
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  Boe, J., Dennis, J. H., O'Driscoll, B. R., Bauer, T. T., Carone, M., Dautzenberg, B., Diot, P., Heslop, K., & Lannefors, L. 2001, 

"European Respiratory Society Guidelines on the use of nebulisers.  1", Eur Respir J, vol. 18, no. 1, pp. 228-242.  Ref ID: 19264 
Design Guidelines 
Aim 1.  To improve clinical practice 

2.  To enhance the safety and efficacy of nebuliser use 
3.  To serve as an educational and scientific resource for healthcare professionals 
4.  To stimulate future research y identifying areas of ignorance and uncertainty. 

Operational Definition Nebuliser defined as a device that can convert a liquid into aerosol droplets suitable for pt inhalation.  To avoid confusion between 
nebulisers and an expanding range of hand held metered dose inhalers, the guidelines discuss only nebuliser devices in which the 
end user must load the medication into the device prior to each treatment.  Air jet nebulisers are the most widely used although 
ultrasonic nebulisers are becoming more common.   
The guidelines recognise the influence of all the components attached to the nebuliser that affect performance and include 
flow/pressure characteristics of the compressed air, connection tubing, patient interface including mouthpiece or facemask.  

Population Guidelines cover heterogeneous respiratory population (as well as adults and paediatrics) hence only the findings relevant to an 
adult COPD population have been extracted for this evidence table. 

Criteria used for grading of 
recommendations 

Evidence and recommendations have been graded in accordance with SIGN and the Agency for Health Care policy and Research 
(AHCPR) scoring system.   
Grade A – Requires at least one RCT as part of the body of literature of overall good quality and consistency, addressing the 
specific recommendation. 
Grade B requires availability of well-conducted clinical studies but no randomised clinical trials on the topic of recommendations. 
Grade C requires evidence from expert committee reports or opinions and or clinical experience of respected authorities (including 
opinions of the ERS Nebuliser Task Force).  It indicates absence of directly applicable studies of good quality. 

Recommendations Choice of nebuliser system 
Although a facemask may theoretically deliver less medication to the lungs, two clinical studies (not referenced) have shown 



equivalence between facemasks and mouth pieces for bronchodilator effects, possibly due to the tendency of breathless pts to 
mouth breathe (Grade B). 
A facemask should ideally be avoided if a nebulised steroid is administered (to avoid steroid administration to the facial skin and 
eyes) (Grade C). 
It should also be avoided or sealed very tightly if anticholinergic agents are to be administered to patients with glaucoma (Grade C).   
How to select the optimal system for a given patient or usage 
It is recommended that a standard operating practice (SOP) be adopted for each nebuliser system in use.  (Grade C). 
Delivery system in COPD 
COPD pts should ideally receive monitored oxygen therapy while using an air driven nebuliser system however shorter 
nebulization periods (<10 minutes) may make this less of an issue with future nebuliser systems. 
Theoretically a mouth piece may be better as it avoids nasal deposition of drugs, although no advantage has been found in two 
small clinical studies (not referenced) in stable asthma and COPD. 
A nebuliser system, which is known to be efficient, should be used (use CEN data).  Facemasks or mouthpieces are probably 
equally effective (Grade B) but breathless pts may prefer facemasks (Grade B).  
Use of nebulised bronchodilator drugs in COPD 
Most indications for bronchodilator therapy are best managed by the use of a hand held inhaler device (including a spacer device if 
appropriate).  (Grade A). 
Doses of salbutamol <1mg or ipratropium bromide >160 – 240 ug may be given more conveniently using a jet nebuliser device 
(Grade C). 
High dose therapy should only be considered for pts with severe airflow obstruction as defined in asthma and COPD guidelines 
(Grade C). 
Nebulized therapy may also be required for some adult pts who, after assessment, cannot use a hand held inhaler device, even with 
appropriate spacer attachments (Grade C). 
If nebulized therapy is thought to be inappropriate for individual pts with COPD, it is recommended that the pt should be referred 
for “inhaled therapy optimisation” (Grade C). 
Inhaled therapy optimisation protocol for pts with COPD 
It is recommended that pts should be referred for “inhaled therapy optimisation” rather than a “trial of home nebuliser”.  Experience 
has shown that pts who have completed a protocol (itemised in the guidelines but not detailed here) 50% of such pts have expressed 
a preference for nebulized therapy and 50% expressed a preference for a hand held inhaler, usually at a higher dose than they had 
previously taken.  
Choice of device for home nebuliser therapy 
Pts should be allowed to choose whether they prefer a facemask or a mouth piece to administer their nebulized treatment, unless 
their therapy specifically requires a mouth piece (Grade C). 

