really hope you enjoy this special issue we have put together on
primary care!

Justin Sorge RRT, FCSRT, MPH, Editor-in-Chief
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Respiratory therapists in a primary role as disease manager
Wendy Fascia MA, RRT1, Jennifer Pedley BS, RRT2
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At Crouse Hospital in Syracuse, New York, the Lung Partners (LP) program is being utilized to positively impact the management of a health
population (chronic obstructive pulmonary disease, COPD) within our
community. LP is a comprehensive, Primary Respiratory Care model for
inpatient COPD disease management, currently comprised of 27
Respiratory Therapists (RTs) who are disease management specialists,
having completed an extensive training program. There are over 600
COPD patients enrolled in our program, and in our database, which
is approximately 25% of the diagnosed COPD population in our
community.
The LP program is taking a different approach to improve the management of COPD both in and out of the hospital setting. In our program, RTs are positioned as the major physician partners in the
management of COPD for all patients. Most individuals diagnosed with
COPD are often very complex health care patients who see a variety of
providers and social services on an outpatient basis, and then once in
our hospital system they may see several different hospitalists during an
inpatient hospital admission and also on each readmission. The numerous providers caring for these individuals on an occasional and brief
basis, frequently results in delays in care due to communication issues.
The many entities involved may also interfere with a clear plan at discharge, resulting in that plan not being carried out at home. Care
becomes very fragmented. With our LP program, the goal is to decrease
this fragmentation of care for these clients.
The LP program begins with the voluntary enrollment of inpatient
clients who have a diagnosis of COPD and meet criteria for our LP program. They are then immediately partnered with a Primary LP RT, and
also a Secondary RT for times when the Primary RT is not in-house.
That Primary RT will have a primary relationship with that client with
COPD for all hospital admissions, and then is actively involved in the
client’s transition to home. These LP RTs, knowing their client on an
ongoing basis, have an insight into their routine maintenance, their triggers, and the barriers they face each day outside of the hospital, which is
all vital information in developing a plan for discharge that will be effective in keeping that client from returning to the hospital for an unnecessary readmission.
To accomplish our program goals, (as spelled out in our Lung Partner
Handbook), partnering the LP RT with the client is only the first step
towards creating the connection necessary for this program to be successful. The Primary RT educates the inpatient client on their disease and
coaches disease management skills. They screen them for co-morbidities
that are, at times, poorly addressed in the hospital setting. Anxiety and
depression are major co-morbidities, especially for this health population, and are part of the screening assessment by the Primary RT. The LP
program collaborates with a psychology group to address this issue with

identified clients. Other screenings in the initial assessment include
nutrition, health literacy, and quality of life, among others that lead to
conversation, producing opportunities to dig into the barriers that the
client faces to maintaining their health at home. Protocols are in place
for clients to receive services based on the Primary RT’s assessment so
care can be easily implemented and adjusted to fit the specific inpatient
client’s current condition. The continual day-to-day presence and reinforcement by the Primary/Secondary RT, moves the partnership between
RT and client towards more of a bond/trust. This is all vital to the success of these individuals maintaining compliance with the discharge plan
and remaining healthy at home.
The LP Team is notified the moment these individuals enter our
emergency department (ED) or elsewhere in our hospital, as a patient.
We have an alert built into our EMR that flags the LP Team immediately. This helps to maintain that trust and confidence in our “partnership” with these clients when a familiar person (their Primary/Secondary
RT) shows up in the ED or their room soon after their arrival to the
hospital. Their stay in the ED does not always lead to an admission if we
can decipher the barrier that brought them there. Knowing these individuals well, along with their barriers to staying home, many times we
can remedy the issue at that point in time and then avoid an unnecessary
readmission. The ED physicians utilize the LP RTs and our knowledge of
these patients and rely on them to intervene as they have been trained.
Through our Quality Improvement (QI) Department we measure
the 30-day readmission rates for respiratory diseases on LP patients,
which are those individuals we can directly influence. Hospital-wide
CMS 30-day all-cause COPD readmissions are also evaluated. With our
program in place we have shown a decrease in 30-day COPD readmission rates. For LP patients we saw a significant reduction in 30-day
readmissions due to respiratory diseases by 28% (p = 0.0176). We also
saw a significant reduction in total COPD CMS readmissions by 24%
(p = 0.045). We presented our data at the annual meeting of the
American Association for Respiratory Care’s Open Forum in October
2016 [1]. Our QI department also measures and reports on many other
variables important to the success of this program, such as length of
stay (LOS). For our LP patients we have seen a decrease in length of stay
from 6.2 days to 5.8 days.
Currently the main LP program is an inpatient program in our
hospital. We continually strive to expand our reach into the community to increase our ability to impact the management of this health
population. New concentrations for our program include testing of
our LP COPD patients for Alpha One Antitrypsin Deficiency, collaborating with many provider groups in the community on adherence
and understanding of National COPD Guidelines, and addressing
our high utilizers of health care with a multidisciplinary team. LP RTs

1
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are also placed in an offsite capitated program that has contracted
with our hospital to utilize the disease management skills of these RTs
to help manage the care and control the high costs of this patient
population.
By placing our RTs in a Primary Respiratory Care model we were able
to reduce 30-day readmission rates, and decrease LOS for this patient
population. The RT department has moved from a task oriented to
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 isease management focus and utilizes RTs to the full extent of their
d
licensure. RTs can be very successful in this role.
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The Community Pediatric Asthma Service—Together We’re
Better: Asthma care in the Calgary zone
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INTRODUCTION
The Community Pediatric Asthma Service in Calgary, Alberta,
focuses on improving asthma self-management skills for patients and
families through one-on-one education sessions in the Calgary Zone.
We also aim to increase physician confidence to diagnose and manage
asthma by sharing medically accurate, consistent information in innovative ways.
The Public Health Agency of Canada estimates the national prevalence of asthma to be 15.3% for the 1–19-year-old age group [1] and,
according to the most recent federal census, the total population of
Calgary was 1,276,650, with 296,210 in the 1–19-year-old age group [2].
Given these statistics, that equates to more than 44,000 children in the
Calgary Zone (Zone) estimated to have asthma. A recent report from the
Canadian Lung Association states that approximately 45% of Canadians
do not have their asthma under “good” or “somewhat good” control [3].
In 2006–2007, asthma was the number two reason for an emergency
visit to Alberta Children’s Hospital (ACH) [4]. In 2017–2018, ACH
reported asthma had dropped to the eighth most responsible diagnosis
in the emergency department (see Table 1) [5]. The Zone includes a large
area of 39,300 km2 with a population of 1,612,917 (2015–2016) [6].
Communities included in this area include Banff and Lake Louise to the
West, Didsbury to the North, Claresholm to the South, and Strathmore
to the East [7, 8].
This commentary will discuss how the Community Pediatric Asthma
Service was developed and eventually funded, how our program operates, as well as the successes we have achieved in the treatment of pediatric asthma in this Zone of Alberta Health Services (AHS).

BACKGROUND
In 2001–2004, Alberta Health funded ~40 three-year initiatives across
the province under the “Health Innovation Fund” (HIF), including the
Child Asthma Network (iCAN) Project. This project aimed to improve
access to medically accurate, (regionally) consistent, paediatric asthma
information for patients and families to increase family capacity to
self-manage their child’s asthma. In addition, the project aimed to foster
consistent asthma care amongst family physicians and provide them with
up-to-date asthma resources.

Every HIF required independent evaluation. One of the key findings of the Final Evaluation Report was the reduction in emergency and
hospital utilization: “There was a 65.1% reduction in emergency visits
and a 61.9% reduction in hospital days over an 18-month period
among the first 112 patients seen by the iCAN educator” [9]. The
Belfield Evaluation formed the basis for a business case that resulted
in permanent funding for a community focused asthma education service in June 2005, which is today’s Community Pediatric Asthma
Service.

OUR SERVICE TODAY
Referrals from primary care physicians, emergency departments, and
urgent care centres across the Calgary Zone are received by our community clerks (1.0 full-time equivalent) at our space in the South Calgary
Health Centre. If a physician is interested in making regular referrals to
our service, we ask them to review our service model and expectations
on our website (see “Physician Orientation” under the Tools tab in the
Health Providers section of www.ucalgary.ca/icancontrolasthma) [10].
Our clerks schedule education appointments for ~50 clinics in
family physician/pediatrician offices and community-based clinics in
10 AHS facilities: ACH, 2 adult hospitals, and community health centres in Calgary (3) and in the surrounding communities of Airdrie (1),
Cochrane (1), Okotoks (1), and High River (1). All educators cover the
Zone on a monthly rotation. We try to minimize travel and maximize
patient time by scheduling full-day clinics where we can. A full-day
clinic is five patient appointments. Every asthma education appointment is scheduled for 60 minutes and includes spirometry (6 years
or older), self-management skills. and a collaborative, written asthma
action plan.
In 2016–2017, our five educators (3.0 full-time equivalent) saw
2000
patients for an individual, face-to-face education appointment.
~
Approximately ~13% are invited to follow-up for further assessment
and education. Approximately 10% of our patients are older than 18
years because community physician partners insisted we see all of their
asthma patients if we came to their offices. A number of the adult
asthma referrals we see are diagnosed as Chronic Obstructive Pulmonary
Disease.

