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Research Question 

What is the clinical effectiveness of medication administration via multi-dose inhalers 
compared to nebulizers? 

Key Findings 

Three systematic reviews with meta-analyses, four randomized controlled trials, and two 

non-randomized studies, were identified regarding the clinical effectiveness of medication 

administered through multi-dose inhalers with spacers compared to medication 

administered through a nebulizer. 

Methods 

A limited literature search was conducted by an information specialist on key resources 

including PubMed, the Cochrane Library, the University of York Centre for Reviews and 

Dissemination (CRD) databases, the websites of Canadian and major international health 

technology agencies, as well as a focused internet search. The search strategy was 

comprised of both controlled vocabulary, such as the National Library of Medicine’s MeSH 

(Medical Subject Headings), and keywords. The main search concepts were metered dose 

inhalers and nebulizers. No filters were applied to limit the retrieval by study type. Where 

possible, retrieval was limited to the human population. The search was also limited to 

English language documents published between January 1, 2013 and April 21, 2020. 

Internet links were provided, where available. 

Selection Criteria 

One reviewer screened citations and selected studies based on the inclusion criteria 

presented in Table 1. 

Table 1: Selection Criteria 

Population Patients (any age) in any healthcare setting requiring medication administered (via multi-dose dose 
inhaler or nebulization) 

Intervention Multi-dose inhaler (MDI) and aerochambers 

Comparator Nebulizer 

Outcomes Clinical effectiveness (e.g., reduction in disease transmission, peak flow, expiratory volume, length of 
hospital stay, relapse) 

Study Designs Health technology assessments, systematic review, randomized controlled trials, non-randomized 
studies 

 

Results 

Rapid Response reports are organized so that the higher quality evidence is presented 

first. Therefore, health technology assessment reports and systematic reviews are 

presented first. These are followed by randomized controlled trials and non-randomized 

studies.  

Three systematic reviews with meta-analyses,1-3 four randomized controlled trials,4-7 and 

two non-randomized studies,8-9 were identified regarding the clinical effectiveness of 
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medication administered through multi-dose inhalers (MDIs) with spacers compared to 

medication administered through a nebulizer. No relevant health technology assessments 

were identified.  

References of potential interest that did not meet the inclusion criteria are provided in the 

appendix. 

Overall Summary of Findings 

Three systematic reviews with meta-analyses,1-3 four randomized controlled trials,4-7 and 

two non-randomized studies,8-9 were identified regarding the clinical effectiveness of 

medication administered through MDIs with spacers compared to medication administered 

through a nebulizer. Detailed study characteristics are provided in Table 2.  

Two systematic reviews with meta-analyses,1,3  two RCTs,4,7 and one non-randomized 

study,8 compared  MDIs with spacers to nebulizers in pediatric patients with asthma and 

the findings differed across studies, however, for all outcomes there was either no 

difference between devices or the findings were in favour of the MDI with spacer.  

In adult patients with asthma, one systematic review with meta-analysis3 and one non-

randomized study9 found no differences in outcomes (e.g., pulmonary function, hospital 

admission, length of stay) when comparing medication administration through an MDI with 

spacer compared to a nebulizer. One RCT6 also found no significant difference in the 

length of stay or the number of ventilation days when comparing an MDI with an 

aerochamber vent to the use of a nebulizer (jet or vibrating mesh) in adults with asthma 

who are mechanically ventilated.  

For patients with chronic obstructive pulmonary disease (COPD), a systematic review and 

meta-analysis2 of patients with COPD exacerbations treated with bronchodilator therapy 

found a lack of evidence in favour of one device over another (i.e., a pressurized MDI with 

spacer compared to a nebulizer) with regards to lung function and adverse events. 

Moreover, in patients with COPD who are mechanically ventilated, one RCT5 found that an 

MDI with aerochamber vent resulted in better delivery of salbutamol, as measured through 

urine excretions, compared to vibrating mesh nebulizers. 

 

Table 2: Summary of Included Studies on Medication Delivered through a Multi-Dose Inhaler 
with a Spacer compared to Medication Delivered through a Nebulizer 

First 
Author, 

Year 

Study 
Characteristics 

Intervention Comparators 
Relevant 

Outcomes 
Assessed 

Conclusions 

Systematic Reviews and Meta-Analyses  

Roncada, 
20181 

 Meta-analysis 

performed 

 9 RCTs included  

 Pediatric asthma 

patients treated at 

emergency units 

 MDI with spacer 

 Bronchodilator 
(beta-2 agonist) 

 Nebulizer 

 Bronchodilator 
(beta-2 agonist) 

 Heart rate 

 Respiratory 
rate 

 Oxygen 
saturation 

 Asthma score 

No difference between 
inhalation technique 
(MDI with spacer vs. 
nebulizer) for any of the 
outcomes analyzed 
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First 
Author, 

Year 

Study 
Characteristics 

Intervention Comparators 
Relevant 

Outcomes 
Assessed 

Conclusions 

Van Geffen, 
20162 

 Meta-analysis 

performed (where 

possible) 

 8 RCTs and 250 

patients included 

 COPD exacerbations 

in hospital or 

outpatient setting 

(excluded 

mechanically 

ventilated patients) 

 Pressurized MDI 
with spacer 

 Bronchodilator  

 Nebulizer 

 Bronchodilator 

 Change in 
forced 
expiratory 
volume  

 Adverse 
events 

No difference between 
devices in forced 
expiratory volume at 
one hour and adverse 
events. 
 