AGREE Quality Rating ++ 
Hierarchy of Evidence 
Grading 

IV  
Although these guidelines have been graded as “IV” within the hierarchy of evidence it should be noted that the ERS commissioned 



a Task Force to review the scientific and clinical principles of nebulised therapy and to produce a set of guidelines (evidence-based 
whenever possible) for users of nebulised treatment in Europe. 

NCC CC ID ID: 19264 
 
 
Author / Title / Reference / Yr  Brocklebank D, Ram F, Wright J, Barry P, Cates C, Davies L, et al. Comparison of the effectiveness of inhaler devices in asthma 

and chronic obstructive airways disease: a systematic review of the literature. Health Technol Assess 2001; 5 (26).  
N= N=13 RCTs. 3 RCTs looked at acute COPD, 1 RCT included asthma patients.   
Research Design Meta analysis  
Aim To compare bronchodilator drugs delivered by inhaler devices to nebulisers for the treatment of patients with acute and stable 

COPD 
Operational Definition Operational definition of COPD not provided 
Population Pts with chronic bronchitis (1 RCT), acute exacerbations of COPD (3 RCT), COPD (8 RCT) 
Intervention Bronchodilator administered via nebuliser 
Comparison Bronchodilator administered via hand-held inhaler 
Outcome Primary outcome - FEV1.  

Other outcomes not reported consistently across studies. 
Characteristics Table summarising characteristics of included studies present in paper; however, inclusion criteria not explicitly stated. 

Reasons for study exclusion were; mixed population of asthma, COPD, review articles, study design other than RCT, no direct 
comparison of interventions. 

Results  Pulmonary Function 
Using FEV as primary outcome, no clinical benefit of using nebulised medication in addition to or as an alternative to a pMDI, with 
or without a spacer, or a DPI in stable COPD.  
Standardised mean difference (SMD) [95% CI] 
Nebuliser vs pMDI alone: -0.10 (95% CI, -0.39 to 0.20)  
Nebuliser vs pMDI + spacer: -0.02 (95% CI, -0.33 to 0.3)  
Nebuliser vs DPI: 0.15 (95% CI, -0.15 to 0.45) 
Combined 0.01 (95% CI, -0.17 to 0.18) 
Using typical group data of FEV1 0.8 litres and SD 0.3 litres, this equates to 3ml (95% CI  � 50ml) in favour of MDI. 
Less available data for measures of disease such as PEFR or symptom scores, but it also shows no benefit of nebulised medication 
over MDI; however, confidence intervals are wide. 

SIGN Quality Rating ++ 
Hierarchy of Evidence 1a 



Grading 
NCC CC ID 1374 (also summarised in 1373)  
Studies Included Berry et al., 1989, Gross et al., 1989, Ikeda et al., 1999, Jenkins et al., 1987, Shim & Williams, 1984, Allen et al., 1988, Hansen, 

1989, Hansen et al., 1994, Hansen & Andersen, 1995., Maguire et al., 1991, Turner et al., 1988 
 
 
Author / Title / Reference / Yr  Ram FSF, Brocklebank DM, Muers M, Wright J, Jones PW. Pressurised metered-dose inhalers versus all other hand-held inhalers 

devices to deliver bronchodilators for chronic obstructive pulmonary disease. (Cochrane Review). The Cochrane Library.Oxford: 
Update Software 2003;Issue 3. Review completed 2001 

