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1.0

Introduction

Nebulisation therapy has long been the cornerstone of medical aerosol therapy in the
acute and critical care setting.1 It is commonly prescribed when patients present to the
emergency department (ED) or clinic with acute exacerbation of obstructive airway
diseases e.g. asthma, COPD, bronchiectasis, etc. as they convert drug solutions or
suspensions into aerosols that deposit into the patient’s lower respiratory tract while
requiring minimal patient cooperation.1,2
However, aerosols generated during this procedure will disperse to the surrounding
environment. This increases the risk of spreading airborne or droplet-mediated
infectious diseases, e.g. COVID-19, SARS, MERS, tuberculosis etc. Therefore,
nebulisation should, where possible, be avoided for acute attacks particularly in health
care facilities during a pandemic.2,3 Pressurized metered dose inhaler (pMDI) via a
spacer is the preferred treatment during attacks. 3 A meta-analysis of randomized
control trials show that the delivery of bronchodilators via nebulizer or MDI is equally
successful in the treatment of acute air flow obstruction in emergency department and
hospital environments.4

2.0

Objectives

●

To provide alternative approaches in inhalational therapy during pandemic
(e.g. COVID-19 pandemic)

●

To guide the evidence-based implementation of alternative approaches

●

To provide practical approaches in limited resources setting

3.0 Alternative to nebuliser

Nebuliser emits 1-5 µm sized aerosol particles that can carry bacteria and viruses into
the deep lung. The risk of transmission of infection increases during nebuliser
treatment because it has the potential to produce a high volume of respiratory aerosols
that can be moved at longer distances.5 In addition, larger particles can stimulate the
cough of both patients and bystanders and thereby increase the risk of transmitting the
airborne-mediated diseases.6 Due to that, here are the two alternatives to nebuliser:

a) Use pMDI/DPI alone (without a spacer)2
For patients with satisfactory inhaler technique, they should be instructed to
use their pressurised metered-dose inhaler (pMDI) or dry-powder inhaler (DPI).
b) Use pMDI with a spacer2
For those who cannot use pMDI alone, either because of poor inhalation
technique, severe dyspnoea or any other reasons, they should be instructed to
use pMDI with a spacer.
Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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4.0

Compilation of spacers

Spacers have the benefit of improving effectiveness by increasing lung deposition and
reducing oropharyngeal deposition hence decreasing the side effects of inhaled
medications.7 Therefore, inhaled therapy using an attached spacer MDI has been
increasingly recognized as the best way to deliver quick beta-2 agonist for acute
wheezing or asthma exacerbation.8
A spacer is a tube or extension device that adds space or volume between the inhaler
and the mouth to overcome poor hand-breath coordination. Spacers can be divided
into non-valved spacer versus valved spacer2 or homemade versus commercial
spacer.9

i. Non-valved Spacer


It is a simple tube which adds space and volume between the pMDI and mouth



There is no one-way valve to contain the aerosol plume after pMDI actuation



The volume for this type of spacer is typically about 100 ml



As a result of this, only the single-breath manoeuvre technique should be used

ii. Valved Spacer or Valve-Holding Chamber (VHC)


It is a spacer with a one-way valve incorporated in the mouthpiece/mask



This allows the aerosols to be inhaled and not exhaled into the spacer



The volume for this type of spacer is typically between 100 - 700 ml



This design allows the aerosols to be delivered with the tidal-volume manoeuvre
as well as the single-breath manoeuvre

There are a wide range of commercially manufactured spacers available and these
spacers vary in shape, scale, material from which they are built and presence of valve.9
The high cost and lack of availability of commercially manufactured spacers in
developing countries have restricted their use especially in the resource-limited
setting.2,9
Variety of homemade or modified spacers, including cold drink plastic bottles, mineral
water, plastic bottles, polystyrene cups, zip-up plastic bags and paper spacers, are
used in different settings based on resource permitted.9 Despite the widespread use
of these homemade spacers in developing countries, there are only a few studies
comparing their use for the delivery of beta 2 agonist through MDI versus the same
bronchodilator therapy for the treatment of acute exacerbation of wheezing or asthma
in children under the age of 18 years with commercially developed spacers. 9
Consideration should be given to the potential need for a facemask in younger children
using homemade spacers.9
A systematic review analysis does not establish a distinction between a commercial
spacer and a homemade spacer to provide patient especially children with acute or
lower airway obstruction attacks with bronchodilator therapy.9 No significant
differences between the two delivery methods in term of hospital admission, change
Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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in oxygen saturation (SaO2), clinical score, change in peak expiratory flow rate (PEFR)
and the need for additional care were demonstrated when comparing homemade
spacers and the commercial spacers.9 Furthermore, sensitivity analysis showed no
substantial effect on the effectiveness of commercially manufactured spacers in the
quality of methods compared to homemade devices in providing bronchodilator
therapy to children with acute exacerbations of wheezing or asthma.9

4.1

Homemade Spacers

4.1.1 Venturi Mask Modified Spacer (VMMS) 10,11,12

Figure 1. pMDI-Venturi Mask Modified Spacer (VMMS)
Tools:
1. Venturi Mask
2. Flexible tube
3. Tape
Price:
Venturi Mask set (estimated cost) - RM3.14/set.

Journal / Supporting Data:
1.

Data available from a single-centre prospective cross-sectional study conducted
at outpatient Emergency Department (ED) setting for mild to moderate asthma or
COPD exacerbation. Study involved only patients fit for discharge. Less than 10%
of the patients involved in the study have been up-triaged to higher acuity
inpatients ED zones. Patients with severe exacerbations of asthma or COPD were
excluded from the study.

2.

Study outcomes showed pMDI-VMMS is as effective as the nebulizer. There was
no significant difference in the rate of direct discharges between the pMDI-VMMS
versus nebulizer among patients attending outpatient ED for mild and moderate
asthma or COPD exacerbations.

3.

Limitations of the study:
 Study does not compare head-to-head of both pMDI-VMMS versus nebulizer
which will provide a more reliable comparison of this two methods' efficacy.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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 Peak expiratory flow rate (PEFR), the objective measurement of lung function,
was not carried out due to the potential risk of cross-contamination and bio
aerosol production by undiagnosed pre-symptomatic or asymptomatic COVID19 patients.
4.

Conclusion, VMMS can be a cheap and effective alternative to the commercial
spacer in resource-limited situation during COVID-19 pandemic. It can also be an
alternative to the nebulizer to minimize aerosol-generating procedures.

5.

However, the acceptance and favouritism over a method do not necessarily
translate into better treatment outcomes. Further study on the pMDI drug delivery
via VMMS and lung function is needed to ascertain this delivery method's clinical
efficacy.

How to Do the Spacer:12
Steps below describe how to use Venturi Mask as Modified Spacer to deliver pMDI
Bronchodilators :

Table 1. Steps on Making a Venturi Mask Modified Spacer (VMMS)

STEPS

PICTURE

1. Take out the Venturi Mask (VM)
and 6-inch flexible tube

2. Attach flexible tube to the VM
port.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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STEPS

PICTURE

3. Cover around 80% area of both
VM exhalation ports with tape.
Do not completely seal the
exhalation port in order to allow
some air exchange.

4. Prepare the MDI
Priming:
 Shake the MDI for 3 -5 times
( 1 shake = up and down)
 Open the cap
 Spray the inhaler
 Repeat for 2 -3 times

5. Connect the MDI to VM by
insert the mouthpiece into the
flexible tube.

Inhalation Technique:

1.

Prime the VM with 2 puffs first (not counted in the total dose).¹¹

2.

Ensure the VM is fitted properly to the face to prevent leakage.

3.

Hold the MDI at upright position.

4.

To load 1 puff at a time every 30 seconds.

5.

Press the MDI to load 1 puff follow with at least 5 tidal breaths by the patient.

6.

Repeat step 5 until completed the required dose.

7.

Allow patient to rest for 10 minutes.

8.

Reassess patient.

9.

Discard the VM into clinical waste after patient has been discharged from ED or
ward. One spacer for one patient throughout one hospital/visit.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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4.1.2 Homemade Bottle Spacer

Figure 2. Homemade Bottle Spacer

Tools:
1. Plastic bottle = RM0.80 per bottle (estimated cost).
2. Mould = RM10 (estimated cost).
Price:
RM 0.80 per spacer (estimated cost).

Journal / Supporting Data:
1. A modified 500ml plastic bottle can be an effective spacer for the delivery of the
bronchodilator therapy. It is a medium volume non-valved spacer (NVS) which is
suitable for older children and adults. However, since it is a non-valved spacer, a
single-breath manoeuvre must be used.7,13
2. In children with acute asthma, spacers made from sealed cold-drink bottles are as
effective as conventional spacer.8,14,15
3. There is also no significant difference found in efficacy between nebuliser and
homemade spacer.16
4. It is recommended that spacers and inhalers should not be shared.17
5. Advantages of bottle spacer over nebulisation:18
● Faster and easier administration of the drugs
● More compact
● Easier to transport
● No need for power source
● Lower risk of spread of infection between patients
● Low cost
Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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How to Make a Bottle Spacer:
Steps below describe how to modify a 500ml plastic bottle for use as an effective
spacer:

Table 2. Steps on Making a Bottle Spacer

STEPS

PICTURE

1. Wash the bottle with soapy water
and air dry for a minimum of 12
hours to reduce electrostatic
charge on the interior plastic. (the
residual soap will act as
surfactant)18

* Alternative way on how to reduce
the electrostatic charge on the
plastic wall: priming with 10 puffs of
the medicine (inhaler) prior
inspiration. This method resulted in
drug wastage and delay.19

2. Make a mould similar in size and
shape to the mouthpiece of the
MDI.
How to make the mould:
- Materials needed: a wood stick
(size: 10cm x 2cm x 1.2cm), a piece
of zinc sheet (size: 8cm x 4cm) and
a nail.
Method:
1. By using the zinc sheet, wrap one
of the ends of the wood stick for
2cm (Figure (b)
2. Use the nails/ heavy-duty stapler
to hold the zinc sheet in place
(Figure (c) then shape the zinc
sheet into the shape of the
mouthpiece of MDI by using hand

Figure (a)

Figure (c)

Figure (b)

Figure (d)
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STEPS

PICTURE

3. Heat the zinc sheet until it turns
‘red’ or as long as the mould is hot
enough to melt the plastic bottle.

4. Insert the heated mould into the
base of the plastic bottle. Hold in
position (~ 5 seconds) until the
plastic begin to melt and make a
hole
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STEPS

PICTURE

5. While the plastic opening is still
warm, insert the MDI mouthpiece
into the hole to ensure a tight fit
between the mouthpiece and
bottle spacer.18

Inhalation Technique:
Use a modified 500ml plastic bottle in a similar way to a conventional spacer.

