
smoking cessation; and quality of life (QoL).
Participating sites were responsible for applying the PC-API

Form to 10 randomly selected prospective patient visits and 10
randomly selected retrospective patients via chart abstraction.
Patients with physician-diagnosed asthma were included. Those
with co-morbidities (diabetes, cancer, COPD, arthritis,
cardiovascular conditions) were excluded. Sites were provided
with three options for submitting the PC-API Form: 1) hard copy
paper; 2) electronically by email; or 3) web-based. The hard-copy
paper form was completed manually by a PHC practitioner and
submitted via postal service mail or fax. The electronic Adobe®

PDF form was completed electronically and submitted as an
encrypted attachment to an email or printed and then submitted
via postal service mail or fax. The third option, used by most sites,
was an electronic web-based form to be completed and
submitted on-line to a secure web server housed at The Hospital
for Sick Children in Toronto, Ontario, Canada. The pilot study
spanned from June 1 until August 31, 2010 and collected API
information for a total of 100 patients.  Analyses were descriptive
in nature, presented with overall means and proportions, and
stratified by site, prospective and retrospective patient visits. 

Overall, PHC practitioners reviewed the various versions of the
PC-API Form as “feasible” and “practical to use”. Our results (see
Table) showed that the majority of patients’ asthma diagnoses
were confirmed by PFTs (76% and 74% in the prospective and
retrospective study, respectively). However, use of PFTs for
ongoing asthma monitoring in the previous 12 months was lower
(66% in the prospective and 61% in the retrospective study).
While significant variations across the sites were observed,
ranging from 10% to 100%, the combined results can potentially
be used as a “benchmark” for the respective indicator. Practices
“performing” below the combined average may use it as a
benchmark to improve delivery of care.

In general, patients in the prospective study showed a higher
average number of inhaled corticosteroid prescriptions, lower
average short-acting β2-agonist (SABA) use, larger number of
SABA-free days, and also a higher percentage of these patients
had demonstrated their inhaler technique regularly compared to
patients in the retrospective chart review. Forty-one percent of
the prospective patients and 31% of the retrospective patients
reported more than one asthma exacerbation in the previous 12

Prim Care Respir J 2011; 20(x): xxx-xx

Dear Sirs,
Despite well-established management guidelines, variations in
quality of asthma care exist and are common in primary care
settings.1 Community-based quality of care (or performance)
indicators can help identify barriers to, and enablers of, the
development, dissemination and uptake of clinical guidelines for
disease management. Despite the development and application
of evidence-based performance indicators in diseases such as
diabetes and stroke,2,3 the parallel in asthma is not well
established. Klomp et al.4 developed indicators to measure
asthma control, but fell short in providing a dynamic measure of
asthma quality of care. There still remains a lack of standard
asthma-specific quality of care indicators that measure process
and health outcomes as part of a broader, comprehensive asthma
surveillance system.  Previously, using a modified Delphi
approach, we developed a set of 15 evidence-based asthma
performance indicators (APIs).5 The objective of this study was to
test the feasibility of collecting patient data for these APIs as a
means of measuring the quality of asthma care in primary care
practice. 

Five primary care sites across Ontario, Canada participated in
the feasibility study. These sites were volunteers from an ongoing
provincial Primary Care Asthma Program. To assess the utility of
the APIs, we developed a data collection tool to aid primary
health care (PHC) practitioners capture patient information.  The
tool, copyrighted as the Primary Care Asthma Performance
Indicators Form “PC-API” (see see Appendix, available online at
www.thepcrj.org) detailed the 15 APIs into nine categories:
pulmonary function tests (PFTs) – including spirometry, peak flow
or methacholine challenge; medication use; asthma control;
exacerbations; health care use; action plan; asthma education;
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months. A total of 19 emergency department, 3 urgent care and
124 primary care visits for asthma were reported among the
prospective patients. Slightly higher numbers were reported from
the retrospective review.  About 12% of the prospective patients
and 10% of the retrospective patients were smokers, and the
majority (75%) received advice to stop smoking. A 5-point scale
was used to measure QoL in the prospective patients, indicating
an average score of 1.8 across sites (suggesting very good to
excellent QoL).