N= N = 3 RCTS (all crossover studies N =61 patients total) 
Research Design Cochrane Review  
Aim To determine the efficacy of pressurised metered dose inhalers (pMDI) compared with any other handheld inhaler device for the 

delivery of bronchodilators in non-acute COPD. 
Operational Definition Studies were considered in patients who fitted internationally accepted criteria for the definition of COPD (e.g. ATS, BTS, ERS 

guidelines). Definition of chronic airflow obstruction in the appropriate clinical setting of older (>30 years), usually (ex) smoking 
patients having an FEV1 <70% and FEV1/FVC <70% of predicted or were diagnosed by a (respiratory) physician as having COPD.  

Population COPD 
Intervention Studies were considered which described the use of pMDI (with or without spacer device)  
Comparison Any other hand-held inhaler for the delivery of the same bronchodilator 

Formgren 1994 (terbutaline administered via Turbuhaler) 
Iacono 2000 (ipratropium bromide administered via Respimat) 
Ikeda 1999 (salbutamol administered via Rotahaler) 

Outcome Primary 
Physiological lung function measurements / validated quality of life measures 
Secondary 
Symptom scores / use of additional relief medication / use of inhaled or oral steroid treatment / severity of disease / days off work / 
compliance / patient preference / side effects / systemic bioavailability / subsidiary physiological measures / acute exacerbations 

Characteristics Table summarising characteristics of included studies present in paper. 
Reasons for study exclusion given. 
Patient characteristics included smoking history, male/female ratio, baseline pulmonary function 

Results  For the Turbuhaler vs pMDI (Formgren 1994) none of the reported outcome measures were significantly different. 
Absolute change from baseline 
1) Forced Expiratory Volume Weighted mean difference (WMD) [fixed] [95% CI]  = 0.000 [-0.064, 0.064] 
2) FVC WMD [fixed] [95% CI]  = 0.056 [-0.158, 0.271] 



3) Residual Volume WMD [fixed] [95% CI]  = 0.203 [-0.231, 0.637] 
4) Sgaw WMD [fixed] [95% CI]  = 0.034 [-0.062, 0.129] 
5) Treatment Failures/Drop outs = Not estimable 
6) Adverse Event = Not estimable 
For the Rotahaler vs pMDI (Ikeda 1999), none of the reported outcome measures were significantly different. 
Mean absolute value 
1) FEV1 - WMD [fixed] [95% CI]  = 0.031 [-0.190, 0.252] 
2) AUC-FEV1 - WMD [fixed] [95% CI]  = 6.863 [-7.449, 21.175] 
3) FVC - WMD [fixed] [95% CI]  = 0.050 [-0.239, 0.338] 
4) Heart Rate - WMD [fixed] [95% CI]  = 0.380 [-7.811, 8.572] 
5) Systolic Pressure - WMD [fixed] [95% CI]  = 2.600 [-3.975, 9.175] 
6) Diastolic Pressure - WMD [fixed] [95% CI]  = 0.022 [-3.155, 3.199] 
7) Treatment Failures/Drop outs - Relative Risk [fixed] [95% CI] = Not estimable 
8) Adverse Events - Relative Risk [fixed] [95% CI] = 0.33 [0.02, 7.32] 
The study using the Respimat vs pMDI (Iacono 2000) showed significant increases in FEV1 when compared with pMDI 
(difference in change from baseline 70ml, 95% CI 10, 130ml). The effect on change in FVC was of similar size; however, no 
differences observed for other reported outcomes. 
Absolute change from baseline 
1) FEV1 - WMD [fixed] [95% CI]  = 0.070 [0.015, 0.125] 
2) FVC - WMD [fixed] [95% CI]  = 0.100 [0.077, 0.123] 
3) Heart rate - WMD [fixed] [95% CI]  = 1.120 [-2.915, 5.275] 
4) Adverse Events - Relative Risk [fixed] [95% CI] = 3.69 [0.82, 16.62] 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
Grading 

