
COPD Evidence Tables 
 
The evidence tables are presented in section order.   
 
The methodological quality of each paper was rated using the Scottish Intercollegiate 
Guidelines Network (SIGN) system (Scottish Intercollegiate Guidelines Network. SIGN 
50 Guideline Developers Handbook, 2001; ID 19457): 
 
 

++ All or most of the SIGN methodology 
checklist criteria were fulfilled.  Where 
they have not been fulfilled the conclusions 
of the study or review are thought very 
unlikely to alter. 

+ Some of the criteria were fulfilled.  Those 
criteria that have not been fulfilled or not 
adequately described are thought unlikely 
to alter the conclusions. 

- Few or no criteria were fulfilled.  The 
conclusions of the study are thought likely 
or very likely to alter. 
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Author / Title / Reference / Yr  Anthonisen, N. R., Wright, E. C., & IPPB Trial Group. 1986, "Bronchodilator response in chronic obstructive pulmonary disease", 

American Review of Respiratory Disease, vol. 133, no. 5, pp. 814-819.  Ref ID: 626 
N= N:  985 patients.  Location:  Canada.  Sites:  5 Clinical centres.  Duration:  3 years  
Research Design Before and after study 
Aim Aimed to quantify dilator response in a large patient group and relate it to other features of the disease, both at baseline and follow up  
Operational Definition Had a clinical diagnosis of COPD, not asthma. 

In the absence of bronchodilator, the FEV1 was < 60% predicted normal and < 60% of the FVC.  Criteria were fulfilled twice, 7 to 90 days 
apart, the FEV1 agreeing within 15% of 0.2 L. 
Exclusions - Total lung capacity of < 80% predicted / PaO2 ≤ 55 mmHg breathing room air / FEV1 increased to 80% predicted normal with 
inhaled bronchodilator. 

Population COPD 
Average FEV1 36% predicted normal. 
The standard deviations for the baseline characteristics were large indicating the inclusion of patients severely incapacitated (but not in 
respiratory failure) and those with relatively mild disease. 



Intervention Response to 250 ug isoproterenol 
Outcome Relative (% increase in FEV1) 

Absolute (change in FEV1 as a % predicted normal) 
Characteristics Age range 30 to 74 years.  Mean age 61 years 

The average patient was white and elderly.  Nearly all had a smoking history and average consumption exceeded 50 pack-yrs. 
Measured at baseline and FEV1 was repeated every 3 months. Patients were told to abstain from bronchodilators (theophylline and beta 
agonists) for 6 hours before testing.   

Results  Frequency distributions of changes in FEV1 with bronchodilator at baseline: 
“Average increase 15% of the initial FEV1 or approximately 5% of the predicted normal FEV1 but the SD of both distributions 
approximated the mean.  There were many instances of dramatic increases, and some patients showed decreases”. 
“Baseline changes in FEV1 with bronchodilator was related to the level of the initial FEV1.  The fractional increase of FEV1 was greatest 
when the initial FEV1 was low and declined significantly (p<0.0001) as FEV1 increased.  The absolute change in FEV1 expressed as % of 
predicted normal, increased as the initial FEV1 increased (p=0.005).  With bronchodilator the change in FEV1 in litres increased as the 
initial FEV1 increased but was a progressively smaller fraction of the initial value”.   
“Relative response was inversely proportional to baseline FEV1 whereas absolute response was directly related to baseline FEV1.  
Responses were positively related to symptomatic wheezing and exercise capacity and negatively to smoking history, but these features 
accounted for little of the observed variation in response.  Patients with large relative and absolute responses demonstrated increased 
variability of FEV1 with time and a decreased annual rate of decline of FEV1 “.  
“There was considerable variability of bronchodilator response with time, both between subjects and within subjects”.    

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

IIb 

NCC CC ID 626 
 
 
 
Author / Title / Reference / Yr  Brand P.L. P., Quanjer P.H., Dirkje S Postma, Huib A M Kerstjens et al.  Interpretation of bronchodilator response in patients with 

obstructive airways disease.  The Dutch chronic non-specific lung disease (CNSLD) study group.  Thorax 1992 47; 429 – 436. 
N= N=274 adults.  Location: The Dutch study group.  Site:  6 university hospital pulmonary outpatients clinics.  Duration:  Not specified for 

this part of the study (part of another long term study over 30 months)  
Research Design Before and after study. 

Patients recruited as part of another multicentre study comparing three different treatment regimes on the long-term course and outcome of 
obstructive airways disease.   

Aim “To compare different expressions of bronchodilator response with respect to their dependence on initial FEV1 and to their efficacy in 
distinguishing asthmatic individuals from patients with chronic obstructive lung disease”. 



