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Chronic obstructive pulmonary disease (COPD) is highly preva-
lent, affecting 9% to 26% of individuals ≥40 years of age, and is 

the fourth leading cause of death in Canada (1-4). More than 750,000 
Canadian adults report being diagnosed with COPD by a health care 
professional (5). COPD appears to be underdiagnosed because preva-
lence rates based on spirometry testing are two to six times higher than 
estimates based on patients’ self-reports of a physician diagnosis (6,7). 

Early diagnosis and management of COPD is important because 
it is a leading cause of hospitalization and emergency department 
visits (8-12). Early detection enables the initiation of treatment, 
if needed, and for secondary preventive strategies including smok-
ing cessation, education and healthy lifestyle changes (13-15). The 
Canadian Thoracic Society recommends spirometry testing for 
individuals at risk for COPD: individuals >40 years of age with a 

past or present smoking history and at least one respiratory symptom, 
such as breathlessness, wheezing, cough, or persistent phlegm and 
frequent lung infections (16). Despite the simplicity of spirometry, 
limitations regarding access, use, quality and interpretation of results 
are considerable (17-19).

A novel targeted screening program was implemented within the 
presurgical screening (PSS) clinic of a tertiary care hospital. This 
was initiated in response to indications that avoidable postoperative 
pulmonary complications were occurring in patients with previously 
undiagnosed COPD and in COPD patients with poorly controlled 
disease. A quality assurance study was performed to evaluate the detec-
tion rate of airflow obstruction and to examine the characteristics of 
individuals identified through the targeted screening program.
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BACKGROUND: Targeted spirometry screening for chronic obstructive 
pulmonary disease (COPD) has been studied in primary care and community 
settings. Limitations regarding availability and quality of testing remain. A 
targeted spirometry screening program was implemented within a presurgical 
screening (PSS) clinic to detect undiagnosed airways disease and identify 
patients with COPD/asthma in need of treatment optimization.  
OBJECTIVE: The present quality assurance study evaluated airflow 
obstruction detection rates and examined characteristics of patients identi-
fied through the targeted screening program.
METHODS: The targeted spirometry screening program was imple-
mented within the PSS clinic of a tertiary care university hospital. Current 
or ex-smokers with respiratory symptoms and patients with a history of 
COPD or asthma underwent prebronchodilator spirometry. History of air-
ways disease and smoking status were obtained during the PSS assessment 
and confirmed through chart reviews.   
RESULTS: After exclusions, the study sample included 449 current or 
ex-smokers. Abnormal spirometry results were found in 184 (41%) 
patients: 73 (16%) had mild, 93 (21%) had moderate and 18 (4%) had 
severe or very severe airflow obstruction. One hundred eighteen (26%) new 
cases of airflow obstruction suggestive of COPD were detected. One-half of 
these new cases had moderate or severe airflow obstruction. Only 34% of 
patients with abnormal spirometry results had reported a previous diagnosis 
of COPD. More than one-half of patients with abnormal spirometry results 
were current smokers.
CONCLUSIONS: Undiagnosed airflow obstruction was detected in a 
significant number of smokers and ex-smokers through a targeted screening 
program within a PSS clinic. These patients can be referred for early inter-
vention and secondary preventive strategies. 
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La mise en œuvre d’un programme de dépistage ciblé 
pour déceler une obstruction des voies respiratoires 
évocatrice d’une maladie pulmonaire obstructive 
chronique dans une clinique de dépistage 
préchirurgical