Community Pediatric Asthma Service, Alberta Health Services, South Calgary Health Centre, Cube 2270, 31 Sunpark Plaza SE Calgary AB T2X 3W5 403-943-9139
Correspondence: Ambris Ford. E-mail: ambris.ford@albertahealthservices.ca

This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://
creativecommons.org/licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is
properly cited and the reuse is restricted to noncommercial purposes. For commercial reuse, contact editor@csrt.com

Can J Respir Ther Vol 54 No 4 Winter 2018

77

Ford et al.

TABLE 1
Alberta Children’s Hospital top 75% emergency department
diagnoses 2016–2017 [5]
Diagnosis

Total visits (%*) Average length of stay (h)

Acute upper respiratory infections
of multiple and unspecified sites
Viral infection of unspecified site
Other gastroenteritis and colitis of
infections and unspecified origin
Abdominal and pelvic pain
Fever of other and unknown origin
Acute obstructive laryngitis
(croup) and epiglottitis
Open wound of head
Asthma
Nausea and vomiting

4220 (5.5)

2.4

3739 (4.9)
3267 (4.2)

2.6
3.0

3033 (3.9)
2890 (3.8)
2866 (3.7)

3.9
3.4
2.6

2182 (2.8)
1914 (2.5)
1689 (2.2)

2.3
4.9
3.2

*Percentage of all visits to the emergency department.

A SINGLE REFERRAL FORM FOR PEDIATRIC
ASTHMA IN THE ZONE
Five years ago, we introduced a joint referral form for all AHS pediatric
asthma services in the Zone to help providers determine which service
would best serve their patient’s needs and reduce the same referral going to
multiple providers. This single referral form helps direct mild-to-moderate
asthma referrals to our Service, moderate to severe referrals to the Asthma
Specialty Clinic (Clinic) and the Pulmonary Function Testing Lab (Lab) at
ACH, by providing the referring physician criteria for each service.
Referrals are redirected between our services at triage, if deemed
more appropriate. We also receive referrals for patients discharged from
the Clinic for follow-up in the community to support their return to
primary care. Redirecting mild to moderate asthma referrals to our
Service and moderate to severe asthma to the Clinic helps each clinic
manage their waiting list. Patients still “wait” for their appointment, but
they don’t languish on a list waiting to be scheduled [9].

and we may add more in the future. Our webmaster provides monthly
visit reports, and recent visitors to our site are linked to the US, Spain,
China, and the United Kingdom. The most visited pages include device
instructions metered dose inhaler (MDI) with spacer and mouthpiece
and MDI with spacer and mask), the Canadian Asthma Guidelines and
the Alberta Asthma Action Plan. Top downloads include our Little
Asthma Action Plan, MDI with mask instructions, the Alberta Asthma
Action Plan, Does My Child Have Asthma? document and our Control
Asthma Now: Living with Asthma brochure. Our most popular translated
documents are Spanish, Punjabi, Arabic, French, and Hindi.

THE TEAM
Our CRE team are all experienced RRTs with 70 years of combined
experience as asthma educators, three are Certified Tobacco Educators
(CTE) and two have their Canadian Association of Cardio-Pulmonary
Technologists (CACPT) certification. We devote 2 days a month to team
meetings focused on administration, continuing medical education, web
development, and special projects to facilitate local, Zone, provincial,
and national networking. Collectively, our educators teach the
Saskatchewan Lung Association’s RespTrec and SpiroTrec educator
training programs, coordinate and lead annual motivational interviewing training for University of Calgary first-year medical students, lead the
provincial implementation of the Alberta Pediatric Asthma Pathway
(Canada’s first pediatric asthma pathway), and are regular, invited guest
speakers for educational events and conferences such as the Canadian
National Respiratory Conference.
For years our team has organized and hosted a tri-annual Joint
Asthma Meeting (“JAM Session”) on pediatric asthma at ACH for Clinic
staff, hospital RRTs, and pharmacists. We also host a joint meeting with
the adult focused Calgary COPD and Asthma Program (CCAP) annually. In May 2018, we hosted an all-day Calgary Zone Asthma, COPD,
and Tobacco Education Day with 100 participants—most of them frontline care providers. Our next Zone education event will be held on April
30, 2019.
In 2012, the Alberta Medical Association awarded the Medal of
Honor to our Service Coordinator for contributions to pediatric asthma
care in Alberta.

EDUCATION APPOINTMENTS AND COMMUNICATION
Prior to their education appointment, patients receive an information
package containing basic asthma information and resources with a history questionnaire that we ask them to complete prior to their appointment if possible. Patients leave every education appointment with an
updated Asthma Action Plan (see Appendix A) [10]. For young children
who cannot yet read or those for whom English is not their first language, we use our own “Little Asthma Action Plan,” which is an asthma
action plan that uses more pictures than words.
At the end of every appointment (usually on the same day), the referring physician receives a fax update that includes a common Asthma
Education Summary, a copy of spirometry with preliminary assessment,
and a copy of the personalized Asthma Action Plan. A specific timeframe for follow-up with the primary care provider is recommended and
patients are invited back for a follow-up appointment with our Service if
necessary or desired.

CRITICAL VALUES REPORTING
If we find critical values on spirometry, the primary care physician, designated respirologist, or respirologist on call is contacted to ensure
patient safety and next steps are documented. When warranted, serious
asthma cases are expedited by the Certified Respiratory Educator (CRE)
and sent to the Clinic and occasionally are referred directly to the nearest
urgent care or emergency department.

WEBSITE
In 2002, we launched a pediatric asthma website that we continue to
build and support today at www.ucalgary.ca/icancontrolasthma. All of
the tools and resources we have developed are available for download
and our most popular patient information is available in 13 languages,
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TOGETHER WE’RE BETTER
While we acknowledge that our Service alone is not responsible for the
drop in asthma seen in ACH Emergency in the last 10 years, we know
that the combined efforts of our partners in the Clinic and the presence
of our program in the community to educate and support family physicians and their patients with asthma best practices has had a positive
impact on the diagnosis and treatment of pediatric asthma in the Calgary
Zone.
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APPENDIX B: Little Asthma Action Plan

Little Asthma Action Plan for: ______________________________________________ Date: _____________________________
Goal: _________________________________________________________________________________________________________

See a Doctor soon if:
• your asthma symptoms are not
getting better, even with more
medicine

Controller (Every day)

Controller (# of days

)

• you need your reliever medicine
more often

Go to Emergency if:
• reliever medicine does not last at least 3 hours
• skin at the base of the neck, between
ribs or below the breast bone pulls
in with breathing

medicine
medicine

/
/

dose
dose

/
/

colour

medicine

colour

medicine

Reliever (When you need it)

/
/

dose
dose

/
/

colour
colour

Reliever (Can use every 4 hours)

• children have no energy to play or
move around
• babies refuse to eat or drink

H

Call 911 if:
• very serious symptoms – breathing
very fast, gasping for breath, having
difficulty speaking, blue-grey lips or
fingernails

• comfort your child by trying to stay calm
until help arrives
medicine

/

dose

/

colour

medicine

/

dose

/

JULY 2016

• give reliever medicine every few
minutes until help arrives

colour

See a doctor if you are not better in 2-3 days

Questions or concerns? In Alberta, call

Can J Respir Ther Vol 54 No 4 Winter 2018

for the 24/7 health information and advice line
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APPENDIX B continued

My Asthma Calendar
Month: ________________________________

Name: ________________________________________________

Goal: __________________________________________________________________________________________
Use this calendar to record:
Tuesday

Wednesday

Thursday

When you take your medicine(s)
Friday

Saturday

Sunday

JULY 2016

Week 4

Week 3

Week 2

Week 1

Monday

Your asthma symptoms

Remember to bring all your asthma medicine and devices to every asthma appointment, even if you are not taking them right now.

