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BACKGROUND: Mechanically ventilated patients often need bronchodilators administered via a
metered-dose inhaler (MDI). Unfortunately, there are no data examining the impact of shared
canister delivery of MDI therapy in mechanically ventilated patients. METHODS: A prospective
trial was conducted with subjects assigned to shared canister MDI therapy or single-patient canister
MDI therapy. Outcomes assessed were occurrence of ventilator-associated pneumonia (VAP), hospital
mortality, length of stay, ventilator-associated events, and MDI costs. RESULTS: Among 486 screened
patients, 353 were included for analysis of which 201 (56.9%) received shared canister MDI therapy and
152 (43.1%) received single-patient canister therapy. VAP (7.0% vs 4.6%, P � .35), hospital mortality
(21.9% vs 20.4%, P � .73), and ventilator days (median [interquartile range] 3.1 [0.9–7.5] d vs 2.7
[1.2–7.1] d, P � .62) were similar between the shared canister and single-patient canister groups. We did
not observe clinically important differences for ventilator-associated events between study groups in our
logistic regression analysis (P � .07). There was a savings of $217/subject in the shared canister group
due to the use of 299 fewer MDIs. CONCLUSIONS: Our study found that shared canister MDI
therapy compared with single-patient MDI use was associated with a significant cost savings and
similar rates of VAP, hospital mortality, and length of stay but a greater prevalence of ventilator-
associated events. This finding suggests that shared canister delivery of MDIs may be a cost-effective
practice in mechanically ventilated patients. Based on our findings, further studies examining the overall
safety of shared canister use in mechanically ventilated patients seem warranted before recommending
their routine use. (ClinicalTrials.gov registration NCT01935388.) Key words: mechanical ventilation;
common canister; outcome. [Respir Care 2016;61(10):1285–1292. © 2016 Daedalus Enterprises]

Introduction

The need for mechanical ventilation is one of the most
common indications for admission to an ICU. Moreover,

mechanically ventilated patients frequently receive aero-
solized medication therapy administered via metered-dose
inhalers (MDIs), as opposed to nebulization, to reduce
costs, prevent patient-ventilator asynchrony, and minimize
aerosol dispersion in the ICU during respiratory virus sea-
son.1 The currently accepted practice is to provide single-
patient MDI therapy during mechanical ventilation to min-
imize the risk of adverse events, such as nosocomial
infections. Because most patients will not use the entire
contents of an MDI during their hospitalization, most of
the MDI capacity is discarded without clinical use. Unfor-
tunately, there are no available studies to determine the
most cost-effective method for the use of MDIs in venti-
lated patients.

Previous studies have demonstrated that ventilator cir-
cuits can be employed safely without routine changing of
the circuit.2-4 Similarly, it has been shown that both in-line
suction catheters5,6 and heat and moisture exchangers7,8

can be employed for more prolonged time periods without
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increasing the risk of nosocomial infection or other ad-
verse outcomes, although these are not shared between
patients. The lack of data on how MDIs should most ef-
fectively be employed in the ICU served as the justifica-
tion for this investigation. We planned to carry out a pro-
spective trial comparing the usual practice of single-patient
MDI therapy with a shared canister practice, whereby a sin-
gle MDI is repetitively employed on different patients until it
is fully discharged. The main goal of this trial was to assess
the safety and clinical outcomes associated with shared can-
ister inhalation therapy in mechanically ventilated subjects.

Methods

Study Design and Ethical Standards

The study was conducted at Barnes-Jewish Hospital, a
1,250-bed urban hospital in St. Louis, Missouri. During a
12-month period (April 15, 2014, through March 31,
2015), hospitalized patients in the medical ICU (34 beds)
and the surgical ICU (36 beds) requiring mechanical
ventilation and MDI therapy with albuterol, ipratropium,
or ipratropium/albuterol were evaluated. The Washing-
ton University Human Research Protection Office ap-
proved the protocol, and the requirement for informed
consent was waived (Human Research Protection Office
number 201302130).