Table 3. Technique of using a MDI with homemade bottle spacer18,20

STEPS

PICTURE

1.Remove the cap of the pMDI.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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STEPS

PICTURE

2. Attach the mouthpiece of the pMDI
to the hole at the base of the bottle
spacer.
3. Shake the pMDI 3 - 5 times in an
up-down motion. (1 shake = up
and down).
NOTE:
Step 2
interchangeable.

and

3

is

4. Exhale slowly and completely
through the mouth away from the
inhaler and bottle. Do not exhale
into the bottle spacer.
5. Insert the neck of the bottle
spacer into the mouth, simulating a
mouthpiece and making it easier to
direct the aerosol into the airways.
Ensure patient is sitting in upright
position. Ensure the lips are tightly
sealed to the mouthpiece.

6. Breathe in slowly through the
mouth and at the same time, press
down firmly on the canister. Keep
breathing in slowly and deeply.

7. Remove the bottle spacer from
mouth and hold breath for 5-10
seconds.

8. If an additional puff is needed, wait
for 30 seconds to 1 minute before
the second puff. Repeat steps 3 to
7.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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STEPS

9.

PICTURE

Detach the pMDI from the bottle and replace the cap.

10. Gargle mouth and throat after using inhaled corticosteroids.
11. Clean up the pMDI at least once a week or whenever necessary (NOTE: please
refer to the product leaflet for specific instruction, if applicable).
12. Discard bottle spacer into clinical waste after patient has been discharged from
ED or ward. One spacer for one patient throughout one hospital/visit.

4.1.3 Disposable Paper Cup Spacer

Figure 3. Disposable Paper Cup Spacer

Tools:
1. Paper Cup.

Price:
RM0.16 per paper cup (estimated cost).

Journal / Supporting Data:
1. Disposable paper cup was found to be as equally effective as commercially
produced spacer for the reversal of mild-to-moderate bronchoconstriction in
adults.21
2. However, another study done by Zar HJ showed that polystyrene cup was least
effective as a spacer for children with moderate-to-severe airways obstruction
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comparing to conventional spacer and sealed 500 mL plastic bottle, resulting in
more nebulisation requirement.22
3. Studies of pulmonary deposition have shown marked loss of aerosol around the
face where the cup fits over the mouth and nose, resulting in lower delivery of
aerosol to the lungs compared with use of a conventional spacer or plastic bottle.23

How to Do the Spacer:
1. Prepare a 150 ml paper cup.
2. Cut a cross or a hole at the base of the cup which can fit pMDI tightly.
3. Paper spacer requires neither pre-use priming nor washing.24

Inhalation Technique20:
1.

Remove the cap of the pMDI.

2.

Insert the MDI into the hole made at the base of the cup.

3.

Priming of pMDI: Shake the pMDI 3 to 5 times in an up-down motion (1 shake =
up and down) (NOTE: Step 2 & 3 is interchangeable)

4.

Exhale slowly and completely through the mouth away from the inhaler and cup.
Do not exhale into the paper cup.

5.

Cover mouth and nose with the opening of the cup to simulate a face mask. (May
use different cup size to ensure good fit)

6.

Breathe in slowly through the mouth and at the same time, press down firmly on
canister.

7.

Keep breathing in slowly and deeply, and hold breath for 5-10 seconds.
(NOTE: Tidal breathing may be allowed if patient unable to hold breath for at least
4 seconds especially during acute exacerbation)

8.

If additional puff is ordered, wait for 30 seconds to 1 minute before a second puff.
Then repeat steps 4-7.

9.

Detach the pMDI from the cup and replace the cap.

10. Gargle mouth and throat after using inhaled corticosteroids.
11. Clean the pMDI at least once a week or whenever necessary (NOTE: Please
refer to the product leaflet for specific instructions, if applicable)
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12. Discard the paper cup into clinical waste after patient has been discharged from
Emergency Department or ward. One spacer for one patient throughout one
hospital/visit.

4.1.4 Modified IV Drip Bottle Spacer

Figure 4. Modified IV Drip Bottle Spacer

Tools:
1. Empty IV drip bottle.

Price:
RM 0.

Journal / Supporting Data:
No data available.

How to Do the Spacer:
Made from used empty IV drip bottle.
1. Get ready 1 used empty IV drip bottle.
2. Cut the bottom part to make an open end.
3. Cut the part that attached to nose area.
4. Cut the upper part of the iv-drip bottle to make hole to fit MDI mouthpiece.

Inhalation Technique20:
1.

The IV drip bottle needs to be primed initially with 10 puffs of the medicine to
reduce electrostatic charges on the walls, which attracts small particles thus make
more aerosol medicine available for inhalation.13

2.

Cover the open end of the IV drip bottle with a paper while priming the spacer.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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3.

Remove the cap of the pMDI.

4.

Insert the MDI into the hole made at the upper part of the IV drip bottle.

5.

Priming of pMDI: Shake the pMDI 3 to 5 times in an up-down motion (1 shake =
up and down) (NOTE: Step 4 & 5 is interchangeable).

6.

Exhale slowly and completely through the mouth away from the inhaler and bottle.
Do not exhale into the IV drip bottle.

7.

Cover mouth and nose with the opening of the IV drip bottle to simulate a face
mask.

8.

Actuate the inhaler once to release one puff.

9.

Breath normally (tidal breathing) for about 3-5 times by maintaining a good seal.

10. If additional puff is ordered, wait for 30 seconds to 1 minute before a second puff.
Then repeat steps 8 & 9.
11. Detach the pMDI from the IV drip bottle and replace the cap.
12. Gargle mouth and throat after using inhaled corticosteroids.
13. Clean the pMDI at least once a week or whenever necessary (NOTE: Please
refer to the product leaflet for specific instructions, if applicable)
14. Discard the IV drip bottle into clinical waste after patient has been discharged from
ED or ward. One spacer for one patient throughout one hospital/visit.

4.1.5 Disposable Plastic Cup Spacer

Figure 5. Disposable Plastic Cup Spacer

Tools:
1. Plastic cup (medium size).
2. Marker Pen.
3. Scissors.
Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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Price:
RM0.25 per spacer (estimated cost).

Journal / Supporting Data:
No data available.

How to Do the Spacer:
1. Rinse plastic cup with soap then water, air dry the cup for about 12 hours to
reduce electrostatic charges.
2. Use a marker pen to make a marking on the base of the plastic cup (draw the
shape of MDI salbutamol mouthpiece).
3. Use scissors to cut the shape made.

Inhalation Technique20:
1.

New plastic cup needs to be primed initially with 10 puffs of the medicine to reduce
electrostatic charges on the walls, which attracts small particles thus make more
aerosol medicine available for inhalation.13

2.

Cover the open end of the plastic cup with a paper while priming the spacer.

3.

Remove the cap of the pMDI.

4.

Insert the MDI into the hole made at the base of the cup.

5.

Priming of pMDI: Shake the pMDI 3 to 5 times in an up-down motion (1 shake =
up and down) (NOTE: Step 4 & 5 is interchangeable)

6.

Exhale slowly and completely through the mouth away from the inhaler and cup.
Do not exhale into the plastic cup.

7.

Cover mouth and nose with the opening of the cup to simulate a face mask.

8.

Actuate the inhaler once to release one puff.

9.

Breath normally (tidal breathing) for about 3-5 times by maintaining a good seal.

10. If additional puff is ordered, wait for 30 seconds to 1 minute before a second puff.
Then repeat steps 8 & 9.
11. Detach the pMDI from the cup and replace the cap.
12. Gargle mouth and throat after using inhaled corticosteroids.
13. Clean the pMDI at least once a week or whenever necessary (NOTE: Please
refer to the product leaflet for specific instructions, if applicable)
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14. Discard the plastic cup into clinical waste after patient has been discharged from
ED or ward. One spacer for one patient throughout one hospital/visit.

4.2

Commercial Spacers

4.2.1 DispozABLETM Spacer

Figure 6. DispozABLETM spacer
(Adapted from https://www.dailymail.co.uk/health/article-3184264/Paper-cup-helpsbeat-asthma-attacks-Disposable-device-replace-spacers.html)

Figure 7. DispozABLETM spacer
(Adapted from https://www.kaysmedical.com/product/disposable-spacer-10/)
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Tools:
DispozABLETM spacer is a ready-made spacer whereas assembling of its
compartments is required. It is originated from United Kingdom.

Price:
Ranged from RM 5 to RM 20 per piece (based on market price).