For more information visit www.ucalgary.ca/icancontrolasthma
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The roles, they are a changing: Respiratory Therapists as part
of the multidisciplinary, community, primary health care team
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The health care system is broken and it has been broken for a long time.
There is an emerging trend for multidisciplinary teams to deliver primary health care (PHC) [1, 2]. This novel approach PHC is proving to be
advantageous. Respiratory Therapists (RTs) are working collaboratively
within multidisciplinary teams, infusing the health care system with
focusing on disease prevention and health promotion versus the dated
practice of waiting until the client is at their worst health to intervene.
People deserve to live their best life with their illness, and RTs can contribute to making that possible.
Significant changes are needed to improve our broken health care
system, specifically it needs to be sensitive and nimble enough to treat
clients at the individual level, while also being informed by the social
determinants of health. The determinants of health are conditions
shaped by the distribution of resources that are experienced by people
and influence health outcomes [3]. When this happens, clinicians can
respond in a client-centred way that meets specific and overall health
needs. Early diagnosis, treatment, and education/support are the cornerstones of effective PHC [4]. Building an equitable partnership between
the client and the PHC provider is vital to client-centered and clientdriven health care relationships [5–7]. We believe these equitable
clinician–client relationships empower and support clients in taking
greater control over their own health, and that this approach is vital for
improving long-term management of chronic obstructive pulmonary disease (COPD). We also believe this proactive, client-centred approach can
be scaled up beyond the treatment of COPD to include improved management of other chronic diseases that are frequently lost in the shuffle,
of episodic “sick care”.
The role of RTs is evolving and growing. Historically RTs’ place to
shine has been in hospital and notably in critical care. Although this is
still absolutely true, and remains relevant, a broadening scope within the
profession is emerging. Standing on the shoulders of home care and RTs
with the Extra Mural Program (the hospital without walls that provides
health care in the home), we are seeing greater expansion of the RT role
into the community. RTs are in asthma and COPD clinics, community
-based pulmonary rehab, and community health centres. More and more
RTs are using their knowledge and expertise in the community with a
focus on treatment and support of people living with COPD.
One example of this new and expanded role is an innovative pilot
program happening at a health centre in Fredericton, New Brunswick.
An upstream approach is being explored for early diagnosis, prevention,
and treatment of COPD. Clients of the Downtown Fredericton
Community Health Centre who meet specific criteria are offered early
access to targeted screening for COPD (spirometry). The criteria include

1
2

being older than 30 years of age, having a history of smoking or environmental exposure to toxins, or chronic bronchitis. Once a client is found
to have COPD, they receive wraparound support from the multidisciplinary team (RT, Registered Nurse (RN), Social Worker, Dietitian,
Occupational Therapist, Nurse Practitioner, and Physician) to treat their
COPD. This approach recognizes that chronic disease management is
most effective when the social determinants of health are concurrently
addressed, and the client’s other chronic conditions are considered. The
clinical focus broadens beyond just a set of lungs. The foundations of
this upstream, multidisciplinary driven approach to COPD care are prevention, health promotion, education, and support within the community. This contrasts “usual” COPD care that often only diagnoses COPD
after the first admission to hospital and rarely provides self-management
education or psycho-social support.
In this pilot program, RTs and RNs work together to assess, treat, and
support people suspected of having and/or living with COPD. The RT
and RN review health history and risk factors for COPD, medications
and ability to afford the medications, and immunization status as a place
to begin the health care relationship. The team approach respects the
reality that each and every client’s health depends on more than just
their breathing. Our approach also includes a peer-support initiative that
offers clients with more experience living with COPD an opportunity to
help guide people who are newly diagnosed, thereby capitalizing on client engagement. Peer to peer support and learning reduces the client’s
feelings of isolation and fear, as they share their struggles and successes
with each other. Confidence builds as the group develops a connection
while learning about their chronic illness and how to self-manage. RTs
are integral in making it possible to offer pulmonary rehabilitation to
more people in the community than has ever been possible and still has
room for impressive growth. A client, who is a real success story,
explained the benefits he realized when seeing the RT and RN together.
“During my appointments with the RT and the nurse they looked at
my whole health. They talked to me about my diabetes and answered
questions I had about that too. They treated me like I was a whole
person and not just my lungs. That support helped me succeed in making changes to my life that improved my whole health. It moved me
from a place of feeling scared and powerless with the diagnosis of
COPD and symptoms that kept me from doing the things I loved.”
(Client)
Knowledge is power; the ”Know Your Status” [8] campaign that
focuses on Hepatitis C and HIV are based on the idea that if you know
that you have a certain disease/condition then you can engage in
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treatment and lifestyle changes that mitigate any damage and may in fact
increase ability to maintain or improve a certain level of health.
We believe that this also applies to COPD. We believe that the more
people who know their lungs are being damaged as a result of undiagnosed COPD the greater the number of people who will be able to
engage in activities, education, and treatments that will slow or halt the
progression of the disease. Our client experience advisor is just one
example of someone who when provided with the knowledge was able to
make impressive changes to his life, turn his health status around, is
willing to use that experience to support other newly diagnosed with

COPD, and inform our practice. We need to stop the burden of disease
on both the person and the health care system.
Programs that provide opportunity for intentional health care partnerships need to be funded with sustained long-term funding in a way that
demonstrates a clear understanding and acceptance of their value and the
importance of preventative/health promotion programs. We know that
working in silos hampers our institutional effort to provide comprehensive
health and wellness care [9, 10]. Communication and smoother transitions in care between acute care settings and community are fundamental
to the overall wellbeing of the client [11]. We need to realize that every

FIGURE 1.
INSPIRED* outcome data fiscal year 2015–2016 [12].
FY 15-16

Facility

Total Patients
with at least 3
Months of
Post Inspired
Outcome data

Total Patients
Enrolled

Total Patient
Day
Improvement

Total Admit
Improvement

Cost Per
Patient Day

Facility Cost
Avoidance
(Estimated Savings
from Patient Day
Reduction)

Smoking
Cessation
Completed

COPD Action
Plans
Completed

Prescriptions
for Action
Plans

DECRH

3

3

3

36 $

926

$

33,336

100%

100%

67%

URVH

6

6

8

31 $

850

$

26,350

67%

0%

0%

OPH

0

0

0

0 $

514

$

-

HDP

0

0

0

0 $

607

$

-

MRH

0

0

0

0 $

787

$

-

TMH

5

2

-2

28 $

1,059

$

29,652

100%

100%

100%

SJRH

38

15

11

113 $

1,120

$

126,560

100%

97%

97%

Horizon

52

26

20

208

$

215,898.00

96%

87%

85%

*INSPIRED (Implementing a Novel and Supportive Program of Individualized care for patients and families living with REspiratory Disease) is a program
focused on improving transitions from hospital to home “by enhancing patient confidence to manage their illness more effectively in their homes and
communities.” [11]
Note: DECRH, Dr Everett Chalmers Regional Hospital; URVH, Upper River Valley Hospital; OPH, Oromocto Public Hospital; HDP, Hotel Dieux Perth; MRH,
Miramichi Regional Hospital; TMH, The Moncton Hospital; SJRH, Saint John Regional Hospital.

FIGURE 2.
INSPIRED* outcome data fiscal year 2016–2017 [12].
FY 16-17

Facility

Total Patients
with at least 3
Months of
Post Inspired
Outcome data

Total Patients
Enrolled

Total Patient
Day
Improvement

Total Admit
Improvement

Cost Per
Patient Day

Facility Cost
Avoidance
(Estimated Savings
from Patient Day
Reduction)

Smoking
Cessation
Completed

COPD Action
Plans
Completed

Prescriptions
for Action
Plans

DECRH

61

56

34

434 $

926

$

401,884

100%

72%

URVH

26

24

13

60 $

850

$

51,000

88%

0%

4%

5

5

5

47 $

514

$

24,158

100%

100%

60%

OPH

74%

HDP

2

2

3

18 $

607

$

10,926

100%

0%

0%

MRH

32

28

29

98 $

787

$

77,126

66%

100%

97%

TMH

33

31

32

243 $

1,059

$

257,337

94%

88%

88%

SJRH

87

55

64

528 $

1,120

$

591,360

100%

97%

95%

246

201

180

$

1,413,791.00

93%

79%

78%

Horizon

1428

*INSPIRED (Implementing a Novel and Supportive Program of Individualized care for patients and families living with REspiratory Disease) is a program
focused on improving transitions from hospital to home “by enhancing patient confidence to manage their illness more effectively in their homes and
communities.” [11]
Note: DECRH, Dr Everett Chalmers Regional Hospital; URVH, Upper River Valley Hospital; OPH, Oromocto Public Hospital; HDP, Hotel Dieux Perth; MRH,
Miramichi Regional Hospital; TMH, The Moncton Hospital; SJRH, Saint John Regional Hospital.
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client that we interact with lives in the community and enters the hospital
when acutely ill, and more importantly, returns to the community when
able. If PHC is working well and is sufficiently funded and staffed, clients
are supported in remaining at home and in the community longer. Robust
PHC will also reduce emergency department utilization and hospital
admissions, which is the ultimate goal of both the client and healthcare
team (Figures 1 and 2) [12]. Soft savings of 1.6 million dollars was realized
by our health network because of reduced hospital usage.
Working in the community has demonstrated that we can provide
care that has improved accessibility by offering appointments at various
times of the day and closer to home. We have the freedom to think outside the box to deliver the best health care that suits the needs of the
client. It might mean accessing services that are not traditionally the
responsibility of the RTs, for example initiating Meals on Wheels for the
client with COPD who is too short of breath to prepare their meals or
broaching the topic of advance care planning with the client and their
family. The possibility for delivery of optimal care for the client can be
realized if we participate in multidisciplinary caseload management with
other therapeutic professions such as social workers, dietitians, physio
therapists, and/or occupational therapists.
Additionally, being able to offer appointments and education sessions that include the client and their family/support person acknowledges the importance of these people to the client in their experiences
with health, illness, and continued wellbeing. Working in a multidisciplinary team we can enhance the clients’ contributions to the development of personal health goals and care plans.
Looking back to when I was diagnosed, I was in a place of worry and
fear about my health. Seeing the surgeon and respirologist did not help
me feel better about my health. They gave me the diagnosis without
any concrete details or information on how I could make my situation
better. Since being seen by my nurse and RT, I feel completely different.
I feel well equipped to manage my own health. I know I have lung
disease and diabetes, and I know how to take care of them. (Client)
Kitts left a hospital-based position that was extremely fulfilling after
becoming frustrated by hearing clients tell the recurring stories and recognizing the same gaps in knowledge and support. What went through
Kitts’ mind was a growing understanding that if these clients had access
to community-based education and support for their chronic illness even
two weeks prior they may not have gotten so sick and had to be admitted
to hospital today! We have a deep love and respect for hospitals and their
staff; they serve an important role in providing care when communitbased care is no longer sufficient. But we need to understand that hospital and community are two hands that need to come together to care for
clients. Everyone can benefit when hospital and community cooperate
and collaborate in the provision of PHC that is focused on the needs of
the client, putting the client at the center of the health care relationship.
What are the clear and concrete steps that we must engage in to achieve
this? While we put a great deal of effort into building the client–provider
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relationship that is so important, the relationship between disciplines needs
greater awareness of, and commitment to, the importance of working
together. RTs working in the community can demonstrate what RTs can
bring to the health care relationship by stepping outside the box and engaging with practitioners from other disciplines. This movement forward
requires intentional curriculum changes within health care professions
focusing on improved understanding of multidisciplinary responsibilities
and functioning that reflect the role of the RT within the multidisciplinary
team in providing excellent PHC [6]. System changes that support the multidisciplinary team approach in the community are also needed to equip RTs
and other disciplines to work effectively in PHC, multidisciplinary teams.
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INNOVATIONS IN PRACTICE