All patients admitted to the ICUs were assessed for
participation. Study inclusion criteria were age �18 y,
requirement for mechanical ventilation, and inhalation ther-
apy that was to be administered via an MDI. Exclusion
criteria included lung transplant, status asthmaticus, neu-
tropenia, and patients placed on isolation precautions due
to colonization with antibiotic-resistant bacteria (eg, me-
thicillin-resistant Staphylococcus aureus, vancomycin-re-
sistant enterococci), Clostridium difficile, or respiratory
viruses (eg, influenza A or B, rhinovirus, adenovirus). The
medical and surgical ICUs were each divided into 2 study
groups based on geographic location and proximity to the
PYXIS Medstation (CareFusion, San Diego, California)
within these units. The 2 study groupings within each ICU
were randomly assigned so that subjects admitted to each
group would receive either shared canister therapy or sin-
gle-patient canister therapy. Subjects in the shared canister
group received MDI therapy from a single canister until
the canister was fully discharged. Subjects assigned to the
single-patient group had one MDI canister assigned per
subject. Respiratory therapists followed a cleaning proto-
col before administration of MDI therapy for subjects as-
signed to both groups (Table 1).

End Points and Covariates

The end points examined were occurrence of ventilator-
associated pneumonia (VAP), hospital mortality, length of

stay, ventilator-associated events, and MDI costs. Venti-
lator-associated events included ventilator-associated con-
ditions (VACs) and infection-related VACs. We collected
important covariates, including demographics, occurrence
of nosocomial infections, hospital mortality, and length of
stay. Severity of illness was assessed by the Acute Phys-
iology and Chronic Health Evaluation (APACHE) II score,9

and comorbidities were assessed with the Charlson comor-
bidity index score.10

Definitions and Outcomes Assessment

The definition for ventilator-associated events was taken
from the published update from the Centers for Disease
Control and Prevention (CDC).11 To meet the VAC defi-
nition, a mechanically ventilated subject had to have at
least 2 calendar days of stable or decreasing daily mini-
mum PEEP or FIO2

, followed by at least 2 d of increased
daily minimum PEEP or FIO2

, where the increase in the
daily minimum PEEP was �3 cm H2O or where the in-
crease in the daily minimum FIO2

was �0.20 (or 20 per-
centage points in oxygen concentration). Infection-related
VACs are characterized by an abnormal white blood cell
count (�12,000 Cells/�L or �4,000 Cells/�L) or tem-
perature (�38 or �36°C) and a new antimicrobial start.

QUICK LOOK

Current knowledge

There are no clinical data available to guide the use of
shared canister delivery of MDIs in mechanically ven-
tilated patients. Current standard of practice is to pro-
vide single-patient use MDIs to individual patients re-
quiring inhalation therapy during mechanical
ventilation.

What this paper contributes to our knowledge

Our study demonstrates that shared canister delivery is
associated with similar occurrence of ventilator-associ-
ated pneumonia, hospital mortality, and length of stay
and lower MDI costs compared with the current prac-
tice of single-patient MDI therapy. We also found a
significantly higher occurrence of ventilator-associated
events among subjects receiving shared canister ther-
apy without a clear clinical explanation for this obser-
vation. These findings suggest that shared canister de-
livery of MDIs may be a cost-effective practice in
mechanically ventilated patients. However, further stud-
ies examining the overall safety of shared canister use
in mechanically ventilated subjects seem warranted be-
fore recommending their routine use.
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Infection-related VACs were defined so as to be likely to
capture subjects with pulmonary and extrapulmonary in-
fections of sufficient severity to trigger respiratory deteri-
oration. The definition for probable VAP was also taken
from the CDC update.11 A clinical diagnosis of VAP was
defined as a new or progressive consolidation on chest
radiographs plus at least 2 of the following clinical crite-
ria: fever �38°C, leukocytosis or leukopenia, and purulent
secretions. The presence or absence of a new or progres-
sive radiographic infiltrate was based on the interpretation
of the chest radiograph by board-certified radiologists who
were blinded to the study. The diagnosis of VAP was
microbiologically confirmed with either bronchoalveolar
lavage or tracheal aspirate cultures demonstrating signifi-
cant growth using a semiquantitative culture technique
(�104 and �105 colony-forming units/mL, respectively).12

The occurrence of a VAC or infection-related VAC was
determined by infection prevention specialists who were
blinded to subjects’ study group assignment using an au-
tomated informatics surveillance system developed at
Barnes-Jewish Hospital.13 The occurrence of VAP was
determined by one of the investigators (MHK), who was
also blinded to subjects’ study group assignment.