We have demonstrated that implementation of the 15
evidence-based APIs in community-based primary care practices is
feasible. The collected data can help establish benchmarks for
optimal health service delivery and identify areas for improvement
in asthma care. Future direction includes the validation of the PC-
API Form across various populations, which will collect both
provider- and population-level data to establish benchmarks for
optimal asthma care in primary healthcare settings.
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API category Definition of Asthma Performance Indicator Patient visit n=50* Range Chart Abstraction n=50* Range
% patient’s asthma diagnosis confirmed by PFTs 76% 40-100% 74% 0-100%
(spirometry, peak flow or methacholine challenge)

% patients monitored with spirometry in last 12 months 66% 10-100% 61% 50-90%

% patients using inhaled corticosteroids (ICS) 90% 80-100% 82% 40-100%

In last 12 months, average number of patient’s self-reported 4.4 3.3-6.2 3.8 1.3-5.1
ICS prescription filled

In last 4 weeks, average number of patient’s self-reported 3.6 1.7-5.6 4.9 2.5-7.0
short-acting β2-agonist (2 puffs) per week

In last 4 weeks, average number of patient’s self-reported 21.9 19.1-25.6 18.7 18.4-18.9
β2-agonist-free days

% patients have demonstrated their inhaler technique regularly 84% 60-100% 68% 10-100%

In last 6 months, % patient’s asthma symptoms control were assessed 75% 33-100% 56% 0-90%

In last 4 weeks, % patient’s asthma is well-controlled 68% 60-80% 61% 40-83%

In last 4 weeks, average number of patient’s self-reported days 19.7 15.4-23.1 18.5 18.3-18.6
symptom-free

In last 12 months, average patient’s self-reported days missed from 1.1 0-12 0.8 0-10
school or work due to asthma

In last 12 months, % patients with more than 1 asthma exacerbation 41% 0-70% 31% 0-70%

In last 12 months, average number of ED visits for asthma 0.4 0-12 0.1 0.3

In last 12 months, average number of urgent care visits for asthma 0.1 0-2 0.1 0-5

In last 12 months, average number of primary care visits for asthma 2.5 0-12 1.5 0-4

% patients with a routine healthcare provider 100% 100% 100% 100%

% patients received a written asthma action plan 54% 20-90% 54% 10-70%

% patients referred to see a certified asthma educator 98% 90-100% 94% 70-100%

% patients who smoke 12% 0-20% 17% 0-30%

% smokers who have received advice to stop smoking 50% 0-100% 100% 100%

Average patient’s assessment of quality of life 1.8 1.6-2.1 2.4 2.4
1=excellent, 2=very good, 3=good, 4=fair, 5=poor

Table 1. Means and variations of asthma performance indicators in prospective patients and retrospective chart
abstraction patients
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Function
Test (PFT)

Medication
use

Asthma
control

Exacerbations

Health care
use

Action plan
Asthma
education

Smoking
cessation

Quality 
of life
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enrolment and after two weeks of therapy. Pulmonary function
tests were interpreted using European Respiratory Society
guidelines.3,4 Specifically, a flow volume loop was performed at
baseline for all included patients using Vmax Sensor Medics Body
Box. FEV1 and FVC were expressed as % predicted and were
considered abnormal if < 80% predicted using ECSC reference
equations.3 FEF25-75 was considered abnormal if less than 65%
predicted,4-6 especially if the shape of the expiratory curve was
concave.3 In patients showing a reduction in FEV1, FVC or FEF25-75,
reversibility test (after inhalation of 200 µg of salbutamol via
Aerochamber) was performed and was considered positive if
FEV1 improved by 12% and 200 ml or FEF25-75 improved by
> 30% of baseline values.3-4 Flow volume loop was repeated after
two weeks of treatment for patients who showed alteration of
any spirometric value at baseline. Statistical analysis was carried
out with Stata version 6. We considered p values <0.05 to be
significant. 