Operational Definition Patients were divided into syndrome groups on the basis of a standardised history using the ATS criteria.   
Recruited if had a baseline FEV1 level greater than 1.2 litres and 1.64-4.5 residual standard deviations (RSD) below the predicted value or 
if their FEV1 / inspiratory vital capacity (IVC) ratio was more than 1.64 RSD below the predicted value provided that total lung capacity 
was less than 1.64 RSD below the predicated level.  Selection criteria also included hyper responsiveness to inhaled histamine. 

Population Asthma N=99 
Asthmatic bronchitis N=88 
COPD N=51 
Unable to attribute to any subgroup N=36 
Heterogeneous respiratory population 

Intervention FEV1 was measured before and 20 minutes after inhalation of 1000ug terbutaline  
Studied bronchodilator response under strictly standardised conditions 

Outcome Different expressions of bronchodilator response  
Characteristics Age range 18 to 60 years 

Average age 40 years 
36% current smokers 
64% male 
FEV1 2.33 (0.74) litres (mean) 
FEV1 % predicted 68.5 (13.2) (mean) 
 
Excluded: occupational asthma / TB / patients taking oral corticosteroids, beta blocking drugs, nitrates, or anticoagulants and those taking 
continuous antibiotics. 
Before entering the study patients discontinued usual maintenance treatment (ketotifen, antihistamines, inhaled corticosteroid, sodium 
cromoglycate, theophylline) 
For 14 days prior to the study only inhaled bronchodilators were used.  These were withheld at least 8 hrs before measurement of lung 
function.  

Results  Bronchodilator response to initial FEV1 % pred 
∆FEV1 %init increased when initial FEV1 % pred was low (highly significant correlation p=-0.405, p<0.001) 
∆FEV1 and ∆FEV1 %init relationship showed a wide scatter with a small significant negative correlation (r=-0.145, p=0.017) 
Init FEV1 % pred and both ∆FEV1 %init (r=-0.166, p=0.006) 
∆ SR-FEV1 (r=-0.127, p=0.035) 
∆FEV1 % (pred-int) values reaching infinity when initial FEV1 approached 100% pred. 
Correlation coefficient not calculated due to the scatter. 
 
Responders for expressions 
Number of “positive” responders calculated according to differently quoted criteria.   Sensitivity / specificity for separating participants 
with asthma from those with COLD was demonstrated for ∆FEV1 % pred of 9%.  



 
Bronchodilator responses in patient groups 
Despite significant differences in mean response, there was a large overlap of individual responses between diagnostic subgroups.  
 
FEV1 % pred was more powerful than other expressions in separating participants with asthma from COLD.  There were significant 
differences in the mean response however overlap of bronchodilator response existed between subgroups of participants.  E.g. IQR (50%) 
range of ∆FEV1 % pred was 8.49 to 22.8 for asthma, 4.66 to 16.7 for asthmatic bronchitis and 3.23 to 12.9 for chronic obstructive lung 
disease (COLD).   
 

Conclusion Potentially the results of a single bronchodilator test cannot reliably distinguish asthma from COLD.  
“Reversibility of airways obstruction in response to a bronchodilator is a continuous variable and not a dichotomous trait.  Any cut off 
level of a “positive” bronchodilator response is therefore arbitrary”. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

IIb 

NCC CC ID ID 9 



 
Author / Title / Reference / Yr  Calverley P M A, Burge P S, Spencer S, Anderson J A, Jones P W for the ISOLDE Study Investigators. 

Bronchodilator reversibility testing in chronic obstructive pulmonary disease.  Thorax 2003; 58; 659-664   
N= N=660 

Location: Outpatient clinics 
Sites: 18 UK hospital centres 
Duration:  2 months 

Research Design Pre randomisation phase of the ISOLDE study.  Case series  
Aim To establish the reliability of the recommended bronchodilator response criteria and relationship to disease progression. 
Operational Definition ERS diagnostic criteria for irreversible COPD.  Participants met both ERS and ATS spirometric criteria 
Population Non asthmatic COPD  
Intervention and comparison Participants attended on three occasions at 4 weekly intervals prior to intervention randomisation 

Baseline visit (V0) 
Spirometric tests → 400ug salbutamol → spirometric test repeated after 30 minutes → ipratropium bromide 80ug → spirometric test 
repeated after 30 minutes. 
Visit 1 (V1) 
Order of drugs reversed 
Visit 2 (V2) spirometric test repeated after 30 minutes 
Salbutamol inhalation was immediately followed by ipratropium → spirometric test repeated after 30 minutes 

Outcome Responses were classified using the ATS / GOLD and ERS criteria 
Characteristics 40 to 75 years 

M / F 75% / 25%  
Current or ex-smokers 
Baseline post salbutamol FEV1 was ≥ 0.8 l / <85% predicted / FEV1 to FVC <70% 
Excluded those whose FEV1 improved after inhaled salbutamol by more than 10% of predicted FEV1 
Participants were asked to omit short acting inhaled bronchodilators for 4 hours per testing and long acting oral and inhaled agents for 12 
hours. 
Respiratory tract infection or exacerbations of COPD – appointment re scheduled. 