Supporting Clinical Data19:
1. Quantities of salbutamol deposited on the walls of the DispozABLETM paper
spacer are lower due to the absence of static charges.
2. The total dose delivered by the pMDI is affected by the quantity of salbutamol
deposited on the walls of the accessory devices. The highest doses were
delivered with the DispozABLETM paper spacer compared with other spacers.
3. The use of DispozABLETM spacer with a pMDI is effective to ensure the delivery
of an adequate dose of drug to the lungs with minimal mouth and throat
deposition. It is important to deliver inhaled medications efficiently in an
emergency situation, such as an exacerbation of pulmonary obstructive disease.
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Inhalation Techniques25,26:

Figure 8. Steps to assemble and methods to use DispozABLETM spacer
(Adapted from https://www.haag-streit.com/fileadmin/Clement_Clarke/Spacer/
Dispozable_Spacer/DisposABLE-Spacer-IFU.pdf)

1. Firstly, assemble the DispozABLETM spacer. Ensure no objects has been left
inside the DispozABLETM spacer prior to use.
2.

Remove cap from pMDI.

3. Shake pMDI as follow manufacturer’s instructions. Insert pMDI into MDI adapter
at the base of DispozABLETM spacer.
4. Breathe out all the way, place DispozABLETM spacer mouthpiece between lips.
Actuate pMDI (one puff). Immediately inhale slowly through the mouth. Hold
breathe for 5-10 seconds. Breathe out normally.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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5. Wait for 30 seconds to 1 minute. Repeat steps 2 to 4. Introduce ONE puff at a
time into DispozABLETM spacer.
6.

After use, remove pMDI and replace its cap.

7. It is recommended to discard DispozABLETM spacer after each use. It can be
disposed of with normal household waste.

Flo-tone25

Figure 9. Flo-tone
(Adapted from https://www.haag-streit.com/clementclarke/products/spacer/dispozable/)

Flo-Tone Indication25:
1. Flo-Tone is attached to the DispozABLETM spacer device for ensuring the user to
achieve the correct flow rate and to master inhale/actuate co-ordination.
2. Flo-Tone is indicated to ensure medication is drawn deep into the lungs.
3. Patients are able to maintain inhalation post-actuation to convey medications to
the lungs.

Advantages of DispozABLETM Spacer25:

1. DispozABLETM spacer is low cost and single use spacer.
2. It is simple to use.
3. It is effective as a spacer for delivering medication.
4. It can be used in emergency situation such as in ambulance or in school.
5. DispozABLETM spacer is easy to assemble.
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6. No mask is required in assembling DispozABLETM spacer.
7. DispozABLETM spacer can be used with tidal breathing techniques which were
assisted by Flo-Tone (Flo-Tone attached to DispozABLETM spacer to encourage
the user to achieve the correct flow rate and to master inhale/ actuate coordination.
8. DispozABLETM spacer is suitable for both children and adults.
9. It is designed to be used straight from the box without pre-washing in an
emergency situation.

Disadvantages of DispozABLETM Spacer:

1. DispozABLETM spacer is for single use only, cannot use repeatedly.
2. Not many supporting clinical data for use with other inhalers such as Inhaled
corticosteroids (ICS) and bronchodilators.
3. Price may depend on market requirement.
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4.2.2 Tube Spacer
Examples of Tube Spacers:

Figure 10. Straight Tube Spacers from Chiesi Farmaceutici (top) and
Boehringer Ingelheim (bottom)

Figure 11. Pear-Shaped Spacer
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Price:
Straight tube and pear-shaped spacers were supplied free of charge by
pharmaceutical companies. Nonetheless, they are no longer produced. Some facilities
might still have old stock.

Supporting Data:
The data that directly support the use of these spacers is lacking. Existing references
merely outline the criteria of an ideal spacer, in terms of size or volume, and shape.

1. Spacers should ideally be 100-700 ml in volume, with a distance of ≥ 10 mm
between pMDI and patient's mouth. They can be subdivided into three sizes - small
volume (up to 100 ml), medium volume (100-350 ml), and large volume (> 700
ml).13 As compared to using pMDI alone, both straight tube (length, 100 mm;
diameter, 32 mm) and pear-shaped (length, 250 mm; maximum internal diameter,
130 mm) spacers showed greater improvement in forced expiratory volume in 1
second (FEV1).27
2. The use of large-volume spacers (≥ 750 ml) resulted in greater whole-lung
deposition, compared with a pMDI alone. They also tended to improve pulmonary
targeting, compared with smaller devices. Respirable dose has been shown to
correlate with volume up to approximately 1 L, after which the relationship
plateau.28 Lingred et al also showed that the use of the large pear-shaped spacer
improved FEV1 by approximately 200 ml greater than straight tube spacer.27
3. In a large-volume spacer, the particle cloud becomes static prior to inhalation,
providing evenly distributed aerosol delivery throughout the inhalation. In contrast,
the particle cloud remains turbulent in a small-volume spacer, and may deliver an
initial “burst” of concentrated aerosol followed by comparatively aerosol-free air.
Thus, a large-volume device may target the entire bronchial tree in a more uniform
fashion.13

Advantages:
1. Simple and easy to use.
2. Free of charge.
3. Easy to clean.

Disadvantages:
1. The material (plastic) is not antistatic and therefore susceptible to electrostatic
charging of their inner surface. Electrostatic charge attracts aerosol particles,
which may considerably (by up to 50%) reduce the aerosol dosage available for
inhalation.13
2. It is for single user and cannot be shared between different patients.
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Table 4. Comparison small-volume spacer vs large-volume spacer

Small-volume Spacer

Large-volume Spacer

Advantages

Handy, more convenient to
useSmall-volume Spacer and
might
encourage
better
compliance after discharge

Greater improvement in respirable
dose and FEV1. Suitable size to
use
in
clinic,
emergency
department setting, and during
ward admission.

Disadvantages

Less improvement in respirable Bulky and might not be convenient
dose and FEV1
to use at home after discharge.

Inhalation technique20:
1. New spacer should be primed initially with 10 puffs of the medicine to reduce
electrostatic charge on the walls, which attracts small particles, and thus make
more aerosol medicine available for inhalation.14
2. Remove the cap of the pMDI.
3. Attach the large end of the tube to the mouthpiece of the pMDI.
4. Shake the pMDI 3-5 times in an up-down motion. (1 shake = up and down).
NOTE: Step 3 and 4 is interchangeable.
5. Exhale slowly and completely through mouth away from the inhaler and tube. Do
not exhale into the tube.
6. Place the mouthpiece between the lips and slightly tilt the head back. Ensure
the lips are tightly sealed to the mouthpiece.
7. Breath in slowly through mouth and at the same time, press down firmly on
canister. Keep breathing in slowly and deeply*.
8. Remove the tube & inhaler (pMDI) from mouth and hold breath for 5-10 seconds.
9. If additional puff is ordered, wait for 30 seconds to 1 minute before the second
puff. Repeat steps 4 to 7.
10. Detach the pMDI from the tube and replace the cap.
11. Gargle mouth and throat after using inhaled corticosteroids.
12. Clean up the pMDI at least once a week or whenever necessary (NOTE: please
refer to the product leaflet for specific instruction, if applicable).
13. Clean up the tube:
a) At least once a week or whenever necessary.
Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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b) Wash with water, do not scrub.
c) Air-dry the plastic parts overnight (do not wipe).
14. Discard the tube into clinical waste after patient has been discharged from ED or
ward. One spacer for one patient throughout one hospital/visit.

*If patient is not able for slow and deep breathing, tidal breathing can be employed.
pMDI should be activated at the beginning of tidal inhalation. Two tidal breathing is
sufficient for small volume spacer, and three for large volume spacer. Some studies
in children showed that tidal breathing has similar efficacy to slow, deep breathing,
while some others showed that tidal breathing is inferior.13

4.2.3 AeroChamber29

Figure 12. AeroChamber Adult Mask
(Adapted from https://trudellmed.com/products/aerochamber-flow-vu-chamber with
permission)
Market Price:
Adult mask/blue - RM85-RM90 (based on market price).

Can AeroChamber be disinfected?
No, only wash with lukewarm water and liquid detergent.

Disinfectant suggested:
None.

Can AeroChamber be sterilised?
No, product may be permanently damaged if boiled, sterilized, or cleaned in a
dishwasher at temperatures above 158°F (70°C).
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Advantages:
Valved holding chamber, available as mouthpiece or mask, anti-static chamber.

Disadvantages:
It is a single patient use device and should not be shared.

4.2.4 OptiChamber Diamond30

Figure 13. OptiChamber Diamond
(Adapted from https://www.philips.com.my/healthcare/product/HC0077400/optichamber-diamondspacer-and-holding-chamber with permission)

Market Price:
RM 70/unit (based on market price).

Can OptiChamber be disinfected?
No, only wash with lukewarm water and liquid detergent.

Disinfectant suggested:
None.

Can OptiChamber be sterilised?
No.

Advantages:
Valved holding chamber, available as mouthpiece and mask, anti-static chamber.
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Disadvantages:
It is a single patient use device and should not be shared.

4.2.5 A2A Spacer31

Figure 14. A2A Spacer

Market Price:
RM 85/unit (based on market price).

Can A2A be disinfected?
No, only wash with lukewarm water and liquid detergent.

Disinfectant suggested:
None.

Can A2A be sterilised?
No.

Advantages:
Low-static valved holding chamber, coated with special polymer which inhibit the
growth of bacteria and fungi, available as mouthpiece and mask, and collapsible for
improved portability.

Disadvantages:
It is a single patient use device and should not be shared.
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4.2.6 Angelbiss VHC32

Figure 15. AngelBiss Valve Holding Chamber

Market Price:
RM60/unit (based on market price).