Drug costs were based on the Red Book published by
Truven Health Analytics (http://sites.truvenhealth.com/

redbook/index.html. Accessed March 11, 2016) calculated by
multiplying the number of MDIs employed in each treatment
group by the retail price of each MDI (albuterol � $21.64;
ipratropium � $311.87; ipratropium/albuterol � $333.51).
Per Barnes-Jewish Hospital protocol, the number of MDI
actuations for each treatment was 8 for albuterol, ipra-
tropium, and ipratropium/albuterol MDIs, respectively.
The MDIs employed at Barnes-Jewish Hospital con-
tained 60 actuations/canister for albuterol, 200 actua-
tions/canister for ipratropium, and 200 actuations/canister
for ipratropium/albuterol. For subjects receiving shared
MDI therapy, the cost of the MDIs was taken up by the
pharmacy department for the duration of this study.

Statistical Analysis and Sample Size Justification

We estimated sample size to provide 80% power to
detect a 15% difference in the rate of occurrence of ven-
tilator-associated events between the 2 study groups. We
used an � error of 0.05 (2-tailed). On the basis of these
assumptions, 134 subjects were needed in each of the 2
study groups. We assessed for normal distributions with
the Shapiro-Wilk test. Our study design resulted in an
asymmetric patient randomization. Continuous variables
are reported as means � SD when distributed normally or
medians (interquartile range) when skewed. Differences
between mean values were tested via Student t test, and all
other distributions were compared by the Mann-Whitney
U test. Categorical data are summarized as proportions,
and the chi-square test or Fisher exact test for small sam-
ples was used to examine differences between groups. We
confirmed the results of these tests for ventilator-associ-
ated events and VAP while controlling for specific subject
characteristics (age, sex, race, ICU [medical or surgical],
APACHE II score, Charlson score), using multiple logistic
regression analysis. All variables entered into the model
were assessed for co-linearity, and interaction terms were
tested. The most parsimonious model was derived using
the backward manual elimination method, and the best-
fitting model was chosen based on the C statistic. The
model’s calibration was assessed with the Hosmer-Leme-
show goodness-of-fit test. Results of logistic regression
are presented as adjusted odds ratios with 95% confidence
intervals. A P value of .05 was considered statistically
significant, and all analyses were 2-sided.

Results

Patients

486 consecutive patients who required mechanical ven-
tilation and received inhalation therapy with an MDI were
evaluated (Fig. 1). Among these patients, 126 (25.9%)
were excluded due to colonization or infection with an

Table 1. Metered-Dose Inhaler Shared Canister Cleaning Protocol

The respiratory therapist administering MDI therapy will perform hand
hygiene prior to entering the subject’s room, don gloves, and
follow standard precautions as appropriate. Perform cleaning of
MDI canister as follows:

1. Remove appropriate MDI canister from the PYXIS Medstation
System (CareFusion, San Diego, California).

2. Obtain a minimum of 4 alcohol prep pads (70% isopropyl
alcohol).

3. Thoroughly wipe:
a. MDI canister well on Aerovent collapsible holding chamber

(Monaghan Medical, Plattsburgh, New York)
b. Canister tip/sides and dose counter casing as applicable

4. Allow all surfaces to air-dry prior to placing canister in well
5. After administration of the MDI therapy:

a. Remove canister from MDI canister well
b. Wipe canister tip/sides and dose counter casing thoroughly
c. Allow to air-dry

6. Do not place MDI canister in plastic bag or in pocket prior to
transport to subsequent subject rooms. Simply carry cleaned
canister to next subject requiring MDI treatment in the shared
canister group and repeat above processes, then replace canister
in the PYXIS Medstation System following administration of
all prescribed MDI treatments.