The Calgary COPD & Asthma Program: The role of the
respiratory therapy profession in primary care
Cindy L. Slack, RRT, CRE, CTE1, Kathy Hayward, BSP, CRE, CTE1, Andrea White, Markham, RRT, CRE, CTE2
CL Slack, K Hayward, AW Markham. The Calgary COPD & Asthma Program: The role of the respiratory therapy profession in primary
care. Can J Respir Ther 2018;54(4):86–91. doi: 10.29390/cjrt-2018-018.

Respiratory therapy is a profession with the depth and breadth required to care for clients by “evaluating, treating, and maintaining cardiopulmonary
(heart and lung) function” [1]. Registered Respiratory Therapists (RRTs) work in a variety of settings from critical and acute care to primary and home care.
After a brief overview of the models and competencies that underpin the work of the Calgary COPD & Asthma Program, the article provides a description
of the program and discuss how RRT Certified Respiratory Educators provide services within the program. These services include health promotion
through self-management education rooted in the Chronic Care Model [2] and supported by the National Alliance of Respiratory Therapy Regulatory
Bodies’ National Competency Framework for the Profession of Respiratory Therapy [3]. The authors hope the success of this program will encourage
others to embrace the role of the RRT in a primary health care setting.
Key Words: respiratory education; primary health care; RRT; certified respiratory educator (CRE); community sites/services

BACKGROUND
Support for the role of respiratory therapy in primary health care is
grounded in literature regarding the management of chronic disease and
the profession’s scope of practice. It is therefore helpful to examine
these, and other foundational constructs, to provide context for the
discussion.

Chronic Care Model
Two decades ago, Wagner’s Chronic Care Model called for a transformation of health care from the medical model (diagnose and treat acute
conditions) to one that was focused on long-term management of
chronic or incurable conditions [4]. Wagner identified key elements
that work together to improve the outcomes of those living with chronic
disease [5]:
(1) delivery system design from single care giver to teams of clinical
practitioners with defined roles collaborating to support management of chronic disease;
(2) decision support through the use of evidence and guidelines and
patient preferences;
(3) self-management support through collaboration, goal setting, and
refining therapy to enable individuals to manage their chronic
disease(s);
(4) community resources that are known and utilized and support individuals outside the traditional health system;
(5) a health system that promotes safety and pursues excellence, including communication of errors and improvements;
(6) clinical information systems where computerized disease management information is readily available and shared with the team and
patient.

The model projects that these elements will result in a collaboration
between “informed, activated clients” with “prepared proactive practice teams”
and improved outcomes with decreased cost [2, 4].

Respiratory therapy scope of practice
Registered Respiratory Therapists (RRTs) bring a unique skill set to individuals who require respiratory care from the acute care setting to primary health care. In Canada, the National Alliance of Respiratory
Therapy Regulatory Bodies (NARTRB) provides direction on the scope
of practice for the profession of respiratory therapy [3]. The NARTRB’s
National Competency Framework (NCF) for the Profession of
Respiratory Therapy has nine core competencies (and their 43 elements)
and 10 clinical competencies (and their 36 elements) that provide this
information [3]. Although there are some critical care and anaesthesia
elements that may not be practiced in primary health care, others are
routinely practiced and some appear to be specifically directed to these
settings, for example:
• B4 Optimize cardio-respiratory health and wellness of the community (core competency) [3]
°° B4.1 Provide cardio-respiratory health education (element)
°° B4.2 Participate in addressing cardio-respiratory health needs of
the community (element)
Other competencies indicate higher expertise for RRTs, including those
working in primary health care [3], for example:
• B0.2.4 Participate in improving respiratory care policies and
protocols
• B0.3.6 Develop respiratory treatment protocols/C1.3.2 Develop
respiratory treatment protocols
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• B4 Optimize cardio-respiratory health and wellness of the
community
°° …supplemental certifications include: certified asthma educator…certified respiratory educator and certified tobacco
educator.
• B8.1.5/B8.2.5 Drive progress and evolution of professional
practice
• C2.2.6 Identify process or system gaps involving risks to patient
safety

Primary health care and medical home defined
Primary care and primary health care are at times used interchangeably.
This paper will use the terminology “primary health care” based on the
discussion by Health Canada: “…an approach to health and a spectrum of
services” including “direct provision of first contact services…” and “coordination function to ensure continuity and ease of movement across the system so that
care remains integrated…” [6]. Primary health care in the context of this
paper includes family physician’s offices, certified respiratory educator
led community clinics, home care, community pharmacies, and chronic
disease education and exercise programs. The flexibility of RRTs providing home care has been recognized to bring positive results in both client
outcomes and resource utilization [7].
Medical home is “a model of primary care that is patient-centered, comprehensive, team-based, coordinated, accessible, and focused on quality and safety”
[8]. In Canada, the College of Family Physicians of Canada’s vision of
the “patient’s medical home” is complex, speaking of where the patient
feels most “at home” to discuss health concerns; where patients are
active participants in decision-making, and care givers collaborate with
each other and the patient to provide a comprehensive range of services;
and where the therapeutic relationships result in “the best possible health
outcomes for each person, the practice population, and the community being
served” [9].

INTRODUCTION
In its first iteration, the Calgary COPD & Asthma Program (CCAP)
worked with adults with asthma. Over time it developed into its current
format as a comprehensive multidisciplinary program for adults with
asthma, chronic obstructive pulmonary disease (COPD), chronic cough,
and tobacco use disorder.
Asthma is a chronic lung disease requiring ongoing medical care that
affects approximately 2.74 million Canadians and causes the death of
almost 250 Canadians annually [10]. The economic burden of asthma is
caused by the high costs of uncontrolled asthma due to increased health
care utilization and lost productivity as well as the medical visits and
medication costs for those whose asthma is in control [11]. The National
Asthma Education Program (NAEP) in 1991 endorsed four major components to asthma care [12]: (i) client education, (ii) environmental control to avoid acute exacerbations, (iii) pharmacologic therapy, and (iv) the
use of objective measurement to assess severity and monitor asthma
therapy.
To achieve these recommendations, a multidisciplinary team
approach is required to provide access to prescribed medication and client education by qualified educators to support and reinforce self-management strategies. As there was no such coordinated approach to the
management of asthma in Alberta, the CCAP (called the Calgary
Asthma Program at that time) was established at Foothills Medical
Hospital to address the needs of adults with asthma in the Calgary area.
The goal of the program was to decrease asthma morbidity and
mortality.
COPD is a progressive, disabling, chronic lung disease and is currently the fourth most common cause of death in Canada. COPD
accounts for approximately 4.6% of all deaths [13] and is the leading
cause of hospitalizations [14]. The World Health Organization (WHO)
projects COPD to be the third largest cause of death worldwide by
2030. In Canada, the prediction is for a 155% increase in the diagnosis of COPD and 210% increase in hospitalizations in the same timeframe [14].
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Tobacco use disorder is listed in the Diagnostic and Statistical
Manual of Mental Disorders as a “maladaptive pattern of nicotine use, leading to significant impairment of distress,” for example, tolerance, withdrawal
symptoms, repeated unsuccessful quit attempts, desire to quit etc. [15].
The smoking rate in Alberta is 15.8% compared with Canada’s smoking
rate of 13% (excluding territories) [16]. Tobacco smoking is a major risk
factor in developing COPD and smoking cessation is the single most
effective intervention to reduce the risk of developing COPD. It is the
only intervention that has been shown to slow the rate of lung function
decline [17]. Exposure to tobacco smoke, either by active or passive smoking, is a major factor in triggering asthma by increasing symptoms,
increasing loss of lung function, and decreasing efficacy of inhaled and
oral corticorsteroids [18, 19].
Chronic cough accounts for 38% of outpatient referrals to respiratory specialists and although some cases are caused by life-threatening
disease, (e.g., lung cancer and heart disease), others are chronic conditions that require less invasive management strategies including chronic
lung diseases, gastroesophageal reflux, laryngeal irritation, etc. [20].
The Calgary Asthma Program began with one staff asthma educator
who provided client education and a respirologist who provided medical
direction and prescriptions when required. Because the client needs
included other health concerns and there was increasing demand for
service, the program expanded to include other respiratory health concerns. COPD, tobacco use disorder, and chronic cough and were added
to the program, and it was renamed to CCAP.
This paper will explore the CCAP alignment with the Expanded
Chronic Care Model and allows the RRT Certified Respiratory
Educators (CREs) working in the program to maximize the NCF core
competencies and to develop as leaders in clinical skills related to chronic
disease management skills (See National Competency Framework for the
Profession of Respiratory Therapy) [3].