Can AngelBiss VHC be disinfected?
Not stated.

Disinfectant suggested:
Not stated.

Can AngelBiss VHC be sterilised?
Not stated.

Advantages:
Valved holding chamber, available as mouthpiece and mask.

Disadvantages:
It is a single patient use device and should not be shared.
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4.2.7 AirdroxSpacer33,34,35,36

Figure 16. AirdroxSpacer

Market Price:
RM 24-32/unit (based on market price).

Can AirdroxSpacer be disinfected?
Yes.

Disinfectant suggested:
Isopropyl alcohol (IPA) 75% and hydrogen peroxide 6%.

Can AirdroxSpacer be sterilised?
Yes. Steam sterilization is a suitable sterilization method for this spacer, up to 10
cycles at 121°C for 15 minutes.

Advantages:
Valved holding chamber, available as mouthpiece and mask, anti-static chamber.
Disadvantages:
Even though tests have been done with disinfectant and sterilization method, the
spacer is still strongly recommended as a single patient use device and should not
be shared
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4.2.8

Vortex Spacer37,38

Figure 17. Vortex Non-Electrostatic Holding Chamber

Market Price: (based on market price)
RM185 /unit (spacer with mask).
RM65/pack of 5' stabilizers for face mask.

Can Vortex be disinfected?
Yes.

Disinfectant suggested:
Neodisher MediClean forte 0.5% (by Dr.Weigert). The Vortex can be processed for
re-use up to 60 times and used for up to one year.

Can Vortex be sterilised?
Yes. Steam steriliser / Autoclave for maximum sterilisation temperature and holding
time: 121°C for at least 20 minutes or 132°C for at least 3 minutes.

Advantages:
For single or multiple user, valved holding chamber, available as mouthpiece and
mask, non-electrostatic technology.

Disadvantages:
More expensive initially compared to other commercial spacers, however cost is
offset considering it can be used for multiple users. Require cleaner-disinfector and
steam steriliser equipment
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4.2.9

Summary of Commercially available Valve-Holding Chambers (VHC)

Table 5. Summary of Commercially available Valve-Holding Chambers (VHC)
Type of VHC

Market Price
(RM)

AeroChamber

Adult
mask/blue RM85-RM90

OptiChamber
Diamond

RM 70/unit

A2A Spacer

RM 85/unit

Disinfection of
VHC
(Yes/No)
No, only wash
with lukewarm
water and liquid
detergent.

Disinfectant
suggested

Sterilization of VHC
(Yes/No)

Advantages

Disadvantages

-

No, product may be
permanently
damaged if boiled,
sterilized, or cleaned
in a dishwasher at
temperatures above
158°F (70°C).

Valved holding chamber,
available as mouthpiece
or mask, anti-static
chamber.

It is a single
patient use
device and
should not be
shared.

No, only wash
with lukewarm
water and liquid
detergent.

-

No

Valved holding chamber,
available as mouthpiece
or mask, anti-static
chamber.

It is a single
patient use
device and
should not be
shared.

No, only wash
with lukewarm
water and liquid
detergent.

-

No

Low-static valved holding
chamber, coated with
special polymer which
inhibit the growth of
bacteria and fungi,
available as mouthpiece
and mask, and collapsible
for improved portability.

It is a single
patient use
device and
should not be
shared.
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Angelbiss VHC

RM60/unit

Disinfection of
VHC
(Yes/No)
Not stated

AirdroxSpacer

RM 24-32/unit

Vortex Spacer

RM185 /unit
(spacer with
mask)

Type of VHC

Market Price
(RM)

RM65/pack of
5' stabilizers
for face mask

Disinfectant
suggested

Sterilization of VHC
(Yes/No)

Advantages

Disadvantages

-

Not stated

Valved holding
chamber, available
as mouthpiece and
mask.

It is a single
patient use
device and
should not be
shared

Yes

Isopropyl
alcohol (IPA)
75% and
Hydrogen
Peroxide 6%

Yes. Steam sterilization
is a suitable sterilization
method for this spacer,
up to 10 cycles at 121°
C for 15 minutes.

Valved holding
chamber, available
as mouthpiece or
mask, anti-static
chamber.

Even though
tests have been
done with
disinfectant and
sterilization
method, the
spacer is still
strongly
recommended as
a single patient
use device and
should not be
shared

Yes

Neodisher
MediClean
forte 0.5% (by
Dr.Weigert).
The Vortex
can be
processed for
re-use up to

Yes. Steam steriliser /
Autoclave for maximum
sterilisation temperature
and holding time: 121°
C for at least 20 minutes
or 132°C for at least 3
minutes.

For single or multiple
user, valved holding
chamber, available
as mouthpiece and
mask, nonelectrostatic
technology.

More expensive
initially compared
to other
commercial
spacers,
however cost is
offset
considering it
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Type of VHC

Market Price
(RM)

Disinfection of
VHC
(Yes/No)

Disinfectant
suggested
60 times and
used for up to
one year.
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Sterilization of VHC
(Yes/No)

Advantages

Disadvantages
can be used for
multiple users.
Require cleanerdisinfector and
steam steriliser
equipment.
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5.0 Literature Summary
Table 6. Literature Summary on Compilation Homemade Spacers
No.

1.

Citation (Author, Title,
Journal, Year, Volume,
page number)
(7) Zar HJ, Asmus MJ
and Weinberg EG. A
500-ml plastic bottle: An
effective spacer for
children with asthma.
Pediatric allergy and
immunology. 2002; 13.
217-22.

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Evaluation (Strength /
Limitation)

This paper reviewed 3
trials:
● Zar HJ, Brown G,
Donson H, Brathwaite
N, Mann MD,
Weinberg EG. Homemade spacers for
bronchodilator therapy
in children with acute
asthma: a randomised
trial. Lancet. 1999;
354: 979 – 82.
Study design:
Randomised (block
randomisation), singleblinded, parallel group
study (4 arms). Patients
were stratified by PEF
into two groups according
to severity of airways
obstruction: mild (PEF
60–79% of predicted
normal value) and
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Primary outcome:
Changes in clinical score and pulmonary
function (FEV1 and PEF), and need for and
response to nebulisation.
Results:
Each type of spacer was judged effective in that
it gave a median improvement in PEF of more
than 15%. Improvement in FEV1 was greater if
a conventional spacer, sealed bottle, or
unsealed bottle was used rather than a cup
(p=0·02). Use of spacers gave consistent
improvement in PEF, forced vital capacity, and
mean flow rate between 25% and 75% of vital
capacity. A conventional spacer or sealed bottle
gave similar improvements, an unsealed bottle
gave intermediate improvements, and a cup was
least effective. Patients with mild airways
obstruction had a median improvement in
clinical score after MDI use, which did not vary
by type of spacer. Improvement in pulmonary
function in that group was similar for all spacers.
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Evaluation (Strength /
Limitation)

moderate (PEF 20–59%
of predicted normal value)
Setting: Red Cross
Children’s Hospital in
South Africa.
Types of spacer
involved:
c) Home-made spacers
(500 mL plastic bottle)sealed bottle
d) Home-made spacers
(500 mL plastic bottle)unsealed bottle
e) 200ml Polystyrene cup
f) Conventional spacerAerochamber- 145 mL
valved spacers with
attached mouthpieces
Sample size: 88 children
(22 in each arm) aged 5
to 13 years with a history
of asthma who presented
to the hospital with an
acute asthma attack,
stratified into mild airway
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Conclusion:
All spacers are found equally effective in
patients with mild airway obstruction.
A 500 mL plastic bottle and a conventional
spacer gave a similar response to a 2 agonist
given via MDI in children with acute asthma.
Each type of spacer was effective in that the
median PEF of each group improved by a
clinically important amount. However, changes
in pulmonary function were lowest with the cup,
and differences in response were most apparent
in children with moderate to severe airways
obstruction.
A cup was an effective spacer in children with
mild airways obstruction, and may be of clinical
use in this group of patients, particularly in
infants or children too young to use a
mouthpiece.
In children with moderate to severe airway
obstruction, polystyrene cup provides the least
improvement in pulmonary function, followed by
unsealed plastic bottle, sealed plastic bottle and
commercial spacer.
The relatively poor response to bronchodilator
given via a cup in children with moderate to
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

obstruction (PEF 60-79%
of predicted value) or
moderate to severe
airway obstruction (PEF
20-59% of predicted
value).

severe asthma is probably due to characteristics
of the cup and the severity of airways
obstruction.
Greater number of patients requiring nebulised
fenoterol are also found in the polystyrene cup
group.

Follow up: A beta-2
agonist (fenoterol
hydrobromide) was given
via pMDI with one of four
randomly assigned
spacers namely 145 mL
valved spacer
(Aerochamber), sealed
500 mL plastic bottle,
unsealed 500 mL plastic
bottle, 200 mL
polystyrene cup.
Response to treatment
was assessed after 15
minutes.

A 500 mL plastic bottle is an effective alternative
to a conventional spacer. Adaption and use of
the bottle as a spacer should form part of
asthma education programmes in developing
countries.

●

Zar HJ, Liebenberg M,
Weinberg E, Binns HJ,
Mann MD. The efficacy
of alternative spacer
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Evaluation (Strength /
Limitation)

Outcome:
Lung deposition of aerosol after inhaled via
different spacers were identified.
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

devices for delivery of
aerosol therapy to
children with asthma.
Ann Trop Paediatr.
1998; 18: 75 – 79.

