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Aerosol Therapy for Ventilator-Dependent Patients:
Devices, Issues, Selection & Technique
Arzu Ari, PhD, RRT, PT, CPFT, FAARC

M

any types of aerosol devices for delivering inhaled therapeutics are available
for treating mechanically ventilated patients. Each type of device has advantages and disadvantages, which are discussed in this article. Many variables must be
accounted for to optimize the technique of delivery and the amount of medication
administered. It begins with choosing the right device based on the medication to be
administered, knowing what particle size will be produced over what period of time,
then determining how aspects of mechanical ventilation will affect medication delivery and deposition. Intermittent versus continuous nebulization, the nebulizer type,
the type of spacer and its electrostatic charge, and the aerosol device’s position in
the ventilator circuit all affect the efficiency of aerosol delivery. Ventilator parameters,
including flow rate, pressurization, and features like the presence of a heat-moisture
exchanger also affect medication delivery. In addition, correct patient positioning can
improve treatment efficacy and response.
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any issues surround the selection and use of aerosol therapy in all populations
of patients. Matching the medication to the delivery device is key, as is understanding how the mechanistic attributes of nebulizers and mechanical ventilation can
work together or against each other in delivering medication effectively. Each nebulizer option offers advantages and disadvantages that need to be assessed according
to patient need, the medication involved, and use with mechanical ventilation (if present). Aerosol therapy for pediatric patients poses a unique set of challenges. Standards
of practice are still evolving regarding minimizing the risk ventilator-associated pneumonia with aerosol treatments. Adherence to treatment regimens is a global issue
that encompasses patient perceptions, patient/family education, financial concerns,
insurance reimbursement, and other factors. Our panel of experts discusses a patientfocused approach to aerosol therapy in mechanically ventilated and spontaneous
breathing patients.
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Aerosol Therapy for VentilatorDependent Patients: Devices,
Issues, Selection & Technique
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A

erosol devices have been used to
administer inhaled medications
since the invention of modern
mechanical ventilators. Although
many new aerosol devices are available for
ventilator-dependent patients, successful
aerosol therapy still depends on thorough
clinician knowledge of aerosol devices and
their proper use. This paper explains the
types of aerosol devices available on the
market and provides strategies for choosing the right device for optimal treatment of
mechanically-ventilated patients.

Description of Aerosol Delivery
Devices
Nebulizers: Jet, ultrasonic and mesh
nebulizers are used for aerosol drug delivery
by converting liquid medications into small
droplets that can be inhaled into the lower
respiratory tract of ventilator-dependent
patients.
To aerosolize liquid medications, jet
nebulizers use a jet of compressed air or
oxygen to draw on a reservoir and shear the
liquid into particles. Jet nebulizers are widely used for ventilator-dependent patients
because they are inexpensive and easy to use.
Ultrasonic nebulizers are powered by
electricity or battery to generate high frequency vibrations with a piezo, thus creating a standing wave in the medication and
aerosols at the crest of the wave.1,2 Unlike jet
nebulizers, they do not add gas to the ventilator circuit, rather, aerosol particle size and
drug output are affected by the frequency
and amplitude of vibration of the piezoelectric crystal. Aerosol particle size is inversely related to the vibration frequency of
the piezo-electric crystal, while drug output
is directly related to the amplitude of crystal
vibration.3,4
The mesh nebulizer, also operated by
electricity or battery, vibrates a piezo that
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moves liquid formulations through a fine
mesh to generate aerosol.1,2,5 The mesh nebulizer is a single-use device with a vibrating
aperture plate designed to deliver aerosolized medications to mechanically-ventilated
patients. The nebulizer is compatible with
conventional ventilators. Because the mesh
nebulizer operates without compressed gas,
it does not change ventilator parameters
and the reservoir of the nebulizer can be refilled without interrupting ventilation. Furthermore, mesh nebulizers are easy to use
and have a higher rate of drug output than
jet nebulizers. Unlike ultrasonic nebulizers,
they do not affect the temperature or concentration of the solution being delivered.6
As with other new nebulizers, mesh
nebulizer designs are portable, handheld,
and highly efficient with low residual volume.1,2,5 They also have a silent operation
and rapid output. Also, solutions, proteins
and liposomal formulations can be nebulized by mesh nebulizers. Because of these
advantages, mesh nebulizers are likely become popular for delivering aerosols to ventilator-dependent patients. Whereas in vitro
studies have shown mesh nebulizers to be
efficient in aerosol delivery during mechanical ventilation,7,8 more clinical information
about them is needed.
Pressurized Metered-Dose Inhalers
(pMDIs): The pMDI is the most commonly
used aerosol device for inhalation therapy
worldwide; it is a compact and portable device that is easy to operate with short treatment time, multi-dose convenience and
good dose consistency.9-11 The basic components of a pMDI include a canister, propellants, drug formulation, metering valve and
actuator. A pressurized mixture of propellants, surfactants, preservatives and active
drug is released from the metering valve of
the canister, which fits into an actuator boot.
Two types of propellants are used with
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pMDIs: (1) chlorofluorocarbon (CFC) and
(2) hydrofluoroalkane (HFA). HFA-pMDIs
are different from CFC-pMDIs in terms of
the formulation, metering-valve and actuator design.54,9 For example, HFAs contain
ethanolic solutions while CFCs use a surfactant for dispersion. HFAs have a softer
and finer aerosol spray with greater lung
deposition than CFCs.12-14 However, despite
differences in the pMDI formulations, HFApMDIs are similar to those of CFC pMDIs,
in terms of bronchodilator response,15,16
pulmonary function17,18 and side effects.19
A variety of spacers are used for aerosol
drug delivery in mechanically-ventilated patients. However, electrostatic charge and the
type of spacer need to be considered. The
electrostatic charge decreases aerosol delivery by drawing small particles to the walls
of the chamber; therefore, clinicians need
to review the electrostatic properties of the
spacer before treatment. Spacers are made
of metal, paper or plastic, each of which
have different electrostatic properties. Electrostatic charge is not an issue with metal or
paper spacers, but plastic spacers may have
electrostatic or non-electrostatic properties.
If a plastic spacer with electrostatic properties is used for aerosol therapy, clinicians
should wash it with liquid detergent to reduce the electrostatic charge before treatment. Actuating the pMDI 12 or 20 times
into a spacer also reduces the electrostatic
charge. However, many pMDI doses are
wasted with this technique, and it is less effective than washing.20,21
Types of spacers include unidirectional,
bidirectional and cylindrical/reservoir adaptors. The spacer type influences the efficiency of aerosol delivery during mechanical
ventilation.9,22-24 While bidirectional spacers are superior to unidirectional spacers in
dose delivery, cylindrical spacers have been
shown to have 4-to-6 fold greater efficiency
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on aerosol delivery than unidirectional and
bidirectional spacers that attach directly to
the endotracheal tube (ETT).25-27
Issues with Aerosol Delivery Devices
Problems with Nebulizers: Jet nebulizers are bulky. They require a compressor or
pressurized gas to operate, and are laborintensive.20,28,29 They are also less efficient
than other aerosol devices and retain a lot of
the medication in the nebulizer cup, limiting the drug available to the patient. They
require more preparation to setup, and
more time for cleaning and maintenance
than pMDIs. Further, the additional gas
flow delivered into the ventilator circuit
may change the set flow and delivered volume and require adjustments of alarm settings both during and after nebulization
if the ventilator does not compensate for
nebulizer gas flow entering the circuit. This
is especially important in ventilator-dependent children because they are affected to
a greater extent when extra flow is added
to the ventilator circuit. Clinicians should
exercise caution when changing ventilator
parameters and return to them to pretreatment levels after the treatment is completed.
Since jet nebulizers are attached to the ventilator circuit with a standard T adaptor, attaching or removing the nebulizer from the
ventilator circuit may interrupt ventilation.
Therefore, valved T adaptors should be used
in order to allow placement and removal of
the jet nebulizer without loss of pressure in
the ventilator circuit.
Ultrasonic nebulizers also have several
problems. They are bulky and more expensive than jet nebulizers. Their particle size is
larger than with jet nebulizers, and drug solutions used with ultrasonic nebulizers become more concentrated during operation.
There is an increase in solution temperature
after a few minutes of operation, and as a
result, ultrasonic nebulizers may denature
some drug formulations. Although smaller
ultrasonic nebulizers are used to deliver
aerosolized drugs to mechanically-ventilated patients,30 the cost and size of these nebulizers make them less desirable, in addition
to their inefficiency in nebulizing drug suspensions and more viscous solutions.31,32
Therefore, ultrasonic nebulizers are not
widely used for aerosol delivery during mechanical ventilation.

