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Aerosol delivery equipment used to administer inhaled medications includes the nebulizer, positive
expiratory pressure devices added to the nebulizer, and valved holding chambers (spacers). These
devices are semi-critical medical devices, and as such, infection prevention and control (IPC)
guidelines recommend that they be cleaned, disinfected, rinsed with sterile water, and air-dried.
There is confusion surrounding the care of aerosol devices because of inconsistencies in the various
published IPC guidelines, lack of a standard of practice among institutions and respiratory ther-
apists (RTs), and manufacturer’s instructions for use of these devices are not always compatible
with guidelines or practice. Challenges lie in awareness of IPC guidelines and establishing a stan-
dard for the care of aerosol delivery devices among all stakeholders/manufacturers, governments,
vendors, and users. The latest IPC guideline from the Cystic Fibrosis Foundation, reviewed and
endorsed by the Society for Healthcare Epidemiology of America and the Association for Profes-
sionals in Infection Control, has a recommendation for disposable nebulizers and a recommenda-
tion for reusable nebulizers. Reusable nebulizers should be cleaned, disinfected, rinsed with sterile
water (if using a cold disinfectant), and air-dried between uses. The mouthpiece/mask of disposable
nebulizers should be wiped with an alcohol pad, the residual volume should be rinsed out with
sterile water after use, and the nebulizer should be replaced every 24 h. The RT plays a significant
and responsible role in providing and teaching aerosol therapy to patients. The RT and all stake-
holders need to work together to provide a standard of care for the safe use of aerosol delivery
devices. Key words: aerosol drug therapy; medical devices; nebulizers; inhalers; valved holding cham-
bers; inhalation spacers; equipment contamination; infection prevention; infection control; respiratory
therapy. [Respir Care 2015;60(6):917–930. © 2015 Daedalus Enterprises]
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Introduction

Aerosol therapy is an important and considerable aspect
of respiratory care practice. The handling and care of the
aerosol devices used in aerosol therapy are as important as
delivering medications to the lungs. Aerosol delivery de-
vices include nebulizers, spacers or valved holding cham-
bers, and any add-on devices used during aerosol delivery,
specifically positive expiratory pressure (PEP) therapy de-
vices, many of which are designed for use during aerosol
treatment. These devices are categorized as semi-critical
medical devices because they come in contact with mu-
cous membranes, and according to infection prevention
and control (IPC) guidelines, semi-critical medical devices
require thorough cleaning followed by high-level disinfec-
tion.1 The goal in aerosol therapy is to medicate, not con-
taminate. In addition to IPC guidelines, it is important to
follow the instructions for use provided by the manufac-
turers of medical devices to maintain the integrity and
function of the devices. Unfortunately, there can be dis-
cord between the manufacturers’ recommendations and
the guidelines, creating confusion and possible misuse of
aerosol devices.

Here, I address the challenges of device cleaning and
infection control in aerosol therapy, which include an
awareness of evidence-based guidelines, consistency
among the various guidelines, and compatibility between
these guidelines and the recommendations of device man-
ufacturers. Topics include the most current IPC recom-
mendations for nebulizer care in the home and in the hos-
pital; the guidance or lack thereof for other aerosol delivery
devices, namely PEP devices and spacers; and information
about real life practices, teaching tips, and a list of respon-
sibilities for the respiratory practitioner when it comes to
device cleaning and infection control in aerosol therapy.
Finally, I address the question of whether aerosol devices
and pulmonary function testing equipment should be rou-
tinely checked for microbial contamination.

Challenges With Device Cleaning

Awareness of Guidelines

There are several evidence-based guidelines available from
professional and nonprofit organizations: government, regu-
latory, and accrediting agencies, such as the American As-
sociation for Respiratory Care (AARC), Centers for Disease
Control and Prevention (CDC)/Healthcare Infection Control
Practices Advisory Committee (HICPAC), the World Health
Organization (WHO), the Infectious Diseases Society of
America, the Society for Healthcare Epidemiology of Amer-
ica (SHEA), the Association for Professionals in Infection
Control and Epidemiology (APIC), and the Cystic Fibrosis
Foundation. These organizations assemble committee mem-
bers who are experts in their field to find and evaluate sci-
entific evidence and knowledge and to publish recommen-
dations for health-care providers to help them take better care
of their patients. Recommendations for the care of respiratory
equipment are included in these guidelines, with specific at-
tention given to nebulizers.

In 2001, the Cystic Fibrosis Foundation convened an
infection-control committee to revise and update their in-
fection-control recommendations for people with cystic
fibrosis (CF), and their consensus document was published
in 2003.2 In this document, stringent recommendations are
given for nebulizer care, and they applied to nebulizers
used in the home and the hospital: clean, disinfect, rinse,
and air-dry nebulizers between uses.

The challenge is to be aware of the guidelines. Before
and following implementing the 2003 Cystic Fibrosis Foun-
dation guidelines, Lester et al3 surveyed subjects with CF
and respiratory therapists (RTs) on the use and mainte-
nance of nebulizers. They found a wide disparity in clean-
ing methods among the subjects, which paralleled the di-
versity among the RTs’ methods and instructions for
nebulizer care. They concluded that there needs to be im-
provement in nebulizer care, that a standard method for
nebulizer cleaning and disinfecting is imperative for home
and hospital, and that awareness and education of both
patients and staff need more focus in this regard. It was an
awareness of the Cystic Fibrosis Foundation consensus
document that inspired this study and the findings.

Like Lester et al,3 O’Malley et al4 investigated their
institution’s practice in light of the 2003 Cystic Fibrosis
Foundation guidelines. They looked at their hospital’s pol-
icy of changing disposable nebulizers every 24 h without
any cleaning, disinfecting, or rinsing between treatments.
The purpose of the study was to determine whether this
practice was safe related to IPC for patients with CF (safe
meaning that no pathogens important in CF were colo-
nized in the nebulizers over a 24-h period). They found no
pathogen growth and concluded that their practice was
acceptable and safe. The point is that to provide the best
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care for patients, it is important to be aware of the current
evidence-based guidelines. Awareness precipitates action
and discovery.

Not all health-care professionals are aware of the guide-
lines. For example, Garber et al5 randomly surveyed CF cen-
ter health-care professionals to determine what barriers ex-
isted in following the 2003 infection-control guidelines for
CF and found that only 60% of respondents reported that they
were aware of the guidelines. Similar findings were reported
by Lugtenberg et al6 when investigating why general practi-
tioners in the Netherlands do not adhere to national guideline
recommendations. In addition to the lack of knowledge of the
recommendations, they identified other barriers, such as dis-
agreement with the recommendations, organizational con-
straints to following the recommendations, and ambiguity in
the guidelines. Although there is more than one barrier to the
implementation of infection-control guidelines in any health-
care setting,7 lack of awareness is a significant one. Change
begins with awareness.

