
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  Chapman & Arvidsson, P. C. 2002, "The addition of Salmeterol 50 mg bid to anticholinergic treatment in patients with COPD: A 

randomized, placebo controlled trial", Canadian Respiratory Journal, vol. 9, pp. 178-185.Ref ID: 1719 
N= N= 408 Location= Canada, Denmark, the Netherlands, Russia, Sweden, UK Sites – 52 Duration – 6 months 
Research Design Randomised, double-blind, placebo-controlled parallel group trial. 
Aim To compare the effect of adding Salmeterol (50ug b.i.d.) or placebo to concurrent anticholinergic therapy on symptom scores, 

quality of life, prebronchodilator lung function and exacerbations in patients with moderately severe COPD 



Operational Definition FEV1 85% predicted, FEV1/FVC <70% 
Population Inclusion 

COPD, 40 yrs or older, taking anticholinergic agents (alone or as combination) for at least 4 week, history of smoking equivalent to 
10 pack years, sputum production on most days during last three consecutive months for two consecutive years, baseline FEV1 
<85% predicted, baseline eFEV1/FVC < 70%, FEV1 reversibility 5 to 15% predicted, symptoms on at least 7 of previous 14 days 
and night periods of run-in phase. 
Exclusion: 
Respiratory infection requiring prescribed medication hospitalised for COPD within 4 weeks before start of run-in, concurrent 
respiratory disorders, pregnant or lactating women. 

Intervention Salmeterol 50ug b.i.d via MDI 
(All other prescribed medications including anticholinergics for COPD permitted. Salbutamol given as rescue medication) 

Comparison Placebo b.i.d. via MDI 
(All other prescribed medications including anticholinergics for COPD permitted. Salbutamol given as rescue medication) 

Outcome Daily record cards to record morning and evening PEFR (in triplicate) and number of times rescue Salbutamol required, symptom 
scores (daytime and night time), adverse events, FEV1, exacerbation, SGRQ 

Characteristics  
 Salmeterol 50ug bid (n = 201) Placebo (n = 207) 
Sex male (%) 129 (64) 132 (64) 
Sex female (%) 72 (36) 75 (36) 
FEV1 (L) 1.19 1.28 
FEV1 % predicted 44 46 

 
No significant differences at baseline. Medication usage comparable among groups. 

Results  Day- and night-time symptom scores 
No significant difference between groups 
Lung function 
Among treated patients, morning pre-treatment FEV1 levels improved significantly above baseline levels. This effect persisted 
during the six-month treatment period. 
These improvements in lung function were significantly greater in the Salmeterol group than in the placebo group for all but the last 
clinic visit. 
Analysis of adjusted treatment differences showed that mean improvement over the 24-week period was significantly higher in the 
Salmeterol group than in the placebo group (p<0.01) 
Exacerbations and health care use 
During the treatment period, 26% of treated patients and 33% of placebo-treated patients experienced at least one exacerbation of 
COPD (p=0.117) 



Fewer salmeterol-treated patients experienced more than 2 exacerbations (NS) 
Quality of life 
Scores for the SGRQ were reduced from baseline for all components of the questionnaire (symptoms, activity, impact on daily life) 
among patients in the Salmeterol group, with a significant improvement in the symptom component (p<0.005), the impact on daily 
life component (p = 0.05) and the total score (p<0.05) 
No significant difference between groups 
Safety 
Incidence of adverse events recorded during the study were similar for both treatment groups, with at least one adverse event being 
reported by 72% of patients in the Salmeterol group and 71% patients in the placebo group. 
Most common adverse events were related to the respiratory system in both treatment groups, with exacerbations of COPD being 
the most common event reported by 44 patients (22%) receiving placebo and 41 patients (20%) receiving Salmeterol. 
Events considered to be related to drug treatment were recorded in 11% of patients in the Salmeterol group and 10% of the patients 
in the placebo group. 
Conclusion 
Addition of Salmeterol 50ug b.i.d. to a regimen including anticholinergic agents significantly improved pre-bronchodilator lung 
function. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 1719 
 
Author / Title / Reference / Yr  D'Urzo, A. D., De, S., Ramirez-Rivera, A., Almeida, J., Sichletidis, L., Rapatz, G., Kottakis, J., & For, I. N. T. 2001, "In patients 

with COPD, treatment with a combination of formoterol and Ipratropium is more effective than a combination of Salbutamol and 
Ipratropium: a 3-week, randomized, double-blind, within-patient, multicenter study", Chest, vol. 119, no. 5, pp. 1347-1356.Ref ID: 
973 

N= N= 172 Location=9 countries (Argentina, Canada, Greece, Italy, Mexico, Norway, Poland, Portugal, Spain) Sites – 24 Duration – 6 
weeks 

Research Design Randomised, double blind, double dummy two period crossover trial 
Aim To compare the efficacy of adding formoterol or Salbutamol to regular Ipratropium bromide treatment in COPD patients whose 

conditions were sub optimally controlled with Ipratropium bromide alone. 
Operational Definition American Thoracic Society definition 

FEV1 <65% predicted normal and FEV1 <70% FVC 
Population Inclusion 

COPD according to ATS guidelines; age >40yrs; current or previous smokers (>10 pack years); FEV1 <65% predicted normal and 
FEV1 <70% FVC; increase in FEV1 of at least 5% baseline and <12% of predicted normal value with Salbutamol; total symptoms 



score from daily diary recordings of >1 on at least 3 of last 7 days; use of Ipratropium bromide for at least 1 month prior to 
screening visit. 
Exclusion 
Current or previous diagnosis of asthma, respiratory tract infection within 1 month previous, hospitalisation or emergency 
department treatment for acute COPD exacerbation with preceding month, need for long term oxygen therapy, QTc > 0.46s at 
screening visit, treatment with inhaled corticosteroids or oral xanthines started/discontinued/changed during previous month. 

Intervention Formoterol (12ug b.i.d. via dry powder inhaler) plus placebo Salbutamol in addition to Ipratropium bromide (40ug q.i.d via MDI) 
(3 weeks) followed by 
Salbutamol (200ug q.i.d via MDI) plus placebo formoterol in addition to Ipratropium bromide (40ug q.i.d via MDI) (3 weeks) 

Comparison Salbutamol plus placebo formoterol in addition to Ipratropium bromide (3 weeks) followed by 
Formoterol plus placebo Salbutamol in addition to Ipratropium bromide (3 weeks) 

Outcome Lung function: peak expiratory flow (PEF), forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), impairment 
of daily activities (symptoms), quality of life, exacerbations and hospitalisations.  

Characteristics Gender (M/F) 128/31 
Age (y) 65 (9.4) 
FEV1 before study drugs 58.7 � 23.8 
FVC before study drugs 2.6 (0.71) 
Total symptom score (diary) 5.9 
No of inhalations of rescue medication, 
puff/d 

1.9 

Concomitant medication No (%) Inhaled corticosteroids 65 (40.9) 
Oral Theophylline 15 (9.4) 
both 17 (10.7)  

Results  Morning premedication PEF  
ITT-1 – all randomised patients (n = 144) 
ITT-2  - no exacerbations (n = 31) 
ITT-3 - > 1 exacerbation  (n = 113) 
The mean morning premedication PEF increased during both treatment periods; however the change in favour of Formoterol 
Ipratropium was statistically significant in all three ITT populations. 
ITT-1 PEF 
Formoterol/Ipratropium 15.1 � 36.1 
Salbutamol/Ipratropium 3.0 � 43.1 
FI – SI (95% CI) = 12.1 (5.6 – 18.6) (p = 0.0003) 
ITT-2 PEF 
Formoterol/Ipratropium 27.8 � 27.2 



Salbutamol/Ipratropium 18.1 � 25.1 
FI – SI (95% CI) = 9.5 (2.8 – 16.2) (p = 0.0073) 
ITT-3 PEF 
Formoterol/Ipratropium 11.6 � 37.6 
Salbutamol/Ipratropium –1.2 � 46.1 
FI – SI (95% CI) = 12.7 (4.6 – 20.8) (p = 0.0023) 
FEV1 and FVC  
ITT-1 all randomised patients 
Compared with baseline values, premedication FEV1 increased following 3 weeks treatment with Formoterol Ipratropium and 
decreased following treatment with Salbutamol Ipratropium. Estimated treatment difference was 0.116 L (p<0.0001) 
Peak post medication FEV1 
Occurred 2h after dosing with Formoterol Ipratropium 
Occurred 1h after dosing with Salbutamol Ipratropium 
Peak post medication FEV1 was significantly higher with formoterol/ipratropium than with salbutamol/ipratropium (p<0.0001) 
AUC of FEV1 for formoterol/ipratropium was much higher than for salbutamol/ipratropium (p<0.0001) 
FVC 
Difference between treatments in FVC was statistically significant at all time points – similar in profile to FEV1 (no data shown) 
Symptom scores and inhalation of rescue medication 
Mean total symptom score was 0.6 points lower with formoterol/ipratropium than with salbutamol/ipratropium (p = 0.0042) 
Mean number of inhalations of rescue medication during the last 7 days of each treatment period  
1.3 for formoterol/ipratropium 
1.5 for salbutamol/ipratropium 
Inhalations of rescue medication vs percentage of days 
0 inhalations - ipratropium/formoterol (72.3%) salbutamol/ipratropium (68.8%) 
1 to 2 inhalations – ipratropium/formoterol (7.4%) salbutamol/ipratropium (10.1%) 
3 to 4 inhalation - ipratropium/formoterol (8.0%) salbutamol/ipratropium (8.9%) 
> 4 inhalations - ipratropium/formoterol (12.4%) salbutamol/ipratropium (12.2%) 
Quality of life measured by SGRQ 
All scores of the SGRQ domains and the “total” score were lower with formoterol/ipratropium than with salbutamol/ipratropium. 
COPD exacerbations 
No of patients with no COPD exacerbations during the treatment period was slightly higher with formoterol/ipratropium than with 
salbutamol/ipratropium: 55 patients (43.6%) and 49 patients (30.8%) 
Adverse events 
Sixteen patients (9.8%) had 19 adverse events with treatment with formoterol/ipratropium 
Twenty two patients (13.1%) had 34 adverse events with treatment with salbutamol/ipratropium 
Six patients (3.7%) reported respiratory system disorders with formoterol/ipratropium and 14 patients (8.3%) with 



salbutamol/ipratropium 
Drug related adverse events 
Formoterol/ipratropium – 3 adverse effects in three patients 
Salbutamol/ipratropium – 10 adverse effects in seven patients 
Conclusion 
The addition of formoterol to regular ipratropium treatment is more effective than addition of salbutamol 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 973 
 
 
Author / Title / Reference / Yr  van Noord JA, de Munck DRAJ, Bantje TA, Hop WCJ, Akveld MLM, Bommer AM. Long-term treatment of chronic obstructive 

pulmonary disease with salmeterol and the additive effect of ipratropium. Eur Respir J 2000; 15: 878-885 
N= N= 144  Location= Netherland Sites – 3 Duration – 12 weeks 
Research Design Randomised, double-blind, double-placebo parallel group trial. 
Aim To compare the efficacy and safety of salmeterol either alone or in combination with ipratropium bromide with that of placebo in 

COPD patients. 
Operational Definition American Thoracic Society criteria 
Population Inclusion 

Current or ex-smokers with a smoking history equivalent to 10 pack-years and with COPD according to ATS criteria 
Aged 40-75 years 
No change in medication for COPD in preceding 6 weeks and no major changes in smoking habits during last 6 months 
FEV1 pred <75% predicted after inhalation of salbutamol 
FEV <65% of predicted normal and >0.75L at visit 1 or 2 
FEV1/FVC ratio of <60% at visit1 or 2 
Daytime symptom score of >2 on at least 4 out 7 days during run-in period 
Exclusion: 
History of asthma, allergic rhinitis, atopy or total blood eosinophil count >500 clls/mm3, respiratory disease other than COPD, 
any clinically significant concurrent disease, oxygen therapy. 