 
Results  Changes in responder classification  

 
ATS criteria 

 
 
 
 
 
 
 

Total % not reversible at each visit – V0=58% / V1=62% / V2=59% 
 
 

ERS criteria 
 

 
 
 
 
 
 

Total % not reversible at each visit – V0=77% / V1=77% / V2=79% 
Please note from original paper – referenced as above 

Bronchodilator response as a predictor of disease progression 
No relationship was found between the absolute or percentage predicted changes in FEV1 after bronchodilator and the subsequent rate of 
decline in FEV1 

Conclusions “In moderate to severe COPD bronchodilator responsiveness is a continuous variable.  Classifying patients as “responders” and “non 
responders” can be misleading and does not predict disease progression”. 
Depending on whether American or European definitions were used, between 38% and 52% of patients changed their apparent responder 
status with time.  

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

IIb 

NCC CC ID 19248 
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Author / Title / Reference / Yr  Fabbri L, Romagnoli M, Corbetta L et al.  Differences in airway inflammation in patients with fixed airflow obstruction due to asthma or 

CDOP.  AJRCCM. Nov 8, 2002 
N= N=46 consecutive out patients  

Location:  Italy   
Sites:  Not specified  
Duration: July 1998 to June 2000 

Research Design Comparative study 
Aim “To determine whether patients with fixed airflow obstruction have distinct pathological and functional characteristics depending on a 

history of either asthma or COPD”.     
Operational Definition Fixed airflow obstruction was defined as post bronchodilator FEV1 / FVC <70% 

COPD history constituted: 
History of chronic respiratory symptoms “cough and sputum and / or breathlessness, and only occasional wheezing”.  All were smokers or 
ex-smokers (two life long non-smokers were excluded). 
Asthma history constituted: 
Previous recurrent episodes of wheezing, breathlessness, chest tightness and / or cough and previously documented variable airflow 
obstruction to inhaled albuterol.  

Population N=19 asthmatics 
N=27 COPD 
Total number = 46 
“Moderate to severe fixed airflow obstruction”. 

Interventions N=46 underwent pulmonary function tests (including reversibility to inhaled bronchodilator (200ug albuterol) and to corticosteroids (15 
day course with 50 mg per day oral prednisone). 
N=13/19 asthmatics / N=15/27 COPD had bronchoscopy, broncho alveolar lavage and bronchial biopsy. 
N=10 asthmatics / N=21 COPD underwent chest high-resolution computed tomography (HRCT) 

Outcome Analysed parameters included lung function, exhaled nitric oxide, high-resolution computed tomography scan of the chest and airway 
pathology.  These parameters were then compared a posteriori with those participants with a history of asthma or COPD 

Characteristics Average age 65 years 
Male / female split 30/16 
FEV1:  History of COPD 1.60 / History of asthma 1.65 
FEV1 % predicted:  History of COPD 56.5 / History of asthma 56.3 
Excluded patients who had an exacerbation requiring pharmacologic treatment in the six months before the study. 
All participants were allowed to continue ongoing medication with the exclusion of oral steroids. 

Results  Inflammatory markers 
Compared with the patients with a history of COPD, patients with a history of asthma had:   
Significantly more eosinophils in peripheral blood, sputum, bronchoalveolar lavage and airway mucosa 



Fewer neutrophils in sputum and bronchoalveolar lavage fluid 
Higher CD4+/ CD8+ ratio of T cells infiltrating the airway mucosa 
Thicker reticular layer of epithelial basement membrane 
Significantly lower residual volume 
Higher diffusing capacity 
Higher exhaled nitrous oxide 
Lower HRCT scan emphysema score 
Greater reversibility to bronchodilator and steroids  
 
ROC curve analysis 
Functional parameters 
None of the functional parameters were able to distinguish between participants with a history of asthma among subjects with fixed 
airflow obstruction due to asthma or COPD. 
 

The values of the area under the ROC curve 
0.71 for reversibility to bronchodilators 
  
0.73 for reversibility to steroids  
0.66 for KCO 
0.63 for residual volume  
0.61 for PaO2 

These were all below 0.80 and hence 
potentially poor predictors of the 
diagnosis of history of asthma 

 
    

The values of the area under the ROC curve 
0.95 for the % of eosinophils in 
bronchoalveolar lavage fluid 

For bronchoalveolar lavage eosinophils 
values ≥ 0.75% (sensitivity of 0.88 and 
specificity of 0.91) predict a history of 
asthma whereas values < 0.75% predict 
history of COPD in those with fixed 
airflow obstruction. 