Mesh nebulizers are more expensive
than jet nebulizers. Suspension or viscous
drugs may clog the pores of the mesh nebulizer which may not be easily detectible by
the output of the nebulizer.33 Cleaning of
mesh nebulizers should be gentle in order
to prevent damage to the mesh.
When a nebulizer is used with mechanically-ventilated patients, escape of aerosol
to the environment creates health risks to
healthcare providers and bystanders.34 Other problems associated with nebulizers are
infection due to contamination (jet nebulizer) and increases in drug concentration in
the nebulizer cup when using jet and ultrasonic nebulizers.
Problems with pMDIs: If a dose counter is not used with a pMDI, it is difficult to
determine the dose left in the pMDI. Thus,
pMDIs may be used beyond their capacity or remaining doses may be wasted. The
dose counters, which are attached to the top
or boot of the pMDI, are manufactured by
different companies. Although use of dose
counters is recommended with all pMDIs,
it should be noted that newer pMDIs with
dose counters may not permit removal of
the canister from the actuator. In this case,
the actuator itself must fit an adapter to be
connected to the ventilator circuit, but the
efficiency of such systems is not known. Integrating dose counters into new pMDIs is
required by the FDA in order to determine
the total number of doses available in the
device.35
Selection of an Aerosol Device for
Mechanically-Ventilated Patients
Nebulizers or pMDIs with in-line spacers are used to administer inhaled medications during mechanical ventilation. Both
nebulizers and pMDIs produce similar
therapeutic effects in mechanically-ventilated patients.4,22,36-38 The therapeutic aim
and availability of the drug generally determine which aerosol device to use. pMDIs are preferred for inhalation therapy in
ventilator-dependent patients because of
problems associated with use of nebulizers
and the advantages of pMDI, such as convenience, lower cost and decreased risk of
damaging the flow sensor.4,39 However, only
a few drug formulations are available as
pMDIs. Therefore, they are mainly used to
deliver bronchodilators and corticosteroids
www.clinicalfoundations.org

for ventilator-supported patients with airway obstruction,22,23,40 while nebulizers are
used to deliver a variety of drugs such as
bronchodilators, corticosteroids, antibiotics,
prostaglandins, surfactant, mucolytic agents
and other formulations that are not available as pMDIs. A few studies have shown
that use of pMDIs with ventilator-dependent patients has increased significantly
over the years 41,42 because of their convenience, more consistent dosing and reduced
chances of bacterial contamination.43,44
Factors Affecting Aerosol Drug
Delivery During Mechanical
Ventilation
Aerosol delivery during mechanical ventilation depends on several factors.
These can be divided into three categories:
(1) ventilator-related factors, (2) circuit-related factors and (3) device-related factors.45
Ventilator-related Factors: Ventilatorrelated factors such as inspiratory flow rate,
ventilator mode, inspiratory time, tidal
volume, bias flow and wave patterns make
a significant difference in aerosol drug delivery to ventilator-dependent patients. The
lower the flow, the greater the amount of
aerosol delivered to the patient. Since high
inspiratory flow rates increase turbulent
flow and inertial impaction of aerosol particles, aerosol deposition with high inspiratory flow rates is less than with lower flow
rates. Peak flow rates of 40-50 L/min may be
used to improve drug delivery during mechanical ventilation as long as this is tolerated by the patient.46,47
For critically ill patients with low compliance and low resistance, aerosol delivery
through a nebulizer is more efficient with
volume-controlled ventilation than pressure-controlled ventilation.48 This is not the
case with pMDIs. Also, it has been shown
that spontaneous ventilation modes such as
continuous positive airway pressure (CPAP)
increase aerosol delivery by 30% compared
to controlled breaths of equivalent tidal
volume.49 Nebulizers generate aerosol over
time; therefore, using a longer inspiratory
time increases the efficiency of nebulizers, in contrast, pMDIs, which have a short
aerosol generation time, are not influenced
by the duration of inspiratory time.
Tidal volume (Vt) is directly related
to aerosol deposition. Although setting Vt
3
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greater than 500 ml in an adult improves
aerosol drug delivery during mechanical
ventilation,47,49 larger Vt can damage the
lungs of mechanically-ventilated patients.
Vt may be a problem when it is not adequate
to move the aerosol from the generator to
the end of the patient airway in a single
breath; therefore, it is important to set the
Vt larger than the volume of the ventilator
circuit and artificial airway in order to increase aerosol delivery.
Although descending ramp wave patterns provide higher efficiency than square
wave patterns at the same peak flow, the effect of inspiratory waveform is much less in
pMDIs than in nebulizers.48 Bias flow, also
known as trigger sensitivity, affects the efficiency of nebulizers during mechanical ventilation. Increasing bias flow from 2 to 5 L/
min decreases aerosol deposition in ventilator-dependent patients by diluting aerosols
and increasing the washout into the expiratory limb between breaths.8
Circuit-related Factors: Using heatmoisture exchangers (HMEs) or heated
humidifiers, the gas in the ventilator circuit
is heated and humidified in order to avoid
drying the airway mucosa. Since the filter in
the HME is considered a barrier to aerosol
delivery, it should not be placed between
the aerosol device and the patient. Also, if
a dry circuit is used, aerosol therapy should
be completed in 15 minutes to minimize the
effects of dry gas on the airway mucosa.40
As shown in Figure 1, some HMEs designed for aerosol delivery (HME-AD) allow
inhalation therapy without removing the
HME-AD from the circuit during mechanical ventilation. Although the designs of these
HME-ADs are different, each HME-AD has
two configurations: (1) an HME configuration that functions like a regular HME, and
(2) an aerosol configuration in which inspiratory gas bypasses the HME to deliver inhaled medications to ventilator-dependent
patients. It has been reported that drug delivery varies with HME-ADs because of the

design and composition of the HME-ADs,50
but clinical research is needed to determine
the in-vivo efficiency of aerosol delivery by
different HME-ADs and the effectiveness of
HME-ADs with different aerosol devices.
Several in-vitro studies have shown
up to 50% reduction in aerosol delivery
with heated/humidified ventilator circuits.7,22,49,51-54 However, bypassing the
humidifier and exposing a ventilator-dependent patient to dry and cold gas just to
increase aerosol deposition is not recommended. Clinicians can increase the efficiency of aerosol therapy by paying attention to the technique of administration and
increasing the dose when a heated humidifier is used.
The density of gas used with the ventilator has been shown to make a substantial
difference in aerosol delivery. For instance,
helium-oxygen mixtures greater than 50%
increase aerosol delivery with nebulizers
and pMDIs more than air or air-oxygen
mixtures used to ventilate the patient.55
Aerosol deposition with artificial airways such as an endotracheal tube (ETT) or
tracheostomy tube (TT) has not been studied much. Also, research on the efficiency of
aerosol delivery in intubated patients has focused largely on ETT, with little analysis of
effect of TT on aerosol delivery during mechanical ventilation. Since ETTs are narrower than the internal diameter of the trachea,
they are associated with increased airway
resistance and losses in aerosol delivery.56,57
Previous in-vitro studies indicate that there
is no difference in aerosol deposition between ETT with 9.0 -7.0 mmID, but aerosol
delivery to ventilator-dependent patients is
reduced as the inner diameter of ETT decreases from 6.0 mmID to 3.0 mmID.52,56
Device-related Factors: The nebulizer
type and its position in the ventilator circuit
have all been shown to impact the efficiency
of aerosol delivery. Previous research reported variations in dose efficiency in different brands of nebulizers, and different units