Inconsistency of Guidelines

There are noteworthy inconsistencies that exist among
the recommendations for nebulizer care found in published
guidelines, and the evidence is not entirely supportive,
which creates confusion for practitioners. To illustrate, the
following quotations are from active (as of mid-2014) pub-
lished guidelines on nebulizer care.

The 2003 Cystic Fibrosis Foundation guideline states,
“Between treatments on the same patient, disinfect, rinse
with sterile water or filtered water (0.2 �m), and air-dry small
volume in-line or handheld medication nebulizers.”2 The word
clean is omitted in this statement; however, the text of the
Cystic Fibrosis Foundation guideline clearly states the im-
portance of cleaning before disinfection. Many of the refer-
ences associated with this statement are studies that found
nebulizers used in the home of subjects with CF to be con-
taminated with a variety of bacterial pathogens in the absence
of adequate cleaning, disinfecting, and drying of the nebuliz-
ers.8-11 All of this evidence clearly supports a more stringent
recommendation for nebulizer care in the home setting.

With respect to the hospital setting, the evidence of
contaminated nebulizers referenced in the Cystic Fibrosis
Foundation guideline describes several factors that con-
tribute to contamination, such as the use of multi-dose
bottles of medication, nebulizers remaining in line with the
ventilator circuit and being contaminated with ventilator-
tubing condensate, lack of aseptic technique by clinicians,
and poor adherence to handwashing.12-14 There is only one
reference regarding bacterial contamination found in a
hand-held nebulizer in a day-hospital setting. Vassal et al15

studied 44 subjects with CF and positive sputum cultures
for Pseudomonas aeruginosa and found two thirds of the
nebulizers to be contaminated with pathogens after a sin-

gle use. The method described for collecting specimens
was to rinse out the entire nebulizer system (nebulizer cup,
corrugated tubing, and mouthpiece), homogenize the fluid,
and then culture it. One could speculate that the mouth-
piece played a role in the contamination. A study by Cob-
ben et al16 supports this speculation. They studied a severe
outbreak of P. aeruginosa from contaminated nebulizers,
and the outbreak ceased after they adopted the policy of
changing the mouthpieces every 24 h.

The 2003 CDC/HICPAC guideline states, “Between
treatments on the same patient: clean, disinfect, rinse with
sterile water (if rinsing is necessary), and dry small-
volume in-line or hand-held nebulizers.”17 This statement
is all inclusive: clean, disinfect, rinse, and dry between
treatments. However, the references provided in this strin-
gent recommendation do not support the need to clean and
disinfect.18-20 Rather, the evidence in these references sup-
ports the use of sterile water for rinsing the nebulizer,
air-drying after use, and avoidance of contaminated bottles
of medication.

The 2004 CDC/HICPAC (revision) states, “Between
treatments on the same patient, disinfect, rinse with sterile
water, or air-dry small-volume in-line or hand-held med-
ication nebulizers.”21 This statement is a revision of the
2003 CDC/HICPAC guideline, and the references are the
same. Similar to the 2003 Cystic Fibrosis Foundation guide-
line, the word clean is omitted; however, the document
recommends to “thoroughly clean all equipment and de-
vices to be sterilized or disinfected.” Interestingly, this
statement is the same as that in the CDC guidelines from
1994.22 What is significant is that the wording has changed:
“and” was replaced with “or.” The change is important. It
could be translated that you have a choice to disinfect and
rinse between treatments or simply air-dry between treat-
ments. Many hospital practices are congruent with the
practice of simply rinsing nebulizers between treatments
and allowing them to air-dry.23

The 2012 AARC clinical practice guideline states, “Jet
nebulizers should be cleaned, rinsed with sterile water, and
air-dried between treatments on the same patient.”24 This
statement omits the word disinfect. In addition, “or” has
again been replaced with “and.” To date, this is the most
recently published guideline by the AARC on the topic of
aerosol delivery, and the references provided to support
this statement are the same as the 2003 guidelines from
CDC/HICPAC and the Cystic Fibrosis Foundation.

Is anyone confused? It helps to summarize the evidence
referenced in the above guidelines with respect to nebu-
lizer care. In the home setting, nebulizers are contaminated
with bacterial pathogens in the absence of adequate clean-
ing, disinfecting, and drying. In the hospital setting, neb-
ulizers become contaminated if subjected to ventilator-
tubing condensation or if tap water is used to wash/rinse
them. One study showed that two thirds of hand-held dis-
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posable nebulizers used by subjects with CF and colonized
with P. aeruginosa were contaminated after one use. Cross-
contamination happens with the use of multi-dose bottles
of medication between patients and the lack of aseptic
technique and hand hygiene of clinicians.

Manufacturer’s Instructions: Are They Compatible
With the Guidelines?

The manufacturers of aerosol delivery devices include
instructions for use in their packaging. There are two im-
portant aspects of the instructions to keep in mind when
determining how best to clean and disinfect a device. First,
the instructions are part of the labeling of the device that
received clearance from the FDA. This is all very legal and
does not allow the manufacturer to formally waiver from
the instructions for use. Second, the manufacturer’s in-
structions are important to maintain the function and in-
tegrity of the device. In other words, you do not want to
destroy a device when trying to clean and disinfect it.

The clinician will find that instructions for use from the
manufacturers are not always compatible with the IPC
guidelines. A clear example of this is the instructions for
disposable nebulizers, which are commonly used in the
hospital setting. A typical instruction will recommend wash-
ing with dishwashing liquid and warm water, followed by
rinsing with warm water and air-drying, but will offer no
guidance for disinfection. In fact, it will state, “Do not
sterilize.” In defense, disposable equipment is not intended
for prolonged use. It is manufactured for disposable use.
The more important issue is the instructions recommend-
ing tap water as a final rinse. Unlike the IPC guidelines,
manufacturers’ instructions do not appear to be concerned
with tap-water contaminants.

With respect to disinfection and tap-water use, instruc-
tions for reusable nebulizers are in conflict with the IPC
guidelines as well. Instructions for reusable nebulizer equip-
ment all recommend that the nebulizer parts be cleaned
with soap and water, rinsed with tap water, and air-dried
after use; however, they vary on the frequency recom-
mended for disinfection. You will find instructions to dis-
infect daily, at the end of the treatment day, or every other
day. This is in direct conflict with the IPC guidelines
recommending that semi-critical medical devices (eg,
nebulizers) be cleaned, disinfected, rinsed with sterile
water (if using a cold disinfectant), and air-dried after
each use. And again, there is the tap-water issue. Simply
cleaning/rinsing with tap water between uses is not rec-
ommended because tap water is a known source of poten-
tially pathogenic organisms.2 Using tap water for the soap-
and-water cleaning step is fine if you are going to follow
this step with disinfection, but the final rinse of respiratory
equipment should be with sterile water only.