Sixty patients were enrolled, 34 women and 26 men; mean
age was 28 ±9 years. AR was intermittent in (23%), persistent in
(77%), mild in (73%) and moderate/severe in (27%). Pulmonary
function tests revealed that the mean FEV1% was 105±17% of
predicted, FVC was 114±17% of predicted, and FEF25-75 was
92±25% of predicted. Four patients had FEV1% <80% predicted,
two patients had FVC<80%, while 21 patients had FEF25-75

below 65% predicted. FEV1% predicted was the highest in mild
intermittent AR patients and the least in moderate to severe AR
patients (120±11% versus 89±14%, p<0.001). Similar findings
were observed for FEF25-75 (see Table 1). We did not find any
functional abnormalities in intermittent AR.

FEV1% predicted and FEF25-75% predicted were inversely
correlated with the degree of severity of AR. These associations
were independent of potential confounding factors (age, gender,
allergic rhinitis duration) as shown by multiple linear regressions
(see Table 2). For the 21 patients who showed alteration of any
spirometric value at baseline, reversibility testing was positive in
all cases for both FEV1 and FEF25-75. FEV1 improved by 22±11%
(p <0.001), FVC by 5±9% (p=0.03) and FEF25-75 improved by
30±11% (p<0.001) after treatment.

In this study, we provide evidence that the presence of a
reduced FEF25-75 in patients with AR, even in the absence of a
reduction in FEV1 or FVC, may signify airway obstruction in these
patients. Alteration in FEF25-75 reflects inflammation of small
airways less than 2mm diameter,3,4 so FEF25-75 may well be an
early predictor of airway obstruction.2-7 Using a definition of
reduced FEF25-75 as <80% of predicted, Ciprandi found that 87%
of patients with persistent moderate/severe AR had a reduction in

Dear Sirs,
Is allergic rhinitis (AR) a marker for subclinical asthma or a
predictor for the future development of asthma? Firstly, there is
evidence that the lower airways of patients with AR show
evidence of inflammation.1 Secondly, pulmonary function tests in
AR patients with no symptoms suggestive of asthma have shown
alterations in forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), FEV1/FVC ratio, and forced expiratory
flow between 25-75% of forced vital capacity (FEF25-75).1,2 Both
FEV1 and FVC are normally associated with overt airway
obstruction, whereas FEF25-75 is reduced in patients with small
airways inflammation, may be altered before FEV1, and is
considered a  predictor of airway obstruction.3,4 We wanted  to
track the profile of  airway obstruction  in a case series of non-
asthmatic AR patients presenting to a general medicine practice
in a developing country, aiming to investigate the role and limits
of spirometry at the primary care level.  

We therefore conducted a prospective cross sectional
observational study and investigated the lung function of all AR
patients who presented consecutively to the General Medicine
outpatient clinic of the University Hospital in Lattakia, Syria,
between October 1st 2008 and August 1st 2009. The main
inclusion criterion was a clinical diagnosis of AR as noted in the
patient’s medical record. Exclusion criteria included a past history
of asthma and bronchitis, a history of current or previous
smoking, immunotherapy, anatomic nasal abnormalities, and AR
treatment in the last four weeks. We obtained ethics approval
from the hospital Ethics Board and obtained signed informed
consent from every participant.