1a 

NCC CC ID 1375 
Studies Included Formgren 1994, Iacono 2000, Ikeda 1999 
 
Author / Title / Reference / Yr  Cuvelier A, Muir J-F, Benhamou D, Guerin J-C, Weitzenblum E, Zuck P, Delacenserie R, Taytard A, Philip-Joet F, Iacono P. Dry 

powder ipratropium bromide is as safe and effective as metered-dose inhaler formulation: A cumulative dose-response study in 
chronic obstructive disease patients  

N= N=39.  Location=France.   Site= home-based.  Duration – 2 days. 
Research Design Prospective randomised 2-way crossover study 
Aim To compare the safety and efficacy of cumulative doses of ipratropium bromide administered from a pressured metered-dose 

inhaler (MDI) or from a breath-activated dry powder inhaler (DPI) 



Operational Definition Clinical diagnoses of COPD and; 
be over 40 years old,  
have a smoking history of more than 10-pack years 
moderate to severe airway obstruction, with a baseline FEV1 < 65% of predicted, an initial FEV1 <70% of the forced vital capacity 
(FVC), and a <15% increase in FEV1 above baseline 45 minutes after 80�g (i.e., 4 puffs x 20�g/puff) of ipratropium bromide via 
MDI. 

Population Clinical diagnoses of COPD (based on American Thoracic Society criteria)  
Intervention Dry powder inhaler crossover to metered dose inhaler n = 19 
Comparison Metered-dose inhaler crossover to dry powder inhaler n = 17 
Outcome Efficacy - FEV1 increase between baseline and 45 minutes from last dose (195 min)/ FVC increase between baseline and 45 min 

after last dose (195 min)/ the FEV1 increase at 230-280 min (determined as area under the curve for FEV1 increase from baseline 
divided by the number of hours), and the FEV1 and FVC values at each time point during study day. 

Characteristics Average age 59.8 � 8.4 years (range 44-81 years) 
Mean duration COPD 12 � 8 yrs (range 0-36 y) 
All active smokers or ex-smokers 
No differences between 2 groups at inclusion 

Results  Pulmonary function 
Both DPI and MDI produced significant improvement in pulmonary function 
With both formulations, 80-90% of bronchodilator response was obtained after first 2 doses of 20�g (cumulative doses of 20 and 
40�g) ipratropium bromide. Subsequent additional doses did not improve pulmonary function.  No significant differences between 
groups. 
FEV1 absolute values – 5 to 230 min (L) = DPI 323 � 104; MDI 318 � 102) 
FEV1 absolute values 230 to 380 min (L) = DPI 219 � 73; MDI 213 � 65) 
FEV1 absolute changes – 5 to 230 min (L) = DPI 65 � 38; MDI 60 � 39) 
FEV1 absolute changes 230 to 380 min (L) = DPI 55 � 35; MDI 51 � 39) 
FVC absolute values – 5 to 230 min (L) = DPI 615 � 142; MDI 600 � 153) 
FVC absolute values 230 to 380 min (L) = DPI 410 � 102; MDI 402 � 107) 
FVC absolute changes – 5 to 230 min (L) = DPI 110 � 68; MDI 100 � 71) 
FVC absolute changes 230 min to 380 (L) = DPI 88 � 60; MDI 86 � 81) 
Safety 
Rate and type of adverse effects were similar for both devices 
The number of reported adverse effects was low 
No severe adverse effects described 
Patient acceptability 
Handling of DPI considered easier than the MDI (p= 0.014), and the DPI was preferred to the MDI (p<0.001). 



Patient ease-of-use scores were 3.72 � 0.45 for the DPI and 3.31 � 0.71 for the MDI (p= 0.014) 
Patients preference scores were 3.17 � 0.45 for the DPI, and 2.64 � 0.68 for the MDI (p<0.001). 
Fifty-six percent of the patients considered the DPI easier to use than the MDI 
Conclusion Patients with stable COPD in this trial do not benefit from nebulised therapy compared with alternative therapy.  