0.88 for the % of eosinophils in sputum Cut off point 4.6 (sensitivity of 0.96 
and specificity of 0.74) indicating 
values ≥ 4.6% predict history of asthma 
whereas values < than 4.6% predict 
history of COPD among those with 
fixed airflow obstruction. 



0.86 for exhaled nitrous oxide Cut off point 16 ppb (sensitivity of 0.91 
and specificity of 0.77) indicating 
values > than 16ppb predict a history of 
asthma and values < than 16 ppb 
predict a history of COPD among those 
with fixed airflow obstruction. 

 
 

Conclusions “In conclusion, despite similar fixed airflow obstruction, subjects with a history of asthma have distinct characteristics compared with 
subjects with a history of COPD”. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

III 

NCC CC ID 19 478 
 



 
Author / Title / Reference / Yr  Hadcroft J, Calverley P M A.  Alternative methods for assessing bronchodilator reversibility in chronic obstructive pulmonary disease.  

Thorax 2001; 56; 713 – 720. 
N= N=20 

Location: Liverpool 
Sites: Recruited from respiratory outpatient clinic 
Duration: Attended laboratory on two occasions at the same time of day.   

Research Design Single blind, randomised placebo controlled trial.  (Treatment order randomised).  
Aim To examine the usefulness (reproducibility and sensitivity to change in response to bronchodilator drugs) of two alternative ways of 

assessing lung measurement.  Measurement of end expiratory lung volume (EELV) using the inspiratory capacity manoeuvre and 
application of negative expiratory pressure (NEP) during tidal breathing to detect tidal airflow limitation. 

Operational Definition “Clinical course consistent with the disease”.  BTS criteria for diagnosis and classification of disease severity. 
Population Clinically stable severe COPD 
Intervention and Comparison 2.5ml normal saline via a wet nebuliser at a flow rate of 5 l/min for 5 minutes.  Repeated after 15 minutes. 

Group A 
Then given 5 mg salbutamol via nebuliser at a flow rate of 5 l/min for 5 minutes. 
After a further 15 minutes all measurements were repeated. 
Group A participants then received 500ug ipratropium bromide nebulised at 5 l/min for 5 minutes and then repeated their measurements 
45 minutes later. 
Group B 
Received saline 
Followed by nebulised ipratropium with measurements made after 45 minutes 
Then nebulised salbutamol with final measurements made after 15 minutes.  
 
On the second day the same protocol was followed but the order of the bronchodilators was reversed. 



 
Outcome SGRQ, resting arterial blood gas tensions, spirometric parameters, measurement of IC (inspiratory capacity) and slow vital capacity (SC), 

mean inspiratory and expiratory mouth pressures, thoracic gas volume resting breathing pattern and NEP testing.  Before each test 
breathlessness was measure using a modified Borg scale. 

Characteristics Age 70 years (average) 
15 Men 
FEV1 (l) 0.78 
FEV1 (% predicted) 29.6 
FEV1 / FVC (%) 35.5 
IC (l) 1.65 
SGRQ (%) 62.7  
All had been cigarette smokers of >20 pack yrs 
Excluded bronchial asthma / bronchiectasis / neoplasia 
Short acting inhaled bronchodilators were omitted for 6 hours 
Long acting inhaled bronchodilators were omitted for 12 hours 
Oral theophyllines were omitted for 24 hours 

Results  Reproducibility 
The mean (SE) between day reproducibility of FEV1, FVC, IC and SVC was 0.06 (0.01) l, 0.23 (0.04) l, 0.07 (0.04) l, and 0.16 (0.06) l, 
respectively. 
TLC mean change after saline was 0.58 L (CI: -2.04 to +1.79). 
Less reproducibility was seen with NEP data, N=12 participants remaining static, N=4 demonstrating less tidal flow limitation and N=4 
showing more tidal flow limitation on repeat testing.   
 
Bronchodilator response 
FEV1, FEV, SVC and IC (mean) were unchanged following saline administration.   
Tidal flow limitation varied. 
FEV1 (and other lung volumes) significantly improved (P<0.001) following salbutamol and ipratropium (0.11 (0.02) l and 0.09 (0.02) l 
respectively.   
Combination treatment demonstrated further significant increases. 
Tidal volume and mean expiratory flow increased significantly after all bronchodilators. 
Breathlessness fell significantly after combination treatment. 
The initial NEP score was unrelated to subsequent changes in lung volume. 
 
FEV1 and IC data compared after both bronchodilators 
“Using a change of 12% baseline as representing reversible disease, on 29 occasions subjects would be classified as reversible on FEV1 
criteria while a change beyond the immediate reproducibility of the IC test was seen on 27 occasions”.  
 