Intervention Salmeterol 50ug plus ipratropium bromide 40ug (combination) q.i.d. (n = 47) 
(Patients on stable dose of inhaled corticosteroids could continue treatment. Salbutamol given as rescue medication) 

Comparison Salmeterol 50ug plus ipratropium bromide matched placebo (salmeterol alone) b.i.d. (n = 47) 
Salmeterol-matched placebo plus ipratropium bromide- matched placebo (placebo) b.i.d. (n = 50) 



(Patients on stable dose of inhaled corticosteroids could continue treatment. Salbutamol given as rescue medication) 
Outcome Lung function measured for 12 h after 1st dose. 

Airway resistance (Raw), specific airway conductance (sGaw), FEV1 and FVC at baseline and 0.5, 1, 2, 3, 4, 5, 6, 8, 10 and 12h 
after inhalation of the trial drug. 
Patient-recorded diary card recording morning and evening peak expiratory flow (PEF), daytime and night time symptoms and 
use of rescue salbutamol.  
Adverse events, exacerbations and withdrawals  

Characteristics  
    Salmeterol plus

ipratropium 
 Salmeterol Placebo

Sex M/F % 88/12 89/11 86/14 
Age yrs 63 � 7 65 � 6 63 � 7 
FEV1 L 1.2 � 0.4 1.2 � 0.4 1.1 � 0.3 
FEV1 %pred 41 � 12 42 � 10 38 � 10 
FVC L 3 � 8 2.8 � 0.8 2.8 � 0.7 
FEV1/FVC % 42 � 9 43 � 8 41 � 9 
Raw kPa/L/s 0.65 � 0.23 0.63 � 0.23 0.72 � 0.3 
sGaw kPa/L/s 0.33 � 0.13 0.35 � 0.18 0.29 � 0.09 

No significant differences at baseline. Medication usage comparable among groups. 
Results  12 week treatment 

Symptom scores (day and night time) 
Throughout treatment 
Placebo group – decrease from 1.9 � 0.1 to 1.7 � 0.1 (NS) 
Salmeterol group – decrease from 2.0 � 0.1 to 1.4 � 0.1 (p<0.001) 
Combination group – decrease from 2 � 0.1 to 1.3 � 0.1 (p<0.001) 
Significant difference between change in daytime symptoms score between both salmeterol alone (p<0.005) and salmeterol + 
ipratropium (p<0.001) compared with placebo. 
No significant difference was seen between salmeterol and combination groups. 
Days with minimal symptoms (score <1) 
Combination therapy (run-in 14 � 3.0% vs treatment 57 � 3.0) (p<0.05) 
Salmeterol alone (run-in 14 � 2.9% vs treatment 49 � 3.0) (p<0.05) 
Placebo group (run-in 17 � 3.7% vs treatment 34 � 4.0) (p<0.05) 
Improvements in the combination group and salmeterol group were significantly better than in the placebo group (p<0.05) 
Nighttime symptom scores 
No differences were observed between the three groups throughout treatment 



Rescue medication 
Compared with placebo, treatment with both salmeterol and combination therapy were associated with a higher percentage of 
days and nights without use of additional salbutamol (p<0.01). 
No significant difference was observed between the two active treatments. 
Days with additional use of salbutamol 
Combination therapy (run-in 93 � 3.2% vs treatment 27 � 5.5) 
Salmeterol group (run-in 97 � 2.2% vs treatment 34 � 5.5) 
Placebo group (run-in 98 � 1.8% vs treatment 74 � 5.0) 
Nights with additional use of salbutamol 
Combination therapy (run-in 50 � 6.9% vs treatment 24 � 4.1) 
Salmeterol group (run-in 37 � 6.3% vs treatment 17 � 2.9) 
Placebo group (run-in 37 � 6.1% vs treatment 33 � 6.3) 
Peak expiratory flow 
Improvements in morning PEFs were significantly better in both active treatment groups than in the placebo group (p<0.001). 
No difference was observed between the salmeterol and combination treatment groups 
Morning PEF (L/min) 
Combination therapy (run-in 252 � 11 vs treatment 277 � 23)  (p<0.001 compared with placebo) 
Salmeterol group (run-in 246 � 9 vs treatment 262 � 11) (p<0.001 compared with placebo) 
Placebo group (run-in 238 � 9 vs treatment 236 � 9) 
Evening PEF 
Combination therapy (run-in 271 � 11 vs treatment 297 � 11) (p<0.01 compared with salmeterol alone) 
Salmeterol group (run-in 257 � 10 vs treatment 271 � 11) 
Placebo group (run-in 259 � 10 vs treatment 253 � 10) 
FEV1 
During 12 week treatment 
Combination treatment – % increase 8 � 0.8% pred (p<0.01 vs salmeterol alone and vs placebo) 
Salmeterol group - % increase 5 � 0.9% pred (p<0.01 vs placebo) 
Placebo group - % increase 1 � 0.9% pred 
FVC 
During 12 week treatment 
Combination treatment – % increase 12 � 1.2% pred (p<0.01 vs salmeterol alone and vs placebo) 
Salmeterol group - % increase 7 � 1.2% pred (NS vs placebo) 
Placebo group - % increase 4 � 1.2% pred 
sGaw 
Combination treatment – % decrease 61 � 6% pred (p<0.01 vs salmeterol alone and vs placebo) 



Salmeterol group - % decrease 36 � 6%  (p<0.01 vs placebo) 
Placebo group - % decrease 16 � 6% from baseline 
Adverse events 
No significant difference between groups. 
Most common adverse events were headache and cough. 
During 12 week treatment, 35 patients experienced a COPD exacerbation, 18 (36%) in the placebo group, 11 (23%) in the 
salmeterol group and six (13%) in the salmeterol and ipratropium group (p<0.01 combination treatment vs placebo) 
Conclusion 
Over 12 weeks of treatment, a significant improvement in lung function (as measured by FEV1 and sGaw) was observed in both 
salmeterol alone group and the combination group. This improvement was greater following treatment with the combination 
therapy. In addition, the combination treatment produced a significant increase in FVC (airways obstruction) compared with both 
the salmeterol alone group and placebo. There was no difference between combination treatment and salmeterol in terms of 
symptom control and rescue medication. 

SIGN Quality Rating + (Blinded double critical appraisal) 
Hierarchy of Evidence Grading 1b 
NCC CC ID 175 



 
Author / Title / Reference / Yr  Gross, N., Tashkin, D., Miller, R., Oren, J., Coleman, W., Linberg, S., Auerbach, D., Amin, D., Averill, F., Berman, B., Bleeker, 

E., Branditz, F., Brofman, J., Broughton, J. O., Brown, R., Candal, F., Chausow, A. M., Chinsky, K., Cordasco, E., DeGraff, A., 
Jr., Dewan, N. A., Derdak, S., Economau, P., Feldman, N. T., Fogarty, C., Goetter, W. E., Goldfarb, L., Good, J. T., Hynes, B., 
Heinz, G., Hughes, J., James, D. L., Karetzky, M., Karlsberg, R., Kerzner, B., Kirschner, E., Komadina, K., Krichbaum, D., 
Larimer, R., Lipetz, R., Lippman, M., Littner, M., Marinelli, C. T., Memon, N., Meyer, D., Mullican, W. S., Novack, D., Oliver, 
G., Opipari, M., Patrick, H., Piquette, C., Santiago, S., Sindel, L. J., Stoltz, R., Suen, J., Tidman, R., Tillis, W., Traub, S., Wainz, 
R., Wellman, J., Weltman, J., Westerman, J., Winn, R., & Wool, S. 1998, "Inhalation by nebulization of albuterol-ipratropium 
combination (Dey combination) is superior to either agent alone in the treatment of chronic obstructive pulmonary disease", 
Respiration, vol. 65, no. 5, pp. 354-362.Ref ID: 827 

N= N= 863  Location=US Sites – 60 Duration – 12 weeks 
Research Design Randomised, double-blind, controlled trial. 

Safety and efficacy of three study medications, albuterol sulfate, ipratropium bromide and a combination of the two delivered by 
nebulisation were compared initially after 2 weeks on each of the double-blind study medications during the crossover phase of 
the trial, and secondarily after up to 6 weeks on one of the randomised, double-blind study medications during the subsequent 
parallel phase of the trial. 

Aim To determine the effectiveness of an albuterol-ipratropium solution aerosol combination compared with solution aerosols of both 
component medications administered alone in patients with COPD. 

Operational Definition Diagnosis of COPD with FEV1 between 25 and 65% of normal predicted value 
Population Diagnosis of COPD with FEV1 between 25 and 65% of normal predicted value, > 40 years old, regular users of one or more 

bronchodilators for a minimum of 3 months prior to enrolment, to have a smoking history of at least 10 pack years. 
Exclusion: 
Anthracosis, silicosis, any parenchymal disease not attributable to COPD, polycythaemia, cor pulmonale, hypoxia, or a primary 
diagnosis that was attributable to allergic rhinitis, atopy or asthma; patients with clinically significant obstructive urinary disease, 
narrow-angle glaucoma, unstable angina pectoris or myocardial infarction in the past 6 months, known drug abuse within the past 
12 months, or hospitalisation for pulmonary exacerbation within the last 2 months were exclude from participation; patients with 
a known hypersensitivity to any component of the study medications and patients who had received an investigational drug 
within 30 days preceding their first dose of study medication; pregnant or lactating patients, patients  of childbearing potential 
(permitted if using contraceptive) 

Intervention 50ug ipratropium and 250ug albuterol 4 times daily using nebuliser and compressor. 
Comparison 50ug ipratropium or 

250ug albuterol 4 times daily using nebuliser and compressor 
Outcome Primary efficacy variable: change from pre-dose to peak FEV1 measured within 8h after dosing, following 2 weeks of treatment 

with each of the 3 study medications (on treatment days 14,28 and 42) 
Secondary efficacy variables: change from pre-dose to peak FEV1 measured within 7 h after dosing on day 84, FVC and FEV1-



AUC and 6 minute walk, adverse events 
Characteristics Male 533 female 330 

Age mean 66.3 range 40-93 
FEV1, L mean 1.145 range 0.4-3.330 
FEV1/FVC, % mean 48.1 range 19-90 
Patient demographics and baseline characteristics of all randomised patients were found to be similar across the 6 treatment 
sequences in the crossover phase of the trial and among the three treatment groups in the parallel phase. 

Results  Efficacy during crossover phase  
A total of 663 patients received combination treatment and at least one other study medication 
 

Parameter Dey combination (DCS) versus albuterol Dey combination (DCS) versus ipratropium 
 n DCS

mean 
 albuterol 

mean 
p value n DCS 

mean 
ipratropiu
m mean 

p value 

Peak FEV1, l 647 0.387 0.313 <0.001 647 0.387 0.282 <0.001 
FEV-AUC (0-
8h), l/h 

647        1.495 1.147 <0.001 647 1.503 1.137 <0.001

Time to peak 
FEV1, h 

634 1.5       1.5 0.128 625 1.5 2.1 <0.001

Duration of 
>15% response 
in FEV, h 

361 4.3       3.7 <0.001 297 4.3 4.1 0.080

6 minute 
walking 
distance 

631        341.5 341.3 0.952 638 342.4 340.5 0.566

Change from pre-dose to peak FEV1 measured within 8h after dosing 
Combination vs albuterol 
0.387 l vs 0.313 l in the same subjects 
Difference = 0.074 l (p<0.001) (23.6%) 
Combination vs ipratropium 
0.387 l vs 0.282 l in the same subjects 
Difference = 0.106 l (p<0.001) (37.2%) 
Using treatment, period, treatment by period interaction, treatment sequence, and patient as independent variables analyses 
confirmed significant treatment effects and found no treatment by period interaction or treatment sequence effects. 
Using pre treatment baseline FEV1 and treatment sequence as covariates analysis confirmed pre treatment baseline FEV1 had a 
significant negative correlation with response (i.e. the lower a patient’s baseline FEV1 the greater the response). 
Subgroup analyses of peak FEV1 were also conducted to examine the effect of gender and age. The combination of ipratropium 



and albuterol was superior to both albuterol and ipratropium alone in both males and females (p<0.001). In addition, the 
combination was superior to both individual components in patients over and under the age of 65 (p<0.001). 
Post-hoc analysis indicated that the response to albuterol alone was significantly greater than the response to ipratropium alone 
(p<0.05) 
FEV1-AUC (0-8h) 
Combination vs ipratropium 
1.503 l/h vs 1.137 l/h 
Combination vs albuterol 
1.495 vs 1.147 l/h 
Combination was significantly superior to albuterol or ipratropium alone (p<0.001) 
Time to peak FEV1 
Combination vs ipratropium 
Combination was significantly superior to ipratropium (p<0.001) 
1.5h vs 2.1h 
Combination vs albuterol 
No significant difference compared with albuterol alone 
Duration of >15% response in FEV1, h 
Combination vs ipratropium 
No significant difference compared with ipratropium 
Combination vs albuterol 
4.3h vs 3.7h 
Combination was significantly superior to albuterol (p<0.001) 
Distance walked in 6 minutes 
No significant differences between treatment groups 
Efficacy during parallel phase 
Results for parallel phase yielded results essentially identical to the crossover phase. 
Peak FEV1 and FEV1-AUC and FVC 
Combination maintained same magnitude of superiority over each component medication alone for all intervals tested. 
Time to peak FEV1 response and duration of a 15% improvement in response 
Similar magnitude and same direction as those measured during crossover phase but did not reach same level of significance 
(data not shown) 
6 minute walking distance 
No significant differences between treatment groups. 
Safety 
No significant differences between combination and either component in incidence of patients with adverse events across body 
systems. 
Conclusion 



Combination treatment of albuterol and ipratropium produces a statistically greater bronchodilator response compared with either 
component medication alone. A slight decrease in response to medication was seen over the study. All treatment regimens were 
similarly tolerated. 