Following the recommended frequency of cleaning and
disinfecting equipment according to the IPC guidelines
versus the manufacturers’ instructions for use will not de-
stroy the device. Standaert et al25 looked at the impact of
repetitive use and cleaning of 4 models of disposable neb-
ulizers and one reusable nebulizer in terms of their output
and aerosol distribution after 100 cycles and found no
clinically important change in performance. In fact, the
reusable nebulizer maintained a 2–3 times higher output
rate compared with the disposable nebulizers. What may
impact the integrity of the nebulizer is the option of dis-
infection. For example, instructions are not going to rec-
ommend disinfection by a microwave if the device has
metal components or boiling if the material of the device
will warp or melt in the process. In this respect, it is
important to use the disinfection option that the manufac-
turer permits.

Manufacturers’ instructions for use are not always com-
patible with all of the disinfecting options in the guidelines
and vice versa. For example, often you will read an in-
struction that will recommend Control III. Why? What is
it? Control III contains benzylammonium chloride, which
happened to be a popular antiseptic/disinfectant in the 1950s
and 1960s, and perhaps it simply is an established/histor-
ical disinfectant that continues to be cleared by the FDA
and recommended by manufacturers (personal communi-
cation, 2014, David Weber MD, Division of Infectious
Disease, University of North Carolina, Chapel Hill, North
Carolina). Control III is actually a poor disinfectant be-
cause it does not have broad activity, is slow in action, and
is associated with pathogenic outbreaks.26 The Cystic Fi-
brosis Foundation does not recommend Control III.

Another frequently recommended/historical disinfectant
is vinegar (acetic acid). Vinegar is effective in killing
P. aeruginosa, but it is not effective in killing other po-
tential pathogens, such as Staphylococcus aureus and Esch-
erichia coli. Therefore, according to the Cystic Fibrosis
Foundation guidelines, vinegar is not a recommended dis-
infectant for nebulizers.2

There are several choices of aerosol delivery devices on
the market, and if possible, you want to use the one that
meets all of your needs in terms of operation/effectiveness
and infection control. Manufacturers have been aware
and responsive to this need, which is a good trend and
is in concordance with WHO (http://whqlibdoc.who.int/
publications/2003/9241546182.pdf, Accessed April 1,
2014), which states that the ideal conditions to ensure the
safety and performance of medical devices is to have all
stakeholders (ie, manufacturer, government, vendor, and
user) share in the responsibility and cooperate/communi-
cate with each other. Manufacturers that I have known
personally that exemplify this statement are Smiths Med-
ical (Watford, United Kingdom), PARI Respiratory Equip-
ment (Midlothian, Virginia), and Monaghan Medical
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(Plattsburgh, New York). For example, the original vibra-
tory PEP (oscillatory PEP) device, the Acapella vibratory
PEP therapy system manufactured by Smiths Medical, is
designed to be used in conjunction with an aerosol; however,
it cannot be taken apart for proper cleaning, which I pointed
out during an introductory in-service. Soon afterwards, they
designed the Acapella Choice and Acapella Duet. These de-
vices can be taken apart, cleaned, and disinfected in several
ways that are compatible with the guidelines. PARI Respi-
ratory Equipment, a well-known manufacturer of respiratory
care products, including several types of reusable nebulizers
that have been in many clinical trials, consulted with me to
make sure that their instructions for use of the Altera, an
electronic nebulizer specifically manufactured for use with
the medication aztreonam (Cayston), included options that
were compatible with the Cystic Fibrosis Foundation guide-
lines. And finally, Monaghan Medical contacted me to assist
them in preparing their instructions for one of their new os-
cillating PEP devices, the Aerobika. As a result, the instruc-
tions for this device, which can be used with a nebulizer, have
several options for disinfection that are compatible with the
Cystic Fibrosis Foundation guidelines. Communication be-
tween stakeholders makes a better product for patients.

Infection-Control Recommendations for Aerosol
Therapy and Add-On Devices

Collaboration and partnership among the various orga-
nizations are increasing.27 The most recent evidence-based
IPC guideline, Infection Prevention and Control Guideline
for Cystic Fibrosis: 2013 Update,28 was commissioned by
the Cystic Fibrosis Foundation and intended for use by
health-care personnel caring for patients with CF. This
guideline includes relevant recommendations from the ev-
idence-based guidelines of CDC/HICPAC, WHO, Infec-
tious Diseases Society of America, and SHEA. In addition,
the draft of this guideline was open for review by the CF
and IPC communities, and it was reviewed and endorsed
by SHEA and APIC. It is this guideline that I will use as
a reference for the most current evidence-based recom-
mendations for the care of aerosol delivery devices.

The Nebulizer

Earle H Spaulding categorized patient care items ac-
cording to the degree of risk for infection involved in their
use.1 The categories are: critical (items that enter sterile
tissue or the vascular system), semi-critical (items that
come in contact with mucous membranes or non-intact
skin), and non-critical (items that come in contact with
intact skin but not mucous membranes). The nebulizer is a
semi-critical item and is often the example given for re-
spiratory equipment used in the guidelines. The nebulizer
also happens to be the target of much research; therefore,

there are data to support IPC recommendations on its use
and care.

General rules to follow for all nebulizers are: 1) Nebu-
lizers are for single-patient use only; 2) always use an
aseptic technique when handling the nebulizer and dis-
pensing the medication; and 3) single-dose vials of med-
ication are always preferred. If multi-dose bottles are used,
follow careful instructions and technique to prevent med-
ication contamination.

In the Home Setting. The steps recommended for neb-
ulizers used in the home setting are to clean, disinfect,
rinse (if rinsing is needed), and air-dry after each use
(Table 1). The first step is to clean the nebulizer parts with
dish detergent and water. This step is not simply a soak,
but a good old-fashioned soap-and-water washing to re-
move organic and inorganic debris. Ideally, this step should
be performed soon after use, but if this is not possible, then
at least rinse the nebulizer parts well with water to prevent
the medication/debris from drying onto the plastic, which
would make cleaning more difficult. As mentioned earlier,
tap water is acceptable to use for the cleaning step, if
disinfection will follow.

The second step is to disinfect. There are several options
for disinfecting: heat methods and cold soaking methods
(see Table 1). These options are recommended based upon
the fact that they are effective in killing organisms and
they are recognizable methods/materials in the home set-
ting. It is important for the patient/family to choose an
option that works well for them and one that the manu-
facturer of the device permits.

The third step is to rinse the nebulizer with sterile water
if the choice for disinfecting is to use a cold method dis-
infectant. The two recommended disinfectants are 3% hy-
drogen peroxide and 70% isopropyl alcohol. For disinfec-
tion to be effective, the nebulizer parts must be soaked for
the recommended length of time: 5 min in hydrogen per-

Table 1. Recommended Steps for Nebulizer Cleaning and
Disinfecting in the Home

1) Clean the nebulizer parts with dish detergent and water.
2) Disinfect with one of the following options (choice based on

permission by the manufacturer and patient preference):
Cold methods:

Soak in 70% isopropyl alcohol for 5 min.
Soak in 3% hydrogen peroxide for 30 min.