Figure 1. HMEs designed for aerosol delivery during mechanical ventilation. A: Circuvent HME/HCH bypass (Smiths-Medical Keene, NH )with Gibeck Humidvent Filter Light S inline (Hudson RCI, Arlington Heights, IL). B: Humid-Flo HME (Hudson
RCI, Arlington Heights, IL). C: Airlife bypass HME (Carefusion, San Diego, California). (Reproduced with permission, from
Reference 70)
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of the same brand.58,59 Since fill volume and
nebulizer type affect drug delivery,57,60 following instructions in the drug/device label
is critical.
Optimum Technique for Drug Delivery
in Ventilator-Dependent Patients
Aerosol drug delivery to ventilatordependent patients is affected by many
factors. Understanding these factors has
helped us to develop optimal techniques for
using pMDIs and nebulizers. When proper
administration technique is used, aerosol
therapy in mechanically-ventilated patients
is safe, convenient and effective. Figure 2
outlines the optimum administration technique with nebulizers and pMDIs.
Patient position: Studies have shown
that drug delivery to patients in a semi-fowler and sitting position produces a significant
response.61-65 Therefore, if the patient cannot sit in the bed during inhalation therapy,
a semi-fowler position with the head of the
bed elevated to 20° to 30° above the horizontal should be used for aerosol administration during mechanical ventilation.
Optimum Technique with Nebulizers:
Jet nebulizers are operated continuously by
pressurized gas or intermittently by a separate line connected to the ventilator which
provides driving pressure and flow to the
nebulizer. During intermittent operation
(aka nebulizer function on the ventilator),
the ventilator operates the nebulizer only in
inspiration, thus reducing aerosol loss during expiration. When nebulizer function is
used for aerosol therapy during mechanical
ventilation, the ventilator compensates for
the flow to the nebulizer to maintain constant tidal volume and minute ventilation.
Although jet nebulizers are often operated
continuously, it has been shown that intermittent nebulization increases aerosol deposition more than continuous nebulization
during mechanical ventilation.51,66 However,
it must be noted that the lower pressure of
the driving gas may affect the aerosol characteristics and delivery efficiency of a nebulizer operated through the ventilator. For
instance, operating a nebulizer with a lower
driving pressure (<15 psi) through a ventilator instead of using pressurized gas (≥50
psi) may generate larger particles and decrease the efficiency of the nebulizer.40 However, it has been reported that the newer
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Figure 2. An algorithm describing steps for optimal drug administration
technique by each aerosol generator (Reproduced with permission from
Reference 45).
Review order identify patient and assess need for bronchodilator.
Clear the airways by suctioning, if needed.
If using an HME, remove it from the circuit. If using a heated
humidifier, do not turn off or disconnect during the treatment.

JN:

VMN:

pMDI:

Correctly assemble the
nebulizer.

Correctly assemble the
nebulizer.

Shake and prime the pMDI.

Fill the nebulizer with volume
on drug label. You may
increase volume to 4-6 mL to
increase delivery.

Pour recommended drug
volume into the nebulizer.

Place the JN in the inspiratory
line near the “Y” adapter or
proximal to the ventilator.

Warm the pMDI canister to
hand or body temperature.
Place the pMDI
spacer/adapter in the
inspiratory line near the “Y”
adapter.

Place the VMN in the
inspiratory line near the “Y”
adapter.

Correctly assemble the pMDI
canister with spacer/adapter.

Ensure that there is no leak in the circuit.
Position the patient in an upright position, if possible.

JN:

VMN:

pMDI:

Connect the nebulizer to a
power source.

Connect the nebulizer to a
power source.

Coordinate actuations with
beginning of inspiration.

Use gas source on the
ventilator in order to
synchronize the nebulization
with inspiration, if
appropriate.

Turn on the power

Do not remove or shake the
pMDI between actuations.
Wait 15 seconds between
actuations

Otherwise set gas flow on the
JN at 6 to 8 l/min (or flow
recommended on label).

Observe aerosol cloud for adequate aerosol generation during
treatment

At the completion of treatment, remove device from the ventilator
circuit.

Reconnect the HME.
Return ventilator settings and alarms to previous values. Ensure
there is no leak in the ventilator circuit.
Monitor vital signs, oxygen saturation and patient-ventilator
synchronization.
Monitor for adverse response.
Assess outcome and document findings.

ventilators with built-in nebulizer function
deliver reproducible and consistent doses to
ventilator-dependent patients.51,67
When the jet nebulizer is placed closer
to the ventilator and operated continuously

under heated/humidified conditions, the
aerosol tubing acts as a reservoir because
continuous output of the jet nebulizer
charges the inspiratory limb of the ventilator
circuit between inspiration and minimizes
www.clinicalfoundations.org

aerosol loss during the expiratory phase of
the breathing cycle.7 pMDIs, mesh and ultrasonic nebulizers that do not add gas flow
to the ventilator circuit appear to be most
efficient when placed in the inspiratory limb,
6 inches from the Y adaptor.7 With the addition of continuous bias flow in the ventilator
circuit, placement of aerosol generators near
the ventilator may be more efficient.8
Optimum Technique with pMDIs:
Priming and shaking the canister before
treatment is important, especially prior to
first use and when the canister has not been
used for more than 24 hours. Otherwise, the
drug in the pMDI formulation may separate
from the propellants, which reduces aerosol
delivery.68 Also, synchronizing pMDI actuation with the beginning of inspiration is
required for effective aerosol therapy during mechanical ventilation. Aerosol drug
delivery to ventilator-dependent patients is
maximized by synchronizing the actuation
of pMDI with the beginning of inspiration.69 When a spacer is used with a ventilator-dependent patient, it should be placed
at approximately 15 cm from the ETT in order to achieve a significant bronchodilator
response.24,61
Patient Monitoring: In order to eliminate the complications caused by aerosol
treatment, some institutions require respiratory therapists to stay in the room when
administering aerosol therapy through
nebulizers. Although this increases respiratory therapist time spent with patients, such
practice assures not only patient safety but
also effective aerosol therapy for critically-ill
patients.
Conclusion
In conclusion, there have been dramatic advances in aerosol drug delivery for
ventilator-dependent patients over the years.
However, aerosol therapy during mechanical ventilation is still complex because of
challenges associated with the aerosol devices, inhaled medications, device selection
and administration technique. Therefore,
understanding aerosol delivery devices, potential problems and factors influencing
drug delivery to mechanically-ventilated
patients is crucial for the safety and effectiveness of aerosol therapy for patients in
the ICU.