DISCUSSION OF THE APPLICATION OF THE
CHRONIC CARE MODEL
Organization of health care: Delivery system design
CCAP is a comprehensive multidisciplinary program for adults with
asthma, COPD, chronic cough, and tobacco use disorder. It is an outpatient service that takes a preventative health approach to help individuals
gain control of and improve their health [21]. Using objective measures
(spirometry) and subjective assessment the CCAP CREs help confirm
diagnosis and disease severity. Through collaboration with prescribers,
pharmacological and nonpharmacological optimization is made for
each client. Support for individuals and families living with respiratory
disease is provided through client education that is focused on
self-management.
The goal of the program is to improve clients’ quality of life. The
mission statement of CCAP is “To improve the lives of those affected by
asthma, COPD, tobacco, and chronic cough by providing lung health
care and leadership through education and self-management skills” [21].
The move from an acute or physician-centered model of care to a
community-based model emphasizing individualized client-centered care
with education as a key component was discussed at conferences for
asthma educators. In response, the program expanded into primary care
in 1998. Because of referral patterns, requests from clinicians, and client
characteristics, the program expanded its staffing and also began to
accept referrals for clients with COPD or tobacco use disorder. It also
supported the relationship between client and primary care giver by providing specialized respiratory care in the client’s medical home. Funding
stabilized in 2002 when the Calgary Health Region began to cover the
costs of CCAP CREs working with respirologists in specialty outpatient
clinics. In 2005 the program was incorporated into what is now known
as Alberta Health Services (AHS) giving the program added stability.

Decision support
A cross-sectional review of asthma control and treatment in Alberta communities demonstrated that there had been no significant improvement
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in asthma control or use of action plans between 1997 and 2002, leading
the respirologists and CCAP CREs authors to conclude that “there was
no evidence that patient education had increased” [22]. A move was then
made to expand further into the community with the development of
CRE-run community clinics in 2006.
Referrals are accepted from acute care hospitals, emergency departments, and primary care providers and clients can self-refer. The information provided to clients is based on current best practices and
guidelines, and it is delivered using proven education methods by CCAP
CREs. To support the client, the CCAP CRE may contact the primary
care provider by telephone while the client is present about suggested
changes to the treatment plan based on current guidelines. CCAP CREs
are also able to access a respirologist in a timely fashion to facilitate
prompt intervention when necessary. A report is sent back to the primary care physician after each visit and includes findings, recommendations based on guidelines, and results of objectives measures of
spirometry with interpretation.
Follow-up can be provided through CCAP CREs, primary care providers, and community pharmacists.

Organization of health care: self-management support
Clients meet their educator for a one-on-one session that is individualized based on the client’s needs, goals, and characteristics. Sessions can
include a variety of interventions, for example assessment of disease and
quality of life, goal setting, education on self-management, and behaviour
change counselling. Goal setting is collaborative and provides the CCAP
CRE with a client-centred approach. Central to the client education is
the development of an individualized written action plan based on the
current guidelines for their disease. Its development occurs through a
collaboration with the client, educator, and prescriber; the client provides insight into what will work for them and how the plan can be
adjusted to meet their specific needs, for example trigger management,
negotiations on medication, or specific inhaler use. The plan is based on
self-management during times of relative wellness and worsening or exacerbation using current national and international guidelines. Plans
include information related to ongoing day-to-day management (wellness
– green zone); recognition of a flare up of symptoms, direction on
actions to take including how much medication, for how long and what
symptoms warrant escalation to medical attention (worsening/exacerbation – yellow zone); and when and how to seek medical attention (more
severe worsening/exacerbation – red zone) [18, 23–25]. Education on
self-management includes areas related to skill acquisition, e.g., optimizing inhaler technique and symptom based self-regulation (self-observation
of symptoms/interpretation of meaning of symptoms/reaction to symptoms) and methods of enhancing the client’s confidence in changing
their medication [18, 23–25]. Counseling on behaviour change includes
adherence to the plan, trigger management and avoidance, and tobacco
(prevention, protection, and cessation), and it is delivered through the
application of models and theories, e.g., Social Cognitive Theory [26],
Health Belief Model [27], Transtheoretical Model [28].
For clients who require more support, the educator offers to link the
client to community and other health resources through referrals, for
example: Alberta Healthy Living Program [29] for exercise, nutritional
counseling and general health education; pulmonary rehabilitation
through Community Accessible Rehabilitation that is offered at two
AHS sites; and Alberta Quits [30], a province wide service offering smoking cessation help through online self-help and/or phone, text or group
counseling.

RESULTS
Prepared, proactive practice team
CCAP CRE staffing is currently eight health care professionals.
Originally mainly nursing staff, staffing mixes have included respiratory
therapists, physiotherapists, and pharmacists; currently staffing is seven
RRTs and one pharmacist. CCAP CREs have brought their unique skills
and in-depth knowledge regarding the diagnosis and management of
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chronic respiratory diseases, e.g., their expertise in the use of spirometry
and other objective measures of lung health, competence in pharmacotherapy including inhaled medication delivery devices, and inter-
professional collaboration [3]. A CCAP CRE works primarily as the sole
educator in a given setting. To ensure standardized education and counseling is provided across the program and to continue to build the body
of knowledge of the team, the CCAP CREs meet regularly to review
literature, update their protocols, and share experiences, e.g., difficult to
manage cases with spirometries are done following current guidelines
and provincial standards.
The RRTs in CCAP have obtained post-graduate education and certification as a certified respiratory educator, and many have recently also
gained their certified tobacco educator. This builds on client education,
chronic respiratory disease management, and tobacco cessation training
and counseling that are part of the RRT clinical competencies [3]. It
includes health promotion and human development as it applies to
health education, education theories, instructional design, and counseling methods including motivational interviewing and program evaluation [31]. Certification as a respiratory educator or tobacco educator will
allow a RRT to develop the skills and knowledge in the management of
chronic respiratory disease as a step to expand their scope of practice [3].
A study of the differences in asthma management in primary care
between rural and urban centres found that although care was comparable, both settings required improvements in use of spirometry, delivery of
asthma education, and use of written action plans [32]. The addition of
RRTs facilitated the use of spirometry in primary care, assisted primary
care practitioners in confirming asthma, determined the efficacy of asthma
treatment, diagnosed or excluded COPD, and staged clients with COPD
[18, 23–25]. Use of spirometry to improve asthma and COPD management has increased awareness of its importance, and resulted in direct
referrals from other members of the multidisciplinary team to CCAP.
The NCF identifies expertize through recognition of gaps in care and
development of services to meet the gap [3]. This is exemplified in CCAP
by the CRE-led Chronic Cough Clinic, established in 2006. The clinic’s
function is to provide prompt and cost-effective care to clients with
chronic cough not related to other respiratory disorders or managed by
traditional therapy [20]. The Chronic Cough Clinic has shown an
improvement in cough resolution and client quality of life since its
inception and shown that clients managed by CREs have similar outcomes to those managed by respirologist. Another effect was the decanting clients from the wait lists of the local specialists, reducing wait times
for respirology consultation from 2 months to less than 4 weeks [20].
Clients who are referred to the clinic are assessed for inclusion/exclusion criteria (see Table 1). The CCAP CRE and respirologist collaborate
TABLE 1
CCAP Chronic Cough Clinic inclusion and exclusion
criteria [20]
Inclusion criteria

Exclusion criteria

Age – 18 years or older.

Systemic symptoms – weight loss, night
sweats, fatigue/malaise.
Respiratory disease – active
tuberculosis, bronchiectasis, COPD,
asthma.
Cancer – history of cancer (nonmelanoma skin cancer acceptable).
Cardiac disease – myocardial infarction
within past 12 months, heart failure within
last 12 months.
Blood disorders – examples: anemia,
platelet disorders, coagulation disorders,
neutropenia, lymphocytopenia.
Other systemic diseases, examples:
collagen disorders (temporal arteritis,
Ehlers–Danlos syndrome, systemic lupus
erythematous), Chron’s disease or
dysphagia.

Cough – unexplained and
greater than 4 weeks duration.
Spirometry – normal.
Chest x-ray – normal or minor
abnormalities unlikely to explain
cough, e.g., calcified granuloma.