SIGN Quality Rating + 
Hierarchy of Evidence Grading 1b 
NCC CC ID 827 
 
 
Author / Title / Reference / Yr  Auerbach, D., Hill, C., Baughman, R., Boyars, M., Braun, S., Buist, A. S., Campbell, S. C., Chick, T., Cohen, B., Colice, G., 

Dunn, L., Friedman, M., Gilman, M., Gorin, A., Gross, N., Jenkinson, S., Levine, B., Libert, R., Liu, J., Mestas, G., O'Connor, 
R., Ramsdell, J., Rowlands, J., Serby, C. W., Warmer, A., Weiss, S., & COMBIVENT Inhalation Solution Study Group 1997, 
"Routine nebulized ipratropium and albuterol together are better than either alone in COPD", Chest, vol. 112, no. 6, pp. 1514-
1521.Ref ID: 830 

N= N= 652  Location= US Sites – 25  Duration – 85 days 
Research Design Randomised, double blind, parallel group trial. 
Aim To examine whether long-term administration of combined albuterol and ipratropium delivered in one inhalation aerosol would 

results in greater bronchodilation in patients with COPD than the use of either agent alone. 
Operational Definition FEV <65% of predicted normal and FEV1 < 70% FVC 
Population Inclusion 

Stable COPD > 40 years old, smoking history of more than 10 pack years and regularly using at least two prescribed therapeutic 
agents for control of COPD. 
Exclusion: 
History of asthma, allergic rhinitis or atopy, or with total blood eosinophil count above 500/mm3 

Intervention Ipratropium bromide 50�g plus albuterol 399�g three times daily (n=222)  (two extra doses per day were permitted to control 
symptoms) 
(Patients on stable dose of inhaled corticosteroids and/or theophylline could continue treatment) 
Delivered by small volume nebuliser 

Comparison Ipratropium bromide – 50ug three times daily  (n = 214) 
Albuterol – 300ug three times daily (n = 216) 
(Two extra doses per day were permitted to control symptoms) 
(Patients on stable dose of inhaled corticosteroids and/or theophylline could continue treatment) 
Delivered by small volume nebuliser 

Outcome Lung function testing on days 1, 29, 57, and 85 immediately before administration, 15, 30 and 60 min after drug administration 
and hourly thereafter for total of 8h. 



forced vital capacity (FVC), area under the curve (AUC), forced expiratory volume in 1 second, (FEV1), peak flow 
measurements. 
Severity of COPD symptoms (wheezing, shortness of breath, coughing, and tightness of chest) 
Global evaluation of patient condition subjectively assessed by investigator. 
Quality of life questionnaire evaluating dyspnoea, fatigue, emotional function and mastery. 

Characteristics  
     Ipratropium +

Albuterol 
 Ipratropium Albuterol Overall

Randomised and 
treated 

222    214 216 652

Age, yr (mean)      65.5 64.8 64.6 64.0
Age, yr (range)      41-83 44-86 41-85 41-86
Sex male 146 136 142 424 
Sex female      76 78 74 228
FEV1 L mean       0.918 0.907 0.910 0.912
FEV1 L range 0.30-2.49 0.18-2.11 0.21-2.18 0.18-2.49 
% pred FEV1 mean 34.9% 34.1 34.1 34.4 
% pred FEV1 range 11.1-64% 9.4-69.9 9.2-64.4 9.2-64.4 
FEV1/FVC mean      44.1% 43.7 44.2 44
FEV1/FVC range 21.3-78.7% 18.4-77 23.4-81.3 18.4-81.3  

Results  Efficacy 
FEV1 
No significant change in mean baseline FEV1 values was seen throughout the study. 
No significant differences in mean baseline FEV1 were seen between groups. 
FEV1 response 
Clinically significant mean FEV1 response (>15% above baseline) was observed in all three treatment groups on all 4 test days. 
Peak FEV1 responses (L) 
Mean peak responses to the combination were significantly greater than those to each of the components on all 4 test days. 
Mean peak % increases in FEV1 over baseline on the 4 test days were 
Ipratropium + Albuterol – 34-37% 
Ipratropium alone – 27-29% 
Albuterol alone – 27-31% 

Day Ipratropium + Albuterol Ipratropium  Albuterol 
1 0.37 0.29 (p<0.001) 0.31 (p = 0.002) 
29 0.34 0.29 (p=0.004) 0.29 (p = 0.013) 
57 0.34 0.27 (p=<0.001) 0.27 (p<0.001) 
85 0.34 0.27(p = <0.001) 0.29 (p=0.001) 



85 0.34 0.27(p = <0.001) 0.29 (p=0.001) 
 
FEV1 Area under the curve 
The mean response to combination treatment was significantly greater than the response to each of the components during the 
first 4h on all test days. 
8 h test period 
Combination treatment and Ipratropium  
Statistically significant difference on day 1 
No significant difference on days, 29, 57 and 85 
Combination treatment and Albuterol 
Statistically significant difference on days 1, 57 and 85. 
No significant difference on day 29  
Duration of effect 
Combination group - 3 to 5h 
Ipratropium group - 4h (p<0.05 on day 1 compared with combination) 
Albuterol group – 2 to 3 h (Significant difference on day 1 and 57 compared with combination) 
Peak expiratory flow rate (PEFR) 
Morning PEFR did not differ significantly between groups and did not change during the study. 
Evening PEFR values in the combination therapy group were significantly greater than those for the Albuterol group. (no data 
shown) 
Physicians global evaluations (subjective rating) 
Global evaluations were similar for all three treatment groups. 
Symptom scores 
COPD symptom scores did not change and did not differ between treatment groups. 
Total number of patients days (%) of increased steroid medication 
1.1% – combination group 
0.7% – Ipratropium group 
1.4% – Albuterol group 
Addition of concomitant respiratory medication 
No significant difference between groups in use of concomitant respiratory medication 
Adverse events (drug related) 
24 patients - combination 
17 patients - Ipratropium 
24 patients - Albuterol 
Conclusion 
Combination of Ipratropium and Albuterol elicited a statistically greater bronchodilator response (peak FEV and FVC) compared 
with either agent alone. 



SIGN Quality Rating + (Blinded double critical appraisal) 
Hierarchy of Evidence Grading 1b 
NCC CC ID 830 
 
 
Author / Title / Reference / Yr  Bone, R., Boyares, M., Braun, S. R., Buist, S., Campbell, S., Chick, T., Cohen, B. M., Conway, W., Cugell, D. W., 

Degraff, A., Friedman, M., George, R. B., Gershwin, E., Kram, J. A., Lakshminarayan, S., Levin, D. C., Levine, B., 
Petty, T. L., Rennard, S., Repsher, L., Sahn, S. A., Sandhaus, R., Serby, C. W., Simon, R. A., Tashkin, D., & 
Combivent Inhalation Aerosol Study Group 1994, "In Chronic obstructive pulmonary-disease, a combination of 
ipratropium and albuterol is more effective than either agent alone – An 85-day multicenter trial", Chest, vol. 105, no. 
5, pp. 1411-1419.Ref ID: 182 

N= N= 534 Location= US Sites – 24 Duration – 12 weeks 
Research Design Randomised, double blind, parallel group trial. 
Aim To examine whether long-term administration of combined Albuterol and Ipratropium delivered in one inhalation 

aerosol would results in greater bronchodilation in patients with COPD than the use of either agent alone. 
Operational Definition FEV <65% of predicted normal and FEV1 < 70% FVC 
Population Inclusion 

Stable COPD > 40 years old, smoking history of more than 10 pack years and regularly using at least two prescribed 
therapeutic agents for control of COPD. 
Exclusion: 
History of asthma, allergic rhinitis or atopy, or with total blood eosinophil count above 500/mm3 

Patients who required more than 10 mg of oral predispose daily within a month before entry into the study 
Intervention Ipratropium bromide 42�g plus Albuterol 200�g four times daily (two extra doses per day were permitted to control 

symptoms) 
(Patients on stable dose of inhaled corticosteroids and/or Theophylline could continue treatment) 
Metered dose inhaler 

Comparison Ipratropium bromide – dose 42ug four times daily  
Albuterol – dose 200ug four times daily 
Metered dose inhaler 
(Patients on stable dose of inhaled corticosteroids and/or Theophylline could continue treatment) 

Outcome Lung function testing on days 1, 29, 57, and 85 immediately before administration and hourly thereafter for total of 8h. 



Forced vital capacity (FVC), area under the curve (AUC), forced expiratory volume in 1 second, (FEV1), peak flow 
measurements. 
Severity of COPD symptoms (wheezing, shortness of breath, coughing, and tightness of chest) 
Global evaluation of patient condition subjectively assessed by investigator. 

Characteristics  
 

Ipratropium + 
Albuterol 

Ipratropium Albuterol  Overall

Randomised and 
treated 

182    179 173 534

Age, yr (mean) 63.4 63.3 63.6 63.4 
Age, yr (range) 40-88 42-82 44-82 40-88 
Sex male      116 120 112 348
Sex female      66 59 61 186
FEV1 L mean 0.996 0.998 0.987 0.991 
FEV1 L range     0.38-2.31 0.29-2.78 0.32-2.43 0.29-2.78
% pred FEV1 mean 37.4% 36.6 36.8 36.9 
% pred FEV1 
range 

11.9-76.2%    12.4-73.2 11.5-74.1 11.5-76.2

FEV1/FVC mean      44% 44.4 43.5 44
FEV1/FVC range 21.2-79.3% 22.6-69.4 20-92.8 20-92.8 

  
Results  Efficacy 

FEV1 
No significant change in mean baseline FEV1 values was seen throughout the study. 
No significant differences in mean baseline FEV1 were seen between groups. 
FEV1 response 
Clinically significant mean FEV1 response (>15% above baseline) was observed in all three treatment groups on all 4 test days. 
Peak FEV1 responses (L) 
Mean peak responses to the combination were significantly greater than those to each of the components on all 4 test days. 
Mean peak % increases in FEV1 over baseline on the 4test days were 
Ipratropium + Albuterol – 31-33% 
Ipratropium alone – 24-25% 
Albuterol alone – 24-27% 

Day Ipratropium + Albuterol Ipratropium  Albuterol 
1 0.39 0.30 (p<0.001) 0.33 (p = 0.004) 
29  0.36 0.31 (p=0.015) 0.3 (p = 0.007)



29 0.36 0.31 (p=0.015) 0.3 (p = 0.007) 
57 0.37 0.3 (p=0.001) 0.3 (p = 0.001) 
85 0.37 0.3 (p = 0.001) 0.29 (p<0.001) 

 
FEV1 Area under the curve 
The mean response to combination treatment was significantly greater than the response to each of the components during the first 
4h on all test days and during the fourth to sixth hours on the first test day. 
8 h test period 
Combination treatment and Ipratropium  
Statistically significant difference on day 1 
No significant difference on days, 29, 57 and 85 
Combination treatment and Albuterol 
Statistically significant difference on days 1, 57 and 85. 
No significant difference on day 29  
Duration of effect 
Combination group - 4 to 5h 
Ipratropium group - 4h (NS compared with combination) 
Albuterol group – 2 to 3 h (Significant difference on all test days compared with combination) 
FVC and FEF 25-75% 
Overall FVC response to the drug combination was significantly greater than the response to either Ipratropium or Albuterol alone 
(p<0.01 to p=0.04) 
Peak expiratory flow rate (PEFR) 
Baseline PEFR and PEFR did not differ significantly between groups and did not change during the study. 
Physicians global evaluations (subjective rating) 
The combination group had significantly better mean scores compared with the other two groups on days 15 and 29. 
Symptom scores 
COPD symptom scores did not change and did not differ between treatment groups. 
Addition of steroid medication 
3.8% patients – combination group 
6.1% patients – Ipratropium group 
10.4% patients – Albuterol group 
Addition of concomitant respiratory medication 
No significant difference between groups in use of concomitant respiratory medication. 
Adverse events (drug related) 
10.4% combination 
12.3% Ipratropium 
11.6% Albuterol 



Conclusion 
Combination of Ipratropium and Albuterol elicited statistically greater bronchodilators response (peak FEV and FVC) compared 
with either agent alone. 