1. Good deposition of aerosol in the lungs of
patients with asthma is possible using a
modified 500-ml plastic cold drink bottle as a
spacer.
2. The modified polystyrene cup was not an
efficient spacer, delivering only between one
third and one-fifth of the dose that other spacers
were capable of delivering.
3. When a sealed bottle and a conventional,
commercially available spacer were compared,
the amount of aerosol delivered to the lungs was
equivalent.
4. Aerosol deposition with an unsealed bottle
was lower than it was with a sealed bottle, it was
almost threefold higher than with a cup.
5. The lower deposition achieved with the
unsealed bottle indicates that leaks around the
site of insertion of the aerosol resulted in aerosol
loss with less available for inhalation.
6. The relatively low deposition achieved with
the cup probably results from leaks around the
open end, where the cup fits on the patient's
face.

Study Design: Not
stated
Setting: Red Cross
Children’s Hospital in
South Africa.
Sample Size: 30
participants (10 in each
group), inclusion criteria
as patient with regular
inhalation therapy, age >5
years old, no acute
exacerbation within the
preceding 4 weeks, PEFR
>85% of the predicted
normal value
GROUP 1: conventional
spacer vs cup
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Evaluation (Strength /
Limitation)

Conclusion:
In patient with asthma, aerosol deposition
sealed plastic bottles were as effective as
conventional spacers. Aerosol deposition from

41

Clinical Pharmacy Working Committee (Respiratory Subspecialty)

No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

GROUP 2: conventional
spacer vs sealed bottle
GROUP 3: sealed bottle
vs unsealed bottle
●

Zar HJ, Weinberg EG,
Binns HJ, Gallie F,
Mann MD: Lung
deposition of aerosol-a comparison of
different spacers.
Archives Disease in
Childhood. 2000, Jun;
82(6):495-8.

Study design:
Randomised. Comprise of
three studies.
Sample size: 40 children
age 3-7 years old with
moderate asthma at Red
Cross Children's Hospital,
South Africa.

Outcome / Conclusion

Evaluation (Strength /
Limitation)

sealed plastic bottles were better as compared
to unsealed bottle. However, the unsealed bottle
is still significantly better than cup spacer.
(Conventional spacer = sealed bottle > unsealed
bottle > cup)
Outcome:
Lung deposition of aerosolised technetium-99m
DTPA inhaled via spacer was measured.

Result:
1. Median lung aerosol deposition from a
Babyhaler and Aerochamber with masks were
similar (25% v 21%, p = 0.9).
2. Aerosol lung deposition from a Babyhaler
with mask compared to a Babyhaler with
mouthpiece was equivalent (26% v 26%,
p = 0.5).
3. Lung deposition was higher from a 500 ml
bottle compared to a Babyhaler in both young
(25% v 12.5%, p = 0.005) and older children
(42% v22.5%, p = 0.003).
4. A notable reduction in pulmonary deposition
occurred at 50 months of age.
Conclusion:

Methodology:

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Study 1: the Babyhaler
with facemask was
compared to the
Aerochamber with
facemask in children aged
3–5 years.

A Babyhaler or Aerochamber produces
equivalent lung deposition of aerosol.
There is no difference in lung deposition when a
mask or mouthpiece is used.
A modified 500 ml plastic bottle produces
greater pulmonary aerosol deposition than a
conventional small volume spacer.

Study 2: the Babyhaler
with facemask was
compared to the
Babyhaler with a
mouthpiece in children
aged 3–5 years. The
mouthpiece was created
by removing the mask
and using the connector
from the body of this
spacer as a mouthpiece.
Study 3: In the third study
the Babyhaler with
mouthpiece was
compared to a 500 ml
bottle in two groups of
children aged 3–5 years
and 5–7 years,
respectively.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Evaluation (Strength /
Limitation)

Note:
The Babyhaler is a 350 ml polycarbonate
spacer with low resistance inspiratory and
expiratory valves, a removable facemask, and
40 ml of dead space
between the inlet and outlet valve.
The Aerochamber is a 145 ml plastic spacer
with an
attached facemask and no dead space between
the valves. An MDI container was placed in the
open ends of each conventional spacer.
A 500 ml plastic cold drink bottle was
modified. A hole was melted in the base of the
bottle to tightly fit
the connector from the anaesthetic bag. The
bottle–connector perimeter was sealed with
glue. Newly constructed bottle spacers were
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No.

2.

Citation (Author, Title,
Journal, Year, Volume,
page number)

(8) Zar HJ, Brown G,
Donson H. Are Spacers
Made from Sealed Colddrink Bottles as Effective
as Conventional
Spacers? Western
Journal of Medicine.
2000 Oct;173(4):253.

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

In each study and in each
patient the order of
spacers was randomly
assigned.
(It uses statistical analysis
SPSS. Differences in drug
delivery from the spacers
in a single study were
planned comparisons and
assessed for significance
using the Wilcoxon
matched pairs test)

washed with soap and water and air dried in
order to reduce electrostatic charge on the side
walls. The neck of the bottle was held in the
child’s mouth, simulating a mouthpiece

Study Design:
Randomized (allocation
concealed), blinded,
controlled trial with 15- to
30-minute follow-up

Outcome: Changes in clinical score and
pulmonary function and need for nebulization.

Setting: Red Cross
Children's Hospital in
Cape Town, South Africa.
Sample size: Involving
88 children from 5 -13
years old who had
moderate to severe
airway obstruction, with a
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Result:
Analysis was by intention to treat. An
improvement in lung function was seen in all
groups. Results for the sealed bottle group were
similar to those for the conventional spacer
group; a cup was least effective (p = 0.02).
Among children with mild airway obstruction,
clinical scores, pulmonary function, and need for
nebulisation did not differ among study groups.
Among children with moderate to severe airway

Evaluation (Strength /
Limitation)

Strength: Concealed
allocation able to prevent
selection bias.
Limitation: Study did not
describe how to make the
intervention (hole at the
bottom of the cold-drink
bottle).
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

history of asthma and
presented with acute
asthma attack
Exclusion criteria:
inability to use MDI and
spacer, inability to do lung
function test, having peak
expiratory flow rate of less
than 20% of the predicted
normal value, an arterial
oxygen saturation of less
than 92% (as measured
in room air), cardiac or
other chronic pulmonary
disease, recent use of
oral corticosteroid, or the
use of b2 agonist within 4
hours of presentation

Outcome / Conclusion

Evaluation (Strength /
Limitation)

obstruction, clinical scores did not differ among
study groups and a cup was least effective for
improving pulmonary function (p < 0.05).
Nebulisation was needed by 10 of 11 children
who used a cup, 8 of 11 children who used a
sealed bottle, 9 of 11 who used an unsealed
bottle, and 4 of 11 who used a conventional
spacer.
Conclusion: In children with acute asthma,
spacers made from sealed cold-drink bottles
were as effective as conventional spacers. A
cup was least effective for improving pulmonary
function.

Follow up was 100%
Intervention: Children
were allocated to 1 of 4
types of spacers:
(a) A conventional
spacer
(Aerochamber;
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No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Evaluation (Strength /
Limitation)

Trudell Medical,
Canada) (n = 22);
(b) A 500- mL plastic
cold-drink bottle
with glue to seal the
joint between the
metered-dose inhaler
and bottle (n = 22);
(c) An unsealed, 500mL plastic colddrink bottle (n = 22);
(d) A 200-mL
polystyrene cup (n
= 22).
Children received
fenoterol hydrobromide,
100 µg per puff, in a
metered-dose inhaler and
spacer, 1 puff every 10
seconds. Children who
weighed 25 kg or less
received 400 µg; those
who weighed more than
25 kg received 600 µg.
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No.

3.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Evaluation (Strength /
Limitation)

(9) Rodriguez, C, Sossa
M., & Lozanom J.M.
(2008) Commercial
Versus home-made
spacers in delivering
bronchodilator therapy for
acute therapy in children.
The cochrane database
of systematic reviews,
1008 (2), CD005536.
http://doi.org/10.1002/146
51858.CD005536.pub2

Study Design:
Systematic reviews from
the Cochrane Airwyas
Group Register (up to
August 2010), Cochrane
Central Register of
Controlled Trials
(CENTRAL) on The
Cochrane Library,
MEDLINE, EMBASE,
CINHAL, LILACS and
reference lists of included
studies.

Outcome:
No significant differences were demonstrated
between the two delivery methods in terms of
the
1. need for hospital admission (RR 1.00, 95% CI
0.63 to 1.59),
2. change in oxygen saturation (SMD -0.03, 95%
CI -0.39 to 0.33),
3. PEFR (SMD 0.04, 95% CI -0.72 to 0.80),
4. clinical score (WMD 0.00, 95% CI -0.37 to
0.37),
5. need for additional treatment (RR
1.18, 95% CI 0.84 to 1.65),
6. change in heart rate per minute (SMD 0.09,
95% CI -0.24 to 0.42).

Limitation: small number
of RCTs. There was
complete short term follow
up of all randomized
children in the included
studies

Selection criteria: All
trials comparing treatment
with rapid acting beta 2‐
agonists delivered
through an MDI attached
to home‐made spacers,
versus the same
bronchodilator therapy
delivered with a MDI and
commercially produced
spacers, in children under
18 years with acute
exacerbations of
wheezing or asthma
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 Quetulio, J. J., Rivera,
C. R., & Go, O. C.
(2002, October). A
practical alternative
spacer for delivery of
inhaled bronchodilators
for children with acute
exacerbations of
bronchial asthma.
(Asthma: 12:00pm1:45pm). Chest, 122(4),
84S
Study Design:
Randomized controlled
trial

Outcome / Conclusion

Evaluation (Strength /
Limitation)

Outcome: Beta-agonist: terbutaline. Homemade spacer: cardboard cone. Dosage: not
stated. Co-interventions: not stated.
Beta-agonist: terbutaline. Comercial Spacer:
NebuChamber 250 ml. Dosage: not stated. Cointerventions: not stated
The median increase in PEFR was similar in
both the groups (20.8% vs 22.2%, p=0.4),
clinical improvement being satisfactory in all
patients. The valve‐less home‐made spacer is
equally efficacious and cheaper than the
commercial spacer in administering
bronchodilators in acute exacerbations of
asthma.

