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Summary 

The opportunity for aerosol mediated therapy exists across all patient types and all patient settings. Patients 
ranging from very low birth weight premature infants to the elderly and obese may benefit from aerosol therapy, 
and whilst it is well understood that the associated range of breathing patterns has a significant bearing on the 
ultimate efficiency of delivery of aerosol to the lung, so too does the interface that facilitates connection between 
the aerosol generator and the patient airway. 

The aim of this review was to assess the effect of selected interfaces on the quantity of aerosol being delivered to 
the lung. For the purposes of this review, patient interventions were broadly divided between those for use with 
spontaneously breathing patients and those for use with patients requiring ventilatory support. The aerosol 
generators included in the review were Vibrating Mesh Nebulisers (VMN), Jet Nebulisers (JN) and pressurised 
Metered Dose Inhalers (pMDI). 

The patient interventions and associated interfaces assessed included facemasks, mouthpieces, tracheostomy 
tubes, high flow nasal therapy, endotracheal tubes and mask-mediated non-invasive ventilation.  

Following a review of the literature it is clear that the different aerosol generators can be significantly affected by 
choice of interface and published data is provided to support the contention that each interface introduces the risk 
of altered aerosol therapy. 

This work should allow end users and drug developers make more informed decisions around interface and 
paired device selection early in their respective decision making and development processes. 

 

Introduction 

The opportunity for aerosol mediated therapy exists across all patient types and all patient settings. Patients 
ranging from very low birth weight premature infants to the elderly and obese may benefit from aerosol therapy, 
and whilst it is well understood that the associated range of breathing patterns has a significant bearing on the 
ultimate efficiency of delivery of aerosol to the lung, so too does the interface that facilitates connection between 
the aerosol generator and the patient airway.  

Beyond patient type and patient setting, the default choice of patient interface, even in the critical care 
environment, is now more than likely to be non- or minimally invasive. For example, where invasive intubation 
was previously used in the majority of cases, high flow nasal therapy (HFNT) is becoming increasingly prevalent 
in the treatment of any patient requiring ventilatory support. Fitting it to the patient requires little training, or can be 
done by the patient themselves, and the equipment is cheap and readily available. HFNT is even finding 
increasing use in the treatment of critically ill newborns over the traditional nasal CPAP intervention. Further, with 
the increased burden of high value capital equipment, i.e. mechanical ventilators, exceptional circumstances such 
as the SARS epidemic, have led to the adoption of cheaper and more accessible means of ventilatory support, 
i.e. non-invasive ventilators (NIV). All these have a multitude of specific patient interfaces that may be used, and 
so with each there is a risk of altered aerosol therapy. 

Whilst many users assume that the aerosol dose delivered to the lung is agnostic to the patient intervention and 
interface, the simple fact is that it is not. The aim of this review is to provide an overview of the effect of selected 
interfaces on the amount of aerosol being delivered to the lung. This work should allow end users and drug 
developers make more informed decisions around interface and paired device selection early in their respective 
decision making processes. 

For the purposes of this review, patient interventions were broadly divided between those for use with 
spontaneously breathing patients and those for use with patients requiring ventilatory support. The aerosol 
generators included in the review were Vibrating Mesh Nebulisers (VMN), Jet Nebulisers (JN) and pressurised 
Metered Dose Inhalers (pMDI). 

 

Spontaneously breathing patients  

Facemasks are commonly used for increased patient compliance and the reduced requirement for coordinated 
breathing, for example by an obligate nasal breathing infant. Different facemask designs lend themselves to use 
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with various aerosol generator types, e.g. open, non-valved for use with JN, and valved for use with VMN and 

pMDI. Several reports describe the difference in lung dose using the combination of device and open or valved 
mask.  

Bench comparisons between JN and VMN indicate that there can be large difference in delivered dose, for 
example at ~2% and ~29% respectively in a healthy model and ~1.6 and 12.6% respectively in a model of 
COPD 

[1]
. PMDI delivery rates in combination with a valved spacer and facemask in vivo are reported to be 

~28% 
[2]

.  