The diagnosis of AR was confirmed by clinical history and
positive skin prick tests. Patients were classified into intermittent
or persistent rhinitis, and stratified into mild, moderate or severe
categories. Treatment was administered according to the ARIA-
WHO report of 2008.1 The treatment protocol included two nasal
inhalations of 50 µg beclometasone twice-daily.1

Patients had pulmonary function tests conducted upon

Lung function changes in non-asthmatic allergic rhinitis patients: a case series
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FEF25-75.7 We believe that using a definition of reduced FEF25-75

as <65% is more clinically relevant and would result in better
identification of the concomitant presence of airway obstruction
in AR. The rationale for our cut-off value is that FEF25-75 is a
highly variable spirometric test and needs a very good technique
and normal FVC.3-5 McFadden comments on technical problems
and the non-standardisation of normal value of FEF25-75,5

referring to the NHLBI cut-off of 65%.6

Our data are consistent with published reports advocating
the use of FEF25-75 as a predictor of airway obstruction in
selected patients.2-7 In the medical literature, “positive reversibility
test” refers to reversibility in FEV1. The reversibility of FEF25-75 is
difficult to interpret, but a cut-off of more than 30%
improvement from baseline covers the normal over-time
changes.4 For example, air trapping in asthma patients in the
presence of normal FEV1 has been documented;6 in these

PRIMARY CARE RESPIRATORY JOURNAL
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Allergic Rhinitis

Mild Moderate Mild Moderate
intermittent to severe persistent to severe 

intermittent persistent

11 3 33 13 p 

Women, n (%) 4 (36.4) 1 (33.3) 19 (57.6) 10 (76.9) 0.20

Age, year, mean±SD 26.7±4.3 23.3±8 28.7±9.9 26.5±7.7 0.68

AR duration,  mean±SD              5.5±4.0 9±5.6 4.7±4.1 3.7±2.6 0.18

FEV1% predicted,  

•  mean±SD 120±11 111±21 105±15 89±14 <0.001

•  <80%, n (%)                                 0 0 2(6.1) 2(15.6%)         0.46

FVC% predicted,  

•  mean±SD 119±11 124±17 110±16 116±23 0.30

•  <80%, n (%) 0 0 1(3) 1(7.7) 0.74

FEF 25-75%,  

•  mean±SD 114±17 102±21 94±23 66±15 <0.001

•  < 65%, n (%) 0 0 9(27.3) 12(92.3) <0.001

Table 1. Characteristics of patients included in the analysis, according to the category of allergic rhinitis

Regression coefficient 95% Confidence Interval p value ‡

FEV1 % predicted

Allergic rhinitis, %  

•  Mild Intermittent 0 reference

•  Moderate to severe  intermittent -0.11 (-0.30, 0.08) 0.24

•  Mild persistent -0.12 (-0.23, -0.02) 0.02

•  Moderate to severe persistent -0.28 (-0.40, -0.15) <0.001

FVC % predicted

Allergic rhinitis, %  

•  Mild Intermittent 0 reference

•  Moderate to severe intermittent 0 (-0.22, 0.22) 0.99

•  Mild persistent -0.08 (-0.20, 0.04) 0.20

•  Moderate to severe persistent -0.03 (-0.17, 0.12) 0.70

FEF (25-75%)

Allergic rhinitis, %  

•  Mild Intermittent 0 reference

•  Moderate to severe intermittent -0.14 (-0.40, 0.11) 0.24

•  Mild persistent -0.16 (-0.30, -0.02) 0.02

•  Moderate to severe persistent -0.42 (-0.59, -0.25) <0.001

†Adjustment for sex, age and allergic rhinitis duration.  ‡ for regression coefficient

Table 2. Relationship between allergic rhinitis respiratory function by multivariate† linear regression
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patients, FEF25-75 has been shown to be better correlated with air
trapping than FEV1%, which explains the ability of FEF25-75 to
predict response to bronchodilator administration.6

Our results support the one airway/one disease hypothesis,1,2,8

linking AR and asthma. This is plausible for several reasons. First,
genetically, there are common atopic predispositions for AR and
asthma. Second, AR and asthma share common pathological
aspects; in biopsy studies, there was a high eosinophil count in
AR even without asthma, with thickness of the bronchial reticular
basement membrane in isolated AR. Third, from the
pathogenesis point of view, the systemic release of IL-5 and the
stimulation of bone marrow eosinopoiesis after allergen
inhalation (challenge test) are important factors involved in the
process of global airway allergy.8

One limitation of our study is the small numbers. We do not
recommend spirometry testing for patients classified as
intermittent allergic rhinitis. This could save time and money in
primary care, but we do need a larger sample to confirm this
finding. 