5

Clinical Foundations
References
1. Ari A, Hess D, Myers TR, Rau JL. A Guide to Aerosol Delivery Devices for Respiratory Therapists. Dallas, Texas:
American Association for Respiratory Care; 2009.
2. Dolovich MB, Dhand R. Aerosol drug delivery: developments in device design and clinical use. Lancet.
2010;377(9770):1032-1045.
3. Rau JL. Design principles of liquid nebulization devices
currently in use. Respir Care. Nov 2002;47(11):12571275; discussion 1275-1258.
4. Dhand R, Mercier E. Effective inhaled drug administration to mechanically ventilated patients. Expert Opin
Drug Deliv. Jan 2007;4(1):47-61.
5. Dhand R. Nebulizers that use a vibrating mesh or plate
with multiple apertures to generate aerosol. Respir Care.
Dec 2002;47(12):1406-1416; discussion 1416-1408.
6. Dhand R. Aerosol delivery during mechanical ventilation: from basic techniques to new devices. J Aerosol Med
Pulm Drug Deliv. Mar 2008;21(1):45-60.
7. Ari A, Areabi H, Fink JB. Evaluation of position of aerosol
device in two different ventilator circuits during mechanical ventilation. Respir Care. 2010;55(7):837-844.
8. Ari A, Atalay OT, Harwood R, Sheard MM, Aljamhan EA,
Fink JB. Influence of nebulizer type, position, and bias
flow on aerosol drug delivery in simulated pediatric and
adult lung models during mechanical ventilation. Respir
Care. Jul 2010;55(7):845-851.
9. Rubin B, Fink J. Optimizing aerosol delivery by pressurized metered-dose inhalers. Respir Care. 2005;50:1191.
10. Rubin BK. Air and soul: the science and application of
aerosol therapy. Respir Care. Jul 2010;55(7):911-921.
11. Fink J. Metered-dose inhalers, dry powder inhalers and
transitions. Respir Care. 2000;45:623-635.
12. Leach C, Davidson P, Boudreau R. Improved airway targeting with the CFC-free HFA-beclomethasone metereddose inhaler compared with CFC-beclomethasone. Eur
Respir J. 1998;12:1346.
13. Ross D, Gabrio B. Advances in metered dose inhaler technology with the development of a chlorofluorocarbonfree drug delivery system. J Aerosol Med. 1999;12:151.
14. Gross G, Thompson P, Chervisky P. Hydroflouoroalkane134a beclomethasone dipropionate, 400 microg, is as effective as chlorofluorocarbon beclomethasone dipropionate, 800 microg, for the treatment of moderate asthma.
Chest. 1999;115:343-351.
15. Bleecker ER, Tinkelman DG, Ramsdell J, et al. Proventil
HFA provides bronchodilation comparable to ventolin
over 12 weeks of regular use in asthmatics. Chest. Feb
1998;113(2):283-289.
16. Shapiro GS, Klinger NM, Ekholm BP, Colice GL. Comparable bronchodilation with hydrofluoroalkane-134a
(HFA) albuterol and chlorofluorocarbons-11/12 (CFC)
albuterol in children with asthma. J Asthma. Dec
2000;37(8):667-675.
17. Bronsky E, Ekholm BP, Klinger NM, Colice GL. Switching patients with asthma from chlorofluorocarbon (CFC)
albuterol to hydrofluoroalkane-134a (HFA) albuterol. J
Asthma. 1999;36(1):107-114.
18. Lumry W, Noveck R, Weinstein S, et al. Switching from
Ventolin CFC to Ventolin HFA is well tolerated and effective in patients with asthma. Ann Allergy Asthma Immunol. Mar 2001;86(3):297-303.
19. Hendeles L, Colice GL, Meyer RJ. Withdrawal of albuterol
inhalers containing chlorofluorocarbon propellants. N
Engl J Med. Mar 29 2007;356(13):1344-1351.
20. Rau JL. Practical problems with aerosol therapy in COPD.
Respir Care. Feb 2006;51(2):158-172.
21. Kenyon C, Thorsson L, Borgström L, Newman S. The effects of static charge in spacer devices on glucocorticosteroid aerosol disposition in asthmatic patients. Eur Respir
J. 1998;11:606-610.
22. Dhand R, Tobin MJ. Inhaled bronchodilator therapy in
mechanically ventilated patients. Am J Respir Crit Care
Med. Jul 1997;156(1):3-10.
23. Dhand R. Inhalation therapy with metered-dose inhalers
and dry powder inhalers in mechanically ventilated patients. Respir Care. Oct 2005;50(10):1331-1334; discussion 1344-1335.
24. Dhand R, Tobin MJ. Bronchodilator delivery with metered-dose inhalers in mechanically-ventilated patients.
Eur Respir J. Mar 1996;9(3):585-595.
25. Rau J, Dunlevy C, Hill R. A comparison of inline MDI actuators for delivery of a beta agonist and a corticosteroid
with a mechanically-ventilated lung model. Respir Care.
1998;43:705-712.
26. Rau J, Harwood R, Groff J. Evaluation of a reservoir device for metered-dose bronchodilator delivery to intubated adults: an in-vitro study. Chest. 1992;102(3):924-930.
27. Fuller HD, Dolovich MB, Turpie FH, Newhouse MT. Efficiency of bronchodilator aerosol delivery to the lungs
from the metered dose inhaler in mechanically ventilated

6

28.

29.
30.

31.
32.
33.
34.

35.
36.

37.

38.

39.
40.
41.
42.
43.

44.
45.
46.
47.
48.

49.

50.

51.

52.
53.