SIGN Quality Rating + (Blinded double critical appraisal)  
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 182 
 
Author / Title / Reference / Yr  Friedman, M., Serby, C. W., Menjoge, S. S., Wilson, J. D., Hilleman, D. E., & Witek, T. J., Jr. 1999, "Pharmacoeconomic 

evaluation of a combination of ipratropium plus albuterol compared with ipratropium alone and albuterol alone in COPD", Chest, 
vol. 115, no. 3, pp. 635-641. 
Ref ID: 1720 (combined results of ref 182 and ref 830) – only additional results presented 

N= N= 1067  Location= US Sites – 24  Duration – 12 weeks 
Research Design 2 Prospective, double-blind, parallel group trials. 
Aim To examine whether long-term administration of combined albuterol and ipratropium delivered in one inhalation aerosol would 

results in greater bronchodilation in patients with COPD than the use of either agent alone. 
Operational Definition FEV <65% of predicted normal and FEV1 < 70% FVC 
Population Inclusion 

Stable COPD > 40 years old, smoking history of more than 10 pack years and regularly using at least two prescribed therapeutic 
agents for control of COPD. 
Exclusion: 
History of asthma, allergic rhinitis or atopy, or with total blood eosinophil count above 500/mm3 

Patients who required more than 10 mg of oral prednisone daily within a month before entry into the study 
Intervention Ipratropium bromide 42�g plus albuterol 200�g four times daily (two extra doses per day were permitted to control symptoms) 

(Patients on stable dose of inhaled corticosteroids and/or theophylline could continue treatment) 
Metered dose inhaler 

Comparison Ipratropium bromide – dose 42ug four times daily  
Albuterol – dose 200ug four times daily 
Metered dose inhaler 
(Patients on stable dose of inhaled corticosteroids and/or theophylline could continue treatment) 

Outcome Exacerbations, hospitalisation, corticosteroid use 
Characteristics  

     Ipratropium +
albuterol 

 Ipratropium Albuterol Overall

Randomised and 
treated 

358    362 347 1067



Randomised and 
treated 

358    362 347 1067

Age, yr (mean) 64.1 64 64.6 64.2 
Age, yr (range)      40-88 42-88 40-82 40-88
Sex male 257 249 233 739 
Sex female 101 113 114 328 
FEV1 L mean       0.96 0.93 0.95 0.951
FEV1 L range 0.25-2.34 0.23-2.78 0.32-2.43 0.23-2.78 
% pred FEV1 mean 35.1% 34.6 35.6 35.1 
% pred FEV1 range 10.4-76.2% 7.6-73.2 11.3-74.1 7.6-76.2 
FEV1/FVC mean      44% 44% 44% 44
FEV1/FVC range      19-69% 19-69% 20-93% 19-93% 

Results   
Outcomes related to disease exacerbation 

 Albuterol Ipratropium Albuterol plus ipratropium 

No of patients 347 362 358 

No (%) of patients with 
exacerbation 

62 (18) * 45 (12) 44 (12) 

No of days per exacerbation    

    Mean 12.4 11.2 12.6 

    Median 8.5 9 9.5 

    Range 2-52 3-42 3-64 

Total no of patient-days of 
exacerbation 

770 * 504 554 

No of hospitalisations due to 
exacerbation 

11   3 5

Hospital length of stay, days    

    Mean 9.4 9.2 9.3 

    Median 6.9 7.1 6.7 

    Range 1-40 2-41 2-39 

Total no of hospital days 103 * 28 46 

No of patients adding or 
increasing doses of 

42   32 32



increased or added 
corticosteroid use 
No of patients adding or 
changing antibiotics 

71   53 55

No of patient days of 
changed or added antibiotic 
use 

429 * 281 304 

 
*p<0.05 albuterol alone vs ipratropium alone vs albuterol plus ipratropium 
Compared with the other two treatment arms, patients receiving albuterol alone experienced a significantly increased frequency of 
COPD exacerbations (18%) and patient days of exacerbations (770 days) during the 85 day follow-up. 
The total days of exacerbation were similar in the two treatment arms containing ipratropium (504 days vs 554 days, respectively) 
compared with a significantly greater incidence of exacerbation (770 days) in the albuterol alone (p<0.05) 
No significant difference between treatment groups in exacerbation duration. 
Increased frequency of exacerbations in the albuterol arm was associated with a statistically significant increase in the number of 
total hospital days and greater corticosteroid and antibiotic use compared with the other  two treatment arms (p<0.05) 
There was a significant increase in the total number of hospital days for albuterol alone (103 days) compared to either ipratropium 
alone (20 days) or ipratropium plus albuterol (46 days) 
Conclusion 
Long-term use of ipratropium alone or the combination of ipratropium plus albuterol is associated with fewer exacerbations of 
COPD than the use of albuterol alone. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 1720 
 
 
 
 
Author / Title / Reference / Yr  Campbell, S. 1999, "For COPD a combination of Ipratropium bromide and albuterol sulfate is more effective than albuterol base", 

Archives of Internal Medicine 25 JAN 1999Vol 159(2) (pp 156-160), 1999. no. 2, pp. 156-160.Ref ID: 826 
N= N= 357 Location= US Sites –17 Duration – 29 days 
Research Design Prospective, randomised, double blind, and parallel group trial. 
Aim To compare the safety and efficacy of a combination aerosol containing ipratropium bromide and albuterol sulphate with albuterol 

base in patients with COPD 



Operational Definition FEV <65% of predicted normal and FEV1 < 70% FVC 
Population Inclusion 

Stable COPD > 40 years old, smoking history of more than 10 pack years and regularly using at least two prescribed therapeutic 
agents for control of COPD. 
Exclusion: 
History of asthma, allergic rhinitis or atopy, or with total blood eosinophil count above 500/mm3 

Intervention Ipratropium bromide 36�g plus Albuterol 180�g four times daily (two extra doses per day were permitted to control symptoms) 
(Patients on stable dose of inhaled corticosteroids and/or Theophylline could continue treatment) 

Comparison Albuterol – 180ug four times daily (two extra doses per day were permitted to control symptoms) 
(Patients on stable dose of inhaled corticosteroids and/or Theophylline could continue treatment) 

Outcome Lung function testing on days 1 and 29 was conducted 15, 30 and 60 minutes after administration and hourly thereafter for total of 
6h. 
Forced vital capacity (FVC), area under the curve (AUC), forced expiratory volume in 1 second, (FEV1), peak flow measurements. 
Biweekly severity of COPD symptoms (wheezing, shortness of breath, coughing, and tightness of chest) 
Patients symptoms graded from 0 (not present) to 3 (severe) 
Frequency of adverse events 

Characteristics 251 men 103 women 
Mean age 65.6 years 
Mean duration of disease was 9.6 years (range 0.3 to 44 years) 
Mean FEV36.2% 
Mean ratio FEV1 to FVC was 36.1% 
69% patients taking both an inhaled anticholinergics bronchodilators and inhaled beta2-agonist prior to study 
No comparison of baseline characteristics 

Results  Efficacy 
FEV1 
Both groups showed a clinically significant response to medication on each test day i.e. FEV1 of >15% over baseline 
FEV1 response 
Peak FEV1 responses (L) 
Mean peak response for combination therapy was significantly greater than for the Albuterol group (p<0.05, no baseline values, 
only adjusted mean peak change in FEV1 and FVC presented) 
Adjusted mean peak changes in FEV1 and FVC 

 Combination therapy (n = 176) Albuterol (n = 180) 
Day 1 FEV1 0.37 0.29 
Day 29 FEV1 0.34 0.27 
Day 1 FVC 0.77 0.65



Day 29 FVC 0.71 0.61 
  
FEV1 Area under the curve 
Mean AUC (0-6h) and AUC (0-4h) were significantly greater (p<0.05) for combined therapy than for Albuterol on both test days, 
and the AUC (4-6h) was significantly greater on day 1 (no data presented) 
Time to peak onset 
 Median time to peak was 1 hour for combined therapy and 30 minutes for Albuterol on both test days. 
Duration of action 
Median duration of action for the combined therapy group ranged from 3 to 4 hours; for Albuterol it was 2 hours. 
Duration of action for combined therapy was significantly greater than for Albuterol on day 1 only. 
Physicians global evaluations 
No significant difference between groups 
Symptoms 
Statistically significant differences in favour of combination therapy were noted for wheezing and shortness of breath on days 1 to 
29. 
Statistically significant difference in favour of combination therapy was noted for tightness of chest on days 1 to14. 
Adverse events 
No significant differences between groups. 
During treatment 25.4% of patients receiving combination therapy and 33.3% of patients receiving Albuterol therapy reported 
adverse events or worsening of pre-existing condition that was present at baseline. 
Conclusion 
Combination of Ipratropium and Albuterol elicited a statistically greater bronchodilator response (peak FEV and FVC) compared 
with either agent alone. 

SIGN Quality Rating - (Blinded double critical appraisal) 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 826 
 
 
 
Author / Title / Reference / Yr  Cazzola, M., Di Lorenzo, G., & Di Perna, F. 2000, "Additive Effects of Salmeterol and Fluticasone or Theophylline in COPD", 

Chest, vol. 118, pp. 1576-1581.  Ref ID: 975 
N= N= 80 Location = Italy Sites – Duration – 12 weeks 
Research Design Randomised parallel group trial 
Aim To investigate the potential additive effect of two different doses of inhaled Fluticasone propionate in patients with stable COPD 



who received Salmeterol, 50ug b.i.d., administered with a metered dose inhaler (MDI) 
Operational Definition American Thoracic Society criteria 
Population Well controlled COPD, who had previously been individually dose-titrated with slow-release Theophylline to a serum Theophylline 

level of 10-20ug/mL, >50yrs old with at least 20 year smoking history, a change in FEV1 < 12% as a percent of the predicted 
normal value following Salbutamol, post bronchodilator FEV1 <85% and good MDI technique. 
Exclusion: 
Current evidence of asthma as primary diagnosis; unstable respiratory disease requiring oral/parenteral corticosteroids within 4 
weeks prior to beginning the study; upper or lower respiratory tract infection within 4 weeks of the screening visit; unstable angina 
or unstable arrhythmias; concurrent use of medications that affected COPD or interacted with methylxanthines products, such as 
macrolides or fluoroquinolones; and evidence of alcohol abuse 

Intervention Salmeterol 50ug plus Fluticasone propionate 250ug b.i.d or  
Salmeterol 50ug Fluticasone propionate 500ug b.i.d. 

Comparison Salmeterol 50ug 
Salmeterol 50ug plus titrated Theophylline b.i.d. 