HISTORIQUE : Le dépistage ciblé de la maladie pulmonaire obstructive chro-
nique (MPOC) par spirométrie a fait l’objet d’études en première ligne et en 
milieu communautaire. Des limites subsistent quant à la disponibilité et à la 
qualité des tests. Un programme ciblé de dépistage par spirométrie a été mis en 
œuvre dans une clinique de dépistage préchirurgical (DPC) pour déceler les 
maladies des voies respiratoires non diagnostiquées et dépister les patients 
atteints de MPOC ou d’asthme dont le traitement doit être optimisé. 
OBJECTIF : La présente étude de contrôle de la qualité visait à évaluer le taux 
de détection des obstructions des voies respiratoires et à examiner les caractéri-
stiques des patients dépistés grâce au programme de dépistage ciblé.
MÉTHODOLOGIE : Le programme de dépistage ciblé par spirométrie a été 
mis en œuvre au sein de la clinique de DPC d’un hôpital universitaire de soins 
tertiaires. Les fumeurs ou anciens fumeurs ayant des symptômes respiratoires et 
les patients ayant des antécédents de MPOC ou d’asthme ont subi une spiromé-
trie avant la bronchodilatation. L’évaluation à la clinique de DPC a permis 
d’obtenir les antécédents de maladie des voies respiratoires et de vérifier le 
tabagisme, qui ont été confirmés lors de l’analyse des dossiers. 
RÉSULTATS : Après les exclusions, l’échantillon à l’étude se composait de 
449 fumeurs ou anciens fumeurs. Ainsi, 184 patients (41 %) ont obtenu des 
résultats de spirométrie anormaux : 73 (16 %) présentaient une obstruction des 
voies respiratoires légère, 93 (21%) une obstruction modérée et 18 (4 %) une 
obstruction grave ou très grave. Les chercheurs ont décelé 118 nouveaux cas 
(26 %) d’obstruction des voies respiratoires évocateurs d’une MPOC, dont la 
moitié avait une obstruction modérée ou grave. Seuls 34 % des patients ayant 
des résultats de spirométrie anormaux ont déclaré un diagnostic antérieur de 
MPOC. Plus de la moitié des patients ayant des résultats de spirométrie anor-
maux étaient fumeurs.
CONCLUSIONS : Un nombre important de fumeurs et d’anciens fumeurs 
présentait une obstruction non diagnostiquée des voies respiratoires décelée 
grâce à un programme de dépistage ciblé dans une clinique de DPC. Ces 
patients peuvent être dirigés vers une intervention précoce et des stratégies 
préventives secondaires.
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METHODS
Description of the program
A walk-in spirometry service for patients referred for testing is offered 
as part of a dedicated Airways Centre within the Respirology Division 
of the Jewish General Hospital (JGH, Montreal, Quebec). This is 
open to the hospital community at large and used extensively by 
respirologists for patient evaluation, follow-up and education. In June 
2010, a targeted COPD screening program was developed and imple-
mented in collaboration with the hospital’s PSS clinic. The PSS clinic 
sees all hospital patients undergoing interventional procedures and 
elective surgery except those scheduled for coronary artery bypass 
grafts. Patients meeting the criteria of the targeted COPD screening 
algorithm were referred for spirometry: current or ex-smokers (pack-
years >10), ≥40 years of age and reporting at least one respiratory 
symptom on the Canadian Lung Health Test (20). During the history 
and physical examination, patients were asked about history of COPD 
and asthma. Patients reporting a history of COPD or asthma were also 
sent for presurgical spirometry regardless of pulmonary symptoms or 
smoking status (Figure 1).

Prebronchodilator spirometry was performed by a registered res-
piratory therapist according to American Thoracic Society standards 
(21) using a Spiro USB spirometer (Cardinal Health, Spirometry PC 
Software, version 1.5.0.0). Calibration of the device was performed 
daily. Measurements were taken with the patient in a seated position 
with a nose clip. Forced expiratory manoeuvres were repeated until 
three acceptable and reproducible measurements were obtained. The 
best forced expiratory volume in 1 s (FEV1) and forced vital capacity 
(FVC) were recorded, and FEV1/FVC was calculated. Predicted values 
for FEV1 were calculated using the equations reported by Knudson et 
al (22). Height and weight were measured wearing indoor clothing 
without shoes. A written interpretation based on American Thoracic 
Society criteria was automatically generated. The spirometry results 
were reviewed by a respirologist. Based on the results and respirologist 
interpretation, the PSS clinic decided whether to request a respirology 
consultation where further evaluation and testing was performed 
before surgery. The present study was approved by the JGH Research 
Ethics Committee (Ethics # CR12-37).

Participants and setting
Patients referred for spirometry from the PSS clinic of the JGH between 
July 2010 and August 2012 were included in the present study. Patients 
who were never smokers (pack-years ≤10) were excluded from the sam-
ple. Only the first screening spirometry was included for patients 
referred more than once during the study period. Patients presenting for 
a preoperative screening spirometry outside of the algorithm (eg, dir-
ectly from surgeons) were excluded from the analyses. Patients with 
unacceptable spirometry quality or for whom essential information was 
missing (eg, medical history, smoking history) were also excluded.