Setting: Paediatric
outpatient department
and children's asthma unit
in a university of Santo
hospital, Manila,
Philippines. 30 children
aged 5 to 18 years.
Inclusion criteria: acute
exacerbation of bronchial
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asthma. Exclusion
criteria:
not given
 Singhal T, Garg H, Arora
HS, Lodha R, Pandey
RM, Kabra SK: Efficacy
of a home-made spacer
with acute exacerbation
of bronchial asthma: a
randomized controlled
trial. Indian journal of
pediatrics, 2001, 68(1),
37‐40

Primary outcome: change in PEFR.
Secondary outcome: Change in oxygen
saturation, heart rate per minute and respiratory
rate.

Study Design:
Randomized Controlled
trial (single blinded). 31
children were
administered 10 puffs
(100mcg/puff) salbutamol
via the home‐made
spacer (700ml (final
volume) plastic mineral)
water.and 29 children via
the commercial spacer
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(Aerochamber 150 ml).
Pre and post inhalation
measurements of peak
expiratory flow rate
(PEFR), oxygen
saturation (SaO2),
respiratory rate (RR),
pulse rate (PR) were
made and compared.
Sample Size: Sixty
asthmatic children age 515
Study setting:
Department of Pediatrics,
All India Institute of
Medical Sciences, New
Delhi.

4.

(14) Zar HJ, Streun S,
Levin M, Weinberg EG,
Swingler GH.
Randomised Controlled
Trial of the Efficacy of a
Metered‐dose Inhaler
with Bottle Spacer for

Design: Parallel group
study with single-blinded
computer-generated
randomisation.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Primary Outcome: Number of hospitalisations
Secondary Outcome: Change in clinical score,
oximetry, number of bronchodilator treatments
required prior to discharge (if not hospitalised),
and need for systemic corticosteroids.

Strength:
Low risk of bias due to
computer generated
sequence for
randomisation. No
withdrawal of subjects

50

Clinical Pharmacy Working Committee (Respiratory Subspecialty)

No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

Bronchodilator Treatment
in Acute Lower Airway
Obstruction. Archives of
Disease in Childhood.
2007; 92:142‐6.

Setting: Red Cross
Children’s Hospital, South
Africa

Result: The number of children hospitalised (n
= 60, 15%) was identical in the conventional and
bottle spacer groups (n = 30, 15% in each).
Secondary outcomes were similar in both
groups. Oral corticosteroids were given to a
similar number in the conventional (37 (18.5%))
and bottle spacer groups (41 (20.5%)).

Sample size: Included
400 children (200 in each
group) aged 2 months to
5 years with a history of
cough or difficulty in
breathing within 5 days
prior to treatment and
clinical signs of acute
lower airway obstruction
(defined as an expiratory
wheeze on auscultation or
hyperinflation of the
chest).

Evaluation (Strength /
Limitation)

reported. Modified Jadad
score is 5.5
Limitation: Single blinded
study

Conclusion: A low-cost bottle spacer is as
effective as a conventional spacer for
bronchodilator treatment in young children with
acute obstruction of the lower airways.

Tyepe of spacer:
1) A small volume
(150ml) valved
conventional spacer
(Aerochamber,
Trudell Medical,
London,
Ontario, Canada). For
children <3 years old,
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facemask is attached
whereas for children
>3 years old used a
mouthpiece.
2) Modified 500ml
plastic bottle with
end of the bottle
simulating
mouthpiece. For
children <3 years old,
a small, flexible and
well-fitting facemask
(brand Cipla) was
used.
Bronchodilator treatment
was given from an MDI
via an Aerochamber or a
bottle spacer. Clinical
score and oximetry
recording were carried out
before and after 15 min of
treatment. MDI–spacer
treatment was repeated
up to three times,
depending on clinical
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Outcome / Conclusion

Evaluation (Strength /
Limitation)

Primary Outcome: Change in grading of
dyspnoea, ability to speak, heart rate per
minute, respiratory rate per minute, cyanosis,
accessory muscle use, breath sounds, rhonchi,
PEFR, pulsus paradoxus, arterial blood gas, and
oxygen saturation.

Limitation: No details on
blinding. Method for
concealment allocation not
described. Power
calculation not given.
No descriptions on
withdrawals or dropouts.

response, after which
nebulisation was used.
5.

(15) Panicker J, Sethi
GR, Sehgal V.
Comparative Efficiency of
Commercial and
Improvised Spacer
Device in Acute Bronchial
Asthma. Indian
Pediatrics. 2001; 38:340‐
8.

Design: Parallel group
study, Randomized
controlled trial
Setting: Paediatric
Emergency Room
department, urban tertiary
care teaching hospital,
India
Sample size: 60 children
(30 in each group) aged 1
to 12 years (average age
4.8 years) with acute
asthma
One group received
inhaled salbutamol using
metered dose inhaler via
commercial spacer device
(Group 1), while the other
received it via improvised
spacer device (Group II)

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Result: The two groups were comparable with
respect to various parameters at presentation (p
>0.05). All the outcome parameters showed a
significant improvement with time in both groups
(p <0.05). There was no statistical difference
between the response in the two groups (p
<0.05).
Conclusion: Metered dose inhaler with
improvised spacer device is equivalent in
efficacy and a more cost-effective alternative to
metered dose inhaler with commercial spacer
for administration of beta‐2 agonist in acute
asthma.
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Outcome / Conclusion
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Group I: Commercially
available spacer (Cipla
conical valved spacer
made of plastic with
approximate volume of
750 ml) with or without
attached face mask
Group II: Indigenous
(improvised) spacer made
from a bottle. The
commonly available
plastic water bottle (1
litre) was adapted to
approximate the volume
of commercial spacer
(750 ml) by cutting it at its
mouth-end. The cut-end
was padded with plastic
adhesive to make it nontraumatic. The base of the
bottle was adapted to the
MDI mouthpiece by
cutting in the centre, so
as to cause minimal
leakage of aerosol. The
indigenous spacer was

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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Outcome / Conclusion
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tubular and without a
valve.
Follow up:
The response was
sequentially assessed
after 20, 40 and 60
minutes of institution of
therapy.
6.

(16) Chong Neto HJ,
Chong‐Silva DC, Marani
DM, Kuroda F,
Olandosky M, Noronha L.
Different inhaler devices
in acute asthma attacks:
a randomized, double‐
blind, placebo‐controlled
study. Jornal de
Pediatria. 2005; 81:298‐
304.

Design: Randomized,
double-blind, placebocontrolled
Study (four arms)
Sample Size: 40 children
(10 in each arm) aged 6
to 18 years (average age
11.01 years) with acute
asthma attacks
Setting: 24-hour
Emergency health unit
affiliated with the City Hall
of Curitiba.
Methodology:

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Primary Outcome: Change in clinical score,
FEV1, and heart rate per minute.
Secondary Outcome:
1) Adverse effects: Tachycardia, tremor,
nausea and/or vomiting, and hypokalemia after
60 minutes
2) Cost of treatment of acute asthma attack

Limitation:
Costs calculated.
only considering the drug
and devices, not indicating
the
real costs.

Result:
There is no difference between groups
regarding clinical score and variation of FEV1.
There was a major variation in the heart rate
response to the nebulizer (35%) compared to
the commercially available spacer and dry
powder inhaler (15 and 17%) and between the
homemade spacer and the commercially
available spacer (28 and 15%) (p = 0.004). The
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Study Design, Sample
Size, Follow Up

Randomisation: Children
were asked to
draw a slip of paper
(which would determine
their group) out of a nontranslucent jar
Blinding: double-blind.
(a) Salbutamol was
administered via a
nebulizer (0.15 mg/kg
(max 5 mg),
saline 0.9%
complemented with 3 ml
of solution, in a
Proneb Ultra compressor
with Pari jet (Pari Inc,
EUA) nebulizer
(b) Metered-dose inhaler attached to a
commercially available
spacer device
(Aerochamber)

Outcome / Conclusion

Evaluation (Strength /
Limitation)

nebulizer and homemade spacer caused more
tremor (p = 0.02). The cost of treatment was
higher for the nebulizer and commercially
available spacer (p = 0.0001).
Conclusion:
Metered-dose inhaler with commercially
available spacer is as efficient as the nebulizer,
homemade spacer, and dry-powder inhaler in
treating acute attacks of mild to moderate
asthma in school-aged children and
adolescents, and produces fewer adverse
events, but has a high cost. Nebulizers should
be considered as a second-line device for the
management of acute asthma attacks. The
metered-dose inhaler with homemade spacer is
an efficient and inexpensive alternative, but it
should be used with caution, because it causes
more tachycardia and tremors than
commercially available spacers.

(c) Homemade nonvalved spacer device (a
spacer made out of a

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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Outcome / Conclusion

Evaluation (Strength /
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plastic 500-ml mineral
water bottle coupled to
the MDI, and
sealed with epoxy resin
(Araldite - Brascola LTDA.
São Paulo, Brazil) and
tested by immersion in
water
(d) Dry powder inhaler.
Follow up:
Assessments were made
at zero, 20, 40 and 60
minutes, followed by the
application of salbutamol
and placebo with another
device.
7.