Outcome FEV1, FVC 
Characteristics  

Variables Salmeterol 50ug b.i.d. Salmeterol 50ug and 
Fluticasone 
propionate 500ug 
b.i.d. 

Salmeterol 50ug and 
Fluticasone 
propionate 500ug b.i.d 

Salmeterol 50ug and 
titrated Theophylline 
b.i.d 

Age, yr 64.6 (62-67.2) 63.7 (60.6 – 66.8) 64.2 (61.2-67.2) 64.7 (61.8-67.6) 
Sex, No. 18 M and 2F 20 M 17 M and 3F 18M and 2F 
Pack years 45.1 (41-49) 42.9 (39.1-46.8) 44.4 (41.5-47.4) 46.8  

Results  FEV1 
No significant differences among baseline spirometric values of the four treatment groups (FEV1 p>0.05) 
A gradual increase in FEV1 was observed with each of the four treatments. Maximum significant (p<0.05) increases in FEV1 over 
baseline values that were observed after 3 months of treatment were as follows:  
Salmeterol, 50ug b.i.d – 0.163L (95 CI 0.080 to 0.245 L) 
Salmeterol 50ug plus Fluticasone propionate 250ug b.i.d. – 0.188L (95% CI, 0.089 to 0.287 L) 
Salmeterol 50ug plus Fluticasone propionate 500ug b.i.d. – 0.239L (95% CI, 0.183 to 0.296 L) 
Salmeterol 50ug plus titrated Theophylline b.i.d. 0.157L (95% CI, 0.027 to 0.288) 
However, mean differences between groups in highest FEV1 were not significant. 
Only the dose response curve for Salbutamol in the group receiving Salmeterol 50ug, plus Fluticasone propionate, 500ug b.i.d. was 
significantly different (p<0.05) when data after 12 weeks of treatment was compared with those obtained after 8 weeks of 
treatment. 



FEV1 after inhalation of Salbutamol  
Mean FEV1 values after inhalation of Salbutamol, 800ug in all the four treatments were statistically different (p<0.05) from their 
corresponding pre-treatment levels after 12 weeks of treatment. 
After 12 weeks, Salbutamol 800ug induced the highest FEV1 improvement (0.283L; 95% CI, 0.106 to 0.459 L) in the patients 
receiving Salmeterol 50ug plus Fluticasone propionate 250ug b.i.d. and the lowest FEV1 improvement (0.152L; 95% CI, 0.065 to 
0.283L) in those patients receiving Salmeterol 50ug. 
Patients receiving Salmeterol, 50ug, plus Fluticasone propionate 500ug b.i.d showed the highest mean improvement in FEV1 
(0.472L; 95CI, 0.386 to 0.557L) over the pre salbutamol baseline (pre-treatment) value; patients receiving Salmeterol, 50ug b.i.d. 
showed the lowest mean improvement in FEV1 (0.263L; 95% CI, 0.195 to 0.331L). 
The mean differences between the highest Salbutamol FEV1 after Salmeterol 50ug plus Fluticasone propionate 50ug b.i.d, and that 
after Salmeterol 50ug b.i.d were statistically significant (p<0.05) 
Conclusion 
Fluticasone propionate and Salmeterol given together are more effective than Salmeterol alone after a treatment period of 3 months. 
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Author / Title / Reference / Yr  ZuWallack, R. L., Mahler, D. A., Reilly, D., Church, N., Emmett, A., Rickard, K., & Knobil, K. 2001, "Salmeterol plus 

theophylline combination therapy in the treatment of COPD", Chest, vol. 119, no. 6, pp. 1661-1670.Ref ID: 1118 
N= N= 943 Location=US Sites – 74 Duration – 12 weeks 
Research Design Randomised, double-blind, double-dummy parallel group trial 
Aim To compare the efficacy and safety of salmeterol plus theophylline vs either agent alone in COPD 
Operational Definition FEV1 >0.7l and <65% predicted normal and FEV1/FVC ratio of <70%. 
Population COPD due to chronic bronchitis or emphysema, >45 yrs old. 

Exclusion: 
History of asthma, daily continuous oxygen requirement, recent viral or bacterial pulmonary infection, congestive heart failure or 
other clinically active diseases. 

Intervention Salmeterol 42ug b.i.d. via metered dose inhaler (MDI) plus oral sustained-release theophylline twice daily 
(Ipratropium not permitted. No changes in regular COPD medication permitted. Stable doses of inhaled corticosteroids and/or oral 
corticosteroid doses (<10mg/d of prednisone or equivalent) were allowed) 

Comparison Salmeterol, 42ug b.i.d. via MDI or 



Oral sustained-release theophylline twice daily 
(Ipratropium not permitted. No changes in regular COPD medication permitted. Stable doses of inhaled corticosteroids and/or 
oral corticosteroid doses (<10mg/d of prednisone or equivalent) were allowed 

Outcome FEV1, dyspnoea, using BDI and TDI, HRQOL assessed by CRDQ, satisfaction with treatment, peak expiratory flow (PEF), daily 
COPD symptoms and albuterol use (rescue medication) on diary cards, exacerbations (could be treated with oral/parenteral 
corticosteroids for <14 days), adverse events 

Characteristics  Salmeterol/theophylline
combination (n = 313) 

 Salmeterol (n = 310) Theophylline (n = 315) 

Age, yr 65.2  64.4 64.7 
Male/female %     67/33 64/36 71/29
Pack years smoked 65.6 (1.8) 62.5 (1.5) 62.6 (1.6) 

 
Treatment groups were balanced at baseline with respect to demographics and COPD history. 

Results  Disposition and demographics 
86% (803/938) of the patients completed the study. 
Common reason for withdrawal was adverse events, affecting 70 patients 
SALM +THEO group (6%) 19 patients 
SALM group (8%) 25 patients 
THEO group (8%) 26 patients. 
Medication compliance rates, as recorded by patients and by pill counts, were high (>90%) 
Pulmonary function 

 Variables Salmeterol/theophylline
group ( n = 300) 

 Salmeterol group (n = 302) Theophylline group ( n = 
308) 

Predose FEV1     
Week 4 + 0.18 (0.01) + 0.09 (0.02) +0.07 (0.01) 
week 8 +0.17 (0.02) + 0.08 (0.02) + 0.07 (0.02) 
week 12 +0.16 (0.02) + 0.07 (0.02) + 0.05 (0.02) 
Predose FVC     
week 4 +0.30 (0.03) +0.15 (0.03) +0.11 (0.03) 
week 8 +0.26 (0.03) + 0.14 (0.03) + 0.07 (0.03) 
week 12 +0.24 (0.03) + 0.10 (0.03) +0.04 (0.03) 

 
Predose FEV1 and FVC 
Mean predose FEV1 and FVC values significantly improved compared with baseline in both the SALM + THEO group and the 
SALM group at week 4, week 8 and week 12 (p<0.001). 



The same was true for the THEO group (p<0.021), with the exception of the predose FVC assessment at week 12. 
The SALM + THEO group experienced significantly greater improvement in FEV1 and FVC than either the SALM group or the 
THEO group (p<0.02) 
Serial pulmonary function testing administered immediately pre-dose and at 0.5, 1, 2, 4, 6, 8, 10 and 12 h post-dose. 
SALM + THEO group experienced significantly greater improvement at most time points compared with  the SALM group or the 
THEO group (p<0.045) 
The SALM group experienced significantly greater improvement compared with the THEO group in FEV1 and FVC during the 
first several hours postdose, most notably on day 1 (p<0.046) 
The rank order of improvement (SALM + THEO > SALM > THEO) was similar in the reversible and nonreversible patients. 
Evaluations of the FEV1 AUC showed that the SALM + THEO group experienced significantly greater improvement compared 
with the SALM group or the THEO group overall (all patients) and also for the subgroups of reversible and non reversible patients 
on day 1 and week 12 (p<0.002). 
On day 1, the SALM group experienced significantly greater improvement compared with the THEO group overall and in the 
reversible patients (P<0.011) 
There was no difference between the SALM group and the THEO group at week 12. 
Other efficacy measures and COPD exacerbations 
SALM + THEO group experienced significantly greater improvements in dyspnoea (TDI) scores), albuterol-free days, and PEF, 
and required significantly fewer supplemental albuterol treatments than either the SALM group or the THEO group (p<0.08). 
The SALM + THEO group experienced significantly more symptom-free days (p = 0.023) compared with the THEO group. 
COPD exacerbations were experienced by significantly fewer patients in the SALM + THEO group (40 patients, 48 exacerbations) 
compared with the THEO group (62 patients, 96 exacerbations; p = 0.023), but not the SALM group (56 patients, 71 exacerbations; 
p = 0.076) 
HRQOL and satisfaction with treatment 
During the study, each treatment group experienced significant improvements compared with baseline in overall CRDQ scores. 
The mean overall change from baseline in the SALM + THEO group ( +11.2 points) was clinically meaningful (>10 points) and 
was significantly greater (p<0.019) at week 4 compared with the SALM group and the THEO group 
At week 12, mean improvements in overall CRDQ scores were +12.7 points in the SALM + THEO group, +7.6 points in the SALM 
group, and +8.6 points in the THEO group. 
A significantly higher percentage of patients in the SALM + THEO group (52 to 54%) experienced a clinically important 
improvement overall compared with the SALM group (36 to 45%) or the THEO group (31 to 42%) a week 4 and week 12 
(p<0.014) 
Improvement in pulmonary function were contrasted with improvements in HRQOL and TDI scores and found to be positively, but 
weakly correlated (r = 0.2 and r = 0.11 for FEV1 AUC and FVC vs HRQOL respectively and r = 0.19 and r = 0.14 for FEV1 AUC 
and FVC vs TDI respectively) 
SALM + THEO treatment was rated as providing significantly greater overall satisfaction with treatment compared with the THEO 
group at all time points (p<0.012) and compared with the SALM group at week 8 and week 12 (p<0.041). 
SALM treatment provided significantly greater satisfaction with treatment with respect to side effects than either treatment 



involving theophylline (p<0.028) 
Adverse Events 
The proportion of patients reporting adverse events was not significantly different among treatment groups; however, the 
proportion of patients reporting adverse events that were judged to be related to study drug was significantly higher in both of the 
groups that received theophylline compared with the SALM group, most notably for GI events (p<0.042) 
Drug related cardiovascular events were reported relatively rarely (1-4% overall) and were similar among treatment groups. 
Serious adverse events were reported by 12 patients (4%) in the SALM + THEO group, 18 patients (6%) in the SALM group, and 
16 patients (5%) in the THEO group. 
Cardiovascular Effects 
Mean heart rate significantly (p<0.004) increased relative to baseline for all patients during the theophylline titration period. 
Once randomised to study treatment, mean heart rates returned to baseline levels in the SALM group, but remained significantly 
elevated relative to baseline in both groups receiving theophylline. 
Conclusion 
Combination treatment with salmeterol plus theophylline consistently provided significantly greater improvements compared with 
either treatment alone in pulmonary function and significantly greater reduction in dyspnoea and albuterol use. Furthermore, 
combination treatment resulted in significantly fewer COPD exacerbations compared with theophylline and significantly greater 
improvements in HRQOL and patients’ satisfaction with treatment. 
However, patients in the groups receiving theophylline experienced a higher frequency of GI side effects compared with those 
receiving salmeterol alone. 
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Author / Title / Reference / Yr  Karpel J, Kotch A, Zinny M et al.  A comparison of inhaled ipratropium, oral theophylline plus inhaled beta agonist and the 

combination of all three in pts with COPD.  Chest 1994 Vol. 154, No. 4. 
N= N=48 Duration=4 separate days Location=USA 

Pts entered into the study received four separate drug regimens on four non-consecutive days within a 45-day period. 
Research Design Double blind, placebo controlled study 
Aim Purpose of the study was to compare the efficacy of ipratropium alone, oral theophylline plus an inhaled beta agonist, or the 

combination of ipratropium, beta agonist and theophylline in pts with stable COPD.  
Operational Definition Stable COPD as defined by ATS.  Baseline FEV1 65% predicted or less 
Population Stable COPD (Asthma excluded) 