Conclusions “NEP is not an appropriate measurement of acute bronchodilator responsiveness.  Changes in IC were significantly larger than those in 
FEV1”. 
“Data showed no evidence for separation of “reversible” and “irreversible” groups what ever outcome measure was adopted”. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

Ib 

NCC CC ID 6526 
 
 
Author / Title / Reference / Yr  Nisar, M., Walshaw, M., Earis, J. E., Pearson, M. G., & Calverley, P. M. 1990, "Assessment of reversibility of airway obstruction in 

patients with chronic obstructive airways disease", Thorax, vol. 45, no. 3, pp. 190-194. 
N= N=127 

Location: UK hospital outpatients  
Sites: Single site 

Research Design Before and after study 
Aim In stable outpatients diagnosed as having COPD: 

How often do such patients have and FEV1 response to inhaled salbutamol and how does the response to 200ug compare with the 
response to 5mg? 
Do the same patients respond to corticosteroids and salbutamol? 
Are the spirometric changes related to symptomatic improvement? 

Operational Definition COPD defined as a history of progressive continuous breathlessness of more than six months’ duration and with spirometric evidence of 
limitation (FEV1/forced vital capacity (FVC) <60%). 

Population A consecutive series of outpatients with stable COPD (see operational definition). 
Intervention Baseline spirometric tests and then 3 treatments, one after the other: 

Salbutamol 200ug from a metered dose inhaler under supervision followed by spirometry after 15 minutes 
Followed by salbutamol 5mg from a nebuliser (5 l/min) and spirometry repeated after 15 minutes 
Then patients prescribed oral prednisolone 30mg daily for two weeks followed by repeat spirometry and respiratory questionnaire.   

Outcome The response to each of the three treatments was assessed by comparing the postbronchodilator FEV1 with the baseline value.  Two 
criteria were used to decide if a response was greater than that expected. 
A rise in FEV1 of at least 15% from the baseline value. 
A rise in FEV1 of at least 200ml (to exclude errors due to the known coefficient of variation of spirometry). 
Respiratory questionnaire on the presence or absence of symptoms. 
 

Characteristics Of the 127 patients, 81 (65%) were male and 118 (93%) were cigarette smokers (mean 36 pack years).  Forty-four (35%) were current 
smokers.  99 (78%) gave a history of regular cough and sputum production.  78 patients were taking bronchodilators and 43 were taking 



oral theophylline but stopped the drugs for at least 6 hours and 24 hours respectively before the tests.  Patients were excluded if they had 
had a recent exacerbation of a chest illness or had any coexisting cardiovascular or lung disorder.  Patients with previously documented 
asthma and patients taking corticosteroids were also excluded.  Mean FEV1 0.92 (SD 0.38) L. 

Results  Mean FEV1 was 0.92 (0.38) l (43% of predicted) and mean FVC was 2.13 (0.73) l*.   
63% of the patients had an FEV1 of less than 1 litre*. 
On the basis of criterion 1, 91 (72%) responded to one or more of the three treatments 
On the basis of criterion 2, 71 (56%) responded to one or more of the three treatments (thus 44% had no response to salbutamol or 
prednisolone). 
 

Nebulised salbutamol responders  
Responders to: Criteria 1 (rise in FEV1 of at least 

15% from baseline) 
Criteria 2 (rise in FEV1 of at 
least 200ml from baseline) 

MD salbutamol alone 1 0 
Nebulised salbutamol alone 13 18 
Prednisolone alone 5 0 
MD & nebulised salbutamol 27 26 
Nebulised salbutamol & prednisolone 7 7 
MD salbutamol |& prednisolone 3 1 
All treatments 35 19 

 
Based on criteria 2, all of the patients who responded to oral prednisolone showed a response to inhaled salbutamol 200ug or 5mg. 
Based on criteria 2, patients who responded to oral prednisolone reported significantly less cough (22 % before v 14% after; p<0.01), 
sputum (24 % before v 14% after; p<0.01), wheeze (25 % before v 15% after; p<0.01), and breathlessness (dyspnoea score 3.7 before v 
2.7 after; p<0.01), after treatment in conjunction with improvement in FEV1.  There was no improvement in symptom scores for those 
who failed to respond to treatment or responded only to beta agonists. 
*NB Data is expressed as means with standard variations in parentheses. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

IIb 

NCC CC ID 1212 
 
 
 



Author / Title / Reference / Yr  Nisar, M., Earis, J. E., Pearson, M. G., & Calverley, P. M. 1992, "Acute bronchodilator trials in chronic obstructive pulmonary disease", 
Am Rev Respir Dis, vol. 146, no. 3, pp. 555-559. 