In real use, the reasons for variability in delivered dose include the obvious fit issues that may result from an 
ill-sized or poorly designed mask but also the open vented facemask designs that prevents the between breath 
build-up of a bolus of aerosol within the facemask. Features such as valves or filters can increase the holding 
capacity of the facemask, but the likely greatest contributor to losses is the supply of carrier gas, at the gas flow 
rates required by JN. JN are not generally supplied with or recommended for use with valved or filtered masks. 

 

Mouthpieces are used with patients able to hold the aerosol generator in hand and coordinate their breathing. 

Again these are supplied valved and non-valved.  Mouthpieces are commonly used with both JN and VMN, and 
are an inherent part of MDI design.  

Across the publications reviewed, none were identified that directly assessed mouthpiece design. However 
several device comparisons were reported. In these, VMN consistently outperformed JN with scintigraphic studies 
suggesting that JN achieved ~4-5% lung dose whilst VMN achieved 22-32% in adults 

[3,4]
. No single study was 

identified that compared VMN, JN and pMDI performance, however, pMDI deposition rates were reported to be 
~15% 

[2]
. 

 

Tracheostomy tubes (TT) are short tubes that are inserted into the patient airway via an incision in the windpipe. 
Typically chosen for rapid instrumentation of the airways in case of an emergency, but may remain long term and 
go home with the patient as they are discharged from the clinical setting. Often in-dwelling, the patient breaths 
through the tracheostomy. Aerosol is administered via a direct connection or more usually a loose fitting, open 

mask. 

VMN, JN and pMDI are commonly used devices that interface with the tracheostomy tube. Bench studies suggest 
that aerosol delivery varies between devices with approximately 19%, 6% and 47% of the dose being delivered 
respectively 

[5,6]
. Of note however, despite the high deposited fraction of the pMDI, the mass of drug delivered 

(0.20 mg) was not the highest with VMN recording 0.49 mg and JN 0.15 mg. 

The variability in dosing across the devices may be explained in part by the low internal diameters of the 
tracheostomy equipment and the leaks around the masks. As aerosol impacts within that equipment, the greater 
the likelihood of subsequent impactional losses. The passive nature of the VMN aerosol is associated with less 
likelihood of occlusion of the tracheostomy, a critical risk factor in this patient population. Further, jet nebulisers 
continue to supply aerosol at velocity to the vicinity of the tracheostomy interface during inhalation and exhalation. 
As such, larger fractions of JN aerosol are lost than VMN aerosol with open tracheostomy mask interfaces. The 
pMDI delivers the largest percentage fraction for the same reason as the passive VMN aerosol, however, as 
noted, the drug mass delivered is less.  

 

High Flow Nasal Therapy (HFNT) involves the use of nasal cannula connected to a gas supply and source of 
humidification. Becoming increasingly popular as an intervention used in the stabilisation of patients prior to 
further treatment. Can be administered either in the home or clinical setting. Aerosol is typically delivered by VMN 
due to sensitivity of HFNT to additional gas flows introduced by JN. Anecdotal reports of pMDI use suggest that it 
is sometimes used to administer drug to the nasal cavity and upper airways.  

Recent reports describing the use of both VMN and JN in models of newborn infants and 9 month paediatric 
patients indicate that aerosol deposition can be achieved, albeit at low levels. At 8 LPM of total gas flow, both JN 
and VMN achieved ~0.1% lung dose in the newborn model, whilst the VMN achieved ~0.9% at 2 LPM. It was not 
possible to test the JN at 2 LPM 

[7]
. These compare well to previous reports. Further, the higher dose of ~0.9% 

was considered likely to be associated with a clinical bronchodilatory effect.  

In adults, one scintigraphy study describes higher delivery rates for VMN across a range of gas flow rates, with 
lung doses ranging from ~2.2 to 11% 

[7, 8]
.  