Intervention and 
Comparisons 

Theophylline tables (individual doses) followed by Inhaled albuterol (2 puffs via MDI) followed by Inhaled placebo (2 puffs via 
MDI) 
Oral placebo followed by ipratropium (2 puffs via MDI; 36ug) followed by inhaled placebo 
Oral theophylline, followed by albuterol, followed by ipratropium 
Oral placebo followed by two inhaled placebos 

Outcomes Spirometry and heart rate were measured at 0, 30, 60 mins and hourly for 6 hrs.  
Characteristics Concomitant medications – inhaled and short acting oral beta adrenergic medications, anticholinergics, inhaled steroids and were 

withheld for the 8h preceding each study and during testing.  Long acting beta agonists were withheld for 24 h.  Pts were included if 
they required less than 10mg/d of prednisone.  For pts receiving alternate day steroids, the study was performed on the days that 
steroids were not taken.  Cromolyn sodium was excluded.  Mean age = 62yrs 
Sex= 54% male 
Ethnic origin=Not detailed 
Mean baseline FEV1 0.9L, range 0.32-1.56 

Results  Efficacy 
There were no significant improvements with placebo. 
Mean peak FEV1 and area under the FEV1 time curve above baseline were compared among treatment groups: 
Ipratropium was significantly more effective than placebo (p=0.0001 and p=0.0078 respectively). 
Combination therapy with albuterol and theophylline was superior to ipratropium alone (p=0.0001 and p=0.0001 respectively). 
All three medications given together (Ipratropium, albuterol and theophylline) were more effective than the combination of 
albuterol and theophylline (p=0.0373 and p0.0289 respectively). 
FVC responses are similar to FEV1 responses. 
Median onset of action was 1h for ipratropium and 30 min for the combination of theophylline and albuterol and for the 
combination of all three agents. 
Heart Rate - Safety 
Theophylline and albuterol caused a greater increase in heart rate than did ipratropium alone (p=0.0001). 
The combination of theophylline, albuterol and ipratropium caused a greater in crease in heart rate compared with ipratropium 
alone (p=0.0001). 
There were no significant difference in the peak heart rates between theophylline and albuterol regimen and the regimen that 
included all three agents (p=0.1329) 
Adverse Events 
There were no serious adverse events. 
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Author / Title / Reference / Yr  Taylor, D. R., Buick, B., & Kinney, C. 1985, "The efficacy of orally administered theophylline, inhaled salbutamol, and a 

combination of the two as chronic therapy in the management of chronic bronchitis with reversible air-flow obstruction", American 
Review of Respiratory Disease, vol. 131, no. 5, pp. 747-751. Ref ID: 657 

N= N= 25.  Location=UK. Sites – 1. Duration – 12 weeks. 
Research Design Randomised, double-blind, crossover controlled trial 

Efficacy of three study medications, salbutamol, theophylline and a combination of the two delivered by inhaler and tablets were 
compared after 3 weeks on each of the double-blind study medications during the crossover phase of the trial. 

Aim To assess the efficacy of bronchodilator therapy in the long-term management of patients with chronic bronchitis and varying 
degrees of reversible air-flow obstruction. 

Operational Definition Cough productive of mucoid sputum on most days for 3 months of 2 consecutive years and at least 10% improvement in FEV1 
after inhalation of salbutamol. 

Population Chronic bronchitis with reversible airflow obstruction 
Exclusion: 
Patients with episodic attacks of wheeze not associated with chest infection, or with history of atopy, and those with cardiac or 
hepatic dysfunction. 

Intervention Salbutamol via MDI (Ventolin) 200ug 4 times daily and sustained release theophylline tablets twice daily (Theolair SR) (Th/S) 
Comparison Salbutamol inhaler and placebo tablets (S/P) 

Theophylline tablets and placebo inhaler (Th/P) 
Placebo inhaler and placebo tablets (P/P) 

Outcome “Treatment failure” defined as need to administer additional therapy because of a noninfective relapse, FEV1, FVC, functional 
residual capacity (FRC), peak flow rate (PFR) and diary-recorded symptoms 

Characteristics 21 males, 4 females 
Mean age 63 yrs (range 45-73 years) 
2 non-smokers, 4 smokers and 19 ex-smokers. 
Mean pack years 43 ± 6 yrs (range 8 to 144) 
FEV1 15.4 to 78% predicted 

Results  Treatment failure 
24 out of the 100 treatment periods were “treatment failures”  
9 occurred during P/P 
8 during P/S 
6 during Th/P 



1 during Th/S 
In each case, after appropriate treatment, the discontinued period was recommenced from the beginning and was completed in full 
without interruption. 
Rescue medication 
Thirteen patients required intervention with additional bronchodilator therapy during at least 1 of the 4 treatment periods because of 
significant symptomatic deterioration. 
12 patients completed all 4 periods of treatment without requiring additional therapy. 
No difference between these patients and the 13 who experience “treatment failures”. 
Theophylline doses 
Theophylline doses administered to individual patients ranged from 500 to 1400 mg/day and during the treatment periods, the 
plasma theophylline concentrations measured 1 to 3 h after tablet ingestion were 
Th/P 13.1 ± 1.3 ug/ml (n = 19) and  
Th/S 13.1 ± 1.1ug/ml (n = 24)  
 

    Placebo Theophylline Salbutamol Theophylline
     Pre treatment Placebo Placebo Placebo Salbutamol
FEV1, L 1.15 � 0.17 1.14 � 0.17 1.27 � 0.19 1.22� 0.16 1.38 � 0.19 
% predicted 36.8 � 5.2 36.1 � 4.9 40.4 � 5.5 38.6 � 4.7 44.1 � 5.4 
FVC, L 2.5 � 0.23 2.55 � 0.24 2.69 � 0.24 2.74 � 0.23 3.02 � 0.25 
% predicted 63.4 � 7.1 58.9 � 8.4 67.5 � 6.8 67.1 � 5.7 75.2 � 6.6 
FRC, L 4.8 � 0.23 5.01� 0.36 4.9 � 0.24 4.79 � 0.37 4.7 � 0.16 
% predicted 147.1 � 7.3 152.8 � 9.8 150.3 � 7.7 145.7 � 9.7 144.4 � 6.4 
RV, L 3.88 � 0.19 4.12 � 0.38 3.80 � 0.22 3.86 � 0.33 3.64 � 0.17 
% predicted 187.9 � 9.1 198 � 15.4 184 � 10.5 186.5 � 14.4 176 � 7.8 
TLC 6.65 � 0.23 7.01 � 0.32 6.94 � 0.22 6.82 � 0.37 6.83 � 0.20 
% predicted 119.4 � 6.1 124.2 � 6.6 122.6 � 5.7 113.6 � 12 121.4 � 5.3 
RV/TLC % 58.3 � 1.9 58.1 � 3.2 54.6 � 2.4 56.1� 3.1 53.2 � 1.8 
% predicted 155.8 � 6.77 155 � 9.4 145.9 � 7.5 148.7 � 7.5 142.2 � 6.6 

  
FEV1/FVC 
Improvement in mean values for FEV1 (% predicted) compared with treatment P/P 
Th/P 4.3% 
P/S 2.5% 
Th/S 8.0% 
Improvement in mean values for FVC (% predicted) compared with treatment P/P 



Th/P 8.6% 
P/S 8.2% 
Th/S 16.3% 
Compared with placebo, values for FEV1, FVC and RV/TLC were significantly improved during combined therapy. 
In addition, combined therapy was better than salbutamol alone for FEV1 and FVC. 
Theophylline alone resulted in small but significant change in FEV1, but in no other index of lung function. 
Salbutamol alone did not result in any significant improvement. 
Symptomatic relapse 
1 out of 25 patients experienced symptomatic relapse during 3 weeks of continuous treatment with combination therapy, compared 
with 6, 8 and 9 during treatment with theophylline alone, salbutamol alone and placebo, respectively. 
Using a ranking system based on “treatment failure” and daily PFR recordings, 13 patients were adjudged best receiving combined 
therapy, in contrast to only 6 using theophylline, 4 receiving salbutamol and 2 receiving placebo. 
Conclusion 
Combination therapy showed significant improvements in FEV1 and FVC compared with placebo. Such improvements were not 
seen with either agent alone. 
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Author / Title / Reference / Yr  Bellia, V., Foresi, A., Bianco, S., Grassi, V., Olivieri, D., Bensi, G., & Volonte, M. 2002, "Efficacy and safety of oxitropium 

bromide, Theophylline and their combination in COPD patients: a double-blind, randomized, multicentre study (BREATH Trial)", 
Respiratory Medicine, vol. 96, no. 11, pp. 881-889.Ref ID: 1264 

N= N= 236 Location = Italy Sites – 29 Duration – 8 weeks 
Research Design Randomised, double-blind, double-dummy parallel group trial 
Aim To compare the efficacy and safety of inhaled oxitropium, theophylline or their combination in patients with mild-to-severe COPD. 
Operational Definition American Thoracic Society criteria FEV1< 70% predicted. 
Population Clinical history of COPD as defined by ATS, were current or ex-smokers, between 35 and 80 yrs of age and baseline FEV1 <70% 

predicted 
Exclusion: 
Patients with daily PEFR variability >20% and a change in FEV1 after 200ug Fenoterol >20% predicted value and total lung 
capacity >70% predicted, acute airways infection during preceding 4 weeks, blood eosinophilia > 8%, history of asthma, allergic 
rhinitis, cystic fibrosis and any atopic disease, peptic ulcer and liver, kidney or heart failure. 



Intervention Inhaled oxitropium bromide 200ug b.i.d. plus sustained-release capsules of theophylline 300mg b.i.d. (2 puffs + 1 capsule in 
morning and evening) 
(No concomitant bronchodilator medication permitted. Rescue medication of inhaled short acting B2-agonists permitted) 

Comparison Placebo of oxitropium bromide plus sustained-release capsules of theophylline 300 mg b.i.d. (2 puffs + 1 capsule morning and 
evening) or 
Inhaled oxitropium bromide 200ug b.i.d. plus theophylline placebo capsules. (2 puffs + 1 capsule morning and evening) 
(No concomitant bronchodilator medication permitted. Rescue medication of inhaled short acting B2-agonists permitted) 

Outcome Patient recorded PEFR, symptom scores, rescue medication and adverse events, quality of life (SGRQ). 
Characteristics  

 Oxitropium/theophylline ( n 
= 75) 

Theophylline (n = 81) Oxitropium (n = 80) 

Gender (m/f)     64/11 65/13 71/9
Age (yrs) 64.4 � 1 65.3 � 1 63.9 � 1 
FVC (l) 2.44 � 0.07 2.42 � 0.09 2.49 � 0.08 
FEV1 (l) 1.37 � 0.05 1.37 � 0.05 1.34 � 0.05 
FEV1 (% predicted) 50.98 � 1.54 51.45 � 1.59 48.93 � 1.41  

Results  Lung function and daily PEFR variability  
 

  Oxitropium plus
Theophylline (n = 73) 

 Theophylline (n = 78) Oxitropium (n = 79) 

FEV1 (l)    
Baseline 1.37 � 0.05 1.37 � 0.05 1.34 � 0.05 
Week 4 1.55 � 0.06 1.4 � 0.07 1.39 � 0.06 
Week 8 1.5 � 0.07 1.43 � 0.07 1.39 � 0.07 
Change at week (n) 0.16 � 0.04 (68) 0.04 � 0.03 (75) 0.05 � 0.03 (72) 
Change at week 8 (n) 0.11 � 0.05 (64) 0.06 � 0.03 (71) 0.04 � 0.04 (72) 
FVC (l)    
Baseline 2.44 � 0.07 2.42 � 0.09 2.49 � 0.08 
Day 28 2.6 � 0.09 2.43 � 0.10 2.55 � 0.09 
Day 56 2.58 � 0.09 2.47 � 0.10 2.54 � 0.09 
Change at week 4 (n) 0.13 � 0.05 (68) 0.05 � 0.05 (75) 0.04 � 0.04 (77) 
Change at week 8 (n) 0.12 � 0.07 (64) 0.05 � 0.05 (71) 0.01 � 0.05 (72) 

 
Baseline FEV1 and FVC values in the three treatment groups were not different. 