patients. A study comparing four different actuator devices. Chest. Jan 1994;105(1):214-218.
Dhand R, Dolovich M, Chipps B, Myers T, Restrepo R,
Farrar J. The role of nebulized therapy in the management of COPD: evidence and recommendations. COPD.
2012;9(1):58-72.
Rau JL. The inhalation of drugs: advantages and problems.
Respir Care. Mar 2005;50(3):367-382.
Thomas SH, O’Doherty MJ, Page CJ, Treacher DF, Nunan
TO. Delivery of ultrasonic nebulized aerosols to a lung
model during mechanical ventilation. Am Rev Resp Dis.
1993;148(4):872-877.
Dhand R, Sohal H. Pulmonary Drug Delivery System for
inhalation therapy in mechanically ventilated patients.
Expert Review of Medical Devices. 2008;5(1):9-20.
Nikander K, Turpeinen M, Wollmer P. The conventional
ultrasonic nebulizer proved inefficient in nebulizing a
suspension. J Aerosol Med. Summer 1999;12(2):47-53.
Rubin B. Pediatric aerosol therapy: new devices and new
drugs. Respir Care. 2011;56(9):1411-1421.
Ari A, Fink J, Harwood R, Pilbeam S. Secondhand Aerosol
Exposure during Mechanical Ventilation with and without Expiratory Filters: An In-Vitro Study. Respiratory
Care. 2010;55(11):1566.
Guidance for Industry: Integration of Dose-Counting
Mechanisms into MDI Drug Products. 2003; http://www.
fda.gov/cder/guidance/5308fnl.htm#top.
Duarte A, Momi K, Bidani A. Bronchodilator therapy with
metered dose inhaler and spacer versus nebulizer in mechanically ventilated patients: comparison of magnitude
and duration of response. Respir Care. 2000;45(7):817823.
Gay PC, Patel HG, Nelson SB, Gilles B, Hubmayr RD.
Metered dose inhalers for bronchodilator delivery in
intubated, mechanically ventilated patients. Chest. Jan
1991;99(1):66-71.
Guerin C, Chevre A, Dessirier P, et al. Inhaled fenoterolipratropium bromide in mechanically ventilated patients
with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. Apr 1999;159(4 Pt 1):1036-1042.
Laube BL, Janssens HM, de Jongh FH, et al. What the pulmonary specialist should know about the new inhalation
therapies. Eur Respir J. Jun 2011;37(6):1308-1331.
Dhand R, Guntur VP. How best to deliver aerosol medications to mechanically ventilated patients. Clin Chest Med.
Jun 2008;29(2):277-296, vi.
Ballard J, Lugo RA, Salyer JW. A survey of albuterol administration practices in intubated patients in the neonatal intensive care unit. Respir Care. Jan 2002;47(1):31-38.
Chang L, Honiden S, Haithcock J. Utilization of bronchodilators in ventilated patients without obstructive airways
disease. Respir Care. 2007;52:154-158.
Hamill R, Houston E, Georghiou P. An outbreak of Burkholderia cepacia respiratory tract colonization and infection associated with nebulized albuterol therapy. Ann
Intern Med. 1995;122:762.
Craven D, Lichtenberg D, Goularte T. Contaminated
medication nebulizers in mechanical ventilator circuits.
Source of bacterial aerosols. Am J Med. 1984;77:834-838.
Ari A, Fink JB. Factors affecting bronchodilator delivery
in mechanically ventilated adults. Nurs Crit Care. Jul
2010;15(4):192-203.
Manthous C, Hall C, Schmidt G, Wood L. Metered-dose
inhaler versus nebulized salbutamol in mechanically ventilated patients. Am Rev Resp Dis. 1993;148(6):1567-1570.
Manthous CA, Hall JB. Administration of therapeutic
aerosols to mechanically ventilated patients. Chest. Aug
1994;106(2):560-571.
Hess DR, Dillman C, Kacmarek RM. In vitro evaluation
of aerosol bronchodilator delivery during mechanical
ventilation: pressure-control vs. volume control ventilation. Intensive Care Med. Jul 2003;29(7):1145-1150.
Fink J, Dhand R, Duarte A, Jenne J, Tobin M. Aerosol
delivery from a metered-dose inhaler during mechanical ventilation. An in-vitro model. Am J Respir Crit Care
Med. 1996;154(2):382-387.
Bowers W, Harwood R, Fink J, Sheard M, Zimmerman R,
Ari A. Effects of heat and moisture exchangers designed
to allow aerosol delivery on aerosol deposition in simulated mechanically ventilated adults. Respiratory Care.
2010;55(11):1576.
Miller DD, Amin MM, Palmer LB, Shah AR, Smaldone
GC. Aerosol delivery and modern mechanical ventilation:
in vitro/in vivo evaluation. Am J Respir Crit Care Med.
Nov 15 2003;168(10):1205-1209.
O’Riordan TG, Greco MJ, Perry RJ, Smaldone GC. Nebulizer function during mechanical ventilation. Am Rev
Respir Dis. May 1992;145(5):1117-1122.
Fuller H, Dolovich M, Chambers C, Newhouse M. Aerosol delivery during mechanical ventilation: a predictive
in-vitro lung model. J Aerosol Med. 1992;5:251-259

www.clinicalfoundations.org

54. Garner SS, Wiest DB, Bradley JW. Albuterol delivery
by metered-dose inhaler with a pediatric mechanical
ventilatory circuit model. Pharmacotherapy. Mar-Apr
1994;14(2):210-214.
55. Goode ML, Fink JB, Dhand R, Tobin MJ. Improvement
in aerosol delivery with helium-oxygen mixtures during
mechanical ventilation. Am J Respir Crit Care Med. Jan
2001;163(1):109-114.
56. Ahrens RC, Ries RA, Popendorf W, Wiese JA. The delivery
of therapeutic aerosols through endotracheal tubes. Pediatr Pulmonol. Jan-Feb 1986;2(1):19-26.
57. Wright P, Marini J, Bernard G. In vitro versus in-vivo
comparisons of endotracheal tube airflow resistance. Am
Rev Respir Dis 1989;140(1):10-16.
58. Alvine GF, Rodgers P, Fitzsimmons KM, Ahrens RC. Disposable jet nebulizers. How reliable are they? Chest. Feb
1992;101(2):316-319.
59. Berg E, Picard R. In-vitro delivery of budesonide from 30
jet nebulizer/compressor combinations using infant and
child breathing patterns Respir Care 2009;54(12):16711678.
60. Hess D, Fisher D, Williams P, Pooler S, Kacmarek RM.
Medication nebulizer performance. Effects of diluent
volume, nebulizer flow, and nebulizer brand. Chest. Aug
1996;110(2):498-505.
61. Dhand R, Jubran A, Tobin MJ. Bronchodilator delivery
by metered-dose inhaler in ventilator-supported patients.
Am J Respir Crit Care Med. Jun 1995;151(6):1827-1833.
62. Dhand R, Duarte A, Jubran A, et al. Dose response to
bronchodilator delivered by metered-dose inhaler in
ventilator supported patients. Am J Respir Crit Care Med.
1996;154(2):388-393.
63. Mouloudi E, Prinianakis G, Kondili E, Georgopoulos D.
Bronchodilator delivery by metered-dose inhaler in mechanically ventilated COPD patients: influence of flow
pattern. Eur Respir J. Aug 2000;16(2):263-268.
64. Tzoufi M, Mentzelopoulos SD, Roussos C, Armaganidis
A. The effects of nebulized salbutamol, external positive
end-expiratory pressure, and their combination on respiratory mechanics, hemodynamics, and gas exchange in
mechanically ventilated chronic obstructive pulmonary
disease patients. Anesth Analg. Sep 2005;101(3):843-850,
table of contents.
65. Mouloudi E, Katsanoulas K, Anastasaki M, Askitopoulou
E, Georgopoulos D. Bronchodilator delivery by metereddose inhaler in mechanically ventilated COPD patients:
influence of end-inspiratory pause. Eur Respir J. Jul
1998;12(1):165-169.
66. Hughes J, Saez J. Effects of nebulizer mode and position in
a mechanical ventilator circuit on dose efficiency. . Respir
Care. 1987;32(12):1131-1135.
67. Dhand R. Aerosol therapy during mechanical ventilation:
getting ready for prime time. Am J Respir Crit Care Med.
Nov 15 2003;168(10):1148-1149.
68. Fink J, Dhand R. Bronchodilator resuscitation in the
emergency department, part 2: dosing. Respir Care.
2000;45(5):497.
69. Diot P, Morra L, Smaldone GC. Albuterol delivery in a
model of mechanical ventilation. Comparison of metered-dose inhaler and nebulizer efficiency. Am J Respir
Crit Care Med. Oct 1995;152(4 Pt 1):1391-1394.
70. Bowers W. Effects of heat and moisture exchangers designed to allow aerosol delivery on airway resistance and
aerosol deposition. Atlanta, GA: Georgia State University,
2010.

Arzu Ari, PhD, PT, RRT, CPFT, FAARC, is an associate professor of respiratory therapy at Georgia State University, Atlanta, GA teaching both
undergraduate and graduate courses in the
field. Since 2000, she has been involved continuously in research regarding aerosol delivery. Ari
has published almost 30 articles on respiratory
care issues. She is a co-author of A Guide to Aerosol Delivery Devices for Respiratory Therapists, has
contributed to chapters in five other textbooks
on respiratory care, and has presented in conferences around the globe. Ari has developed and
led multiple educational initiatives—including
a nine-month education and training program
in Turkey that allowed its students to sit for the
entry-level portion of the National Board Examinations, as given by the U.S. National Board for
Respiratory Care. Ari is a 2011 Fellow of the American Association for Respiratory Care (FAARC).