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 1428 
 
 
Author / Title / Reference / Yr  Eiser N, Angus K, McHale S. The role of domiciliary nebulisers in managing patients with severe COPD. Respiratory Medicine 

2001 95, 265 -274  
N= N= 19.  Location=UK.    
Research Design Double blind, randomised crossover trial 
Aim To determine whether in patients with severe COPD: 

bronchodilators produce greater effects when given via a nebuliser than when given in conventional doses via MDIs both in the 
laboratory and in the domiciliary setting; 
there is a significant placebo effect from receiving a nebulized aerosol 
acute bronchodilator responses of lung function, walking distance and quality of life score in the laboratory can predict longer term 
effects at home. 

Operational Definition All patients had a stable forced expiratory volume in 1 sec (FEV1) over the preceding 3 months and this was less than 50% 
predicted normal. 

Population Patients with severe but stable COPD  
Intervention Salbutamol 2.5 mg + ipratropium 0.5mg nebulised and placebo via MDI (active bronchodilators nebulised) 
Comparison Saline nebulized and salbutamol 400�g + ipratropium 80�g via MDI (placebo nebuliser + active BDs by MDI) 

Salbutamol 400�g + ipratropium 80�g via MDI and no nebuliser issued (always in final period and not blinded) 
Outcome Primary outcomes  

FEV1, SGRQ scores, 6MWD and home PEF 
Secondary endpoints 
TLC and RV, sGaw and diary card symptom scores. 
Laboratory outcomes 
Total lung capacity (TLC) / residual volume (RV) / specific airways conductance (sGaw) /FEV1/FVC/SVC/ Hospital Anxiety-
Depression score/ St George’s Respiratory questionnaire (SGRQ)/ 6MWD tests. 
Patient self-assessment 



Peak expiratory flow (PEF) / extra inhaled BD usage / nocturnal waken due to dyspnoea/ dyspnoea / effect of dyspnoea on quality 
of life 

Characteristics 11 male and nine female patients 
Age range 57-79 years 
All patients had chronic productive cough and were either current smokers of at least 20 pack-years (n = 8) or were ex-smokers. 
None had cor pulmonale and none had any other disease which limited either their exercise capacity or dose of bronchodilator. 
No patients had chest infections within 1 month of starting study. 
Mean baseline FEV1% predicted of group was 34 � 8 % 
Mean baseline 6 Minute Walking Test (6MWD) was 429 m � 143m 

Results  Lung function 
Treatment with both nebulized and MDI bronchodilators produced significant improvements in lung function with increases in 
FEV1, FVC, SVC and sGaw and decreases in RV and VAS; however, no significant differences between the treatments were 
observed. 
Walking distances 
Treatment with both nebulized and MDI bronchodilators produced significant improvements in walking distances with an increase 
in 6MWD and decrease in Borg post-exertional dyspnoea scores; however, no significant differences between the treatments were 
observed. 
Post-nebuliser a 30m increase in 6MWD was found in 10 patients. 
After MDI bronchodilator a 30m increase in 6MWD was found in 8 patients. 
Quality of life  
No significant differences in the quality of life scores from the St George’s questionnaires and the HAD scores after the three study 
periods. 
Peak expiratory flow 
The mean of the morning and evening PEF readings were significantly better on nebulized drugs compared with MDI; however, 
this difference was clinically small (17-18 1 min-1) 
Acute or domiciliary assessment 
Acute improvements in exercise tolerance, exercise-induced dyspnoea, FVC and TLC all correlated significantly, although 
modestly, with home increases in both perceived dyspnoea and in PEF. 
Conclusion 
Salbutamol and Ipratropium bromide given regularly in conventional clinical doses by MDI associated with a spacer produce 
equivalent bronchodilator responses to much larger nebulized doses. In this study, none of the stable COPD patients benefited from 
a nebuliser compared with conventional method. 
Acute changes in FVC and 6MWD may be useful predictors of domiciliary response to bronchodilatory medications in patients. 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 