N= N=100  
Location: UK outpatient department 
Sites: Single site 

Research Design Before and after study 
Aim The study was conducted to consider the issues of: 

Whether the proportion of stable COPD patients responding to nebulized salbutamol or to nebulized ipratropium bromide is different and 
if so, what factors might account for this. 
Whether there is a difference in the ability of these drugs to detect subsequent prednisolone responsive patients. 
Whether age or allergic status influences these responses. 

Operational Definition Stable COPD as defined by the American Thoracic Society (ATS).   
Population Consecutive patients presenting to an outpatient department with stable COPD. 
Intervention 5mg of salbutamol nebulized in oxygen at a flow rate of 6L per minute from 3 ml of saline followed by spirometry after 15 minutes 

500 ug of ipratropium bromide delivered as the salbutamol followed by spirometry after 60 minutes 
30 mg or prednisolone daily for 2 weeks followed by spirometry. 

Outcome Post bronchodilator spirometry compared with the baseline values on the respective days.  
Baseline FEV1 and FVC from spirometry (the best from 3 acceptable traces). 
Results of the post-prednisolone FEV1 were compared with the mean value of the two baseline attendances. 
A response to treatment was considered significant if the FEV1 improved by at least 15% and 200ml above baseline as reported 
previously. 
Respiratory questionnaire 
Blood taken for total IgE and RAST testing 
Skin prick tests to 5 common allergies 

Characteristics These patients lacked asthmatic features by the ATS definition and had a history of progressive breathlessness over the preceding year, 
demonstrable airflow limitation (FEV1/FVC ration <60%) and no exacerbations in the preceding 2 months.  Patients with other respiratory 
or cardiac disorders were excluded as were patients already receiving oral corticosteroids.  Of this group, 61% were using intermittent 
inhaled β agonists, 6% intermittent inhaled anticholinergics and 35% were taking oral bronchodilators (when attending for the study 
patients were instructed to omit inhaled bronchodilators for 6 hours and oral theophylline for at least 24 hours before each visit).  Mean 
age of participants was 62 ± 8 years and 65% were men. 

Results  33 patients failed to broncho dilate after the acute trials, 16 responded only to nebulized salbutamol, 17 to nebulised ipratropium and 34 to 
both drugs.  Thus, 66% demonstrated a definite bronchodilator response to either nebulised salbutamol or ipratropium.   
22 patients improved after corticosteroids.   This was usually detected by a positive acute trial response (salbutamol 90% specific; 
Ipratropium 84% specific).  Neither atopic status nor RAST testing correlated with the prednisolone response.  
For those with responses either to salbutamol or ipratropium (but not both) the FEV1 was lower before the drug on the day when they had 



a drug response.  This variability in baseline correlated to the response to Ipratropium.   
Authors concluded “In COPD patients, testing with high dose nebulized bronchodilators identifies a substantial number of partially 
reversible patients in whatever age it is employed. Β-agonists and anticholinergics are both effective in identifying potential 
corticosteroid-responsive individuals, but day-to-day variation in airway calibre which appears to be cholinergically mediated can mask 
potentially responsive patients”.  
 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

IIb 

NCC CC ID 12080 
 
 



 
Author / Title / Reference / Yr  Santus, P., Pecchiari, M., Carlucci, P., Boveri, B., Di Marco, F., Castagna, F., & Centanni, S. 2003, "Bronchodilation test in COPD: effect 

of inspiratory manoeuvre preceding forced expiration", European Respiratory Journal., vol. 21, no. 1, pp. 82-85. 
N= N=150 

Location: A respiratory unit in Italy 
Sites: Single site 

Research Design Before and after study. 
Aim To assess the effects of an inspiratory manoeuvre proceeding forced expiration on functional test performed in everyday clinical practice 

and to verify the reproducibility of previous results obtained in a small number of COPD subjects after pharmacological bronchodilatation 
with an inhalatory β 2-antagonist on a larger COPD population. 

Operational Definition COPD was defined using the criteria for COPD diagnosis as given by the American Thoracic Society (1995). 
Population Consecutive Caucasian COPD outpatients. 
Intervention All patients performed two types of manoeuvres. The patients performed forced vital capacity manoeuvres either immediately after a rapid 

inspiration without an end-inspiratory pause (manoeuvre no. 1) or after a slow inspiration with a 4-6 second pause (manoeuvre no. 2).  
FVC manoeuvres were executed both under baseline conditions and 20 minutes after the inhalation of 200mcg of salbutamol.   

Outcome Mean and standard deviation FEV1, Forced expiratory flow (FEF) and maximum mid expiratory flow (MMEF) during manoeuvre 1 and 2 
under baseline conditions and after bronchodilation test. 
The incidence of reversibility assessed according to ATS standards (12% increase in FEV1 relative to baseline value, coupled to an 
absolute increase of 200 mL), using the combinations of FVC manoeuvres employed in this evaluation. 