Procedures
Spirometry results were classified based on modified Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) criteria (23). Because post-
bronchodilator spirometry results were not available, prebronchodilator 
results were used to estimate severity. The hospital in- and outpatient 
record was reviewed to confirm the presence or absence of airways dis-
ease history provided during the PSS clinic assessment. Smoking status, 
pack-year history and presurgical respirology consultations were also 
reviewed. Pack-years were defined as the number of cigarettes smoked 
per day divided by 20 and multiplied by the number of years that the 
patient smoked. Patients with abnormal spirometry results were classi-
fied according to whether this was a new or a known diagnosis. Patients 
were categorized as new cases if they denied having a history of COPD 
during their preadmission evaluation and no previous diagnosis of 
COPD was found in their hospital record. Those whose hospital record 
indicated a diagnosis of COPD, including questionable diagnoses such 
as COPD/asthma, were categorized as having known COPD. 
Demographic and physiological parameters were compiled. Frequencies, 
means and SDs were calculated. χ2 statistical analyses were conducted. 
All analyses were performed using SPSS version 19 (IBM Corporation, 
USA). Statistical  significance was defined as P<0.05.

RESULTS
Between July 2010 and August 2012, 694 patients were referred for spi-
rometry; after exclusions, 449 were included for analysis (Figure 2). Age 
ranged from 41 to 90 years. Two hundred thirty-four (52%) patients 

Figure 1) Presurgical screening clinic algorithm for targeted airflow obstruction spirometry screening. COPD Chronic obstructive pulmonary disease

COPD Chronic obstructive pulmonary disease.
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History of COPD or asthma

Present

Spirometry

Normal Abnormal

Absent
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Respiratory symptoms
1. Do you cough regularly?
2. Do you cough phlegm regularly?
3. Do even simple chores make you short of breath?
4. Do you wheeze when you exert yourself or at night?
5. Do you get frequent colds that persist longer than 

those of other people you know?

Normal Abnormal
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were smokers and 215 (48%) were ex-smokers (Table 1). Only 3% of 
patients referred for targeted spirometry screening were scheduled for 
thoracic surgery. Twenty-seven percent of patients were scheduled for 
abdominal surgery, and 67% for other general surgical procedures. 
Information regarding the type of surgery was missing for 3% of patients 
due to cancellation. According to modified GOLD criteria, 184 (41%) 
patients had abnormal spirometry: 73 (16%) had mild, 93 (21%) had 
moderate and 18 (4%) had severe or very severe airflow obstruction 
(Figure 3). Following a review of hospital records, it was determined 
that the abnormal spirometry results observed in six patients were due 
to asthma rather than airflow obstruction suggestive of COPD. One 
hundred eighteen patients were new-found cases of airflow obstruction 
suggestive of COPD while 60 were already known for having COPD, 
representing 26% and 13% of the screened population, respectively. 
Only 34% of patients with abnormal spirometry had a history of 
COPD. Of the known COPD cases, 49 (82%) had at least moderate 
airflow obstruction. One-half (50%) of patients with newly identified 
airflow obstruction had moderate to severe airflow obstruction 
(Figure 4). Patients with known COPD were significantly more likely 
to have more advanced modified GOLD stage COPD than patients 
who were newly identified (χ2=17.7; P<0.001).

More than one-half (51%) of patients with abnormal spirometry 
results were still smoking at the time of screening. Significantly more 
patients were still smoking among those newly recognized with airflow 
obstruction compared with those with previously documented COPD 
(58% versus 37%, respectively; χ2=7.0; P<0.01).

COPD misdiagnosis
A medical history of COPD was found in the charts of 68 patients. 
Spirometry and chart reviews including examination of chest x-rays 
and/or computed tomography scans, when available, revealed that the 
criteria for COPD diagnosis were not met in nine (13%) cases. All nine 
cases showed no evidence of airflow obstruction on screening spirometry 
and one was believed to have asthma based on history.

DISCUSSION
The results of the present study indicate that a targeted spirometry 
screening program to detect airflow obstruction suggestive of COPD 
integrated within a PSS clinic is both feasible and effective. Only a 
small proportion of patients referred for spirometry were unable to 
perform the test, while an important number of patients with undiag-
nosed COPD were identified as having airflow obstruction suggestive 
of COPD. Forty percent of screened patients were identified as having 
airflow obstruction. Of those referred for targeted screening, 26% 
represented newly detected cases while 13% were already known to 
have COPD. Only 34% of patients with airflow obstruction had a his-
tory of COPD. One-half of the patients with newly recognized airflow 
obstruction had at least moderate airflow obstruction. More than 50% 
of the patients with abnormal spirometry were still smoking.