Change in forced 
expiratory volume 
closest to one hour was 
significantly in favour for 
the nebulizer.  

Cates. 20133  Meta-analysis 

performed 

 39 RCTs with 1897 

children and 729 

adults 

 Acute asthma 

(emergency room, 

inpatient settings) 

 MDI with holding 
chamber 
(spacer) 

 Bronchodilator 
(beta-2 agonist) 

 Nebulizer 

 Bronchodilator 
(beta-2 agonist) 

 Hospital 
admission 
rates 

 Length of stay 
in emergency 
department 

 Peak flow 
volume 

 Forced 
expiratory 
volume 

 Pulse rate 

 Risk of 
developing 
tremor 

No difference in hospital 
admission rates (adults 
and children), length of 
stay (adults), peak flow 
and expiratory volume 
(adults and children). 
 
In children the MDI with 
spacer was associated 
with significantly shorter 
length of stay, lower 
pulse rate, and lower 
risk of developing 
tremor. 
 
 
 

Randomized Controlled Trials 

Iramain, 
20194 

 N = 103 children (2 to 
14 years) 

 Severe asthma 
exacerbations at 
emergency room 

 Follow up 4 hours after 
treatment 

 MDI with valved 
holding chamber 
and mask  

 Salbutamol and 
ipratropium 

 

 Nebulizer 

 Salbutamol and 
ipratropium 

 

 Rate of 
hospitalization 

 Oxygen 
saturation 

Children with the MDI 
with holding chamber 
and mask had 
significantly lower rate 
of hospitalization 4 
hours after treatment, 
significantly better 
oxygen saturation after 
90 minutes.  

El Hansy, 
20175 

 N = 60 

 Mechanically 
ventilated COPD 
patients 

 Follow up 30 minutes 
post inhalation 

 

 MDI with 
aerochamber 
vent 

 Salbutamol  

 Placed in the 
inspiratory limb 
of ventilator 
downstream from 
humidifier 

 Vibrating mesh 
nebulizers 

 Jet nebulizer 

 Salbutamol 

 Placed in the 
inspiratory limb 
of ventilator 
downstream from 
humidifier 

 Salbutamol 
excreted in 
urine 

The MDI with 
aerochamber vent 
resulted in better 
delivery compared to 
the vibrating mesh 
nebulizers. 
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First 
Author, 

Year 

Study 
Characteristics 

Intervention Comparators 
Relevant 

Outcomes 
Assessed 

Conclusions 

Moustafa, 
20176  

 N = 72 

 Mechanically 
ventilated patients with 
asthma 

 MDI with 
aerochamber 
vent with and 
without 
humidification 

 Placed in the 
inspiratory limb 
of ventilator 
downstream from 
humidifier 

 Vibrating mesh 
nebulizer with 
and without 
humidification 

 Jet nebulizer with 
and without 
humidification 

 Placed in the 
inspiratory limb 
of ventilator 
downstream from 
humidifier 

 Patient 
response 

 Length of stay 
in the ICU 

 Mechanical 
ventilation 
days 

No significant difference 
was found in any of the 
outcomes between 
method of delivery.   

Mitselou, 
20167 

 N = not reported 

 Acute asthma in 
preschool children in 
the pediatric 
emergency 
department 

 MDI with spacer 

 Bronchodilator 

 Nebulizer 

 Bronchodilator 

 Length of stay 
in emergency 
department 

 Rate of 
hospitalization 

 Heart rate 

 Respiratory 
rate 

 Oxygen 
saturation 

No significant 
differences observed in 
any of the outcomes 
between method of 
delivery.   

 Non-Randomized Studies  

Spin, 20178  Retrospective cohort 

 N = 822 

 Asthma patients in the 
pediatric emergency 
departments 

 MDI with spacer 

 salbutamol 

 Nebulizer 

 salbutamol 

 Hospitalization 

 Length of stay 

MDI with spacer was 
associated with a 
significant decrease in 
hospitalization and 
length of stay 

Kolasani, 
20139 

 Controlled, cross-over 
clinical trial 

 N = 39 

 Adults with chronic 
stable bronchial 
asthma 

 Follow up 1 hour after 
drug administration 

 MDI with and 
without spacer 

 fluticasone 
propionate 

 Nebulizer 

 fluticasone  

 Pulmonary 
function  

No difference between 
device in any measures 
of pulmonary function  

COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; MDI = metered dose inhaler; RCT = randomized controlled trial;   
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