Clinical Foundations

Clinical
Foundations

Panel Discussion

Aerosol Therapy In Spontaneously Breathing
And Mechanically Ventilated Patients:
Description, Selection & Issues
Moderator: Tim Myers, RRT-NPS, MBA, FAARC
Panelists:
Ariel Berlinski, MD
Bruce Rubin, MD, MEngr, MBA
Rajiv Dhand, MD, FCCP, FACP, FAARC

M

any issues surround the
selection and use of aerosol
therapy in all populations
of patients. Matching the medication
to the delivery device is key, as is
understanding how the mechanistic
attributes of nebulizers and mechanical
ventilation can work together or against
each other in delivering medication
effectively. Each nebulizer option
offers advantages and disadvantages
that need to be assessed according to
patient need, the medication involved,
and use with mechanical ventilation
(if present). Aerosol therapy for
pediatric patients poses a unique set
of challenges. Standards of practice are
still evolving regarding minimizing the
risk ventilator-associated pneumonia
with aerosol treatments. Adherence to
treatment regimens is a global issue
that encompasses patient perceptions,
patient/family education, financial
concerns, insurance reimbursement,
and other factors. Our panel of experts
discusses a patient-focused approach
to aerosol therapy in mechanically
ventilated and spontaneous breathing
patients.

Nebulizers that produce
aerosols with a smaller
particle size are better suited
for aerosol delivery during
mechanical ventilation.

with that device; and consider minimization of systemic side effects, including ocular and facial exposure, during the selection process. Do a hands-on evaluation of
the patient’s proficiency in using the device
at each clinic visit.
Mouthpieces should be used when possible to optimize drug delivery. Tracheostomized patients can effectively use a
metered-dose inhaler attached to a valved
holding chamber that has a special connector for the trach. Patients receiving either
invasive or non-invasive ventilator support
have different considerations. Preferentially
use in-line devices that avoid breaking the
circuit integrity. When selecting the drug
dosage, take into consideration a decrease
in drug delivery due to the presence of
circuit humidity. Ultrasonic and vibrating
mesh nebulizers should be preferred over
jet nebulizers if no additional flow within
the circuit is desired.

The ability to match the right delivery device with the mode of ventilation of respiratory patients is imperative to insuring medication delivery. What is the key take home
message for clinicians are how to select the
appropriate delivery device?

Rubin: The best device under any circumstance is the one that the patient will use
correctly, comfortably, and as prescribed.
That helps ensure treatment adherence.
I prefer devices that (1) are easy to use
and clean, (2) require minimal setup and
breakdown, (3) rapidly deliver a good
amount of medication to the airways, and
(4) are reasonably priced. For these reasons,
I prefer using pressurized meter dose inhalers (pMDI) or dry-powder inhalers (DPI)
whenever possible. However, some of the
newer small-volume nebulizers are fast,
portable, and easy to use.

Berlinski: In spontaneously breathing
patients, prescribe an inhalation device
that either they or their caregivers can effectively assemble, operate and clean. The
prescribed drug has to be available for use

Dhand: Another takeaway is to match the
drug with the device, because sometimes a
drug/device combination is not available.
Many classes of aerosolized therapeutics
are available today—bronchodilators, mu-

- Rubin -
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cokinetic agents, corticosteroids, surfactants,
prostaglandins, antibiotics, diuretics, and
anticoagulants, among others. But currently,
pMDI formulations are available only for
bronchodilators and corticosteroids. DPIs
are not efficient for aerosol delivery in ventilated patients. So nebulizers are used by
default for delivering drug solutions and
suspensions for which no pMDI formulations are available. But a word of caution:
some of those solutions may be formulated
for intravenous rather than inhalational use.

Use the drug/device
combination that was approved
as a result of clinical trials that
used that same combination.

- Berlinski When a pMDI is used, an appropriate
adapter positioned about 15 cm from the
endotracheal tube in the inspiratory limb
of the ventilator circuit is ideal for efficient
aerosol delivery. Moreover, device actuation
must be synchronized with ventilator inspiratory airflow.
as open platform or tied to specific drugs.3
They are more efficient and faster at faciliThe nebulizer choice should be based on tating adherence to the inhaled therapy.4
studies that demonstrate efficiency of aero- But their membranes need to be treated
sol delivery in the specific clinical situation carefully and cleaned according to instrucand with the drug for which it will be em- tions to avoid occlusion and subsequent
ployed. In general, nebulizers that produce malfunctions. The high efficiency of these
aerosols with a smaller particle size (MMAD devices may predicate dosing adjustments.
< 3µm) are better suited for aerosol delivery This is especially crucial with drugs that
during mechanical ventilation than nebu- have a narrow therapeutic index. And, as
lizers that produce larger-particle aerosols. Rajiv [Dhand] noted, use the drug/device
For routine bronchodilator therapy, pMDIs combination that was approved as a result
are preferred over nebulizers. A 2012 review of clinical trials that used that same combiarticle discusses factors influencing aerosol nation. Finally, some drugs like budesonide
delivery, choice of drug delivery devices, can’t be used with an ultrasonic nebulizer.
and optimum administration techniques Methodologies to determine equivalency
of inhaled drugs in mechanically ventilated between different drug/device combinapatients.1
tions are needed.
What should clinicians be aware of regarding the inherent advantages and key differences among nebulizers as they match a device and product with patient needs?
Berlinski: Two new nebulizer designs/technologies have become available in the last
few years. The breath-actuated nebulizer
releases aerosol only during inhalation, and
it offers the advantages of decreased exposure to the healthcare provider and less drug
wastage.2 This type of nebulizer might not
be appropriate for toddlers and younger
children, due to their inability to open the
inhalation valve. Such devices also deliver
a less variable amount of medication. Vibrating mesh nebulizers have been released
8

regarding use of other medications in these
newer nebulizers, the recommendations
will change, giving patients and providers
more choices.
Whenever possible, I prefer not to use a
mix of nebulizers and devices. Each device
requires slightly different steps for appropriate use. So, the more devices in the mix,
the more likely it will be that certain ones
simply will not be used or will be used inappropriately.
Dhand: Today a plethora of nebulizers are
available, including jet, ultrasonic, and vibrating mesh/aperture plate nebulizers. Jet
nebulizers may be constant-output, breathenhanced or breath-actuated; each type has
widely different efficiencies of drug deposition in the lung. These choices underscore
the importance of matching the drug with
the device. A 2012 review article discusses
the difference between those devices.5
Certain patients, including (1) infants, (2)
uncooperative children, (3) the elderly, (4)
patients with severe lung disease and severe
exacerbations, (5) patients with physical
and/or cognitive impairments, (6) patients
who cannot use pMDIs or DPIs optimally
despite adequate instruction and training,
and (7) those who have inadequate symptom relief despite appropriate use of a pMDI
or DPI, should be considered for domiciliary long-term treatment with nebulizers. In
addition, nebulizers are commonly used to
administer drug solutions and suspensions
in patients with cystic fibrosis, particularly
for agents where pMDI or DPI formulations are not available.