COPD is a prevalent disease and a significant burden to patients 
and the health care system (5,11). Screening programs using spirom-
etry have been used to estimate the true prevalence of COPD. 
Multiple population screening studies involving adults >40 years of 
age report prevalence rates of 9% to 26% (1-3,24). The utility of popu-
lation spirometry screening programs for the detection of COPD is 
controversial (25). Screening of asymptomatic individuals has been 
criticized, leading to recent guidelines recommending against popula-
tion screening for COPD (26,27). There is, however, evidence to sug-
gest that targeted screening strategies may be useful (28-31). The 
Canadian Thoracic Society guidelines, therefore, recommend targeted 
screening of patients at risk for COPD (16). COPD screening studies 

Figure 2) Diagram of study participant selection process

Figure 3) Spirometry results classified accordong to modified GOLD 
criteria (Mild: FEV1 ≥80%; Moderate: 50% ≤FEV1 <80%; Severe: 
FEV1 <50%)

Figure 4) Modified GOLD classification according to known or new-found 
chronic obstructive pulmonary disease (COPD) (Mild: FEV1 ≥80%; 
Moderate: 50% ≤FEV1 <80%; Severe: FEV1 <50%)

694 referrals for spirometry screening

627 patients

483 patients

470 patients

465 patients

449 patients included in study

Referred outside of algorithm (n=144)

Never smokers (n=67)

Seen more than once (n=13)

Poor quality spirometry result (n=5)

Missing data (n=16)

TAbLe 1
Patient demographics (n=449)
Age, years, mean ± SD 65.3±10.9
Sex
   Male 260 (58)
   Female 189 (42)
Smoking status
   Current smoker 234 (52)
   Ex-smoker 215 (48)
   Pack-years, mean ± SD 37±22
History of chronic obstructive pulmonary disease
   Present 87 (19)
   Absent 362 (81)

Data presented as n (%) unless otherwise indicated
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of at-risk individuals (current and former smokers, ≥40 years of age, 
with a smoking history ≥10 pack-years) using spirometry report preva-
lence rates of 23% to 30% (32,33). More recently, the Canadian 
Cohort of Obstructive Lung Disease (CanCOLD) study, a multisite 
Canadian study, reported a prevalence rate of GOLD stage ≥2 COPD 
in a cohort of at-risk patients (>40 years of age, a minimum 20 pack-
year smoking history, visiting a primary care practitioner) of 21% (34). 
The present study found an overall prevalence of airflow obstruction 
suggestive of COPD of 41% based on spirometry. The higher rates 
demonstrated in the present study may be due to the use of prebron-
chodilator values and to the added requirement that those referred 
have a positive Canadian Lung Health Test and, therefore, were symp-
tomatic. As in the CanCOLD study, approximately two-thirds of our 
screened patients with positive spirometry results were not previously 
aware of their diagnosis (34).

Spirometry has also been used to estimate the prevalence of COPD 
according to severity of illness. The CanCOLD study reports preva-
lence rates of 16% for moderate COPD (GOLD 2) and 4% for severe 
COPD (GOLD 3 or 4) in high-risk patients (34). We found that 16%, 
21% and 4% of screened patients had mild, moderate, and severe or 
very severe airflow obstruction, respectively. One-half of the newly 
detected patients had mild airflow obstruction, suggesting that these 
patients were identified early in the disease trajectory. Most import-
antly, however, 50% of new-found cases had moderate, severe or very 
severe airflow obstruction. These individuals may be at higher risk for 
exacerbations, rapid functional decline and, in this presurgical con-
text, postoperative complications (35).

Patients are often diagnosed with COPD without spirometry testing 
(18,36,37). Our targeted screening program identified nine patients 
(13%) with a history of COPD unsupported by spirometry and clinical 
criteria. This result is in agreement with the misdiagnosis rate of 13% 
identified in a study conducted in the primary care setting (34).

There is evidence that early detection and diagnosis of COPD is 
beneficial to patients (38,39). A recent review concluded that the most 
rapid rate of FEV1 decline occurs during GOLD stage 2 disease and 
suggests that it would be beneficial if COPD could be diagnosed and 
addressed before this period (40). Early identification enables access 
to secondary preventive care, of which smoking cessation is the most 
important (41-43). Smoking cessation in patients with mild COPD has 
been shown to slow the progression of FEV1 decline (13-15). Providing 
patients with spirometry evidence helps optimize smoking cessation 
counselling and efforts (44-47). Eighty-four percent of Canadians 
>35 years of age with self-reported COPD were or had been smok-
ers at the time of diagnosis and almost 40% continued to smoke (5). 
In a cohort of patients at risk for COPD, Hill et al (34) reported that 
almost 50% were current smokers. Similarly, in the present study, 51% 
of patients with abnormal spirometry were current smokers. Of those 
newly identified with airflow obstruction, 58% were smokers. There are 
other potentially beneficial early interventions. Recent guidelines for 
the prevention of acute exacerbations recommend that patients with 
COPD receive yearly influenza vaccination (43). Furthermore, there is 
evidence that the introduction of maintenance pharmacotherapy during 
the early stages of COPD may be beneficial (39,40).