Heat methods:
Boil for 5 min.
Microwave for 5 min.
Wash in a dishwasher if the dishwasher achieves a temperature

of � 158°F or 70°C for 30 min.
Use an electric steam sterilizer.

3) Rinse (if using a cold disinfectant) with sterile water.
4) Air-dry thoroughly prior to storage.
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oxide or 30 min in isopropyl alcohol.28 The liquid disin-
fectants will lose activity over time; therefore, how often
these solutions can be reused is uncertain, and again, only
sterile water should be used for the final rinse because tap
water has known potential contaminants.2 It is important
to note that distilled water is not sterile water. Distilled
water is processed to remove many impurities and miner-
als, but it can become contaminated with Burkholderia
cepacia complex during the processing.2

The fourth and final step is to air-dry the nebulizer parts.
It is important to thoroughly air-dry the nebulizer parts
before storage because storing equipment when it is wet
can be a favorable environment for bacterial growth.2 Shake
the nebulizer parts well, and lay each part out to air-dry,
such as on top of paper towels on a clean counter. Care
needs to be taken not to contaminate the parts after they
have been cleaned and disinfected. Contamination can be
avoided by good handwashing and not touching the inside
sections of the device when laying them out to dry or when
reassembling (aseptic technique).

In the Hospital Setting. There are two types of nebuliz-
ers: disposable and reusable. Disposable nebulizers are the
most common type of nebulizer used in the hospital set-
ting. However, there are some hospitals that may also use
reusable nebulizers, which are more durable and typically
used in the home setting. Actually, some inhalation med-
ications require a specific nebulizer system for delivery.
For example, aztreonam requires the Altera nebulizer for
administration, which is an electronic reusable nebulizer.
As a result, the current IPC guidelines of the Cystic Fi-
brosis Foundation have a recommendation for both dis-
posable and reusable nebulizers (Table 2).

Disposable Nebulizers. The recommendation for dispos-
able nebulizers used in the hospital setting is to rinse the
residual medication out with sterile water, wipe the mouth-
piece or mask with an alcohol pad after each use, and
discard the disposable nebulizer after 24 h. There is evi-

dence to support using a disposable nebulizer for up to
24 h. O’Malley et al4 investigated the practice of using a
disposable nebulizer in the hospital for a 24-h period with-
out any cleaning or disinfecting between uses and discov-
ered that there was no growth of bacteria.

This finding is a welcome one since disposable equip-
ment is not designed for reprocessing, particularly with
respect to disinfecting, and is more congruent with current
hospital practices.23 What is new and different in the Cys-
tic Fibrosis Foundation guideline is the recommendation
to wipe a nebulizer’s mouthpiece or mask with an alcohol
pad. This specific recommendation does not have an evi-
dence-based reference attached to it; however, there is
evidence that wiping a device with 70% alcohol can be an
effective infection prevention practice.29 In addition, re-
moving organic debris from the mask or mouthpiece should
make the following aerosol treatment more pleasant for
the patient.

Reusable Nebulizers. The recommendation for reus-
able/durable nebulizers in the hospital setting is the same
as in the home setting: clean, disinfect, rinse (if using a
cold disinfectant), and air-dry between treatments. This
process can be done in the patient’s room if hospital policy
permits and if this responsibility can be delegated appro-
priately. For example, a parent or caregiver who stays with
the patient while in the hospital may agree to the respon-
sibility for nebulizer care, or the RT staff can commit to
the obligation. The alternative is to have the hospital’s
reprocessing department handle the cleaning and disinfect-
ing of reusable nebulizers. This arrangement will need an
in-patient plan in place (Table 3). The reprocessing de-
partment requires instructions for use from the manufac-
turer of the nebulizer to reprocess the nebulizer correctly.
The staff and reprocessing department will also need to
communicate and cooperate with a plan that results in an
appropriately disinfected device being returned to the cor-
rect patient at the correct time.

Table 2. Recommendations for Nebulizer Care in the Hospital

Hand-held disposable nebulizers:
1) After each use, rinse out the residual volume with sterile water

and wipe the mask/mouthpiece with an alcohol pad.
2) Discard the nebulizer every 24 h.

Hand-held reusable/durable nebulizers (home nebulizers):
1) After each use, clean, disinfect, rinse with sterile water (if using

a cold disinfectant), and air-dry away from the sink.
2) After each use, the nebulizer can be reprocessed, such as steam

sterilization or autoclave, if the reprocessing is performed
according to the manufacturer’s instructions and the Cystic
Fibrosis Foundation recommendations for home care and if the
nebulizer can be returned to the patient in time for the next
treatment.

Table 3. In-Patient Plan for Reprocessing the Altera Nebulizer Used
With Aztreonam

Immediately after administering aztreonam:
Disassemble the Altera nebulizer.
Place the parts into a ziplock specimen bag.
Label the bag with the patient’s sticker.
Take the Altera nebulizer to the reprocessing department.

Dropping off the nebulizer:
Directly hand the specimen bag to the reprocessing department staff.
Confirm the pickup time.

Picking up the nebulizer:
Confirm the right name and device.
Take the reprocessed Altera nebulizer to the patient’s room.
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Add-On Devices: PEP and Valved
Holding Chambers

Add-on devices refer to PEP devices and valved holding
chambers, also known as spacers, used in conjunction with
aerosol therapy. These devices are semi-critical medical
items; they come in contact with mucous membranes. They
are a vehicle for aerosolized particles that enter the lower
airways, and as such, they should be subject to the same
recommendations as nebulizers: clean, disinfect, rinse, and
air-dry between uses.

In theory, PEP devices used alone (ie, without an aero-
sol) are less invasive. However, if you add them to a
nebulizer, it is important to treat them as a nebulizer in
terms of cleaning and disinfecting. Many of the oscillating
PEP devices on the market (eg, Acapella and Aerobika)
can be cleaned and sterilized much the same way as reus-
able nebulizers. The manufacturers of these devices have
taken into consideration the IPC guidelines, and with com-
patible instructions for use. The devices can be taken apart
for thorough cleaning and disinfected in several ways,
including heat options that are compatible with the current
guidelines for IPC. For this reason, they make a good
choice for an add-on PEP device.