Although FEV1 and FVC values increased in all groups at weeks 4-8 no statistically significant differences between groups was 
observed. 
Morning and evening baseline pre-dosing PEFR showed very little change at week 8 in all three treatment groups. In contrast, the 
morning post-dosing PEFR markedly increased in all three groups, particularly in the combination group; however, no statistically 
significant difference was observed between treatment groups for either morning or evening post-dosing PEFR change. 
Symptoms and use of rescue bronchodilators 
At baseline, symptoms scores for cough and dyspnoea in the three treatment groups were similar. 
Decreased symptom intensity for cough frequency, cough intensity and dyspnoea were observed in the majority of patients in all 
three groups; however, no significant differences were observed between groups. 
Quality of life 
Bellia (2002) - RCT (n = 236 subjects – 8 weeks) 
Total SGRQ score decreased in all groups (oxitropium/Theophylline combination, oxitropium alone and Theophylline alone) and 
the change was statistically significant compared with baseline (p<0.002) 
Oxitropium + Theophylline p<0.0015 
Theophylline p<0.001 
Oxitropium p<0.0001 
Decrease in total score reached the level of “clinical significance” only in patients treated with both oxitropium whether alone (4 ± 
1.1 units) or in combination with Theophylline (4.7 ± 1.1 units). The decrease was mainly due to changes in activity and impact 
scores. No significant differences between treatments were observed. 
Safety 
73 patients reported or exhibited a total of 135 events. 
The most frequent adverse events were: epigastric pain in oxitropium + Theophylline group and COPD exacerbation in 
Theophylline group and oxitropium group. 
The proportion of patients reporting treatment-related adverse events (p<0.02) and gastrointestinal treatment-related adverse events 
(p<0.04) in the Theophylline group was significantly greater than that found in oxitropium + Theophylline and oxitropium group. 
Conclusion 
In COPD patients, inhaled oxitropium bromide alone was associated with an improvement in PEFR and symptoms in patients with 
COPD that was not substantially difference from that of oral Theophylline alone or of the combination of both drugs; however, 
oxitropium bromide alone or in combination with Theophylline provided a better improvement in the quality of life than 
Theophylline alone as well as a better safety profile. 
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Author / Title / Reference / Yr  Nishimura, K., Koyama, H., Ikeda, A., Sugiura, N., Kawakatsu, K., & Izumi, T. 1995, "The additive effect of theophylline on a 
high-dose combination of inhaled salbutamol and ipratropium bromide in stable COPD", Chest., vol. 107, no. 3, pp. 718-723. 

N= N= 24 Location = Japan Sites – 1  Duration – 4 weeks 
Research Design Randomised double blind, placebo controlled crossover trial 
Aim To determine the additive effect of oral theophylline in patients with stable COPD who received both inhaled salbutamol 400ug and 

ipratropium bromide 80ug four times daily administered with metered dose inhaler 
Operational Definition FEV1 <80%, FEV1/FVC <70% predicted. 
Population Stable COPD, age >55 yrs, history of smoking of more than 20 pack years, chest radiograph showing hyperinflaion with or without 

vascular deficiency pattern suggestive of pulmonary emphysema, FEV1/FVC <70% and Fev1 <80% predicted. 
Exclusion: 
History suggestive of asthma, heart disease, or any other illness. Patients treated with inhaled or systemic steroids in the preceding 3 
weeks. 

Intervention Salbutamol 400ug and ipratropium 80ug daily dose using MDI + theophylline (serum concentration more than 10ug/ml) 
(Use of bronchodilators not permitted) 

Comparison Salbutamol 400ug and ipratropium 80ug daily dose using MDI + placebo 
(Use of bronchodilators not permitted) 

Outcome FEV1, FVC, PEFR, symptoms 
Characteristics  

    Mean SD Range
Age, yr 65.3 4.7 55-73 
FEV1, L     0.96 0.43 0.36-1.77
FEV1, % pred 36.8 17 14.9-72.1 
V1/FVC % 38.4 9 23.8-57.3  

Results  FEV1 
Without inhalation of bronchodilators, FEV1 was 0.93 ± 0.42L during the placebo period and 1.00 ± 0.43L (significantly different 
from placebo, p<0.01) during the theophylline period. 
At 15 and 60 minutes after inhalation of salbutamol, 400ug, and ipratropium bromide 80ug, the FEV1 with placebo was 1.12 ± 
0.43L and 1.14 ± 0.46L respectively, and the FEV1 with theophylline was 1.18 ± 0.45L (p<0.01) and 1.2 0.47 L (p<0.01), 
respectively. 
The FVC was not significantly different between the placebo and theophylline periods before and 15 and 60 minutes after the 
inhalation of the bronchodilating agents. 
PEFR 
Both preinhalation and postinhalation values of daily PEFR were significantly higher during the theophylline period than during the 
placebo period (p<0.01) 



Symptoms 
No significant alteration of cough, sputum, wheezing, shortness of breath was observed throughout the different phases  of 
treatment 
Responder vs non responder 
At the end of the study period, 15 patients did not recognise any symptomatic differences during the two crossover period with 
active or placebo administration (subjective nonresponders) 
Nine patients reported symptomatic improvement during one of the two treatment periods. 
One of nine patients preferred the placebo periods and was therefore a subjective non responder. The other eight patients were 
classified as subjective responders. 
Adverse events 
Sixteen patients (67%) complained of gastrointestinal side effects while receiving theophylline and 10 patients (42%) reported 
similar effects during placebo administration. 
Conclusion 
Theophylline has a small bronchodilating effect but does not improve the symptoms of patients with stable COPD. 
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Author / Title / Reference / Yr  Calverley, P., Pauwels, R., Vestbo, J., Jones, P., Pride, N., Gulsvik, A., Anderson, J., & Maden, C. 2003, "Combined Salmeterol 

and fluticasone in the treatment of chronic obstructive pulmonary disease: A randomised controlled trial", Lancet, vol. 361, no. 
9356, pp. 449-456.Ref ID: 1702 

N= N= 1465 Location = 25 countries Sites – 196 hospitals Duration – 12 months 
Research Design Randomised double blind, placebo controlled parallel group trial 
Aim To assess whether long-acting B2-agonists and inhaled corticosteroids in combination will result in treatment effects that are better 

than those associated with either drug alone.  
Operational Definition Baseline FEV1 25-70% predicted 
Population COPD patients, baseline FEV1 before bronchodilation 25-70% predicted, increase of less than 10% predicted FEV1 30 min after 

Salbutamol, pre bronchodilators FEV1/FVC 70% or less. History of at least 10 pack years of smoking, chronic bronchitis, at least 
one episode of acute COPD symptom exacerbation per year in previous 13 years, at least one exacerbation in year immediately 
before trial entry. 
Exclusion: 
Respiratory disorders other than COPD, requirement for regular oxygen treatment, received systemic corticosteroids, high doses of 
inhaled corticosteroids (>1000ug daily beclomethasone dipropionate, budesonide, or flunisolide or > 500ug daily fluticasone), or 



antibiotics in 4 weeks before the 2 week run-in period before the trial began. 
Intervention Salmeterol and fluticasone combination (50/500ug twice daily) n = 358 

(Anticholinergics, mucolytics and Theophylline use permitted. Salbutamol was allowed as rescue medication. Use of corticosteroids 
and bronchodilators not permitted) 

Comparison Salmeterol 50ug twice daily n = 372 
Fluticasone 50ug twice daily n = 374 
Placebo n = 361 
 
(Anticholinergics, Mucolytics and Theophylline use permitted. Salbutamol was allowed as rescue medication. Use of 
corticosteroids and bronchodilators not permitted) 

Outcome FEV1, FVC, patient recorded - use of rescue medication, symptoms, exacerbations, adverse events and PEF. 
Characteristics  

 Placebo (n = 361) Salmeterol (n = 372) Fluticasone (n = 374) Combination (n = 
358) 

Age 63.4 (8.6) 63.2 (8.6) 63.5 (8.5) 62.7 (8.7) 
Male 269 (75%) 261 (70%) 260 (70%) 270 (75%) 
Pack years smoked 43.4 (22.4) 43.7 (21.9) 41.5 (20.7) 42 (22.4) 
Pre-treatment FEV1 
(% predicted) 

44.2 (13.7) 44.3 (13.8) 45 (13.6) 44.8 (14.7) 

Pre-treatment FVC 
(mL) 

2500 (800) 2386 (751) 2443 (781) 2537 (838) 

Demographic and baseline characteristics were similar across all treatment groups 
Results  Pre-treatment FEV1 

The three active treatments increased pre-treatment FEV1 significantly compared with placebo (salmeterol/fluticasone p<0.0001; 
Salmeterol p<0.0001; Fluticasone p = 0.0063) 
This improvement was evident by week 2 and was sustained throughout treatment 
Rise in FEV1 associated with combination therapy was significantly greater than with either of its components separately. 
By week 52, pre-treatment FEV1 in the combination group had increased by 10% compared with 2% in both the Salmeterol and 
Fluticasone group, and had fallen by 3 % in the placebo group. 
Number of exacerbations 
Compared with placebo, all active treatments significantly reduced the number of exacerbations per patient per year and the number 
of exacerbations that needed treatment with oral corticosteroids. 
The rate of exacerbations fell by 25% in the combination group (p<0.0001) and by 20% (p = 0.0027) and 19% (p = 0.0033) in the 
Salmeterol and Fluticasone groups respectively compared with placebo. 
The effect was more pronounced in patients with a baseline FEV1 of <50% predicted who showed a 30% with the combination 



compared with placebo, as against a 10% reduction in patients who had a baseline FEV1 that was greater than 50% of that 
predicted. 
Acute episodes of symptom exacerbation that required oral corticosteroids were reduced by 39% in the combination group 
(p<0.0001), 29% in the Salmeterol group (p = 0.0003) and 34% in the Fluticasone group (p = 0.0001) compared with placebo. 
Symptoms 
Combination treatment significantly reduced breathlessness and the use of relief medication compared with placebo, Salmeterol and 
Fluticasone. 
Median number of days without rescue medications was for placebo 0% (range 0-100%), Salmeterol 3% (0-100%), Fluticasone 2% 
(0-100%) and combination 14% (0-100%) (p<0.0001 vs. placebo, p = 0.004 vs. Salmeterol, p = 0.0003 vs. Fluticasone) 
The number of night-time awakenings fell significantly in the combination groups, compare with placebo and Salmeterol, but not 
with Fluticasone. 
Cough only improved significantly in the combination group. 
Health Status 
Only the combination group showed a clinically significant improvement in health status questionnaire score by week 52. 
Adverse events 
All treatments were well tolerated, with no difference between groups in the number of patients reporting an adverse event during 
treatment (78-81% across groups) 
Conclusion 
Fluticasone and Salmeterol combination treatment produced better control of symptoms and lung function, with no greater risk of 
side effects than that with use of either component alone. 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
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Author / Title / Reference / Yr  Szafranski, W., Cukier, A., Ramirez, A., Menga, G., Sansores, R., Nahabedian, S., Peterson, S., & Olsson, H. 2003, "Efficacy and 

safety of budesonide/formoterol in the management of chronic obstructive pulmonary disease", European Respiratory Journal, vol. 
21, no. 1, pp. 74-81.Ref ID: 1698 
Also see Authors’ correction Eur Respir J 2003; 21: 912 to the results of symptom scores for first week of treatment and at 
12 months from original paper. 

N= N= 812 Location = 11 countries (Denmark, Finland, UK, Italy, South Africa, Spain, Poland, Brazil, Mexico, Argentina, Sweden) 
Duration – 12 months 

Research Design Randomised double blind, placebo controlled parallel group trial 
Aim To evaluate the efficacy and safety of budesonide/formoterol in a single inhaler compared with placebo and both components 



separately in patients with COPD.  
Operational Definition FEV1/FVC <70% and FEV1 <50% predicted normal 
Population Adults with moderate to severe COPD, outpatients >40 yrs, COPD symptoms for > 2 years, >10 pack-yrs smoking history, 

FEV1/FVC <70% and FEV1 <50% predicted normal, total symptom score >2per day for at least 7 days of run-in period, 
documented use of short-acting inhaled bronchodilators for reliever medication, >1 severe COPD exacerbation within 2-12 months 
before first clinic visit 
Exclusion: 
History of asthma and/or seasonal allergic rhinitis before the age of 40, any relevant cardiovascular disorders, using B-blocking 
agents, current respiratory tract disorders other than COPD or any other significant diseases or disorders which may have put them 
at risk or which may have influenced the results of the study, a requirement for regular use of oxygen therapy or an exacerbation 
during run-in. 