Can J Respir Ther Vol 54 No 4 Winter 2018

The Calgary COPD & Asthma Program

TABLE 2
Education provided by the CCAP Educators
Target audience

Topics

Discussion

University of Calgary first-year medical
students

Motivational interviewing for smoking cessation
and prevention; Transtheoretical Model of Staged
Change; ncotine replacement therapy; Alberta Quits

Developed by CCAP in 1996; acilitated by CCAP
educators and local CREs on an annual basis.

Health professionals

CCAP process and structure, e.g., how to identify,
manage and refer clients with asthma, COPD, etc.

Biannual training.

SAIT respiratory therapy students

Mentorship

By request the student shadows an educator in
primary health care setting for up to 1 full day.

University of Alberta pharmacy students

Mentorship

By request the student shadows an educator in
primary health care setting for up to 1 full day.

Health care providers and general public,
www.ucalgary.ca/asthma

Medically accurate information on the management
of chronic respiratory diseases.

Includes all inhaled medication devices that are used
across the province; information provided at a level
appropriate for general public.

to determine a diagnosis and a treatment plan for each client and then
jointly present the plan to the client. The CCAP CRE and client work
together to build the client’s skills and confidence to self-manage their
chronic cough. Follow-up occurs as needed by telephone. Further investigation, such as computed tomography of the chest, induced sputum
analysis or methacholine challenge testing, is arranged when required.
A randomized controlled trial examining the efficacy of CCAP CRE
led chronic cough clinics compared with those led by a respirologist
found that CCAP CREs provide more contacts per client (4.9 vs. 2.7; p
≤ 0.0001) and have more clients with resolved cough (p ≤ 0.02). Although
both groups had significant improvements in quality of life, no statically
significant differences in were found between groups [20].
Another area where CCAP CREs demonstrate their expertise is their
leadership in the delivery of health education to other professionals on
topics related to chronic respiratory disease management and education
techniques. Some of the target audiences and topics can be found in
Table 2.
The CCAP is positioned to provide targeted education on self-
management that includes personalized written action plans for clients
with diverse respiratory and related conditions. These clients then
return to their medical home with new skills in health literacy (the
ability to control and improve their health) [33] including management
of their disease in part through self-regulation e.g. self-observation,
self-evaluation and self-reaction, in part using a written action plan.
WHO defines health literacy as “the ability of individuals to gain access
to, understand, and use information in ways which promote and maintain good health” [34]. In a recent Cochrane Review, Howcroft found
generally reliable evidence that the provision of COPD action plans
with supporting education improves self-management behaviour, e.g.,
self-starting treatment and reduced hospital visits [34]. A 2017 systematic
mega-review confirmed improved asthma control and resultant reduction in acute health care utilization through supportive self-management
strategies in diverse groups without significant increase in health
care costs [35].
CCAP CREs brought their expertise to a variety of settings: primary
care (physician offices and CRE led clinics), acute care (inpatient bedside
visits), and specialist care (respirology offices), providing education and
counseling to 3297 clients in 2017–2018. As CREs, RRTs are able to
work with clients with a wide variety of respiratory and related chronic
diseases and CCAP now services a diverse client population, with
asthma and COPD continuing to be the largest group (see Table 3 for
main diagnosis of CCAP clients).
Unfortunately, funding for outcome monitoring is not available
since the switch from paper to computer charting in 2009. Support for
the services offered by CCAP can be found in current literature. A multisite study of outcomes of standardized asthma education demonstrated
substantial improvements in the burden of asthma for those seen by the
CCAP CREs (unscheduled physician visits, emergency visits, hospital
utilization, missed work, and school or leisure days as well as significant
improvements in quality of life) [37]. Numerous reviews of client
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TABLE 3
Calgary COPD & Asthma Program Utilization [36]
Main diagnosis (1 April 2017—31 March 2018)
Asthma, unspecified without stated status asthmaticus
Chronic obstructive pulmonary disease, unspecified.
Cough
Other specified respiratory disorders
Dyspnoea
Tobacco use disorder
Other sleep disorders
Other diseases of vocal cords
Chronic rhinitis
Wheezing
Chronic sinusitis, unspecified

41%
32%
15.5%
7.5%
1.5%
1.5%
<1%
<1%
<1%
<1%
<1%

education aimed at self-management of asthma and COPD also support
the services offered by CCAP to reduce acute health care utilization,
COPD, and asthma exacerbation and to support improved lung function [34, 35, 38–45].

CONCLUSIONS
Mable and Marriot’s [46] updated description of primary health care
recognizes the broader determinants of health and includes coordinating, integrating, and expanding systems and services to provide more
population health, sickness prevention, and health promotion, not necessarily just by physicians. It encourages the best use of all health providers to maximize the potential of all health resources [46]. In Calgary, the
CCAP’s role in primary care is to provide health promotion activities
that prevent the burden of illness for individuals living with chronic lung
disease. By working within a chronic disease management framework
promoting wellness and health literacy, CRE RRTs at CCAP have
advanced their practice as experts in chronic respiratory disease management including the provision of cardio-respiratory education. Their
expertise is evident through direct interventions that optimize the respiratory wellness of their clients; collaboration with, and education of,
other members of the health care team to improve the respiratory wellness in Calgary; and their recognition of service gaps and development
of protocols to meet these gaps. They encourage RRTs to consider working in primary care and to further develop their expertise in chronic
respiratory disease and then how to apply these newly acquired skills to
those in need of their specialized care.
We leave the last words on the importance of CREs from a referring
family physician and the Medical Director of CCAP:
I have been fortunate to have had a CRE in my practise for
almost 25 years. As a family physician it is always a joy to work
with allied health care professionals since they assist me so
much in the care of my patients and allow me to learn more
about what they can offer and assist me in the care of patients.
With the CREs in particular I have found the time they spend
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with my patients in motivational counselling, reviewing device
technique, education, and spirometry has been invaluable in
terms of obtaining correct diagnoses, ensuring better adherence to treatment and motivating patients to care for their
respiratory health. I would be truly lost without them.
Margaret Churcher BSc (Hons), MD CCFP FCFP
Mosaic Primary Care Network, Calgary, Alberta
Certified Respiratory Educators play an essential role in
improving the quality of life of clients with lung disease. They
also play a key role in decreasing readmission rates to hospital
after flares of both asthma and COPD through teaching clients
how to use their preventative medications, how to improve
their exercise capacity to promote healthy living and how to
recognize deterioration of their health early so that treatment
can be started before another hospital admission becomes necessary. Without CREs in the community our clients have fewer
options in terms of access to timely advice and interventions
and the result is more frequent and longer hospital stays.
Brandie Walker MD PhD FRCPC
Respirologist
Division of Respiratory Medicine, University of Calgary
Medical Director, Calgary COPD & Asthma Program
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Basic spirometry testing and interpretation for
the primary care provider
Jeffrey M. Haynes, RRT, RPFT, FAARC
JM Haynes. Basic spirometry testing and interpretation for the primary care provider. Can J Respir Ther 2018;54(4):92–98. doi: 10.29390/
cjrt-2018-017.
Spirometry testing plays an important role in the diagnosis and management of COPD and asthma in the primary care setting. Verifying the accuracy of
the spirometer, using accurate patient demographics and appropriate reference equations, and ensuring the competency of testing personnel are key components of spirometry test interpretation. Spirometry testing plays an important role in the diagnosis and management of lung disease in the primary care
setting. Spirometry interpretation should include an assessment of test quality and be based on sound statistical principals.
Key Words: spirometry; respiratory function tests; primary care; lower limit of normal

INTRODUCTION
Spirometry testing plays an important role in the diagnosis and management of Chronic Obstructive Pulmonary Disease (COPD) and asthma
[1–3]. In addition, a restrictive spirometry pattern can prompt additional
testing (e.g., lung volumes, diffusing capacity) to diagnose restrictive
abnormalities like interstitial lung disease [4]. The clinical impact of
spirometry data on patient care is considerable; however, primary care
providers must be able to interpret spirometry testing accurately [3, 4].
Spirometry interpretation is not limited to evaluating physiologic patterns, but also pre-test procedures and test quality. While the quality of
office spirometry has raised questions about its usefulness [5, 6], it is
possible to obtain quality spirometry data in primary care settings [3, 7].
This paper will review basic concepts for the collection of quality spirometry data and test interpretation. More detailed information about
spirometry testing and test interpretation can be found elsewhere [4, 8].

PRETEST PROCEDURES
Spirometer calibration verification
The 2005 American Thoracic Society/European Respiratory Society
(ATS/ERS) spirometry guidelines recommend that spirometers have the
device calibration verified daily with a 3 L calibration syringe [8]. Slow,
intermediate, and fast flows should result in recorded values of 3 L ±
3.5% (2.9 L–3.1 L). Some manufacturers will indicate that their spirometer “doesn’t require calibration.” A more accurate phrasing of this claim
is that many of these spirometers “cannot be calibrated,” because the
device is calibrated when manufactured; however, this calibration should
still be verified daily and whenever a flow sensor is changed [8].
Spirometers that fail calibration verification must be taken out of service
until the malfunction is rectified.

