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Pro/con MDI vs Nebulizer for acute asthma 
exacerbation in preschool children 



Objectives  

1. Learn about aerosols drug delivery. 

2. Understand the benefits of MDI devices and the 
disadvantages of nebulizers. 

3. Discuss the arguments for MDI use compared to 
nebulizer use. 

4. Review studies that support MDI use- regarding 
efficacy, cost effectiveness and patient and parents’ 
satisfaction. 

5. Review GINA, CTS and AHS recommendations for 
the treatment of acute asthma exacerbation in 
preschool children.  

  



Background-Inhaled Aerosol drug delivery 

 Aerosol is a suspension of solid/liquid particles in gas.  

 Inhaled Aerosol drug delivery improves efficacy and 
decreases side effects compared to other routes of 
administration. 

Variables determine aerosol deposition:  particle size, 
breathing pattern,  anatomic and functional status of the 
lungs and mode of inhalation. 

  

  

  

  





Background-Inhaled Aerosol drug delivery 

 Aerosols Use for the treatment of many respiratory disorders in children 
(including asthma). 

 Inhaled selective B2 agonist is the drug of choice for acute asthma in children, 
and can be delivered  by nebulizer or MDI. 

  



Background-MDI 
Metered Dose Inhaler 

MDI –a pressurized inhaler that delivers medication 
by using a propellant spray.  

First introduced in 1956 by Riker Laboratories. 

MDI consists of 3 major components:   

Pressurized Canister -Contains the drug suspended in 
a mixture of propellants. 

Metering valve, metered quantity of the formulation. 

Actuator and mouthpiece 



Pressure MDI 



Benefits of MDI compared to nebulizer 

1. MDI is more convenient (easy and rapid administration) and is portable. 

2. MDI is more efficient. 

3. MDI has less side effects 

4. MDI is  more cost effective.  

5. MDI increases child and parents’ satisfaction from the treatment. 

6. MDI reduces the risk of bacterial contamination.  

7. MDI produces accurate and reproducible dosing. 



 
MDI Disadvantages 

1. MDI required correct coordination of actuation and inspiration due to the high 
velocity of discharge of particles.  

2. This activity is difficult for children, for patients with severe muscle weakness 
or patients with hand deformities.   

3. Improper technique increases oropharyngeal drug deposition and side effects.  

4. It is hard to determine when the MDI is empty. 

  



MDI/AD (accessory devices) –spacer  
 The development of MDI/AD accessory devices (spacer) in the early 1980, 
improved the administration of aerosol bronchodilators through MDI and 
resolved the need for coordination. 



Spacer devices 

 A spacer is an open-ended tube or bag. 

 Spacer allows the aerosol to settle in the chamber and 
the propellant to evaporate.  

 Spacers are 100-700ml in volume and have a distance 
of 10-30 cm between the MDI edge and the mouth. 

 Spacer should be with one way valved-VHC-valve 
holding chamber 

  



A number of spacer devices are commercially available 
 



Benefits of spacer 
1. Provides a reservoir of trapped aerosol that can be 

inhaled for 3-5 sec ,decreases the velocity of the 
particles and eliminates the need for coordination. 
 

2. Decreases the oropharyngeal drug deposition and 
improves distal delivery of the drug.  
 

  



Nebulizer- background 

 Widely used to deliver aerosol therapy in children. 

 Nebulizers are commonly used in patients who are 
very ill and in situations where large drug doses are 
needed.  



Nebulizer benefits 

1. Allows provision of oxygen in case of hypoxia. 

2. Large doses of the drug can be delivered 
(antibiotics-such as Tobramycin). 

3. Some medications are available only in liquid 
form (DNAase,hypertonic saline). 



Nebulizer Disadvantages 

1. Requires a power source /compressed air or oxygen. 

2. Needs more delivery time that decreases compliance. 

3. Requires regular maintenance (clean after every use).  

4. Large particles impact in the upper airway ,systemically absorbed, 
more side effects. 

5. More expensive (equipment, staff time and drug cost). 

6. Risk of infections (Gram negative). 

7. Risk of drug exposure to staff and caregiver. 

8. Highly variable rate of aerosol delivery. Inefficient/waste medication.  

9. Noisy and intimidate. 



Radiolabeled Ventolin deposition MDI vs NEB 

MDI USE WITH NON TIGHTLY FITTED MASK NEB USE WITH NON TIGHTLY FITTED MASK  



Radiolabeled Ventolin deposition MDI vs NEB 

MDI USE NON COOPERATIVE CHILD NEB USE NON COOPERATIVE CHILD 



Radiolabeled Ventolin deposition MDI vs NEB 
MDI USE IN COOPERATIVE CHILD WITH 
FITTED MASK 