7. Store shared canister in PYXIS Medstation System in the
respiratory care services bin per guidelines.

For subjects assigned to single-patient MDI therapy, the same cleaning protocol was followed
with the exception that the MDIs were kept in the subject’s room.
MDI � metered-dose inhaler
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antibiotic-resistant bacteria or a respiratory virus. Four pa-
tients were excluded due to neutropenia, and 3 were ex-
cluded as a result of having a lung transplant. Thus, 353
subjects were included for analysis of whom 152 (43.1%)
received single-patient MDI therapy and 201(56.9%) re-
ceived shared MDI therapy. At the time of ICU admission,
no statistically significant differences were found between
the 2 treatment groups for age, sex, ethnicity, APACHE II
score, or the Charlson comorbidity score (Table 2). There
were statistically more surgical subjects in the shared can-
ister group and statistically more medical subjects who
received single-patient therapy.

Most subjects received albuterol MDIs (88.7%), fol-
lowed by ipratropium MDIs (36.0%) and combined
albuterol/ipratropium MDIs (21.8%) (Table 2). The MDI-
type distribution was similar across study groups. Based
on canister sizes employed during the study period, a mean
of 7 subjects in the shared MDI group shared an albuterol
canister, whereas a mean of 25 subjects shared an ipratro-
pium or ipratropium/albuterol canister. Ninety-one sub-
jects (45.2%) in the shared canister group and 63 subjects
(41.4%) in the single-patient canister group received more
than one medication delivered by MDI. There was no
difference in the median number of MDI doses adminis-
tered for the shared canister group and the single-patient
canister group (17.4 [5.0–46.7] doses vs 15.8 [5.6–36.0]
doses, P � .53).

Ventilator-Associated Conditions

Ten of the 353 study subjects (2.8%) developed a ven-
tilator-associated event, of which 3 (30.0%) were infec-
tion-related VACs. Among subjects with infection-related
VACs, one was classified as probable VAP and 2 as hav-
ing non-pulmonary sepsis. Among the 7 VACs, 3 were
attributed to worsening pulmonary edema, and one each to
atelectasis, renal failure, metastatic cancer, and ARDS. In

the group assigned to receive shared canister MDI therapy,
9 subjects (4.5%) developed a ventilator-associated event;
one subject (0.7%) assigned to single-patient MDI therapy
developed a ventilator-associated event (relative risk 6.806
[95% CI 0.872–53.147, P � .048]) (Table 3). When we
used multiple logistic regression analysis to control for all
relevant confounders, the adjusted odds ratio assessing the
relation between ventilator-associated event and treatment
group assignment (receiving shared canister MDI therapy
compared with single-patient therapy) was 6.931 (95% CI
2.910–20.166, P � .07).

Twenty-one (5.9%) subjects developed microbiologi-
cally confirmed VAP. In the group assigned to receive
shared canister therapy, 14 subjects (7.0%) developed VAP;
7 subjects (4.6%) assigned to receive single-patient ther-
apy developed VAP (relative risk 1.513 [95% CI 0.626–
3.656, P � .35]). When we used multiple logistic regres-
sion analysis to control for all relevant confounders, the
adjusted odds ratio assessing the relation between VAP
and treatment group assignment (receiving shared canister
MDI therapy compared with single-patient therapy) was
1.484 (95% CI 0.916–2.408, P � .41). The ventilator-
associated event surveillance criteria identified none of the
21 subjects with microbiologically confirmed VAP.

Other Outcomes

The mean hospital stay, ICU stay, and duration of me-
chanical ventilation for the entire study group was
18.0 � 15.9, 10.4 � 10.7, and 6.0 � 9.4 d, respectively.
The hospital stay, ICU stay, and duration of mechanical
ventilation did not differ significantly between the 2 treat-
ment groups (Table 3). Seventy-five subjects died during
their study hospitalization, yielding an overall hospital mor-
tality rate of 21.2%. No statistically significant difference
in the mortality rates was found between the 2 study groups.
The use of vasopressors, antibiotics, and bloodstream in-
fections was also similar between study groups (Table 3).
Total costs for MDI therapy during hospitalization were
$173,770.27 (3,304 MDIs employed) in the group receiv-
ing single-patient MDI therapy and $130,112.28 (3,005
MDIs employed) in the group receiving shared canister
MDI therapy (Table 4). This resulted in a cost savings of
$43,657.99 for subjects in the shared canister group, or
$217 per subject, due to the use of 299 fewer MDIs.