Beyond the patient’s breathing regimen, the relatively low levels of aerosol being delivered can be explained by 
losses throughout the HFNT system itself, with varying amounts of drug being deposited in the humidifier and 
tubing and also the fact that HFNT is continuously delivering gas, and aerosol, throughout the respiratory cycle. 
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Patients requiring ventilatory support  

Endotracheal tubes (ETT) are inserted in the patient trachea via oropharynx in order to facilitate mechanical 
ventilation of the unconscious patient. Internal diameters range from 2.5 mm for premature infants to 12.0 mm for 
adults. ETTs are used in both intensive care and operating room. 

A small number of scintigraphic studies have been published describing the performance of JN and VMN during 
invasive mechanical ventilation. In a model of a newborn infant, JN and VMN achieved ~0.5 and 12.6% lung 
deposition respectively 

[8]
. In adults, VMN deposition rates are seen to vary between ~10 and 15% depending on 

ventilatory mode, another consideration which is beyond the scope of this review 
[9]

. 

Differences in delivered dose during ETT-mediated ventilation have been shown to be predominately associated 
with the positional placement of the aerosol generator in the ventilator circuit 

[10-12]
. Furthermore, the ETT itself 

has been shown to effect droplet size and so deposited dose 
[13]

.  

 

Tracheostomy tubes (TT) as well as being used in spontaneously breathing patients as described previously, are 

used as interfaces for mechanical ventilation. Bench studies of JN and VMN performance in this use scenario 
indicates that both choice of nebuliser and placement position in the circuit can have a significant effect on the 
delivered dose, with ranges of 15-23% and 38-50% for JN and VMN recorded depending on placement 

[14]
. 

 

Non-invasive ventilation (NIV) is increasingly being used as a means of ventilating a critical patient without the 
need for the complicated, risky procedure of endotracheal intubation nor expensive capital equipment. As with 
invasive ventilation, JN, VMN and MDI are often used for aerosol administration. The interface used is a tightly 
fitting mask that has a controlled leak included in the plastics. 

Performance of these devices again was again seen to vary during use on a NIV intervention with a single 
scintigraphic study suggesting that lung doses varied between ~1.5 and 5.5% for JN and VMN respectively 

[15]
. 

This trend is further substantiated by several bench studies that record JN performance ranging from ~6.8-7.2%, 
in comparison with a VMN performance range of ~14.6-18.7% 

[16,17]
. 

Aerosol losses are explained in these studies, and others 
[18]

, as being due to losses in the circuit, and humidifier 
but also importantly due to the position of the nebuliser relative to the leak port. 

 

Future opportunities for mitigating the differences in delivered dose 

Whilst choice of device, patient type and disease setting have the largest effect on the delivered dose from an 
aerosol generator, it is clear that patient intervention/interface also have a significant effect. In an effort to 
normalise the delivered dose, it may be necessary to develop more sophisticated aerosol generator technologies 
that can help mitigate drug losses through means such as low velocity aerosols, smaller droplet/particle size, 
breath-initiated aerosol generation, small footprint devices that allow placement close to the patient etc. 

Another opportunity however is the development of patient interfaces that are more aerosol-friendly. Several 
innovations in aerosol generators and interfaces including aerosol generators are currently described in the patent 
records, with new devices being released by manufacturers that have taken consideration of aerosol therapy 

[19-

21]
. This is a relatively new and welcome occurrence given that traditionally aerosol generator designers did not 

also design interfaces, and visa versa. 

 

Concluding remarks 

It is evident from this review that different interventions and consequent interface choice have a significant effect 
on the aerosol dose being delivered to the patient’s lung. Appropriate selection of the interface/aerosol generator 
combination is critical in ensuring safe and efficient patient care, but also aids in de-risking drug development and 
clinical research programs in ensuring that the researcher can deliver appropriate levels of drug to the lung as 
cost effectively as possible. 

This data should be used to inform both end users and researchers alike of the importance of the choice of an 
appropriate aerosol generator for use with any given patient interface in use during any of the clinical 
interventions. 
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