Data from our study raise some additional questions that
require further research. First, what is the appropriate cut-off for
a clinically relevant reduction in FEF25-75? There is a need to reach
consensus on interpretation of  FEF25-75,3 including technical
recommendations, the normal cut-off normal values, the
methods and reference for a positive reversibility test using FEF25-75,
and consensus regarding its utility in practice and its significance
as a risk factor for asthma in AR patients. Secondly, can early
treatment of AR prevent the onset of asthma? Several
pharmacological trials have shown that intranasal inhaled
steroids improve asthma control. However, the role in preventing
the allergic march from rhinitis to asthma has not been
investigated.8
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Dear Sirs,
Pulse oximetry is a non-invasive, reliable technology for
measuring arterial oxygen saturation (SpO2).1 Pulse oximeters are
part of standard care and it is hard to imagine emergency
departments, intensive care units and general hospital wards
without them. Recently, portable, user-friendly and relatively non-
expensive pulse oximeters have become available, making them
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much more accessible for general practitioners (GPs). Pulse
oximetry appears to have a wide range of indications in the
primary care setting.2 COPD guidelines suggest that oxygen
saturation measurements should be performed to aid GPs in
effective patient management.  

In order to interpret measurements, knowledge is required of
pulse oximetry technology, respiratory anatomy and physiology,
and the oxyhaemoglobin dissociation curve.3,4 The latter explains
the relationship between arterial oxygen saturation and partial
pressure of arterial oxygen. Pulse oximetry does not provide
information about the haemoglobin level, the adequacy of
ventilation, nor the efficiency of oxygen delivery to the tissues.5

Also, pulse oximeters can give inaccurate information when used
on polished nails, with bright overhead lights and in low
perfusion states.4,6 It is essential to be aware of these limitations.
Research in different hospital settings has shown that clinicians'
understanding of pulse oximetry is rather limited. 

As far as we are aware, no previous research has been
conducted of GPs’ knowledge of pulse oximetry. Therefore, the
aim of this cross-sectional questionnaire study was to gain insight
into the current knowledge, interpretative skills and attitudes of
South-Australian GPs regarding pulse oximetry.

We approached all GP networks in the Adelaide area to
recruit participants. An internet-based questionnaire was used to
assess interpretative skills, attitudes, and knowledge regarding
pulse oximetry (when and how to use the device; normal range
of oxygen saturation; accuracy; oxyhaemoglobin dissociation
curve; limitations of the pulse oximetry device). The questionnaire

(available online at www.thepcrj.org) was based on
questionnaires used in previously reported surveys.7-10 A
maximum of 35 points could be obtained. Scores were converted
to percentages (0-100%). Data were collected in November
2010. Descriptive characteristics were used to describe the
different variables. Associations between total knowledge score
and descriptive variables were analysed using the Mann-Whitney
U test and one-way ANOVA combined with multiple regression
analyses (SPSS version 17.0). 

A total of 46 questionnaires were returned from 42 GPs
(91.3%) and 4 GP registrars (8.7%). The majority of participants
(76.1%) had experience with pulse oximetry and a pulse
oximeter was owned by 60.9% of the participants. Most
participants (58.7%) believed they had not received adequate
training in the use of pulse oximetry. The mean test score was
35.0% (19.1% SD) and ranged from 0% to 68.6%. Half of the
participants did not know that a pulse oximeter measures the
percentage of oxygenated haemoglobin and only 45.7% knew
that the normal oxygen saturation range for an adult is 96 to
99%. Overall, only 31.2% of the questions about the limitations
were answered correctly. Only one GP answered all three
questions about the oxyhaemoglobin dissociation curve correctly
and 45.7% answered all three questions incorrectly.   