Valved holding chambers are more difficult to navigate
between the IPC guidelines and manufacturers’ instruc-
tions for use. The purpose of a valved holding chamber is
to improve drug delivery, and its use in respiratory care is
inarguable.30 However, it is a semi-critical medical device,
which warrants that it be cleaned, disinfected, rinsed, and
air-dried between uses. In contrast, the manufacturers’ in-
structions recommend washing the valved holding cham-
ber with soap and water once a week. There is published
evidence that bacterial contamination is common in spacer
devices used in the home setting. Cohen et al31 investi-
gated spacers used by 62 children with asthma and found
that 35% of the spacers and 25% of the masks were con-
taminated with microorganisms: P. aeruginosa, S. aureus,
and Klebsiella pneumoniae. The investigators concluded
that spacer devices should be cleaned and dried after each
use.

With respect to cleaning the valved holding chambers,
there are a few other issues and controversies. First, how
much soap (detergent) should one use when cleaning the
spacer? In a review article regarding electrostatics and
inhaled medications,32 the authors suggest that the deter-
gent concentration is not important: that a few drops is all
that is needed, which was based on a study by Piérart
et al.33 These investigators used a wide range of detergent
concentrations and did not find a difference in fine particle
delivery.32,33 Second, should the soap be rinsed off or al-
lowed to remain on the device to reduce the electrostatic
charge in the spacer? The literature states the benefit of not
rinsing the detergent off after washing and to simply wash

in detergent and allow the device to air-dry.30,32 The rea-
son for not rinsing the detergent off is to protect against
electrostatic charge, which can result in inconsistent med-
ication delivery. However, not rinsing the detergent off
seems to negate the purpose of cleaning the device. After
all, rinsing is a key step in the cleaning and disinfecting. In
addition, there is the potential for contact dermatitis from
the detergent.30,32 The most plausible solution for IPC is to
use a spacer device that is made of antistatic material,
where one can follow the appropriate IPC recommenda-
tion and avoid possible contact dermatitis from the deter-
gent.

There are aerosol delivery devices used in the hospital
setting that lack IPC research. The devices of considerable
concern include valved holding chambers, PEP-aerosol
combination therapies such as the MetaNeb circuit (Hill-
Rom, St Paul, Minnesota), and electronic vibrating mesh
nebulizers placed in line with the ventilator circuit. Unlike
traditional jet nebulizers, electronic nebulizers are not sub-
ject to ventilator-tubing condensate. In addition, there is
the risk of ventilator-associated pneumonia every time
the circuit is opened; therefore, one must consider the
risk/benefit ratio when deciding how often to replace this
type of in-line nebulizer. I am frequently faced with cli-
nicians wondering how to clean, disinfect, or replace these
devices. In the absence of evidence, the correct answer is
uncertain, and again, the manufacturers’ instructions for
use are in conflict with IPC guidelines for semi-critical
medical devices. What is the solution to this dilemma? To
follow the ideal principle stated by WHO, all stakeholders
need to communicate and share in the responsibility to
deterimine the best practice for the safe use and perfor-
mance of these devices in the hospital setting. Research
anyone?

The Metered-Dose Inhaler

The metered-dose inhaler (MDI) has an actuator, also
known as the boot, and a canister that contains the pres-
surized medication. There are specific cleaning instruc-
tions for the actuator that health-care professionals and
patients need to know.34 Manufacturers recommend rins-
ing the actuator well under warm running water for about
30 s on one end and 30 s on the other at least once a week,
and the metal canister is not to get wet; it should be set
aside. Although manufacturers refer to this instruction as
cleaning the device, the purpose for rinsing the actuator
has nothing to do with IPC. It has to do with removing
medication buildup in the actuator that can block the spray
of medication. Chlorofluorocarbon propellants in MDIs
were switched to hydrofluoroalkane propellants, and as a
result, there may be an issue with the chlorofluorocarbon-
free actuators clogging.30,35 A blocked actuator is indeed a
problem, but so is running tap water. Again, tap water

DEVICE CLEANING AND INFECTION CONTROL IN AEROSOL THERAPY

RESPIRATORY CARE • JUNE 2015 VOL 60 NO 6 923



should not be the final rinse for respiratory equipment.
Admittedly, flushing the actuator with running sterile wa-
ter may be a bit difficult/tedious to accomplish. What is
the solution?

There are institutions that employ the common canister
protocol, which is a cost-saving strategy used in hospitals
and clinics to deliver MDI medications or to teach MDI
technique using a placebo MDI. In both scenarios, the
MDI is reused between patients, along with an individual
valved holding chamber.29 If using the MDI with a single-
use, patient-specific spacer device, the MDI is no longer
categorized as a semi-critical medical device and, in this
case, would be considered a non-critical medical device.1

According to the CDC, non-critical medical devices with a
smooth hard surface can be decontaminated where they
are used and do not require reprocessing. Seventy percent
alcohol is an approved disinfectant for non-critical medi-
cal devices, and the recommendation is to have an expo-
sure time of at least 1 min. Nevertheless, the concern with
cross-contamination with the common canister protocol
has been addressed in several investigative studies.29,36

Many have shown no growth when the MDI canister and
actuator are wiped well with a 70% alcohol pad. The over-
all conclusion by APIC (http://www.ismp.org/newsletters/
acutecare/articles/20090409.asp, Accessed August 11,
2014) is that hospitals and their infection control teams
should discuss and analyze their processes, and if they
choose to use a common canister protocol, they should
emphasize following a protocol that includes hand hygiene
and wiping the MDI with alcohol before and after use
between patients. Perhaps, wiping one’s personal MDI (ac-
tuator and canister) with an alcohol pad would be a safer
option than rinsing it under running tap water.

The Powder Inhaler

Powder inhalers should not get wet. It is essential to
keep these devices dry because any wetness can inhibit
proper function and delivery of the powder medication.
Hand hygiene before use, wiping the mouthpiece off with
a dry clean cloth such as a paper towel, and proper storage
are necessary.

The Pulmonary Function Testing Lab

Aerosol therapy conducted in the pulmonary function
lab is for testing purposes only, such as a methacholine
challenge or a bronchodilator response. The aerosol deliv-
ery devices used to conduct the test should be single-
patient use only. At the end of testing, the devices should
be discarded or dispensed to the patient with instructions
on use, including cleaning and disinfecting.

What Is Happening in Real Life?

A survey was sent randomly to respiratory care direc-
tors and RTs across the country (see the supplementary
materials at http://www.rcjournal.com). The purpose of
the survey was to gather information on current practices
related to aerosol delivery devices. Unfortunately, the sur-
vey response was only 13%, which was not significant
enough to draw general conclusions from the results.