(19) Saeed H,
Abdelrahim ME, Rabea
H, Salem HF. Evaluation
of Disposable and
Traditional Accessory
Devices for Use with a
Pressurized Metered-

pMDI Ventolin delivering a
nominal dose of 100mcg
salbutamol was used in
the study.
Accessory devices used
are:
-DispozABLE paper

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Outcome: The total emitted dose and
aerodynamic characterization of salbutamol
particle.

Limitation:
In vitro model could not
replicate the clinical
response to salbutamol
doses.
Not all commercially
available spacers are
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Dose Inhaler. Respiratory
care. 2020;65(3):320-5.

Study Design, Sample
Size, Follow Up

spacer (antistatic)
- AeroChamber Plus
Valved holding chamber
(antistatic)
-Dolphin Chamber (nonantistatic)
-Empty 500ml plastic
bottle (non-antistatic)
Methodology:
The total emitted dose is
measured by collecting 2
puffs of salbutamol
(200mcg) via pMDI alone
or pMDI/ accessory
device combination at
28.3L/min inhalation flow.
This will be repeated for
10 times. Salbutamol will
be quantified with highperformance liquid
chromatography with
ultraviolet detection.
Aerodynamic particle size
of salbutamol was
evaluated with Andersen

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Outcome / Conclusion

Evaluation (Strength /
Limitation)

Result:
pMDI

Disp
ozA
BLE
Spac
er

Hom
ema
de
Spac
er

Dolp
hin
Spac
er

Aero
Cha
mber
Plus
VHC

Emitted
dose, μg

155.2
±20.5

76.4
±8.6

52.9
±9.9

49.3
±9

61.9
±8.9

Dose
deposite
d in
spacer,
μg

NA

111± 124. 131. 110.
6.2
1±11 5±11 2±17
.1
.8
.7

Dose
deposite
d in
induction
port, μg#

99.7±
6

6.4±
2

7.4±
2.3

11.2
±2.5

6.8±
1.6

FPD<
5μg

24.4±
5.1

39.7
±5.6

24.8
±3.7

22.6
±4.5

51.4
±4.7

evaluated; different
material and, shapes may
lead to different outcome.
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cascade impactor with the
pMDI and the
pMDI/accesroy device
combination. CITDAS
software was used to
determine fine particle
dose (FPD), fine particle
fraction (FPF) and the
mass median
aerodynamic diameter
(MMAD).
Total emitted dose and
aerodynamic
characteristic for different
combination and pMDI
alone were compared in
2-way analysis of variance
test using SPSS 23.

Outcome / Conclusion

Evaluation (Strength /
Limitation)

FPD
<3μg

10±2.
4

12.8
±2.2

7.5±
1.6

7.5±
1.2

18.7
±2

MMAD,
μm

4.4±0. 4.6±
3
0.2

4.6±
0.3

4.8±
0.3

3.78
±0.1

# Dose deposited in an induction port is
equivalent to the dose deposited in the mouth
and throat of a patient.
pMDI = metered dose inhaler
NA = not applicable
MMAD = mass median aerodynamic diameter
The mean ± SD total emitted dose from the
pMDI alone was the greatest of all modalities,
and the difference was significant (P < .001).
The homemade and Dolphin spacers had the
highest mean± SD deposited amounts of
salbutamol remaining on their walls.
Statistically significant difference was observed
between FPD <3μg and <5μg between
Aerochamber Plus and DispozABLE paper
spacer compared to pMDI alone, Dolphin and
homemade spacer. (p<0.001)
Aerochamber Plus VHC had the lowest MMAD
but there is no statistically difference among

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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Outcome / Conclusion

Evaluation (Strength /
Limitation)

pMDI/accessory device combinations.
Homemade spacer did not significantly increase
FPD compared to pMDI alone; it however helps
coordinating between actuation and inhalation.
Conclusion:
The valved holding chamber and the paper
spacer had better aerodynamic characteristics
than the other devices tested. We consider the
antistatic devices to be the optimum devices for
aerosol delivery due to their high efficacy
compared to non-antistatic devices.
8.

(21) Willemse BW, Toelle
BG, Li JS, Shah S, Peat
JK. Use of a paper
disposable cup as a
spacer is effective for the
first-aid management of
asthma. Respir Med.
2003 Jan; 97(1): 86-9.

Study Design:
Randomised controlled
trial.
Setting:
Australia
Sample size:
50 subjects from the age
16-50 years who had
wheezing and >10%
decrease in FEV1 after

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Outcome:
A recovery index (post bronchodilator FEV1 as a
percentage of baseline FEV1 ) was used as the
outcome measure. The disposable cup was
considered as effective as the spacer if the
mean recovery index was within 10% of the
spacer.
Result:
1. There were no statistically significant
differences between CUP and SPACER groups
in any characteristics (mean decrease in FEV1,

Strength:
1. A random number chart
was used to generate an
allocation list.
2. No subjects were
excluded from the study
because of discomfort or
worsening
bronchoconstriction.
3. A real-life situation by
using subjects who had
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histamine inhalation test
(HIT).
Types of spacer:
4. CUP: A 150 ml paper
disposable cup was
used and a cross was
cut in the base of the
cup. The Ventolin
pMDI (100 mg
salbutamol per
actuation) was
inserted through this
opening into the base
of the cup
5. SPACER: A
commercially
produced spacer
(Volumatic Spacer)

Outcome / Conclusion

median response dose ratio or the median time
between administering bronchodilator and
measuring the effect on FEV1.)
2. There was no difference for the recovery
index.

Evaluation (Strength /
Limitation)

various degrees of
bronchoconstriction.
Limitation:
Size or volume of the
commercial spacer used
was not stated

Conclusion:
A paper disposable cup was effective for the
reversal of mild to moderate
bronchoconstriction, therefore can be used as
first-aid management of asthma when there is
concern about cross-infection and a
commercially produced spacer is not available.

Follow up:
20 minutes after 400mcg
Salbutamol was
administered, FEV1 was
measured.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic
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(22) Zar HJ, Brown G,
Donson H, Brathwaite N,
Mann MD, Weinberg EG.
Home-made spacers for
bronchodilator.or therapy
in children with acute
asthma: a randomised
trial. Lancet. 1999-+; 354:
979 – 8

Study design:
Randomised (block
randomisation), singleblinded, parallel group
study (4 arms). Patients
were stratified by PEF
into two groups according
to severity of airways
obstruction: mild (PEF
60–79% of predicted
normal value) and
moderate (PEF 20–59%
of predicted normal value)
Setting: Red Cross
Children’s Hospital in
South Africa.
Types of spacer
involved:
1) Home-made spacers
(500 mL plastic
bottle)- sealed bottle
2) Home-made spacers
(500 mL plastic
bottle)- unsealed
bottle

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Outcome / Conclusion

Primary outcome: Changes in clinical score
and pulmonary function (FEV1 and PEF), and
need for and response to nebulisation.
Result:
Each type of spacer was judged effective in that
it gave a median improvement in PEF of more
than 15%. Improvement in FEV1 was greater if
a conventional spacer, sealed bottle, or
unsealed bottle was used rather than a cup
(p=0·02). Use of spacers gave consistent
improvement in PEF, forced vital capacity,and
mean flow rate between 25% and 75% of vital
capacity. A conventional spacer or sealed bottle
gave similar improvements, an unsealed bottle
gave intermediate improvements, and a cup was
least effective. Patients with mild airways
obstruction had a median improvement in
clinical score after MDI use, which did not vary
by type of spacer. Improvement in pulmonary
function in that group was similar for all spacers.

Evaluation (Strength /
Limitation)

Limitation:
Did not assess the
therapeutic efficacy of a
cup in children younger
than 5 year.
Lack of power to detect
differences between a
conventional spacer and
bottle, because of the
small number of children
in each group.

Conclusion:
All spacers are found equally effective in
patients with mild airway obstruction.
A 500 mL plastic bottle and a conventional
spacer gave a similar response to a 2 agonist
given via MDI in children with acute asthma.

62

Clinical Pharmacy Working Committee (Respiratory Subspecialty)

No.

Citation (Author, Title,
Journal, Year, Volume,
page number)

Study Design, Sample
Size, Follow Up

3)
4)

200ml Polystyrene
cup
Conventional spacerAerochamber- 1 4 5
mL valved spacers
with attached
mouthpieces

Sample size: 88 children
(22 in each arm) aged 5
to 13 years with a history
of asthma who presented
to the hospital with an
acute asthma attack,
stratified into mild airway
obstruction (PEF 60-79%
of predicted value) or
moderate to severe
airway obstruction (PEF
20-59% of predicted
value).
Follow up: A beta-2
agonist (fenoterol
hydrobromide) was given
via pMDI with one of four
randomly assigned
spacers namely 145 mL

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

Outcome / Conclusion

Evaluation (Strength /
Limitation)

Each type of spacer was effective in that the
median PEF of each group improved by a
clinically important amount. However, changes
in pulmonary function were lowest with the cup,
and differences in response were most apparent
in children with moderate to severe airways
obstruction.
A cup was an effective spacer in children with
mild airways obstruction, and may be of clinical
use in this group of patients, particularly in
infants or children too young to use a
mouthpiece.
In children with moderate to severe airway
obstruction, polystyrene cup provides the least
improvement in pulmonary function, followed by
unsealed plastic bottle, sealed plastic bottle and
commercial spacer.
The relatively poor response to bronchodilator
given via a cup in children with moderate to
severe asthma is probably due to characteristics
of the cup and the severity of airways
obstruction.
Greater number of patients requiring nebulised
fenoterol are also found in the polystyrene cup
group.
A 500 mL plastic bottle is an effective alternative
to a conventional spacer. Adaption and use of
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(23) Zar HJ, Liebenberg
M, Weinberg E, Binns
HJ, Mann MD. The
efficacy of alternative
spacer devices for
delivery of aerosol
therapy to children with
asthma. Ann Trop
Paediatr. 1998; 18: 75 –
79.