NCC CC ID 1429 
 
 
Author / Title / Reference / Yr  O’Driscoll BR, Kay EA, Taylor RJ, Weatherby H, MCP Chetty, A Bernstein. A long-term prospective assessment of home 

nebuliser treatment. Respiratory Medicine (1992) 86; 317-325 
N= N= 49  Location=UK 
Research Design Non-randomised prospective study. 
Aim To evaluate home nebuliser treatment in COPD patients who are referred for consideration of such treatment. 
Operational Definition COPD as defined by the American Thoracic Society 
Population n = 34 COPD (n=15 asthma)  
Intervention Home nebuliser (system 22 Acorn nebuliser) administering the following solutions four times daily for 1 months each 

1) Salbutamol respirator solution 5mg 
2) Ipratropium bromide unit dose vials 0.5mg; 
3) Salbutamol 5 mg mixed with ipratropium bromide 0.5mg (always given last due to risk of side effects) 

Comparison Standard therapy (�-agonists and ipratropium bromide by MDI or dry powder inhaler) 
Outcome Pulmonary function / 6MWD / Patient preference 
Characteristics 21 male, 13 female 

11 current smokers, 22 ex-smokers 
mean age 61 years (35-75) 
Mean FEV 0.7l 
Mean PFR 157 l/min 

Results  n = 31 COPD patients completed 1 month of each nebulized treatment 
Pulmonary function 
Nebuhaler, salbutamol nebuliser, ipratropium nebuliser and mixed nebuliser gave statistically significantly better PFR responses 
compared with usual treatment (p = 0.00004, p = 0.03, p = 0.002 and p = 0.01 respectively) 
No significant difference in PFR responses were seen between mixed nebuliser and the Nebuhaler. (No objective results given – 
presented as graph) 
No significant difference in PFR responses was seen when mixed nebuliser was compared with salbutamol nebuliser or ipratropium 
bromide nebuliser. 
Patient preference  
3/31 patients preferred their usual MDI (�-agonists and ipratropium bromide by MDI or dry powder inhaler) 
9/31 patients chose Nebuhaler 
4/31 chose IB nebuliser 
7/31 chose salbutamol nebuliser 



11/31 chose combined nebulized treatment (salbutamol mixed with IB) 
SIGN Quality Rating - 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 1432 
 
 
Author / Title / Reference / Yr  Turner, M. O., Patel, A., Ginsburg, S., FitzGerald, M. (1997). Bronchodilator delivery in acute airflow obstruction: A meta-

analysis. Arch Intern Med, 157, 1736-1744. 
N= N=3 studies, N=48 participants 

Sites=1x Emergency department; 2x Hospital 
Location=2x United States; 1x not specified  

Research Design RCT  
Aim To compare the effect of bronchodilator delivery by use of a metered-dose inhaler (MDI) or wet nebuliser on objective 

measurements of acute airflow obstruction in adult patients. 
Operational Definition Operational definition for COPD not given. 
Population Adult COPD patients 

Berry et al. 1989- N=20 
Moss et al., 1985- N=15 
Greene and Jackson, 1988- N=13 

Intervention Metered-dose inhaler (N details not split into intervention and comparison) 
Comparison Wet nebuliser  
Outcome FEV1 or PEF 
Characteristics Berry et al. 1989- Mean age=68yrs; Men N=20; 

Moss et al., 1985- Mean age=56yrs; Men N=4; 
Greene and Jackson, 1988- Mean age=details not available; Men N=not available. 

Results  N=3 studies (Berry et al. 1989; Moss et al., 1985; Greene and Jackson, 1988). 
N=48 participants 
The analysis of 48 patients with COPD from 3 studies gave small treatment effect size of 0.23 (CI, -0.35 to 0.81) SD units that was 
not significant (p>.10). The test of heterogeneity was not significant in the subgroup of COPD patients. 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
Grading 

Ia 



Included studies Berry et al. 1989; Moss et al., 1985; Greene and Jackson, 1988. 
NCC CC ID 945 
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