Characteristics 123 males (82%) and 27 females aged 66 ± 7 years of whom 22% were still smokers.  A constant-volume body plethysmograph measured 
FVC (mean 2.91 ± SD 0.61 (65.2% of predicted ± 16.4), FEV1 (mean 1.54 ± SD 0.56 (54% of predicted ± 15), forced expiry flow (FEFs) 
(mean 3.05 ± SD 1.06 (38% of predicted ± 14), and maximum mid expiry flow (MMEF) (mean 0.78 ± SD 0.48 (21% of predicted ± 9).  
Bronchodilators were discontinued for 24 hours before tests. 

Results  Under baseline conditions, all patients exhibited higher FEV1 values with manoeuvre no 1 than no. 2.  On average, the increase of FEV1 
was 114 ± 54 mL or 9.1±4.9% (p<0.001).  Similarly, all FEF values were significantly higher with manoeuvre no 1 than no. 2. 
After bronchodilator administration, all patients still exhibited higher FEV1, FEFs and MMEF values with manoeuvre no.1 than no.2.  On 
average, the increase of FEV1 was 114±58 mL or 8.7 ± 6.6% (p<0.001).   
The incidence of reversibility assessed according to ATS criteria was 76% when manoeuvre no.2 was selected to represent baseline 
conditions and manoeuvre no. 1 was chosen to represent the effects of bronchodilator administration, whereas the lowest incidence (2%) 
was found when manoeuvre no.1 was selected to represent baseline conditions and manoeuvre no. 2 was chosen to represent 
bronchodilator administration. 
The incidence of reversibility is 20% if manoeuvre no. 1 is used for assessment at baseline and after bronchodilator administration and a 
similar number would be obtained based on manoeuvre no. 2. 
The authors conclude that: 
 “The time dependence of the forced vital capacity manoeuvre has an important impact on the assessment of routine lung function”. 



“Bronchodilator tests performed with different manoeuvres before and after bronchodilator administration provide misleading results, 
overestimating a positive response to bronchodilation if manoeuvre number two is used before and manoeuvre number one after drug 
administration, and underestimating it in the opposite case.  From a clinical perspective, this could lead to a wrong diagnosis and improper 
therapy”. 
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Author / Title / Reference / Yr  Tweeddale, PM., Alesander, F., G. J. R McHardy.  Short-term variability in FEV1 and bronchodilator responsiveness in patients with 

obstructive ventilatory defects.  Thorax 1987; 42; 487 - 490 
N= N=150 

Location:  Edinburgh 
Sites:  Four laboratories 
Duration:   20-minute interval between measures.  Duration of entire study not specified.  

Research Design Before and after study 
Aim Prospective study of short-term variability and response to bronchodilator in patients with airway obstruction.  
Operational Definition The predicted normal values of Hall et al (1979) were used for women 

The predicted normal values of Crapo et al (1981) were used for men. 
An obstructive ventilatory defect was defined as a reduction in the FEV1 / VC ratio of two or more standard deviations from mean 
predictive values. 

Population Consecutive patients referred routinely for a bronchodilator test that were found to have an obstructive ventilatory defect on 
initial testing. 

Intervention Two puffs of salbutamol (200 ug) or terbutaline (500 ug) were administered in identical fashion from a metered dose inhaler 
Outcome All patients were seated and each had FEV1 and vital capacity (VC) recorded by a single technician using one spirometer.  The highest of 

three technically acceptable recordings was taken.  Initial values were designated as measurement 1. 
FEV1 variability and bronchodilator response. 
For comparison the patients were divided into three subgroups on the basis of the mean of FEV1  (I) and FEV1 (II)  - the measurements 
before administration of bronchodilator: 
Group A (N=72) range of mean FEV1 0.5 to 1.1 (I) 
Group B (N=51) FEV1 1.15 to 2.4 (I) 
Group C (N=27) FEV1 2.45 to 4.7 (I) 



 
Characteristics 104 men / 46 women / 18-88 years of age / 62 smokers / Not specified whether asthmatics included or excluded.  
Results  The increase in FEV1 and VC required to exclude natural variability was 160ml and 330 ml respectively (95% confidence).  (190ml 

identified for normal subjects). 
The absolute change in FEV1 found after inhalation of bronchodilator ranged from –450 to +950ml (positively skewed distribution).
% variability in FEV1 differed between groups and hence it was not possible to identify a single % change that would distinguish between 
natural variability and a response to bronchodilator. 
 
Natural variability was a negatively correlated with the level of FEV1 when expressed in % terms. 
After administration of bronchodilator, the differences in FEV1 and VC measurements were expressed both as absolute change (AC) and 
as % change (PC). 
The number of responders differed according to the criterion used. 
There was no evidence that size of response was related to level of FEV1 in those for which the absolute criterion was used. 
With % change, there was a decrease in variability with increasing level of FEV1 (p<0.001). 
There was no significant difference in VC variability expressed as absolute change between the three groups A, B and C. 
Variability decreased with increasing level of FEV1 (p=0.001) when % change was used.    
 