Discussion

We found that a practice of shared canister MDI inha-
lation therapy was associated with similar rates of VAP,
hospital mortality, and length of stay but an increased risk
for ventilator-associated events when compared with the
usual practice of single-patient MDI therapy. MDI costs
were more than $40,000 greater in the group receiving

Fig. 1. Flow chart.
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single-patient MDI therapy. Our results are unique in as-
sessing the practice of shared canister MDI therapy in a
large group of mechanically ventilated subjects.

The practice of shared canister MDI administration of-
fers a potential solution to the discordance between MDI
canister sizes and average in-patient use of these drugs.
MDI canisters are designed for out-patient use and contain
enough drug for several weeks of daily use. However, the
average stay for most in-patients is only several days.14

Therefore, most in-patients do not use all of the MDI
canister contents, an unused resource that is potentially

wasted. Moreover, based on local practices at Barnes-Jew-
ish Hospital and other BJC Healthcare hospitals, patients
transitioned from the ICU to non-ICU wards usually have
their ICU MDIs discarded and are prescribed new MDIs
on their new ward, resulting in further waste of drug. The
unused MDIs can be handled in various ways, each pre-
senting unique problems. Upon patient discharge, some
institutions dispense the partially used canisters when con-
tinuation of therapy is warranted. This practice utilizes
remaining canister contents and provides a service to the
patient. However, state laws often require relabeling of the

Table 2. Baseline Characteristics at Study Enrollment

Characteristics Shared Canister Therapy (n � 201) Single-Patient Canister Therapy (n � 152) P

Male, n (%) 108 (53.7) 86 (56.6) .59
Age, median (IQR) y 60.7 (52.4–68.8) 62.9 (51.4–70.7) .45
Race, n (%)

White 136 (67.7) 100 (65.8) .71
Black 58 (28.9) 44 (28.9) .99
Other 7 (3.5) 8 (5.3) .41

ICU, n (%)
Medical 58 (28.9) 69 (45.4) .001
Surgical 143 (71.1) 83 (54.6) .001

Charlson comorbidity index score, median (IQR) 5 (2–7) 5 (2–7) .70
APACHE II score, median (IQR) 14 (11–18) 13 (11–17) .25
MDIs administered, n (%)

Albuterol 181 (90.0) 132 (86.8) .35
Ipratropium 71 (35.3) 56 (36.8) .77
Ipratropium/albuterol 47 (23.4) 30 (19.7) .41

IQR � interquartile range
APACHE � Acute Physiology and Chronic Health Evaluation
MDIs � metered-dose inhalers

Table 3. Clinical Outcomes

Outcomes Shared Canister Therapy (n � 201) Single-Patient Canister Therapy (n � 152) P

Ventilator-associated events, n (%) 9 (4.5) 1 (0.7) .048
IVAC, n (%) 3 (1.5) 0 (0.0) .26
VAP, n (%) 14 (7.0) 7 (4.6) .35
Hospital length of stay, median (IQR) d 14 (7–26.5) 11.5 (7–22) .09
Intensive care unit length of stay, median (IQR) d 7.3 (3.4–14.6) 6.1 (2.7–14.5) .15
Mechanical ventilation, median (IQR) d 3.1 (0.9–7.5) 2.7 (1.2–7.1) .62
Hospital mortality, n (%) 44 (21.9) 31 (20.4) .73
Vasopressors, n (%)* 107 (53.2) 79 (52.0) .81

129 (64.2) 94 (61.8) .65
Antibiotics, n (%)* 136 (67.7) 91 (59.9) .13

173 (86.1) 124 (81.6) .25
Bloodstream infection, n (%)† 5 (2.5) 5 (3.3) .65

* Vasopressor and antibiotic administration within 48 h and 7 d, respectively, after initial metered-dose inhaler therapy.
† Occurrence after study enrollment.
IVAC � infection-related ventilator-associated condition
VAP � ventilator-associated pneumonia
IQR � interquartile range
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drug as an out-patient prescription in this situation, pre-
senting additional regulatory and labor burdens to phar-
macy departments. Alternatively, many hospitals discard
the partially used canister, deeming the risk of potential
infection with reuse greater than any potential cost
savings.15