However, calculations based on these data provide some
insight. 1) Ninety-three percent of hospitals use disposable
nebulizers. 2) Replacing disposable nebulizers varies be-
tween hospitals: daily (20%), every 2–3 d (27%), and
weekly (29%). The outliers include 6% that never replace
them, and 3% that replace them after every use. Fifteen
percent mentioned replacing them daily if the patient has
a particular diagnosis, such as CF. 3) Most hospitals (36%)
do nothing with nebulizers between treatments, followed
by 31% that rinse with sterile water and 15% that rinse
with tap water. Other practices reported include air-drying
(7%); shaking out residual volume (7%); disposal (3%);
and cleaning, disinfecting, rinsing with sterile water, and
air-drying (only 1%). 4) Response rates were similar re-
garding whether the RT or the home-care representative is
responsible for teaching nebulizer care in the home. 5)
Most RTs (33%) recommend that nebulizers in the home
be cleaned daily, 28% recommend after each use, 12%
recommend weekly, 9% recommend every 2–3 d, and 13%
do not know. 6) Most RTs (40%) recommend that nebu-
lizers in the home be disinfected weekly, 25% recommend
daily, 13% recommend every 2–3 d, 3% recommend after
each treatment, and 15% do not know. 7) Most RTs (55%)
simply store the spacer device in the ziplock bag between
uses in the hospital, and 7% clean the mask/mouthpiece
with an alcohol pad before storing in the ziplock bag. 8)
Most RTs (60%) never replace spacer devices used in the
hospital, and 9% replace them weekly. 9) RTs (60%) are
responsible for teaching spacer device care, followed by
home-care representatives (17%). Twelve percent of the
people who responded do not know who teaches spacer
device care. 10) RTs (55%) routinely check respiratory
equipment (including the pulmonary function testing lab)
for microbial contamination, and 45% do not.

Based on this preliminary data, my assessment and rec-
ommendations are: 1) Practices for the care of aerosol
delivery devices among RTs and hospitals lack a standard.
2) The stakeholders (ie, hospital, RTs, and home-care rep-
resentatives) need to be aware of the IPC guidelines on the
recommendations for cleaning and disinfecting of semi-
critical medical devices and work together to practice a
standard that ensures the safe use of these devices to best
serve the patient. 3) Tap water should never be used for the
final rinse of medical devices.
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Teaching Device Cleaning

I hear and I forget. I see and I remember. I do and
I understand.—Confucius 450 BC

The cleaning and disinfecting of aerosol devices are
learned skills, and people learn in a variety of ways. To
meet everyone’s needs, it is important when teaching a
skill that you appeal to all of the learning styles: verbal,
visual, tactile, and written.

Verbal

Instructions usually include a verbal description. Ac-
cording to the American Medical Association Foundation,
there are ways health-care providers can improve commu-
nication with patients.37 These recommendations include
slow pacing, the use of plain nonmedical language, limit-
ing instruction to only what the patient needs to know, and
repetition. This is not dumbing down the information; it is
respecting the patient’s need to clearly understand the ma-
terial to avoid any misunderstanding.

The instruction for cleaning and disinfecting an aerosol
device should include: 1) the purpose of cleaning, disin-
fecting, and drying the device; 2) an understanding that the
patient will be provided with written instructions; 3) the
importance of hand hygiene when handling the devices; 4)
the steps for device care: cleaning, disinfecting, rinsing (if
using a cold disinfectant), and drying; 5) a detailed expla-
nation of the options for disinfecting (allow the patient to
decide on the one that best suits them and the device); 6)
repeat instructions; and 7) have learner repeat instructions.

Visual

The instructions for cleaning and disinfecting aerosol de-
vices should include a visual demonstration of the equip-
ment: 1) taking the device apart for cleaning, 2) laying the
parts out for drying, and 3) putting the device back together
without contaminating the inside sections of the device.

Tactile

To learn the skill of handling the equipment properly,
the patient (or parent or caregiver) needs to return the
demonstration provided above. This is learning by doing,
which is key for understanding the lesson.

Written

People learning a skill can relax during the instruction if
they are aware that they will have written instructions on
cleaning, disinfecting, and drying the aerosol device. Hand-

outs are an important tool for teaching a skill, and health
education reading materials are more effective if the writ-
ing is at a 6th–8th grade reading level.38 In addition to the
writing level, there are a few other tips for creating an
effective handout37: 1) keep it simple, 2) keep it short, 3)
limit content to key information only (what patients need
to know), 4) use words that a nonmedical person under-
stands, and 5) use a 12–14-point font size.

RT Responsibility

RTs are ideally suited to educate patients on aerosol
therapy and infection control. RTs have been educated in
school and at their institutions on the best practices for
aerosol delivery and the importance of infection control.
RTs have clinical knowledge and experience in providing
aerosol therapy to patients and are in a position to set
examples for the correct use and care of aerosol therapy
devices. However, there are challenges that need to be
addressed by the profession. As Lester et al3 pointed out in
their survey study, a standard for cleaning, disinfecting,
and replacing aerosol delivery devices needs to be estab-
lished and put into practice. In addition, it is well docu-
mented that health-care providers’ knowledge of aerosol
device use is inadequate.30

To take on the responsibility and opportunity to educate
and provide instructions to patients on the use and care of
aerosol delivery devices, the RT must have a firm under-
standing of how to correctly use the devices. There are
several resources available to the RT, such as IPC guide-
lines, manufacturers’ instructions for use, journal articles
and peer-review literature, professional organizations, hos-
pital policies and procedures, and their clinical educators.
In addition, the RT must be aware of the many patient-
related issues that exist in aerosol therapy, which include
(but are not limited to) poor technique, mismatch of pa-
tient and device, and adherence.30 Finally and of high
importance, the RT must have a firm awareness and un-
derstanding of the IPC guidelines to instruct patients on
how and why to care for aerosol devices between uses
(Table 4).

Not every RT wants to be in charge of patient education.
Nevertheless, the RT is in the position of educating pa-
tients by virtue of providing aerosol therapy. However, the
RT is not alone. RTs are members of the medical team,
and it is in all of the stakeholders best interest to play a
role in providing patient education. As pointed out in “Prob-
lems with inhaler use: a call for improved clinician and
patient education,”39 it is the prescribing clinician and the
dispensing pharmacist who have the primary responsibil-
ity for patient education. The authors of this paper con-
cluded, “As patient-care advocates, we need to educate
administrators and legislators of the need to make time for
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teaching and provide resources so that proper education is
the norm rather than the exception” (Table 5).

Routine Checking for Microbial Colonization:
Yes or No?

In general, the correct answer is no. If you are following
the recommended IPC procedures/processes between pa-
tients in the pulmonary function testing lab or elsewhere,
there is no need to look for microbes. If you are doing all
of the correct steps for IPC, the important question to ask
is what are you going to do differently if you do find
microbes?

The recommendation for infection and microbiologic
surveillance by the CDC/HICPAC states, “In the absence
of specific clinical, epidemiologic, or infection-control ob-
jectives, do not routinely perform surveillance cultures of
patients or of equipment or devices used for respiratory
therapy, pulmonary-function testing, or delivery of inha-
lation anesthesia.”17 There are situations that warrant look-
ing for microbial contamination. An outbreak, for exam-
ple, requires a thorough plan to investigate and locate the
source of the outbreak to control and/or stop it. This re-
quires a strategic operation or plan to determine the source
of contamination. Is it geographical, temporal, organiza-

tional, or water-borne (personal communication, 2014, An-
gie Rupp, Infection Control Director, Ann & Robert H
Lurie Children’s Hospital of Chicago, Chicago, Illinois)?