The range of response in FEV1 after administration of bronchodilator: 
AC responders 
Group A: 160 to 500ml 
Group B: 160 to 850ml 
Group C: 160 to 950ml 
PC responders 
Group A:  10 to 48% 
Group B:  10 to 42% 
Group C:  10 to 24% 

Conclusion “The increase in FEV1 and vital capacity (VC) required to exclude natural variability with 95% confidence in these patients was 160ml 
and 330ml respectively”.  
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Author / Title / Reference / Yr Burge, P. S., Calverley, P. M. A., Jones, P. W., Spencer, S., Anderson, J. A., & Maslen, T. K. 2000, "Randomised, double blind, placebo 
controlled study of fluticasone propionate in patients with moderate to severe chronic obstructive pulmonary disease: the ISOLDE trial", 
British Medical Journal, vol. 320, no. 7245, pp. 1297-1303.  Ref ID: 194 

N= N=751. Location=UK. Sites=18 hospitals. Duration=36 months. 
Research Design Randomised, double-blind placebo-controlled study 
Aim To determine the effect of long term inhaled corticosteroids on lung function, exacerbations, and health status in patients with moderate to 

severe chronic obstructive pulmonary disease. 
Operational Definition Baseline FEV1 after bronchodilator was at least 0.8 litres but <85% of predicted normal, and the ratio of FEV1 to FVC <70%. 

Exacerbation was defined as worsening of respiratory symptoms that required treatment with oral corticosteroids or antibiotics, or both.  
Specific symptom criteria were not used. 

Population Moderate to severe COPD (non asthmatic) 
Intervention N=376 Inhaled fluticasone propionate 500ug twice daily from a metered dose inhaler 
Comparison N=375 Identical placebo 
Outcome Rate of decline in FEV1 after the bronchodilator / health status / frequency of exacerbations / respiratory withdrawals / safety measures / 

morning serum cortisol concentration, incidence of adverse events.  
Characteristics Previous use of inhaled and oral corticosteroids was permitted 

Excluded if FEV1 response to 400ug salbutamol exceeded 10% of predicted normal 
Nasal and ophthalmic corticosteroids, theophyllines, and all other bronchodilators were allowed during the study.  Throughout the trial pts 
used salbutamol 100ug/puff or ipratropium bromide 40ug/puff or both for symptomatic relief. 
Aged 40 to 75 years.  Mean age 64yrs. 
Gender: Placebo=97 women / Fluticasone N=94 women 
Previous use of regular inhaled corticosteroids: Placebo N=214 / Fluticasone N=192  

Results  FEV1 
There was no significant difference in the annual rate of decline in FEV1.  FEV1 59ml/yr in the placebo group and 50ml/yr in the 
fluticasone propionate group. 
The predicted mean FEV1 at 3 and 36 months in the fluticasone propionate group was 76ml and 100ml higher, respectively, than in the 
placebo group (p<0.001).  
Mean FEV1 after bronchodilator remained significantly higher throughout the study with fluticasone propionate compared with placebo 
(p<0.001). 
“There was no significant relation between FEV1 response to oral corticosteroid or fluticasone propionate (p=0.056)”. 
Exacerbation rate 
There was a reduction of 25% from 1.32 a year on placebo to 0.99 a year on fluticasone propionate (p=0.026). 
Health status 
The total respiratory questionnaire score was not significantly different between treatment groups over the first 6 months of treatment. 
The respiratory questionnaire score deteriorated at a faster rate by 3.2 units/yr on placebo and 2.0 units/yr on fluticasone propionate 
(p=0.0043). 



Withdrawals 
Withdrawals due to respiratory disease not related to malignancy were higher in the placebo group, 25% vs. 19%, p=0.034. 
Safety 
There was a significant (p<0.032) decrease in mean cortisol concentrations with fluticasone propionate compared with placebo.  5% of 
patients on fluticasone propionate had values below the normal range during the study.  No decreases were associated with any signs or 
symptoms of hypoadrenalism 
Bruising N=15 in placebo group / N=27 in fluticasone group 
Fractures N=17 in placebo group / N=9 in fluticasone group 
Conclusion 
In pts with moderate to severe disease, fluticasone propionate 1 mg daily resulted in fewer exacerbations, a reduced rate of decline in 
health status, and higher FEV1 values than placebo treatment BUT this relates to fluticasone propionate 500ug twice daily via a MDI for 
three years in moderate to severe COPD.   There was no change in the primary end point of decline in FEV1. 
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