Use of shared canister MDI inhalation therapy in in-
patient settings has primarily been described in abstract
form and poster presentations and not in peer-reviewed
medical literature. Accounts are descriptive, not experi-
mental; therefore, the strength of evidence supporting safe
use is relatively weak. Early data from the 1990s sug-
gested canister contamination rates of approximately 5%,
both with and without decontamination.16,17 At Georgia
University Hospital, investigators collected 60 samples
from MDI canister nozzles of nonintubated subjects before
and after disinfection with alcohol and from adapter sites
after disinfection.16 Cultures were positive after 5 days in
3, 5, and 11 samples, respectively, revealing a �5% con-
tamination rate even after disinfection.16 These authors
also evaluated contamination rates of used MDIs that were
decontaminated or not decontaminated with alcohol before
nozzle tip culture. None of the 37 cultures were positive
when decontaminated before culture, compared with 1 of
18 (5.5%) that was not decontaminated.17 It is notable that
these analyses were performed in one geographic location;
thus, local microbial flora or infection control practices
could play an important role in the authors’ findings of
minimal contamination.

Data after 2000 revealed findings supportive of shared
canister use in nonintubated subjects. A university teach-
ing hospital utilizing a shared canister protocol analyzed
150 cultured swabs from used MDI mouthpieces that were
decontaminated with alcohol. None were positive at 72 h,
a finding that was echoed in the same analysis at a 250-bed

teaching hospital.18,19 The most recent accounts of shared
canister use from 2010 and beyond describe the use of
one-way valve chambers in addition to decontamination
with alcohol for use in nonintubated patients. A 4-hospital
acute care system in Kentucky disinfected canister boots
with 70% isopropyl alcohol before and after administra-
tion and used patient-specific one-way valve chambers.20

Seventy of 71 random swab samples of shared canisters
were negative, with one positive culture for normal respi-
ratory flora. Similarly, a Montana community hospital us-
ing the same decontamination and one-way valve chamber
measures found no significant change in nosocomial re-
spiratory infection rates during the 6 months before and
after implementation of a shared canister program, al-
though infection rates and the number of exposed sub-
jects were not reported.21 Notable in these accounts are
small sample sizes, which limit precision in estimating
the true incidence of contamination. Additionally, health-
care workers’ adherence to handwashing protocols was
not considered, despite the well-documented nature of
non-adherence.22

Reported cost savings from employing shared canister
MDI therapy have not been thoroughly quantified. The
Kentucky health system, which interchanged subjects to
MDIs when possible and charged on a per-puff basis, re-
alized a 50% reduction in oral inhaler expenditures but did
not describe absolute cost savings.20 A Pennsylvania com-
munity hospital reportedly reduced annual MDI costs by
$75,000 but did not define the percentage change in costs
or the cost savings attributed to shared canister use. This
savings was mostly attributable to an interchange to Ad-
vair MDI from Advair dry powder inhalers, which cannot
be reused.23 None of these analyses considered the poten-
tial costs of nosocomial respiratory infections acquired via
contaminated canisters or other adverse outcomes associ-

Table 4. Metered-Dose Inhaler Costs

Shared Canister
MDIs Used

Cost
Single-Patient Canister

MDIs Used
Cost

Inhalers
Saved

Cost
Savings

Albuterol (60 puffs/canister)
All hospital days 2,785 $60,267.40 2,959 $64,032.76 174 $3,765.36
ICU days only 2,188 $47,348.32 2,357 $51,005.48 169 $3,657.16
Ventilated ICU days only 1,692 $36,614.88 1,857 $40,185.48 165 $3,570.60

Ipratropium (200 puffs/canister)
All hospital days 163 $50,834.81 246 $76,720.02 83 $25,885.21
ICU days only 118 $36,800.66 198 $61,750.26 80 $24,949.60
Ventilated ICU days only 104 $32,434.48 186 $58,007.82 82 $25,573.34

Ipratropium/albuterol (200 puffs/canister)
All hospital days 57 $19,010.07 99 $33,017.49 42 $14,007.42
ICU days only 55 $18,343.05 97 $32,350.47 42 $14,007.42
Ventilated ICU days only 55 $18,343.05 97 $32,350.47 42 $14,007.42

Costs were calculated by multiplying the number of MDIs employed in each treatment group by the retail price of each MDI (albuterol, $21.64; ipratropium, $311.87; ipratropium/albuterol, $333.51)
obtained from the Red Book published by Truven Health Analytics.
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ated with the use of shared canisters. The additional cost
attributable to hospital-acquired pneumonia has been esti-
mated at $46,400, and several such cases could easily
offset the annual cost savings described with shared can-
ister use.24,25 Another approach for reducing the costs as-
sociated with the use of MDIs would be to employ nebu-
lization of medications like albuterol and ipratropium.