Another situation that warrants looking for microbes is if
there is a burning question in need of an answer or to support
or add to the literature: in other words, a research study. I
personally had a burning question when I surveyed the neb-
ulizers used by subjects with CF in the hospital setting.4 I
wanted to know if our hospital policy for nebulizer care was
safe for the patients, and this required that I check the neb-
ulizers for bacteria. It was not a routine check.

What is important and successful is to routinely check
or audit adherence to recommended IPC practices and qual-
ity-improvement programs in the health-care setting. Such
audits are now required by credentialing organizations,
namely The Joint Commission.28 These audits are not pu-
nitive; rather, they are designed to provide feedback to the
health-care team and reinforce implementation of IPC
guidelines for patient safety.

Summary

My best effort in this article is to share with you the
current IPC guidelines of the Cystic Fibrosis Foundation
for nebulizer care, and my intention is for clinicians to be
aware of these guidelines. The RT is in the first-line of
patient education and has a critical role in patients suc-
cessfully using their aerosol devices correctly and safely.
My hope is that clinicians embrace their profession and the
resources available to work toward a standard in aerosol
device cleaning and infection control. It is a team effort.
All stakeholders (respiratory care departments, hospital
administrators, infection-control teams, physicians, nurses,
manufacturers, governments, professional organizations)
need to cooperate, communicate, and share in the respon-
sibility of ensuring the safe use of aerosol delivery devices.
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Discussion

Berlinski: Thank you for the nice
review. I have a couple of comments.
One is that many of the instructions or
package inserts of the nebulizers rec-
ommend using vinegar to clean the
equipment, but I think that’s a big
no-no.

O’Malley: You are correct. Vine-
gar is a no-no. Vinegar is not a rec-
ommended disinfectant.

Berlinski: But many devices out
there have that recommendation. With
respect to cleaning the PEP [positive
expiratory pressure] devices, because
that is really time consuming, if you
put a bacterial filter between the
mouthpiece and the device, why would
you need to do that? You don’t run
any aerosols through the device. Why
would you need to open it up to clean
it?

O’Malley: In the hospital or in the
home?

Berlinski: Hospital. I can get a $1
disposable filter that you put between
(on that device you showed there, or
even the one that did not open), but if
you don’t run aerosols, which you
probably shouldn’t be doing anyway,
you’re not breathing, and you’re us-
ing a filter, I’m not sure I see the need
of going through all the trouble. The
problem is that the parts are extremely
complex, and the likelihood of this be-
ing achieved is probably low with the
current resources that are given. You
just stated that you don’t have a ded-
icated RT [respiratory therapist] to do
this for your pulmonary clinic, so that
tells you a little bit about how this
goes.

O’Malley: I did see a picture of a
MetaNeb circuit with a filter, and I
was confused about that because
wouldn’t it filter the aerosol particles?
I wasn’t sure about that, but if it’s just
a PEP device without an add-on aero-

sol, I’ve always questioned, “Is it less
harmful?” Since you’re not including
aerosol particles into the lungs, can
one be less diligent about the cleaning
and disinfecting? I’m not sure. Per-
haps, but the PEP device does come
in contact with mucous membranes,
so it is a semi-critical medical device.
In the hospital setting, we use these
oscillating PEP devices, and we re-
quire that the patient or the caregiver
clean it with sterile water and soap,
rinse with sterile water, and let it air-
dry every evening. So if you use a
filter, is that better than doing that? I
don’t know.

Berlinski: If you used a filter, you
would probably just need to wash the
mouthpiece.

O’Malley: Or replace it.

Berlinski: Or replace it, if you
wanted. That would be a very inex-
pensive way.

O’Malley: It might be a better way;
I’m going to look into that. Thank you.

Hess: The question I have is what
evidence do we have that it matters?
Do we know that any patient has ever
had a bad outcome because of not
cleaning the PEP device?

O’Malley: Bacterial contamination
of home nebulizers is well docu-
mented, but there is no proof that a
person got sick from personal
equipment.

Hess: My concern is that we come
up with these guidelines that seem to
make sense (and I would agree that it
seems to make sense), but early in my
career, we thought we needed to
change the ventilator circuit every day
for infection-control purposes. And
then we learned that the best thing
was to not change it at all, as far as
infection control. Throwing in an ex-
pense like a filter or time for cleaning,
lacking the evidence that it makes a

difference, concerns me. The other one
is wiping off a mouthpiece with an
alcohol wipe. I’ve never done that in
40 years. Maybe I should? But again,
what’s the evidence that it makes a
difference? When I do my next clini-
cal shift, should I put a whole bunch
of alcohol wipes in my jacket pocket
so I can wipe off the nebulizers after
the treatments?

O’Malley: There are no data to sup-
port the specific practice of wiping
the mouthpiece of the nebulizer with
alcohol after use; however, if I’m a
patient in a hospital bed and they
handed me the mouthpiece I used 4
hours earlier and it looks dirty and
feels crusty, I would really appreciate
someone taking the time to clean my
mouthpiece with an alcohol pad after
I use it.

Berlinski: The issue is that studies
have shown that, in patients with CF
[cystic fibrosis], the same bacteria
found in their oropharynx and lungs
grow in the nebulizer, so their con-
cerns are with multidrug-resistant bac-
teria. You know that nebulizers dis-
seminate droplets more than 3 feet
away from the patient, so there’s risk
of transmission to other patients.
There’s also the risk of sending these
bacteria present in the oropharynx
deeper into the lungs. I think that’s
where the concern stems from and why
these guidelines are being developed.

Hess: The same thing applies with
ventilator circuits: patients exhale
whatever is in their lungs into the cir-
cuit and then breathe it in again. Is
there any evidence that that results in
recolonization of patients?

‡ Fink: I remember back at the time
we were looking at ventilator circuits,
we had been using the PB [Puritan-
Bennett] Cascade with the bubble hu-
midifiers, and people identified that it
made micro-aerosols and that was a
source of contamination. So we went
to HMEs [heat-and-moisture exchang-
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ers] and pass-over humidifiers to elim-
inate mechanisms to transmit the bugs
back to the patient unless it was con-
taminated condensate that you poured
back down the tube. That’s why your
study was so pivotal in terms of need-
ing to change the circuits. I don’t think
we would be able to do that as effec-
tively if we were still using humidifi-
ers that made aerosols.

Hess: We were. I can tell you that
in our study1 published 20 years ago
on the frequency of changing ventila-
tor circuits, we were still using Cas-
cade humidifiers.