Testing personnel performance
Poorly trained, incompetent testing personnel are the primary cause of
low-quality spirometry tests. Several studies have shown that most
patients, even the very young and elderly, can produce acceptable and
repeatable spirometry tests with appropriate coaching and instructions
from testing personnel [9–11]. Testing personnel must be adequately

trained including classroom education and extensive practice [6, 12,
13]. Recruiting a pulmonary function technologist from an affiliated
pulmonary function laboratory to provide education and mentoring is
recommended. It is important that personnel perform testing on a regular basis; knowledge, skill retention, and interest will decline if personnel are infrequently asked to perform spirometry. A critical quality
assurance procedure is testing personnel performance monitoring and
feedback [14, 15]. An attainable goal is that 90% of tests performed
should satisfy ATS/ERS acceptability and repeatability standards. Borg
et al. [16] showed a significant improvement in test quality when technologists in an accredited pulmonary function laboratory received
ongoing feedback on their testing performance. This type of quality
assurance program can also be applied to primary care personnel.
Initially performance audits can be done monthly, once sustained periods of good performance are achieved quarterly audits may be appropriate. Recruiting a pulmonary function technologist from an affiliated
pulmonary function laboratory or a competent clinician working in a
primary care setting to provide oversight, feedback, and mentoring is
recommended.

Gathering accurate demographics
Spirometry data collected from a patient must be compared with data
collected from biologic peers who are nonsmokers with disease-free
lungs. Healthy lung size and function is dependent on four key variables:
age, sex, height, and race. Lung growth is complete by early adulthood
and later declines as senescent changes occur. Accordingly, an accurate
age should be used to calculate expected spirometry values. Using a
rounded age, instead of birth date can introduce significant bias, especially in children [17]. Sex is an important determinant of pulmonary
function. Males have larger lungs than females of the same age, height,
and race. The difference in lung size between sexes is greatest after
childhood.
Height, as an estimate of chest size, is also used to calculate expected
spirometry values. Height should be measured without shoes, with the
patient standing up straight, and with the ear canal and lower margin
of the orbital socket aligned on a horizontal plane (Frankfort plane).
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For patients with spinal deformities or unable to stand, arm span can
be used to estimate height; however, the spirometer software should be
capable of applying correction factors to account for age, race, and sex
differences in the arm span to height ratio [18]. Self-reported heights
are unreliable and should not be used.
Racial differences in lung capacity must also be accounted for
when performing spirometry testing. Most notably, patients with
African and Southeast Asian ancestry are expected to have smaller
lungs than Caucasians, Latinos, and patients with North Asian (e.g.,
North China, Korea) ancestry [19]. As an example, Kim et al. [20] showed
that in healthy nonsmokers, 30% of Southeast Asians had abnormal
lung function when a reference equation that did not account for race
was utilized.

Selecting a reference equation
Reference equations are derived from healthy, nonsmoking subjects.
Lung function values and the normal subject’s age, height, sex, and
race are used to develop an expected range of values that can be used
to compare recorded values from patients with similar demographics.
If the patient’s values fall within the range found in normal subjects,
their lung function is regarded as normal. If the patient’s values fall
below the range found in normal subjects, their lung function is
regarded as abnormal. Values above the normal range are of no clinical
consequence; however, values significantly higher than the normal
range (e.g., 160% of predicted) should raise suspicions of inaccuracy
(e.g., incorrect demographic entry, inaccurate spirometer). The choice
of reference equations and how normal ranges are defined can have a
significant impact on test interpretation. Ideally, a single reference
equation is used to cover a patient’s life-span and should include representation from multiple ethnic groups, such as the Global Lung
Function Initiative (GLI) equations published in 2012 [19]. When the
age range of a reference equation is limited (i.e., pediatric or adult ages
only) the spirometer software will be programed to patch together several different reference equations to cover all ages. When different reference equations are patched together, shifting in predicted values may
occur when the patient matriculates to the next reference equation.
This phenomenon has been called the “switching and stitching of reference equations” and can give the false impression that a patient’s
lung function has changed [21]. In addition, many commonly used
reference equations use unreliable correction factors to account for
racial differences in pulmonary function. The GLI reference equations
include sampling from Caucasian, African-American, Northern Asian,
and Southeast Asian populations. Subjects from other ethnic groups or
mixed race can be evaluated with a composite equation developed
from the average values derived from the other races. Reference equations for specific groups (e.g., indigenous communities) should be used
if available. The GLI reference equations have been endorsed by several
international societies including the ATS and ERS.

Test quality and common errors
Unlike most diagnostic testing (e.g., blood tests, radiology), spirometry
testing requires the patient to perform strenuous and precise physical
maneuvers to capture accurate data. Specifically, the patient must inhale
completely to total lung capacity and, without delay, blast the air from
the lungs with maximum effort. The tongue and laryngeal structures
must not obstruct airflow from the chest. The patient must maintain this
action until the lung volume is near residual volume. Forced exhalation
must continue for at least 6 s in adults and 3 s in children [8]. Once the
patient has exhaled satisfactorily, the patient is instructed to inhale
quickly back to total lung capacity. The addition of an inspiratory
maneuver allows the recording of a full flow-volume loop graph. ATS/
ERS spirometry acceptability and repeatability criteria are listed in
Table 1. Acceptability criteria are intended to exclude erroneous efforts
and data. Repeatability criteria increase confidence in the reported data
since submaximal efforts are less likely to be repeatable [8].
Examination of the flow–volume loop generated from a spirometry
effort is central to the detection of common spirometry errors. Volume
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TABLE 1
American Thoracic Society/European Respiratory Society
spirometry quality criteria [8]
Acceptability
Free of artifacts
Cough
Glottis closure
Early termination
Submaximal effort
Leaks
Obstructed mouthpieces
Back extrapolated volume <5% of FVC or 0.15 L, whichever is greater
Expiratory time ≥ 6 s, 3 s for children or plateau in the volume-time curve or
when the patient cannot or should not continue to exhale
Repeatability
A minimum of three acceptable tests should be obtained
The two largest FVC should be within .15 L of each other
The two largest FEV1 should be within .15 L of each other
Note: FVC, forced vital capacity; FEV1 , forced expiratory volume in the first
second.

plotted against time is another common way to graphically display
spirometry data; however, this paper will focus on the flow–volume loop.
The flow–volume loop plots flow vertically (y-axis or ordinate) and volume horizontally (x-axis or abscissa). Flows above the intercept of the
horizontal axis represent exhalation while flows below the horizontal
axis represent inspiration. A flat inspiratory flow loop may indicate a
variable extra-thoracic obstruction (e.g., paralyzed vocal cord). A normal
and acceptable flow–volume loop is shown in Figure 1. Examples of
common spirometry errors are shown in Figure 2. The clinician administering the test must be able to identify common errors and teach the
patient how to generate error-free maneuvers. Modern spirometer software will alert the clinician when errors are detected. Demonstrating the
maneuver for the patient prior to testing is a highly effective teaching
tool. Continuous coaching during the maneuver coupled with suggestive
body language will increase the chances for a quality recording. Screaming
instructions at the patient is unnecessary.

BASIC SPIROMETRY INTERPRETATION
Which values are clinically important?
There is a seemingly endless list of spirometry indices available for clinicians to consider when performing spirometry interpretation. The sheer
number of indices on many spirometry reports can generate both confusion and intimidation. However, many of these indices have been
assigned physiologic importance that is either overstated or even nonexistent. Even popular indices such as the forced expiratory flow between
25% and 75% of the vital capacity (FEF25–75%) have not been found to
play an important role in spirometry interpretation [22]. There are only
three numeric values that are required to interpret spirometry: forced
vital capacity (FVC), forced expiratory volume in the first second (FEV1),
and FEV1/FVC ratio.