Rubin: New nebulizer technology allows
rapid, effective airway delivery of medications, including medications that are not
available in other forms. For non-intubated
patients who require therapy using bron- Clinicians caring for patients with exacerchodilators, inhaled corticosteroids, or an- bations of chronic respiratory disease are
ticholinergics, I still prefer using a pMDI making concerted efforts to avoid endotrawith a holding chamber―or for patients who cheal intubation and mechanical ventilacan generate sufficient inspiratory flow, a tion through use of non-invasive ventilation
DPI. For medications like aerosolized an- (NIV). While this solves one problem regardtibiotics (e.g. inhaled tobramycin and az- ing the ability to support ventilation and/
treonam) and medications such as dornase or oxygenation, it presents potential probalfa (Pulmozyme), only a select group of lems for delivery of aerosolized medications.
nebulizers have been well studied. And, as What are your perspectives on the most effecAriel [Berlinski] said, use only nebulizer/ tive and efficient ways to deliver respiratory
medication combos that have been studied medications to patients receiving NIV?
in clinical trials. As more data are collected
www.clinicalfoundations.org
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Berlinski: Despite the complex factors affecting drug delivery, aerosols can be efficiently delivered while patients are receiving
NIV. Practitioners need to be aware of the
conditions that optimize drug delivery.6,7,8
When metered-dose inhalers are used, spacers are preferred to adaptors. Both should
be designed to receive the stem of an HFA
inhaler. Actuation should be performed at
the beginning of the inhalation.7 Position
of leak (either at the mask or in the circuit)
does not seem to affect delivery efficiency
with inhalers.7 However, when using nebulizers, drug delivery is less efficient when
the leak is located in the mask.7 The optimal position of the nebulizer is between the
leak port and the mask.6,8 When the nebulizer is placed distal to the BiPAP device, a
pressure difference between EPAP and IPAP
of at least 10 cm H2O is better than a lower
value.6 Vibrating mesh nebulizers are 2 to 3
times more efficient than a jet nebulizer.8
Rubin: This is an evolving science. Elegant
bench studies by investigators like Jim Fink
and Arzu Ari suggest that certain methods
of administration may be more effective
during non-invasive ventilation. If it is essential to deliver nebulized medications
to these patients, my current practice is to
interrupt the ventilation for a short time to
administer the medication and then resume
non-invasive ventilation. Most patients receiving NIV can tolerate short periods off of
it, and I would rather risk having to briefly
interrupt the ventilation to administer the
drug than not know how much of the drug
is being delivered to the patient while on
ventilation. This is strictly a personal preference; administration methods are an area
worthy of further study.

Dhand: The most convenient method to
provide efficient aerosol delivery to children under the age of 5 years is with a pMDI
connected to a spacer/holding chamber
and mask or spacer/holding chamber and
mouthpiece. DPIs are not recommended
for this patient population because children
may not be able to coordinate their breathing with device actuation, and they may not
be able to generate an adequate inspiratory
airflow. Likewise, nebulizers could be used
with a face mask in infants and children up
to age 3 or 4; a mouthpiece can work with
older children. But, because it’s difficult to
restrain infants or young children throughout a nebulizer treatment, it’s preferable to
- Rubin administer aerosols while they are sleeping. Aerosols don’t deliver drugs effectively
When nebulizers are employed for aerosol when babies are crying or struggling during
delivery during NIV with a single-arm cir- administration. Use of a high-flow nasal
cuit, the position of the device in relation to cannula may be considered as an alternative
the leak port also influences nebulizer effi- method of aerosol administration in infants
and children. Drs. Rubin and Berlinski on
ciency.
this panel specialize in aerosol delivery to
Few studies have attempted to determine children, so I defer to their expertise in this
optimum settings for maximizing drug de- field.
livery with pMDIs and nebulizers during
NIV. But devices vary greatly in this respect. Berlinski: Delivering therapeutic aerosols
For example, the position of the leak port in to pediatric patients poses several challengthe single-arm circuit used for bilevel posi- es. Not only are children’s airways and tidal
tive pressure ventilation influences nebu- volumes smaller, but children also present
lizer efficiency but does not affect drug de- particular developmental and behavioral
livery from pMDIs. Furthermore, vibrating characteristics. Both nebulizers and memesh nebulizers are at least twice as efficient tered-dose inhalers with holding chambers
for drug delivery during NIV compared to and masks are used in this age group. Crying
traditional jet nebulizers. The factors that and being upset during inhalation decreases
influence aerosol therapy and administra- lung deposition. The right facial-nebulizer
tion techniques in patients receiving NIV interface is critical. Mask design affects facial and ocular drug deposition. This is an
have been reviewed recently.9
underappreciated problem, especially for
Despite impediments to efficient aerosol de- inhaled corticosteroids. Face masks have
livery because of continuous gas flow, high been used extensively to overcome actuainspiratory flow rates, air leaks, circuit hu- tion/inhalation lack of coordination present
midity, and patient-ventilator asynchrony, in younger patients. However, because face
significant therapeutic effects are achieved masks require a tight fit, they can become
in patients with asthma and COPD after in- part of the problem by causing some distress in this population.
haled bronchodilator administration.

Whenever possible, I prefer not
to use a mix of nebulizers and
devices. Each device requires
slightly different steps for
appropriate use.

Dhand: Many factors influence aerosol
delivery during NIV: (1) the type of ventilator, (2) mode of ventilation, (3) circuit
conditions, (4) type of interface, (5) type
of aerosol generator and its configuration,
(6) drug-related factors, including aerosol
particle size, (7) breathing parameters, and Pediatric patients present a unique set of
(8) patient-related factors. Patient factors issues and problems surrounding effective
include (1) the ability to tolerate a face mask, medication delivery for respiratory illnesses.
(2) the level of respiratory distress, (3) he- What are the contributing factors and most
modynamic status, (4) the type and severity effective methods for ensuring delivery of reof lung disease, and (5) synchronization of spiratory medications to pediatric patients?
aerosol generation with inspiratory airflow.
www.clinicalfoundations.org

Metered-dose inhalers attached to a nonelectrostatic holding chamber with either
a mouthpiece or a soft face mask that provides a good seal and the lowest dead space
are an effective method to deliver aerosols
to children. Visual feedback of the child’s
ventilation is key. It is also crucial that the
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canister remains in vertical position during
the actuation-inhalation period.
Rubin: My mantra is, “Make it easy to use
and make it fast.” Adherence tends to be
worse with nebulizers because it means
dragging the nebulizer out, filling the neb
cup, having the child sit still with either a
mouthpiece (preferred over a mask) or
wearing a mask while generally not taking deep breaths. Then the device must be
cleaned and packed away for subsequent
use. The fastest, easiest, most reliable and
least expensive way to administer medication to most children is using a pMDI with a
valved holding chamber. The patient interface is critical. A mask, if used, must provide
a complete seal, comfortable fit on the face,
and a minimal amount of dead space. This
requires getting used to, but is no more difficult than using masks on nebulizers. Most
non-adherence in children is due to the
parents’ time and ability to administer and
monitor the medication. Parental agreement and understanding are critical regardless of which device is used. Dr. Israel Amirav and others are developing some novel
devices to administer medications to the
sleeping child or by incorporating a soother
into a mask so that the child will suck on
the soother and breathe quietly, calmly, and
comfortably through their nose.

With the use of pMDIs,
collapsible spacers that
remain in-line also prevent
frequent circuit disconnection,
minimizing the risk of VAP.
-Dhand -

ence. This has been studied using electronic
monitoring devices attached to a pMDI or
to a nebulizer to measure true adherence.
Even diary records of medication used often
do not reflect true adherence.