Berlinski: I’d like to go back to your
question. Probably the difference be-
tween patients with CF and patients
receiving mechanical ventilation is
that the acquisition of certain patho-
gens in CF is associated with deteri-
oration of your clinical status, namely,
P. aeruginosa, multidrug-resistant or-
ganisms, Burkholderia cepacia.
There’s a big group of pathogens that
you really don’t want to acquire, and
the reality is that even though thera-
pists use gowns and gloves for every
single procedure when you are in the
room of a patient with CF, there’s still
risk of cross-contamination. That’s
probably one difference between those
2 conditions.

‡ Fink: Can I ask a different ques-
tion? One of my biggest concerns in
the hospital is there’s really no safe
place to clean, wash, and disinfect neb-
ulizers at the bedside. It’s a germy
nasty place, and we generally take
these things that are partially air-dried,
stick them in a bag, and let them fes-
ter between treatments, which has al-
ways scared me a little bit. Your MDI
[metered-dose inhaler] information
was really interesting. A lot of places,
because of the high cost of MDIs, have
started sharing common canisters. I’m
wondering whether there’s any evi-
dence that supports that practice in
terms of carrying bugs from one pa-
tient to the other with a shared canis-

ter. One last thing: dishwashers for
cleaning? I don’t know where we
started with that, but I look at my dish-
washer, and there’s all this stuff (bits
of food) from the last couple of months
as small particulate down in the re-
cesses of the device that may not be
infected but certainly provide a great
growth medium. For vibrating mesh
nebulizers, I think these particles are
at risk to clog the mesh. Is it really
safe and effective to use dishwashers
for home care for cleaning rather than
some of these other methods?

O’Malley: When I share with fam-
ilies the options for disinfection, most
are not comfortable with the dish-
washer for all the reasons that you just
mentioned, but there are some who
have these state-of-the-art, very high-
tech dishwashers. There’s no temper-
ature probe on it, but they say the steam
billows out for 45 minutes, and when
the cycle is done and you open up that
stainless steel door, it’s shining bright
clean and dry. Okay, if I had that kind
of dishwasher, I would be comfort-
able using it as a disinfectant for my
respiratory care equipment.

‡ Fink: Is there any evidence to sup-
port dishwashers being used?

O’Malley: It’s about temperature
and time: 158°F for 30 minutes.

‡ Fink: So it’s the assumption that
the temperature and time are effective
from other studies being applied to
the dishwasher?

O’Malley: It is not an assumption
that the time (30 minutes) and the tem-
perature (158°F) will disinfect the
equipment, but it may be an assump-
tion that your dishwasher achieves
this! As far as the canister, are you
talking about the actual MDI medica-
tion canister? Isn’t that single-patient
use only?

‡ Fink: Some hospitals have gone
to canister sharing.

O’Malley: Ewww.

‡ Fink: I had the same response!

O’Malley: There is the common
canister protocol, which is to wipe the
canister and boot well with 70% alco-
hol after each patient and before each
use, and evidence shows that this re-
sults in no growth of bacteria on the
equipment, but when we are still strug-
gling to get people to use good aseptic
technique and good handwashing tech-
nique, I would think that canister shar-
ing has a high possibility for cross-
contamination. And I would say the
same for the instruction canisters, the
placebos. If I’m teaching someone how
to use an MDI, I go to the Pyxis and
get out a brand new 60-actuation MDI
and a new spacer, and I deliver the
dose. If it’s a first-time user, it’s also
an opportunity to make sure they tol-
erate the medication.

Restrepo: I’d like to respond to
Dean’s comment. I am with you; I
think we pay a lot of attention to all
these things. Don’t get me wrong;
it’s one thing to put bacteria intent-
ionally into a closed system with poor
care. That’s not the case; I don’t think
there’s a discussion there. The second
thing is how much care is really needed
to insert bacteria into the circuit
for them to cause pneumonias. We
look at the risk factors for VAP (ven-
tilator-associated pneumonia), which
is one of the big concerns, and this
doesn’t really come up as a target un-
less you have soiled the circuit. I think
that a lot of this evidence comes from
the suggestion that the lungs are ster-
ile; we know that the microbiological
story has shown us that the lungs are
really not sterile. All these bacteria
are there, and they’re going back and
forth. Would that be the same premise
of what happens when you aerosolize
and what happens when you drink tap
water? That’s not the only way that
bacteria can go directly into the lungs.
I think the story outside is very dif-
ferent from that in the hospital, but
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the story in the hospital, in my mind,
is how you avoid direct transmission
of bacteria. I think the recommenda-
tions are really important, and the bar-
rier recommendations are critical. If
you don’t wear gloves, that’s where
you can really transmit. How much of
all this is necessary? I think that’s why
there’s a big movement toward dis-
posable products. In the out-patient
setting, I think it’s less critical, but the
hygiene of every person is different,
and we need to have standards. I think
this is what you’re really trying to say
here: when you have standards, below
this line is bad, but this hyper-clean is
impossible. It’s very impractical, but
as Dean says, what is the evidence
that we have to go to this extreme?
When you have a lot of recommenda-
tions for a lot of things, someone will
make a mistake, so we’re making
something that is already difficult way
more complicated.

Laube: Do we have to worry about
whether these devices say they’re dish-
washer safe before we put them into a
dishwasher?

O’Malley: Yes, you’d want to make
sure that the device would maintain
its integrity.

Laube: Would that be stated some-
where by the manufacturer? Would pa-
tients know that?

O’Malley: Right now, one of the
spacer devices by Monaghan is dish-
washer safe, and it’s in their instruc-
tions. It is important to make sure that
the option you choose for disinfection
is permitted by the manufacturer.

Berlinski: Regarding shared canis-
ter use, if I’m not mistaken, I think
that’s against The Joint Commission
regulations because every medication
has to be labeled with a dose and the
patient’s name. So that goes against
that principle.

‡ Fink: But The Joint Commission
also says, for disposables for instance,
there are caveats that if you have local
information that supports recycling
single-patient use devices for reuse or
if you have local evidence that it’s
safe and effective to do, it’s okay for

your institution, which opens up a lot
of questions. For instance, as you
showed in your slide, some people
change after every dose, some people
change once a day, and others go a
week with a nebulizer that hasn’t been
cleaned or changed out. Some of the
state licensing groups are asking in-
stitutions to justify their change pol-
icy? While I understand you shouldn’t
do routine surveillance, we should
probably provide some reasonable cul-
ture guidelines and methodologies to
people to justify their change policies.

O’Malley: Agreed. Further research
is needed where there is a lack of ev-
idence to support our practices.

‡ James B Fink PhD RRT FAARC,
James B Fink LLC, San Mateo, Cal-
ifornia, and Division of Respiratory
Therapy, Georgia State University, At-
lanta, Georgia, representing Aerogen.
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