Our targeted screening program for COPD was implemented within 
a presurgical screening clinic following our anecdotal experience with 
postsurgical complications in patients with undiagnosed or suboptimally 
treated COPD. Patients with COPD have high hospital admission and 
readmission rates (10,48). They are also at higher risk for postoperative 
complications such as exacerbations, thus increasing length of stay and 
cost to the health care system (35,49,50). We saw an opportunity to 
develop a targeted program allowing for optimization of those with 
undiagnosed and uncontrolled COPD before surgery.

We opted to include modified GOLD stage 1 (ie, prebronchodila-
tor) patients within our classification criteria. Some authors have 
questioned whether GOLD stage 1 should be regarded as early COPD 
(51). For the sake of simplicity, GOLD guidelines defined airway lim-
itation as a postbronchodilator fixed ratio of FEV1/FVC <0.70 (23). 

This does not take into account studies demonstrating an age-related 
decline in FEV1/FVC in healthy individuals resulting in overdiagnosis 
in older age groups (51-55). To reduce the risk of overdiagnosis, some 
screening studies have opted to analyze their data according to GOLD 
stage ≥2 (ie, FEV1/FVC <0.70 and FEV1 <80% predicted value (1,34). 
Studies have shown, however, that patients potentially ‘over diag-
nosed’ with COPD according to GOLD classification are, in fact, at 
higher risk for having COPD-related hospitalizations and mortality in 
the long-term (40,56,57). A recent study has shown that patients with 
mild COPD demonstrate evidence of clinically important physio-
logical impairments (58). Furthermore, a meta-analysis examining 
exacerbation rates according to GOLD stage indicates that COPD 
exacerbations also occur in mild COPD (59). It has been argued that 
one way to reduce hospital admissions is to detect undiagnosed COPD 
patients so that they may be started on appropriate therapy earlier 
(11). Considering the important costs associated with this chronic 
disease and that hospital admissions for acute exacerbations of COPD 
account for 82% of the costs incurred (60,61), a targeted spirometry 
screening program has potential for significant cost savings.

Our targeted spirometry screening intervention did not include 
postbronchodilator spirometry, which may have resulted in an over-
estimation of identification rates. However, to be accessible, screening 
interventions should be inexpensive, quick and simple to administer. 
The rationale to using postbronchodilator spirometry is primarily to 
exclude asthma. To limit the potential impact of asthma on our results, 
never smokers were excluded from the analyses. Furthermore, the pres-
ence or absence of bronchodilator reversibility is unlikely to impact 
the diagnosis of symptomatic moderate to severe COPD because air-
flow obstruction in such patients is not likely to normalize (6). In our 
study, 60% of patients with abnormal spirometry results had moderate 
to severe airflow obstruction. 

This spirometry screening program targeted at-risk patients who 
scored positive on the Canadian Lung Health Test. Various other case-
finding questionnaires have been proposed to aid in optimizing the use 
of spirometry screening (62-68). A comparison of the sensitivity and 
specificity of these questionnaires would be useful to maximize the 
impact of a targeted program integrated within a PSS clinic. It would 
also be beneficial to evaluate the impact of this targeted screening 
program on healthy lifestyle changes (smoking cessation, physical 
activity), disease management, exacerbations and hospitalizations. 
Further studies are needed to evaluate the impact of the targeted presur-
gical COPD screening program on peri- and postoperative complica-
tions. Of particular interest would be the impact on in-hospital 
pulmonary complication rates, postoperative length of stay and 
readmissions rates due to respiratory causes.

CONCLUSION
Our findings showed that a targeted preoperative screening program for 
patients at risk for COPD is feasible and effective. Undiagnosed airflow 
obstruction can be detected in a significant number of smokers and for-
mer smokers. One-half of newly identified patients had at least moder-
ate disease. Furthermore, many continued to smoke. This program 
provides an opportunity to impact disease progression in patients who 
would otherwise have remained undiagnosed through pharmacotherapy 
and secondary preventive interventions including smoking cessation.
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