What are “normal” values?
Recorded values are compared with a range of values derived from
similar nonsmoking, disease-free subjects used to generate the reference equation. If the data collected from normal subjects are normally
distributed, the values will be arrayed across a bell curve (see Figure 3).
The mean (or median) value at the center of the bell curve is commonly referred to as the “predicted value” or “100% of predicted.”
A “z-score” simply stated, is the number of standard deviations (SD)
any value is from the center of the bell curve. Accordingly, the mean or
predicted value has a z-score of zero. The empirical rule states that
normally distributed data will be arrayed as follows: 68% within 1 SD,
(z-score −1 to +1); 95% within 2 SD (z-score −2 to +2); 99.7% within 3
SD (z-score −3 to +3). For example, if you were measuring FVC in a
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FIGURE 1
Normal spirometry, all values fall within the normal range. The flow–volume loop exceeds the expected flows and volumes
(dotted line). FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; FEV3, forced expiratory volume
in the third second; M, median; LLN, lower limit of normal.
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large number of normal subjects, 95% of recordings would have a
value within −2 SD and +2 SD. Each end of the bell curve is referred
to as a “tail.” Because in spirometry interpretation we are only concerned with low values, a one-tailed approach is used. With a two-tailed
approach 90% of values should lie within 1.64 SD from the center of
the bell curve (i.e., 5% fall on each end of the bell curve). However,
when using a one-tailed approach (we are only concerned with the
lower tail) we can say that 95% of values from normal subjects should
be ≥ −1.64 SD from the mean (center of the bell curve). In pulmonary
function testing the fifth percentile of all normal values (z-score of
−1.64) is defined as the lower limit of normal (LLN). A spirometry
value at the LLN would be observed in only 1 in 20 (5%) normal subjects. In other words, a value at or below the LLN is an unusual finding
for a subject with normal lungs. When a patient with an elevated pretest probability of disease (e.g., smoking history) has value at or below
the LLN, it should be concluded that there is a greater chance of
disease than health. Similar values from patients with a low pretest
probability of disease should prompt diagnostic caution since 1 in 20
subjects with disease-free lungs have a value at the LLN. Diagnostic
confidence in the declaration of health or disease should rise when
values are further away from the LLN [23].
A common and flawed approach to spirometry interpretation is to
define 80% of the predicted value as the LLN. This approach is statistically invalid and should be abandoned, because the statistical LLN is
often above 80% of the predicted value in young patients and may be
well below 80% of predicted in the elderly [22]. A FEV1/FVC ratio of
0.7 to define airflow obstruction instead of the statistical LLN may
under-diagnose obstruction in the young and over-diagnose obstruction in the aged. Using 80% of the predicted value and a FEV1/FVC
ratio of 0.7 as the LLN has been shown to misclassify more than 20%
of patients [24]. Recommendations on the grading of disease severity
are listed in Table 2 [4, 25].
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Spirometry reports
Spirometry reports should include only clinically meaningful indices
such as FVC, FEV1, and FEV1/FVC. Many reports will also include
peak expiratory flow rate. Recorded values should be listed in the
first column followed by the normal range. The average expected
value (predicted), percent of predicted and z-score may aid in interpretation (see Figure 1) [26]. Graphics including flow–volume loop
and volume–time curve should be included in the report. Notes from
the testing clinician regarding test quality and other pertinent information (e.g., bronchodilator use) can be very helpful to the interpreting physician.

BASIC SPIROMETRY PATTERNS
Normal pattern
A normal spirometry test is characterized by FVC, FEV1, and FEV1/FVC
all within the normal range. It is important to keep in mind that having
values in the normal range cannot completely rule out lung disease especially if the pretest probability of disease is elevated and if the recorded
values are near the LLN. Moreover, a normal spirometry test cannot rule
out asthma since many asthmatics spend most of their time with normal
lung function. The flow–volume loop in normal patients will be tall and
wide. Many reports display the flow–volume loop over an expected tracing. A normal test with data table, flow–volume loop, and bell curve is
shown in Figure 1.

Obstructive pattern
An obstructive pattern is characterized by FEV1/FVC < LLN. In other
words, without airflow obstruction, most of the FVC should be
exhaled in the first second of forced exhalation. Obstructive spirometry pattern is usually, but not always, accompanied by FEV1 <LLN.
The FVC may be normal in milder disease but will be <LLN in more
advanced disease. The flow–volume loop in obstructive diseases
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FIGURE 2
Common spirometry errors. (A) Obstructed airflow due to a patient obstructing their pharyngeal and laryngeal structures
(grunting) causing saw tooth flow patterns. (B) Poor expiratory effort, the red arrow indicates there should be a spiked,
not rounded peak expiratory flow graphic. (C) Poor start, the red arrow indicates leaked air prior to the forced expiratory
maneuver (excessive back extrapolated volume). (D) Premature termination of expiratory flow, the red arrow indicates a
sudden vertical drop in flow. FEV1, forced expiratory volume in the first second; FEV3, forced expiratory volume in the
third second.

A.

C.

B.

D.

TABLE 2
Disease severity classification when FEV1 <LLN [4, 25]
Classification

% of predicted

z-score

Mild
Moderate
Moderately severe
Severe
Very severe

≥70
60–69
50–59
35–49
<35

≥−2
−2 to −2.5
<−2.5 to −3
<−3 to −4
<−4

Note: FEV1, forced expiratory volume in the first second; LLN, lower limit
of normal.

shows a lower peak flow and a concave (i.e., scooped) expiratory loop.
An obstructed test with data table, flow–volume loop, and bell curve
is shown in Figure 4.

Restrictive pattern
A restrictive pattern is characterized by FVC and FEV1 <LLN accompanied by FEV1/FVC >LLN. Spirometry may suggest restrictive

Can J Respir Ther Vol 54 No 4 Winter 2018

lung disease; however, restriction must be confirmed by measuring lung
volumes and documenting a total lung capacity value <LLN [4]. The flow–
volume loop in restrictive diseases will be thin due to small volumes (volume is displayed on the horizontal axis). A restrictive test with data table,
flow–volume loop, and bell curve is shown in Figure 5.

Post-bronchodilator testing
Spirometry tests are often repeated after the administration of a
short-acting bronchodilator. A 12% (minimum of 200 mL) increase in
FVC and/or FEV1 is considered significant [4]. A significant improvement in recorded values may indicate benefit from bronchodilator therapy. Normalization of an abnormal baseline test may indicate asthma.
However, functional and symptomatic improvements may occur even in
the absence of significant changes in spirometry. This is particularly
true in patients with advanced COPD [27]. A short-acting beta agonist
bronchodilator (e.g., albuterol) can be delivered either by small-volume
nebulizer or metered dose inhaler. A minimum of 10 min should elapse
between drug delivery and post-bronchodilator testing [8]. A spirometry
test with data table, flow–volume loop, and bell curve from a patient
with a significant bronchodilator response is shown in Figure 6.
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FIGURE 3
Spirometry data displayed on a bell curve. LLN, lower limit of normal; M, median; ULN, upper limit of normal; FVC, forced
vital capacity; FEV1, forced expiratory volume in the first second. (Courtesy of Morgan Scientific Inc., Haverhill, MA, USA)

FIGURE 4
Obstructive spirometry pattern, the FEV1 and FEV1/FVC are < LLN. The flow–volume loop shows less than expected
expiratory flows (dotted line), which create a concave contour. FVC, forced vital capacity; FEV1, forced expiratory volume
in the first second; FEV3, forced expiratory volume in the third second; M, median; LLN, lower limit of normal.
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FIGURE 5
Restrictive spirometry pattern, the FVC and FEV1 are <LLN but the FEV1/FVC is >LLN. The flow–volume loop is narrow
indicating low volumes. FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; FEV3, forced
expiratory volume in the third second; M, median; LLN, lower limit of normal.
Pre Bronchodilator

Spirometry (BTPS)

Actual

Predicted

% Pred

15:36

----

----

----

----

----

L

0.90

2.48

3.94

3.19

28

–5.68

FEV1

L

0.78

1.98

3.11

2.56

30

–4.81

FEV1 / FVC

%

87

69

90

80

109

1.10

StartTime
FVC

Range

Z-score

Flow (L/sec)

Legend
Pred
Pre
Post

Pre-Bronchodilator

Volume (L)

FIGURE 6
Significant bronchodilator response, the post-bronchodilator FEV1 has increased more than 12% and 200 mL and is >LLN.
The flow–volume loop overlay shows higher flows and volumes after bronchodilator (red tracing). FVC, forced vital
capacity; FEV1, forced expiratory volume in the first second; FEV3, forced expiratory volume in the third second; M, median;
LLN, lower limit of normal.
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Longitudinal testing
Once a diagnosis has been made, follow-up spirometry testing to assess
asthma control and COPD progression may be helpful. Both the Global
Initiative for Asthma (GINA) [1] and the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) [2] recognize a role for serial spirometry measurements in patients’ asthma and COPD, respectively.
The GINA guidelines state that a low FEV1 may indicate a greater risk
for asthma exacerbation, lung function decline, and poor perception of
uncontrolled asthma [1]. A normal FEV1 in a symptomatic asthmatic may
indicate a co-morbidity; however, FEV1 can be preserved in the presence of
increased airway resistance [28, 29]. The repeated observation of bronchodilator responsiveness in a patient who has been prescribed asthma-control
medications may indicate noncompliance, improper inhaler technique, the
need for additional medication, or ongoing trigger exposure (e.g., allergens,
occupational exposures). The GOLD guidelines state that yearly measurement of FEV1 can be used to identify accelerated loss of lung function [2].
The ATS/ERS interpretative strategy recommendations define a significant weekly change in FEV1 for normal subjects as ≥12% and ≥20%
for patients with COPD [4]. Yearly changes in FEV1 should not exceed
15% [4]. In restrictive diseases such as idiopathic pulmonary fibrosis, a
≥10% reduction in FVC is reflective of disease progression [30]. In neuromuscular diseases such as amyotrophic lateral sclerosis, declining FVC
is a strong indicator of disease progression [31].

SUMMARY
Spirometry testing plays an important role in the diagnosis and management of COPD, asthma, restrictive lung disease, and neuromuscular disease in the primary care setting [3]. Verifying the accuracy of the spirometer,
the use of accurate patient demographics and appropriate reference equations, and ensuring testing personnel competency are key components of
spirometry test interpretation. Spirometry interpretation should include an
assessment of test quality and be based on sound statistical principals [3].
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