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The	Science



Aerosol	principles
Aerosols	are	suspensions	of	liquid	or	solid	particles	in	a	carrier	gas

• 1. Inertial	impaction
• Upper	airway
• Turbulent	airflow
• ∝particle	size	&	velocity	

• 2.	Sedimentation
• Successive	generations
• Laminar	airflow
• Gravitational	sedimentation

• 3.	Diffusion
• Diffusion	rather	than	bulk	flow
• Deposition	by	electrostatic
Forces	<1micrometer

• 1.	

Pediatric	Respiratory	Medicine,	ERS	handbook,	2013
A	guide	to	aerosol	delivery	devices	for	respiratory	therapists;	American	Ass	for	Resp Care.	2009.



Aerosol	Therapy

• The	5	D’s:
1. Disease
2. Drug
3. Device
4. Disability	of	the	patient
5. Deposition

Pediatric	Respiratory	Medicine,	ERS	handbook,	2013



Determinants	of	aerosol	deposition



Optimal	aerosol	delivery	to	the	lungs:

1. Good	facemask	seal
• even	a	leak	of	0.2cm	will	dramatically	reduce	the	output	of	a	pMDI/spacer-
mask	combination.	[Amirav 1999	Am	J	Resp Crit Care	Med]

• suitable	for	nasal	&	oral	breathing	

2. Good	co-operation	of	the	child
3. Quiet	tidal	breathing					
4. Aerosol	with	small	particles

Janssens et	al,	Paeds Resp Reviews,	2006



Acute	severe	asthma

• Severe	obstructive	lung	disease

• Higher	respiratory	rates

• Lower	inspiratory	volumes

• ±decreased	co-operation

• Younger	patients	
• Lower	inspiratory	flows

• Nasal	breathing

• Upper	airway	deposition

• Deposition	at	sites	of	
obstruction	&	central	airways

• Shorter	dwell	time	in	the	lungs

• Flows	patchy	lung	distribution

• Need	for	larger	doses	of	drug

Pediatric	Respiratory	Medicine,	ERS	handbook,	2013
Jessens et	al,	Paediatric Resp Reviews,	2006



Kendig’s,	Eighth	edition;	UpToDate

Jet nebulizers: driving gas of compressed air or oxygen
through jet, creating a negative pressure which entrains
large aerosolized liquid droplets into gas stream.
Particles then reduced in size by their impaction upon
internal baffles, resulting in smaller 1 to 5microm
particles.



• P		 Children	with	stable	asthma	(n=17)	aged	2	to	9	years	in	random	order
• I			 Radiolabeled	salbutamol	from	a	neb	and	a	pMDI/spacer	(non-static)
• C Nebulizer	vs	pMDI/spacer	
• O	 Efficiency	in	aerosol	delivery	as	measured	by	body	and	lung	deposition	of	

radiolabeled	salbutamol	using	a	gammma camera





Study	conclusions:

• Nebulizer	&	pMDI/spacer	can	be	equally	efficient	in	delivery	of	beta2	agonists	to	the	
lungs	of	asthmatic	children.

• Much	higher	absolute	dose	can	be	delivered	from	the	nebulizer	compared	with	the	
pMDI/spacer	(higher	starting	dose)

• A	nebulizer	also	delivers	a	higher	dose	when	its	longer	inhalation	time	is	taken	into	
account	and	the	total	deposited	dose	is	expressed	as	the	dose	deposited	per	minute	of	
inhalation.	

• Older	generation	nebulizers	(e.g.	unvented	nebulizers)	much	less	efficient	lung	
deposition:

• 5.4%	vs	0.7%	(younger	kids)	
• 11.1%	vs.	3.1%	(older	kids)

• Much	more	efficient	non-electrostatic	(detergent	coated)	aerochambers	also
• 5.4%	and	9.5%	vs	2%	in	previous	studies		[Tal	et	al,	Journal	of	Peds,	1996)



Mean	aerosol	deposition	via	pMDI	with	spacer:
• 2%	in	the	lungs,	
• 1.28%	in	the	oropharynx	and	
• 1.11%	in	the	stomach.	
• The	remainder	stayed	in	the	spacer.	
• Crying	subjects	had	lung	deposition	of	0.35%
• à higher	doses	may	be	needed	in	young	children.
• 2	adult	patients	were	used	as	controls	and	lung	deposition	was	19%



Clinical	evidence	&	guidelines









• Life-threatening	asthma	esp if	consciousness	alteration
• Ability	to	aerosolize	high	doses	of	drugs	and	give	drug	
“cocktails”

• Patient	coordination	not	required	– use	nebulizer	if	patient	
cannot	use	pMDI/spacer	effectively

• No	propellant	needed
• May	be	used	to	dispense	drugs	that	are	not	available	for	
delivery	by	pMDI

• Hypoxemic	patients	-Oxygen	rate	of	6	- 8L/min	









pMDI/VHC device issues

• More expensive and less portable than pMDI alone

• Prone to reduced or inconsistent dosing because of
electrostatic charge associate with plastic spacers

• Facemask in pre-school children – filtering of drug from
upper airway. ?when to switch to mouthpiece

• Steps in administering drug with a spacer are crucial.
Mistakes can lead to reduced, or no drug being inhaled (i.e.
multiple actuations into spacer before inhalation, and
delay of inhalation after actuation)

• Failing to shake between actuations can reduce
“respirable” dose by 25-35%

• Some children like to make noise and if they do they will be
inhaling too fast.

Laube et	al,	ERS/ISAm Task	Force	Report	2011
Kendig’s,	8th Edition
Everard et	al,	Thorax,	1995



Clinical	experience



Recent	SickKids	M&M

• 6	year	old	- known	asthmatics	admitted	under	respiratory	with	acute	
severe	asthma	exacerbation

• “Slow	responder”	– 7	day	admission	– still	Q1H	ventolin MDI/spacer
• Mum	administering	ventolin on	ward	and	still	wheezy	and	tight	after	
8	puffs	of	ventolinàback	to	back	nebs	ordered

• experienced	nurse	came	on	shift	àempty	salbutamol	MDI	à new	
ventolin MDI	à patient	stretched	to	Q4H	and	discharged	by	the	end	
of	the	day



500	US	survey	respondents	(78%	paediatric cases,	mean	age	9	years)

Only	36%	of	BD	users	had	been	told	to	keep	track	of	MDI	doses	
25%	found	their	MDI	empty	during	an	asthma	exacerbation

• 82%	considered	MDI	empty	when	absolutely	nothing	comes	out
• 7	cases	of	calling	EMS



Cost
• cost	of	treatment	comprises	several	variables:

• 1)	Cost	of	the	device	
• 2)	cost	of	the	drug	
• 3)	cost	of	the	add-on	device	e.g.	VHC	
• 4)	cost	of	the	respiratory	therapist	therapist	time.

• Many	centers	are	going	back	to	using		jet	nebulizers	in	the	ED	after	
many	years	spent	transitioning	from	nebulizer	to	pMDI/VHC	therapy	
due	to	the	high	cost	of	the	pMDIs that	use	hydrofluoralkane as	a	
propellant.	

Berlinski,	Respiratory	Care,	2017



Summary

• Nebulizers	still	have	their	uses…
• Severe/life-threatening	asthma	
exacerbations

• Delivery	of	high	dose	bronchodilators
• Hypoxemic	patients
• Drug	“cocktails”	can	be	administered	e.g.	
ipratropium	bromide,	magnesium	sulphate

• Uncooperative	young	children