Study Design, Sample
Size, Follow Up

Outcome / Conclusion

valved spacer
(Aerochamber), sealed
500 mL plastic bottle,
unsealed 500 mL plastic
bottle, 200 mL
polystyrene cup.
Response to treatment
was assessed after 15
minutes.

the bottle as a spacer should form part of
asthma education programmes in developing
countries.

Study Design: Not
stated

Outcome: Lung deposition of aerosol after
inhaled via different spacers were identified.

Setting: Red Cross
Children’s Hospital in
South Africa.

1.

Sample Size: 30
participants (10 in each
group), inclusion criteria
as patient with regular
inhalation therapy, age >5
years old, no acute
exacerbation within the
preceding 4 weeks, PEFR
>85% of the predicted
normal value

2.

Spacers: Alternative to Nebulisers during COVID-19 Pandemic

3.

Good deposition of aerosol in the lungs of
patients with asthma is possible using a
modified 500-ml plastic cold drink bottle as
a spacer.
The modified polystyrene cup was not an
efficient spacer, delivering only between
one-third and one-fifth of the dose that other
spacers were capable of delivering.
When a sealed bottle and a conventional,
commercially available spacer were
compared, the amount of aerosol delivered
to the lungs was equivalent.

Evaluation (Strength /
Limitation)

Limitation: As this is a
novel method, hence jet
nebulizer could have
resulted in a lower drug
delivery to the lung
compared with an MDI.
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GROUP 1: conventional
spacer vs cup
GROUP 2: conventional
spacer vs sealed bottle
GROUP 3: sealed bottle
vs unsealed bottle

Outcome / Conclusion

4.

5.

6.

Evaluation (Strength /
Limitation)

Aerosol deposition with an unsealed bottle
was lower than it was with a sealed bottle, it
was almost threefold higher than with a cup.
The lower deposition achieved with the
unsealed bottle indicates that leaks around
the site of insertion of the aerosol resulted
in aerosol loss with less available for
inhalation.
The relatively low deposition achieved with
the cup probably results from leaks around
the open end, where the cup fits on the
patient's face.

Conclusion: In patient with asthma, aerosol
deposition sealed plastic bottles were as
effective as conventional spacers. Aerosol
deposition from sealed plastic bottles were
better as compared to unsealed bottle.
However, the unsealed bottle is still significantly
better than cup spacer.
(Conventional spacer = sealed bottle > unsealed
bottle > cup)
11.

(24) Sanders M, Bruin R.
A rationale for going back
to the future: use of

Study Design: in vitro
study plus a Cochrane
review, with 6 included
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Outcome: DispoZABLE spacer is less costly
and not inferior to nebulised therapy;
significantly performing better in salbutamol

Strength: low cost,
portable, easily for being
produced, packaging, and
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disposable spacers for
pressurised metered
dose inhalers. Pulm Med.
2015; 2015:176194

studies (5 studies used
plastic drink bottles &
polystyrene cup; 1
unpublished study using
cardboard cone), and
other randomized
comparative clinical trials.
Over the years, low cost
improvised spacer
devices such as plastic
drink bottles, paper cups,
Styrofoam cups, and
paper towel rolls were
taken in studies.

sulphate delivery at a 12L/flow rate for paediatric
use, in both experiments compared with
Optichamber Diamond & LiteAire VHC device.
No significant differences in respirable & fine
particle salbutamol sulphate doses between
DispoZABLE spacer, Optichamber Diamond,
and Ventolin pMDI alone.

storage and assemble its
compartments. Paper
Disposable spacer has
non-electrostatic charge.
Readily for emergency
use straight from
packaging.

Conclusion: DispoZABLE spacer is a clean,
low-cost, environmentally friendly spacer which
is ideally and effective use directly from the
packaging in pulmonary function reversibility
testing, ambulance use, emergency and
isolation room use, new school emergency
inhaler toolkit and household emergency backup
device.

Limitation: Limited study
for DispoZABLE spacer
with other pMDI such as
Inhaled Corticosteroids
and other types of
bronchodilators.

Sample Size: In vitro
research with
DispoZABLE Spacer has
been carried out
comparing salbutamol
sulphate delivery from
Ventolin HFA pMDI (GSK,
90ug ex-mouthpiece,
108ug ex-valve alone
(n=5) and with the new
spacer (n=3).
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Follow up: Particle size
and dose fractions (%
valve label) were
determined. In addition to
standard actuation
procedure, data for onesecond delay was
introduced between
actuation and impactor
function to mimic
suboptimal use conditions
such as in non-routine
and emergency
situations).
12.

(27) Lindgren SB,
Formgren H, and More´n
F. Improved aerosol
therapy of asthma: effect
of actuator tube size on
drug availability. Eur J
Respir Dis.1980; 61:56–
61.

Study design: Openlabel, crossover study.
Aim: To study
bronchodilating effects of
Terbutaline aerosols
when taken using 3
different devices.
Sample Size: 18
asthmatic patients.

Outcome:
pMDI attached to both tubes improved lung
function more than the pMDI alone. Pearshaped tube improved FEV1 by approximately
200ml greater than the straight tube.
Conclusion:
Inhalation through the tube improved efficiency
of aerosols probably due to increased
availability and a more even distribution within
lungs. The inconvenience of a pear-shaped
spacer might outweigh any benefit.

Strength:
The crossover design
removed between-patient
variation as the effects of
each different device were
measured in the same
patient.
Limitation:
Small sample size. Only
Terbutaline was tested,
which in current clinical

Methodology:
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Each subject was tested
to use 3 different
Terbutaline aerosol
devices in open crossover
manner for 3 days. The
devices are: pMDI, pMDI
attached to a small tube
(Length = 100mm,
Diameter = 32mm), and
pMDI attached to a pearshaped tube (Length =
250mm, maximum
internal diameter =
130mm).
For each device, the
following parameters
were measured at 2
minutes and 20 minutes
after each dose : FEV1,
FVC, and maximal
expiratory flow at mid-vital
capacity.
13.

(28) Kurt Nikander, Clare
Nicholls, John Denyer,
and John Pritchard. The
Evolution of Spacers and

Study Design:
Extensive review of
scientific literature over
60years.
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practice, is not a
commonly-used SABA.

Outcome / Review of Scientific Literature:

Limitation:
Respironics Respiratory
Drug Delivery (UK) Ltd.
has funded this study. Kurt
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Valved Holding Chamber.
Journal of Aerosol
Medicine and Pulmonary
Drug Delivery. Aug 2014.
S-4-S-23.

Review of scientific
literature:
The author reviews the
scientific history of spacer
devices, provides details
on a complete patent
quest, a thorough
analysis of scientific
literature, and provides
first-hand experience in
this emerging area.
i. Design of Spacer
dimension, size, shape
and spacers and handlung coordination
ii. Clinical value of Spacer
as spacers are too
commonly “disused” by
patient

Outcome / Conclusion

Spacer/VHC
i. Spacers have shown improved clinical
response, particularly in patients with
questionable or poor inhalation techniques, and
are considered important in infants and very
young children who are practicing tidal
breathing.
ii. The impact of problems such as inhalation
delay, static charge, and tidal breathing
dependence can be minimised by
VHR/SPACER

Evaluation (Strength /
Limitation)

Nikander was an
employee of Philips
Respironics, Respiratory
Drug Delivery,
Parsippany, NJ, USA
during the drafting process
and is now an employee
of InDevCo AB, Nykoping,
Sweden.

iii. Most guidelines recommend that all children
using pMDI, as well as any patient prescribing
inhaled corticosteroids, should be administered
a spacer or VHC, and anyone whose ability to
coordinate or execute a breathing manoeuvre is
doubtful.
iv. Mistiming decreased the filter dose from the
VHC to approximately 60percent relative to the
performance obtained after inhalation, whereas
output from the spacer without a valve declined
to less than 15percent alone.
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Static charge
i. In Vitro and ex vivo drug delivery is known
affected by static charge on the plastic
chambers. However, it is unclear the clinical
significance of static load removal.
ii. Many patients struggle with compliance;
hence, without the need for maintenance
regimes, antistatic spacers confer these
advantages.
Facemask
i. For an effective medication delivery through a
plastic mask, a good seal that is easier to
achieve with a calm child is vital
ii. Face masks with adjustable rim geometry and
minimum pressure requirements can mitigate
discomfort and leakage.
Spacer/VHC size
i. The spacer should preferably be smaller,
easier to pocket, and less difficult when used to
make the spacing patient easier.
ii. Small-volume devices (150-200ml) are
equivalent to large spacers, and it has been
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shown that the respirable dose corresponds with
volume up to around 1-L volume, above which
plateaus have effects.
iii. In terms of aerosol efficiency, larger
chambers confer benefits. The impracticality of
the size of the chamber, however, may lead to
“spacer disuse”
Inhalation technique with VHC/Spacer
i. In another analysis, Barry et al (1993) showed
that respirable nedocromil sodium dropped by
50 percent with 5- or 10-sec delays, and by
approximately 80 percent after a delay of 20 sec,
suggesting that the technique remained
significant, despite the use of a spacer. The
availability of respirable drugs was more
susceptible to inhalation delay. In short, the
consistency of the aerosol is highly sensitive to
delay, a concept no substantiated elsewhere.
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