Experience with pulse oximetry resulted in a significantly
higher score (p<0.01). Years of experience in general practice
was overall significantly negatively associated with the
knowledge test score (Table 1). 

Although the group of GP registrars was very small, a
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Variable N=46
Frequency Mean score %
n       (%) (SD and range) p-value 

Number of years of experience as GP*
•   < 1 year 3       (6.5) 53.3  (5.9; 48.6-60.0) 0.03†‡

•   1-5 years 8       (17.4) 45.7  (16.2; 22.9-68.6)
•   6-10 years 5       (10.9) 33.1  (20.2; 8.6-62.9)
•   >10 years 29     (63.0) 30.2  (19.2; 0.0-68.6)

Experience with the pulse oximeter 
•   Yes 35     (76.1) 39.5  (17.0; 8.6-68.6) 0.006§

•   No 11     (23.9) 20.8  (19.3; 0.0-57.1)

Number of years of experience with pulse oximetry†¶

•   < 1 year 2       (5.7) 25.7   (4.0; 22.9-28.6) 0.9†

•   1-5 years 16     (45.7) 42.9   (15.9; 17.1-68.6)
•   6-10 years 4       (11.4) 35.0   (2.9; 31.4-40.0)
•   >10 years 11     (31.4) 42.1   (21.4; 8.6-68.6)

In possession of pulse oximeter*
•   Yes 28     (60.9) 38.5   (17.7; 8.6-68.6) 0.17§

•   No 17     (37.0) 29.7   (21.2; 0.0-68.6)

Use of pulse oximeter per week†¶

•   I don’t use it 10     (28.6) 39.7   (15.6; 17.1-68.6) 0.97†

•   1-6 times a week 9       (25.7) 38.1   (20.3; 8.6-68.6)
•   7-10 times a week 3       (8.6) 26.7   (4.4; 22.9-31.4)
•   >10 times a week 3       (8.6) 53.3   (21.6; 28.6-68.6)
•   Other # 8       (22.9) 42.9   (15.6; 22.9-60.0)

SD: standard deviation. N/A not applicable. 
* 1 missing; † One-way ANOVA; ‡ To obtain subgroups of equal size, the categories were redefined into 0-5 years of experience ( p=0.009), 6-10 years of 
experience (p=0.733) and more than 10 years of experience in general practice (p=0.744);  § Mann Whitney U test; ¶ Only GPs with experience with pulse 
oximetry (n=35);  # 3 Gps used the pulse oximeter less than weekly, 5 GPs used the pulse oximetry when working in the hospital

Table 1. Associations between knowledge score and different descriptive variables
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significant difference in test scores was found between GP
registrars and GPs (53.6% versus 33.3%, p=0.046). 

This study, albeit small, confirmed our hypothesis that
knowledge of pulse oximetry among GPs is relatively poor across
all aspects of pulse oximetry. Whereas years of experience in
general practice had a negative correlation with knowledge,
experience with the pulse oximeter correlated positively with
knowledge. To our knowledge this is the first study about pulse
oximetry knowledge performed in a primary care setting. Our
questionnaire is not identical to those used in other studies, but
when we compare our results to earlier studies performed in
hospital settings, the overall score seems low.5

The response rate on the internet survey was very low, with
only 1.6% of all invited GPs completing the internet-based
questionnaire – a significant limitation of this study. However,
although the study population was small, we believe it to be a
representative sample of GPs in Australia.

Before pulse oximetry can be more widely implemented in
primary care, knowledge about its technology, limitations and
the principles behind the oxyhaemoglobin dissociation curve
should be improved. Therefore, appropriate training of GPs and
registrars is essential.
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