Intervention Budesonide 320ug /formoterol 9ug twice daily  
(Terbutaline 0.5mg per inhalation was allowed as rescue medication) 

Comparison Budesonide 400ug twice daily 
Formoterol 9ug twice daily 
(Terbutaline 0.5mg per inhalation was allowed as rescue medication) 

Outcome Exacerbations, hospitalisations, daily diary cards to monitor symptoms, use of rescue medication, use of other COPD medication 
and PEF. 
Pulmonary function assessed at each visit. 
SGRQ 
Adverse events 

Characteristics  
   Budesonide/formoterol Budesonide Formoterol Placebo
Patient n 208 198 201 205 
Male % 76 80 76 83 
Mean age yrs 64 (41-82) 64 (40-90) 63 (40-90) 65 (47-92) 
Mean pack yrs 44 44 45 45 
FEV1, L 0.96 1.01 1.00 0.98 
FEV1% pred 36 37 36 36 
FEV1/VC     41 44 43 42

  
Demographic and baseline characteristics were similar across all treatment groups 

Results  Severe Exacerbations 
Mean exacerbations rates per patient per year 
Budesonide/formoterol – 1.42 



Budesonide – 1.59 
Formoterol - 1.84 
Placebo – 1.87 
Budesonide/formoterol significantly reduced the mean exacerbation rate compared with placebo and formoterol p<0.001 
Rate of oral steroid courses associated with exacerbations 
Budesonide/formoterol – 0.74 
Budesonide – 0.76 
Formoterol – 1.04 
Placebo – 1.07 
Compared with placebo, both budesonide/formoterol (p = 0.027) and budesonide (p = 0.045)  reduced the number of oral steroid 
courses used in association with exacerbations  
Budesonide/formoterol also significantly reduced the number of oral steroid courses compared with formoterol (p = 0.03). 
Mild Exacerbations 
All active treatment arms reduced mild exacerbations compared with placebo 
Budesonide/formoterol – by 62% 
Budesonide – by 41% 
Formoterol – by 55% 
Budesonide/formoterol reduced mild exacerbations by 35% compared with budesonide (p – 0.022) and by 15% compared with 
formoterol (p = 0.043) 
Lung function 
FEV1  
All active treatment increased FEV1 compared with placebo 
Budesonide/formoterol also increased FEV1 compared with budesonide 
Improvements in FEV1 were sustained with budesonide/formoterol throughout the study period compared with budesonide and 
placebo. 
FVC 
All active treatments improved FVC compared with placebo 
Budesonide/formoterol – by 9% (p<0.001) 
Budesonide – by 4% (p<0.05) 
Formoterol – by 11% (p<0.001) 
Peak expiratory flow 
Budesonide/formoterol improved and maintained morning and evening PEF compared with placebo, budesonide and formoterol 
alone (p<0.001) 
Symptoms 
Budesonide/formoterol significantly reduced all symptom scores within the first week of treatment compared with budesonide, 
formoterol and placebo 
This significant effect was sustained for 12 months for budesonide/formoterol compared with placebo, budesonide and formoterol 



regarding the total score and awakenings. 
Budesonide/formoterol increased days free from shortness of breath by 12% compared with placebo (p<0.001) and awakening-free 
nights by 14% compared with placebo (p<0.001) 
Budesonide/formoterol reduced use of rescue medication by 1.3 and 0.7 inhalations per 24h compared with placebo and budesonide 
respectively (both p<0.001) 
Also see Authors’ correction Eur Respir J 2003; 21: 912 to the results of symptom scores for first week of treatment and at 
12 months from original paper 
Health-related quality of life 
A change in 4 points on the SGRQ from baseline is considered an important difference relevant to the patient. 
Mean reductions for SRGQ total score from baseline 
Budesonide/formoterol – 3.9 
Budesonide – 1.9 
Formoterol – 3.6 
Placebo – 0.03 
Compared with placebo, budesonide/formoterol significantly improved SGRQ total score (p = 0.009) and symptoms (p<0.001) and 
impact (p = 0.006) 
Safety 
The adverse event profile was similar in each group.  
Discontinuations due to COPD worsening were highest in the placebo group. 
The frequency of discontinuations due to other adverse events was similar in all groups. 
Conclusion 
Budesonide/formoterol reduced COPD exacerbations and provided early and sustained improvements in lung function and 
symptoms, together with improvements in health-related quality of life. 
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Author / Title / Reference / Yr  Mahler, D. A., Wire, P., Horstman, D., Chang, C.-N., Yates, J., Fischer, T., & Shah, T. 2002, "Effectiveness of fluticasone 

propionate and salmeterol combination delivered via the Diskus device in the treatment of chronic obstructive pulmonary disease", 
American Journal of Respiratory & Critical Care Medicine, vol. 166, no. 8, pp. 1084-1091.Ref ID: 1689 

N= N= 691 Location = US Sites – 65 Duration – 24 weeks 
Research Design Randomised double blind, placebo controlled parallel group trial 
Aim To assess the effectiveness and safety of fluticasone propionate/salmeterol combination and its individual components in the 



treatment of COPD  
Operational Definition FEV/FVC baseline of <70% and baseline FEV1 less than 65% of predicted but more than 0.70L 
Population COPD patients, >40 yrs of age, current or former smokers with a 20 oack-year or more history. FEV/FVC baseline of <70% and 

baseline FEV1 less than 65% of predicted but more than 0.70L. Patients required to have daily cough productive of sputum for 3 
months of the year for 2 consecutive years and dyspnoea. 
Exclusion: 
Current diagnosis of asthma, oral corticosteroid use within the past 6 weeks, abnormal clinically significant electrocardiogram, 
long-term oxygen therapy, moderate or severe exacerbation during run-in and any clinically significant medical disorder. 

Intervention Fluticasone 500 mcg and salmeterol 50 mcg twice daily via metered dose inhaler 
(Stable theophylline use permitted. Albuterol was allowed as rescue medication. Use of corticosteroids and bronchodilators not 
permitted) 

Comparison Fluticasone 500 mcg twice daily 
Salmeterol 50 mcg twice daily 
Placebo twice daily 
(Stable theophylline use permitted. Albuterol was allowed as rescue medication. Use of corticosteroids and bronchodilators not 
permitted) 

Outcome Change in predose FEV1, change in 2 hour postdose FEV1, morning peak expiratory flow (PEF), supplemental albuterol use, 
dyspnoea assessed by the Transition Dyspnoea Index (TDI), the Chronic Bronchitis Symptom Questionnaire, exacerbations defined 
by treatment. Health status evaluated using the CRDQ, adverse events 

Characteristics   
 Placebo (n = 181) Salmeterol (50ug) (n 

= 160) 
Fluticasone 500ug (n 
= 168) 

Fluticasone/salmeterol 
combination (n = 165) 

Male    136 103 103 103 
Female     45 57 65 62
Age mean      64 63.5 64.4 61.9
Age range      44-90 40-84 42-82 40-86
Pack years smoked 
median 

60    52.5 54 55

Pack years smoked 
range 

20-165    20-193 20-200 15-150

Mean FEV1, ml      1317 1237 1233 1268
mean FEV1, % 
predicted 

41    40 41 41

Mean FEV1/FVC 0.49    0.49 0.48 0.49
 



Demographic and baseline characteristics were similar across all treatment groups 
 

Results  Lung function 
Predose FEV1 
A significantly greater increase in predose FEV1 at the endpoint was observed after treatment with combination therapy (156ml) 
compared with salmeterol (107 ml) p = 0.012 and placebo (-4ml) p<0.001 
Significantly greater increases in predose FEV1 were observed for treatment with combination compared with that for salmeterol 
beginning at week 1 (173 vs 127 ml p = 0.032) and at most other time points during the study 
A significantly greater increase in predose FEV1 was also observed for treatment with fluticasone vs placebo at the endpoint (109 
vs –4ml respectively p<0.001) as well as at all assessment points throughout the study, with the exception of week 8. 
Two hour post-dose FEV1 
A significantly greater increase in 2 hour post dose FEV1 at the endpoint was observed after treatment with combination therapy 
(261 ml) compared with fluticasone (138ml, p<0.001) and placebo (28ml, p<0.001) 
Significantly greater increases in 2 hour postdose FEV1 were observed at Day 1 and throughout the study during treatment with 
combination therapy compared with fluticasone. 
Significantly greater increases in 2-hour postdose FEV1 were observed for the salmeterol group versus placebo (233 vs 28ml, 
respectively p<0.024) at the endpoint and at all assessment points throughout the study. 
Response by reversibility 
Patients who demonstrated reversibility of airway obstruction with albuterol had slightly better improvements in predose FEV1, 2-
hour postdose FEV1 and TDI with individual components as well as with combination treatment. 
Morning PEF rate 
Increases in morning PEF on Day2, approximately 24 hours after the initiation of treatment, were greater for combination treatment 
compared with fluticasone, salmeterol and placebo (p<0.005). 
Greater increases in morning PEF were observed throughout the 24 week treatment period with combination treatment compared 
with fluticasone, salmeterol and placebo. 
The overall change from baseline in morning PEF with combination treatment (31.9L/min) was greater than the sum of the mean 
changes from baseline observed with the individual components, 12.9 and 16.8L/min for fluticasone (p<0.001) and salmeterol 
(p<0.001), respectively. 
Mean overall changes from baseline were also significantly greater for both fluticasone and salmeterol versus placebo (p<0.001) 
Dyspnoea 
At the endpoint, the mean TDI score for treatment with combination drug (2.1) was greater than that after treatment with 
fluticasone (1.3, p = 0.033) and was significantly greater than that after treatment with salmeterol (0.9, p<0.001) and placebo (0.4, 
p<0.001) 
Significant differences in TDI scores were observed as early as Week 1 with combination treatment as compared with fluticasone, 
salmeterol and placebo. 
At the endpoint, TDI scores were significantly greater for fluticasone (1.3, p = 0.002), but not salmeterol, compared with placebo. 



Supplemental Albuterol Use 
Significant reductions in overall albuterol use (number of inhalations per day and percentage of days without albuterol use) were 
observed during treatment with combination compared with fluticasone and placebo. 
A significant reduction in overall albuterol use was also observed after treatment with salmeterol compared with placebo and with 
fluticasone compared with placebo. 
A significant increase in the overall percentage of nights with no awakenings requiring albuterol was observed for treatment with 
combination, fluticasone and salmeterol compared with placebo (p<0.001) 
Health Status 
At the endpoint, treatment with combination therapy resulted in a clinically important increase from baseline in mean overall 
CRDQ score (10) that was significantly greater compared with the placebo (5.0, p = 0.007) and fluticasone (4.8, p = 0.017) groups, 
but not with salmeterol (8.0) 
Clinically important increases in dyspnoea score (4.2), fatigue score (2.0) and physical summary score (6.1) were observed after 
treatment with combination. These increases were also statistically significant versus the fluticasone and placebo treatment groups 
(p<0.016) 
Safety 
A total of 515 (75%) of patients experienced at least one adverse event during the study. 
A greater percentage of patients in the fluticasone and the combination groups experienced candidiasis (mouth/throat) based on 
visual inspection compared with the placebo and salmeterol groups. 
Three deaths were not considered to be related to study drugs. 
Conclusion 
Combination treatment provided significantly greater improvements in predose and 2 hour postdose FEV1 as well as in morning 
PEF compared with individual components or placebo. 
Combination treatment significantly reduced the severity of dyspnoea as measured using the TDI compared with salmeterol and 
placebo. 
There were significant reductions in albuterol use as a rescue medication with combination treatment compared with fluticasone 
and placebo 
Combination treatment resulted in significant increases in health status, as measured using the CRDQ compared with fluticasone 
and placebo. 
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