NEB USE IN COOPERATIVE CHILD WITH FITTED 
MASK 



Pro- MDI use 

Efficacy 
Cost 

effectiveness 

Patient and 
parents 

satisfactions 



Efficacy 



10 RCT-randomized controlled trials,  

301 children (0-18y) treated with B agonists via MDI+AD and 274 children via 
nebulizers. 

Major outcomes: PFT, SaO2 and clinical assessment. 

Results: 2 studies showed that MDI+AD was more effective than nebulizer, 8 studies 
MDI+AD is as effective as nebulizer.  

There was a tendency to prefer the use of MDI+AD (convenience, fast, patient 
preferences and cost effective).  

Conclusion: MDI+AD should be the first line treatment in acute asthma in children.  

 

 

Efficacy 





Efficacy 



Results 

 6 RCT that were published between 1998-2003. 

 491 children (<5y) were randomly received  B agonist via MDI+VHC or nebulizer.  

 Primary outcome- hospital admission. 

 Secondary outcomes -clinical score (severity assessment), duration of treatment 
in the ED, RR, SO2 and HR.  



Results primary outcome- hospital admission 
  Primary outcome- hospital admission 

 Children with MDI+VHC showed a significant lower admission rate (>50%) 
compared to nebulizer (OR 0.42, 95% CI 0.24-0.72, P=0.02).  

 More significant among children with moderate to severe wheezing 
exacerbations (OR 0.27, 95% CI 0.13-0.54, P=0.0003).  

  



Primary outcome- hospital admission 



Results-secondary outcomes 

1. Five studies with clinical scores were analyzed . The analysis showed a significant 
decrease of severity in the clinical score with MDI+VHC use (95%CI -0.68 to -
0.20, p=.0003). 

2. Two out of three studies that reported HR showed significant increase of HR 
with nebulizer use.  

3. One study showed a significant increase in RR with nebulizer use.  

4. No differences in oxygen saturation.  



Secondary outcome- clinical score 



Study conclusion 

 B agonists by MDI+VHC was more effective.  

 Side effects were lower suggesting less systemic absorption.  

 Conclusion: MDI+VHC should be used as a first choice to administer beta-agonists in 
children<5y of age for the treatment of acute exacerbation of wheezing/asthma in 
the PED.  

  



Efficacy 



Spacer versus nebulizer for the treatment of 
acute Asthma in preschool children 

 Aim: to compare the use of spacer device to nebulizer device to administer 
bronchodilators in acute asthma attack in the PED in preschool children (0-6y). 

 RCT that included 98 children (0-6y).  

 45 pt were treated with MDI, 53 pt with nebulizer. 

 Primary outcome: admission rates and LOS (length of stay) PED. 

 Secondary outcomes: SO2, RR, HR. 

  



Spacer versus nebulizer for the treatment of 
acute Asthma in preschool children 

 Results:  

 Primary outcome-  LOS-PED and admission rates were similar. 

 Secondary outcomes- HR, RR, SO2- showed no significant differences. 

 Conclusion: MDI with spacers are at least as effective as nebulizers in the 
delivery of B- agonists to treat preschool children with acute asthma/wheezing.  



Cochrane systematic review-2013-Holding chambers 
(spacers) versus nebulizers for beta-agonist treatment of acute asthma (Review) 

Aim: To assess the effects of spacers compared to nebulizers for the delivery of beta 
agonists for acute asthma. 

Selection criteria :RCT in adults and children (>2y) with asthma.  

39 trials that included 1897 children and 729 adults.  

33 trials were conducted in the ER and equivalent community settings, 6 trials in 
inpatients with acute asthma . 

  



Cochrane systematic review-2013-Holding chambers 
(spacers) versus nebulizers for beta-agonist treatment of acute asthma (Review) 

 Results and conclusions: (Regarding children). 

1. No significant difference in hospital admission rates.  

2. LOS-PED was significantly shorter with spacer use. The mean time difference 
was 33 minutes less. 

3. HR was lower with spacer use, mean difference -5% difference.  

4. Tremor was lower with spacer use (RR 0.64; 95% CI 0.44 to 0.95). 

 

 

 

 



The latest and largest systematic review - 2016  



 13 systematic reviews including 56 trials (RCT+/CCT).  