The key factors to improve adherence are
education, education, and education. The
patient must be comfortable using the device effectively and recognize the importance of using it on a regular basis. Medication costs, misunderstanding of how to use
What are some of the primary issues that the med, forgetfulness, and not considering
cause medication non-adherence in respira- the med important to use when feeling well
tory patients?
also contribute to non-adherence. Much of
this can be overcome with education re-enBerlinski: One of my mentors said that it forced at each visit. Sadly, education (which
was not enough to make the right diagnosis takes time and effort) is poorly reimbursed―
and prescribe the right therapy. We need to if at all.
ensure that the patient and his or her family are convinced that they need the medi- Dhand: In addition, many patients hesitate
cation and that it will help. Insurance and to use inhalers or limit their use because
financial considerations are also important. of fear of dependence or because they are
Patients are less likely to use medications afraid of corticosteroid side effects—palpithat require complex preparation and have tations, feeling jittery or “flighty,” hoarsea prolonged administration time. Frequent ness, or cough. Devices that are difficult or
dosing schedules could also contribute to inconvenient to use could affect treatment
non-adherence. Written instructions and adherence. Patients’ perceived lack of effifrequent reassessment of the inhaler are im- cacy when medications don’t produce rapid
portant to reduce non-adherence.
clinical effects can lead to non-adherence.
And, as noted, these issues require education
Rubin: A big issue is that patients often tell and frequent reinforcement to promote opyou what they think you want to hear so it timal and regular inhaler use. Newer “smart”
may be difficult to determine true adher- devices can monitor a patient’s use of the
10
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device, and the information they provide
could alert clinicians to suboptimal treatment adherence. Finally, poor adherence to
prescribed treatments in patients on limited
incomes may be caused by their inability to
afford expensive inhaled medications.
What are the current standards of practice
for delivering aerosolized medications to
ventilated patients that help prevent VAP
while maintaining effective and efficient
aerosol delivery?
Berlinski: Aerosols can be delivered to
patients receiving mechanical ventilation
without interrupting circuit integrity. Practitioners need to know how to optimize
drug delivery with metered-dose inhalers
and nebulizers. Metered-dose inhalers can
be used with either rigid or collapsible spacers placed in the inspiratory limb before the
wye. However, adapters are very inefficient.
Coordination of actuation of the canister at
the beginning of the inspiratory time is paramount for efficient delivery. Jet nebulizers
attached to a spring-loaded t-piece should
be positioned in the inspiratory limb closer
to the ventilator. Single-use vibrating nebulizers attached to a t-piece can be positioned
at the ventilator or in the inspiratory limb
before the wye. Ultrasonic nebulizers with
their t-piece can be placed at the humidifier.
The vibrating mesh and ultrasonic nebulizers are the most efficient devices. They also
offer the advantage of not adding extra flow
in the circuit; therefore, ventilator settings
don’t need to be adjusted. The ultrasonic
nebulizer has the disadvantage of heating
the liquid medication during nebulization,
making it unacceptable for thermally sensitive solutions or suspensions.
Rubin: Personally, I believe that aerosols
are prescribed to intubated and mechanically ventilated patients too often, and their
use can increase cost of care. If the circuit
must be broken to administer the drug, that
increases the risk of infection. As with any
other drug, clinicians need to assess the risk/
benefit ratio associated with this route of
administration. Developing true evidencebased, published standards of practice that
define algorithms for delivering aerosolized
medications to mechanically ventilated patients is a worthy endeavor, as data on the
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clinical effectiveness of aerosol therapy in
this patient population are limited.
Dhand: As Bruce [Rubin] said, use of aerosol-generating devices should not require
frequent interruption of the ventilator circuit. Nebulizers that remain in-line between
doses have been developed. With the use
of pMDIs, collapsible spacers that remain
in-line also prevent frequent circuit disconnection, minimizing the risk of VAP. And
nebulizers must be cleaned and disinfected
between uses. Contamination of nebulizer
solutions could lead to aerosolization of
microorganisms into the lung, with the potential to cause VAP. Contamination of solutions has not been reported with pMDIs.
To the best of my knowledge, no head-tohead studies have examined the occurrence
of VAP in patients receiving aerosols via
pMDIs versus nebulizers. Such studies are
needed to determine how or if aerosolized
medications contribute to the development
of VAP.
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Questions
1. Which of the following types of nebulizers are
used for aerosol therapy during mechanical
ventilation?
A. Jet nebulizers and pressured metered-dose
inhalers
B. Jet, ultrasonic, and mesh nebulizers
C. Jet, ultrasonic, and mesh nebulizers and
pressured metered-dose inhalers
D. Jet nebulizers and liquid metered-dose
inhalers

4. Which of the following is an advantage of a
pMDI?
A. A pMDI is compact and portable.
B. Aerosol therapy with pMDI is short
compared to nebulizers.
C. A greater variety of drugs can be delivered
via pMDI than by nebulizers.
D. Although a pMDI costs more than a
nebulizer, a pMDI reduces the chance of
bacterial contamination.

2. Which of the following is not a true statement
about ultrasonic nebulizers?
A. Ultrasonic nebulizers are powered by
electricity or battery.
B. Aerosol particle size is inversely related
to the vibration frequency of the piezoelectric crystal.
C. Drug output has a direct relationship to the
amplitude of crystal vibration.
D. Like jet nebulizers, ultrasonic nebulizers
add gas into the ventilator circuit.

5. Which of the following is not true about pMDI
spacers?
A. Electrostatic charge is an issue with metal or
paper spacers.
B. Electrostatic charge decreases aerosol
delivery by drawing small particles to the
walls of the spacer.
C. The types of spacers include unidirectional,
bidirectional and chamber/reservoir
adaptors.
D. The cylindrical spacers have 4- to 6-fold
greater efficiency in aerosol delivery than
unidirectional and bidirectional spacers.

3. Which one of the following statements is not
true about mesh nebulizers?
A. They can nebulize solutions, proteins, and
liposomal formulations.
B. They change ventilator parameters during
operation.
C. They can be refilled without interrupting
ventilation.
D. They generate aerosols by vibrating a piezo,
moving liquid formulations through a fine
mesh.

6. Aerosols cannot be efficiently delivered while
patients are receiving NIV.
A. True		
B. False
7. Because the filter in the HME is not considered
a barrier to aerosol delivery, it can be placed
between the aerosol device and the patient.
A. True		
B. False

8. Which of the following is not true about delivering aerosolized medications to small children?
A. Crying or being upset reduces lung
deposition.
B. Lack of parental commitment to time and
their ability to administer and monitor the
medication contribute to nonadherence.
C. DPIs are recommended over pMDIs
because DPIs are easier for this patient
population to use.
D. If you use a mask, it needs to fit
comfortably on the face.
9. Which of the following are barriers to medication adherence?
A. Lack of insurance coverage, complexity of
treatments, side effects
B. Limited incomes, perceived lack of efficacy
when the treatment doesn’t produce
immediate results
C. Lack of education about the medication’s
medical necessity or how to use it
D. All the above
10. The high efficiency of which type of nebulizer
may require dosing adjustments?
A. Breath-actuated nebulizers
B. Vibrating mesh nebulizers
C. Ultrasonic nebulizers
E. All the above
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Upon completion of the course, the reader was able to:

1. Describe aerosol devices used in ventilator-dependent
patients,
Strongly Agree
1
2
3

2

7

3

8

4

9

5
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Strongly Disagree
4
5
6

3. Discuss the factors affecting aerosol drug delivery during
mechanical ventilation
Strongly Agree
1
2
3

6

Strongly Disagree
4
5
6

2. List the best aerosol delivery device(s) for mechanicallyventilated patients
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1
2
3

1

Strongly Disagree
4
5
6
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any product
or drug.”
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1
2
3
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2
3
4
5
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