The Institute for Safe Medication Practices commented
on shared canister use in 2009 but did not offer definitive
recommendations, suggesting only careful protocol devel-
opment and stringent adherence to decontamination.26 The
Association for Professionals in Infection Control and Ep-
idemiology has emphasized the importance of hand hy-
giene and disinfection to reduce sources of contact trans-
mission when employing shared canisters and has addressed
the dilemma of wasted medication due to partially used
MDIs, a problem that will probably be unresolved until
smaller canisters are manufactured for more resourceful
use in hospitalized patients.27 In the interim, institutions
should consider their volume of MDI use, local microbi-
ological epidemiology, and the proportion of severely im-
munocompromised patients when deciding whether to ini-
tiate a shared canister policy. Based on the limited available
data, a contamination rate of approximately 5% could be
present and may be reduced with the use of a one-way
valve chamber and strict adherence to infection control
protocols in nonintubated patients. Our data suggest that
the use of shared canister MDI inhalation therapy may be
associated with minimal yet greater prevalence of venti-
lator-associated events and VAP and length of stay, thus
negating any potential cost savings from their use.

Our study had several limitations. First, we used the
CDC definition for VACs as an outcome. A number of
recent studies have cast doubt on the ability of VACs to
accurately predict outcome events, including hospital mor-
tality and VAP, or to identify preventable causes of respi-
ratory deterioration.12,28,29 The findings from this study
support our earlier observation as well as those from other
investigators, that the ventilator-associated event criteria
are not sensitive for identifying patients with VAP.12,29,30

Moreover, we could not identify any physiologic rationale
for the higher rate of ventilator-associated events among
subjects receiving shared canister therapy. It is also im-
portant to note that this association was marginally signif-
icant and after correction for potential confounders was no
longer found to be significant. Second, we did not obtain
surveillance cultures from the subjects or the canisters.
Therefore, we cannot determine whether differences in
colonization with potentially pathogenic microorganisms
occurred between the study groups. Third, we employed a
cleaning protocol for all MDIs as part of our study. It is not
clear whether our findings can be replicated at other cen-
ters utilizing different MDI utilization practices or differ-
ent MDI cleaning protocols. Additionally, it is possible

that adherence to the cleaning protocol could wane when
therapists are overextended. Fourth, we did not evaluate
all potential confounding variables that could influence the
occurrence of VACs or VAP (for example, previous anti-
biotic exposure, re-intubation). Finally, Barnes-Jewish
Hospital and BJC Healthcare have developed longstanding
and robust infection prevention programs aimed at stan-
dardizing practices in the hospital and ICU settings to
minimize nosocomial events.31,32

Another potential weakness of our study is that the MDI
costs for subjects in the shared canister group were taken
up by the pharmacy department at Barnes-Jewish Hospital
for the study period. Therefore, our cost calculations do
not represent the actual costs to the participants but rep-
resentative costs for the 2 study groups. Additionally, our
use of the 60 actuation/canister albuterol MDI probably
influenced our overall costs as opposed to using a larger
volume canister. It is also important to recognize that there
are major logistical barriers to implementing a shared can-
ister protocol in ventilated patients to include the canister
cleaning protocol, which may require additional personnel
effort and costs. Moreover, we did not directly evaluate
protocol violations in our study and cannot provide any
direct information on the level of compliance with the
respiratory therapy shared canister protocol and clinical
outcomes.

Conclusions

In summary, our findings suggest that shared canister
MDI therapy may be a cost-effective approach in mechan-
ically ventilated patients. However, further studies are re-
quired to determine the overall safety of shared canister
therapy during mechanical ventilation, especially in other
patient populations (eg, immune suppressed individuals)
and non-ICU settings.33 In this era of increasing antimi-
crobial resistance, an alternative approach would be to
have smaller dose single-patient MDIs for hospital use.
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