 5526 children (0-18y) who were treated in the PED or equivalent care setting for 
acute exacerbation of asthma or recurrent wheeze.  

 Exclusion criteria: single first episodes of wheezing or bronchiolitis.  



 Interventions: inhaled SABA ,SAAC (short acting anticholinergics) and inhaled 
magnesium sulfate that were administered via MDI +/- spacer or nebulizers. 

 Primary outcomes: hospital admission, LOS in the PED, ICU +/-ventilation.  

 Secondary outcomes: clinical assessment, adverse effects (N/V, tremor), PFT- 
PEF, FEV1. 



1. Results regarding B-agonist via MDI vs Nebulizer: 

Primary outcome: 

 
1. For children< 3y : 6 trials, (490 children)- treatment with MDI+spacer led to  

44% decrease in admission. Limited to younger children with moderate to 
severe asthma only.  

 

2. For children age 3-18y: 10 trials (784 children) showed no difference in 
admission. 3 trials (396 children) showed that MDI with spacers led to 
decrease in PED LOS of about 30min regardless of asthma severity. 

  



1. Results: for secondary outcomes : 

 
1. For children <3y :inconsistent.  

 
2. For children 3-10y: SABA via MDI showed decreased incidence of tremor 

by 37% compared to nebulizer. 

  

 Conclusion: SABA should be given as the first line bronchodilator with the use 
of MDI + spacer in children with mild to moderate attacks, particularly in 
young children.  

  



Cost effectiveness of 
MDI versus nebulizers 

 Economic impact of Salbutamol 
inhalation procedure in ED. 

 Most studies showed that MDI is 
associated with significant economic 
gains and decreased costs.  



Cost effectiveness of MDI versus nebulizers 



Cost effectiveness of MDI versus nebulizers 

 Aim: to evaluate the relative costs of MDI versus nebulizer for Salbutamol inhalation.  

 Methods: Retrospective cohort study that collected data from patients’ charts to 
estimate the  associations between MDI/nebulizer and costs, LOS-PED and LOS-
hospital and the probability of hospital admission.  

 Population: a random sample of 822 children presenting with wheeze to the PED in 
IWK Health Centre in Maritime Canada.  

 664 were treated via MDI and 158 with NEB.  

  



Cost of MDI versus nebulizers 



Cost effectiveness of MDI versus nebulizers 

 Results:  

1. PED- LOS was similar in both groups.  

2. Treatment with MDI showed lower costs and improved clinical outcomes.  
1. Reduction in admission rate of 4.4% (p<0.05) and reduction of 25h on average in 

inpatient stay (for those who were admitted).  

2. Saving of 24CND$/pt in PED costs. 

3. Saving of 180CND$/pt in total cost per visit (p<0.001) mostly due to lower inpatient 
costs. 

 Conclusion: MDI for salbutamol inhalation was associated with significant economic 
gains. 

 



Cost effectiveness of MDI versus nebulizers 



Cost effectiveness of MDI versus nebulizers 



Child and parents satisfaction with MDI 



Child and parents satisfaction with MDI 
 Aim: to evaluate both child and parents’ satisfaction with the use of MDI + spacer.  

 Methods: Parents and children >8y ,presented to the PED with mild to 
moderately severe acute asthma attack and were treated with bronchodilators 
by MDI. They were asked to complete separate questionnaires independently.  

  



Child and parents satisfaction with MDI 

 Results: 111 parents , 17 children responded.  

 84% of the parents found it easy/very easy to use the spacer.  

 84% of the parents preferred the spacer over the nebulizer.  

 82% of the children preferred spacer because it was quicker and easier to use.   

 Conclusion: the use of spacer devices in mild-moderately severe acute asthma 
is highly acceptable for children and parents.  

  



Alberta Health Services pharmacy Services 



Alberta Health Services pharmacy Services 







Take home message 

1. MDI with spacer should be used as a first choice to 
administer beta-agonists in children<5y for the treatment of 
acute asthma exacerbation.  

2. MDI is more convenient  (rapid and easy administration). 

3. MDI is more efficient with less side effects and less risk of  
drug and bacterial exposure.  

4. MDI is cost effective and increases child and parents 
satisfaction.  

 

 

  



Questions? 
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Thank you for 
listening 


