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BACKGROUND: The impact of various aerosol delivery devices on patient outcomes during mechan-
ical ventilation is unknown. If one method of delivery results in a higher ventilator-associated pneumo-
nia (VAP) rate than another, multiple patient outcomes may be affected. This study aimed to determine
whether there was a difference in VAP occurrence and patient outcomes (days receiving ventilation and
in-hospital mortality) between the vibrating mesh nebulizer (AeroNeb Solo) and the metered-dose
inhaler (MDI). METHODS: This retrospective study reviewed medical records for all mechanically
ventilated, adult patients with an order for aerosol treatment from August 2011 to August 2013. The
hospital converted from MDI to vibrating mesh nebulizers in August 2012, and data were gathered 1 y
before/after conversion. Excluded were patients with a tracheostomy, patients who were mechanically
ventilated for <24 h, patients who received a combination of nebulizer and MDI treatments, or patients
who were re-intubated. RESULTS: Two hundred twenty-eight subjects were included. Forty-eight
(21%) received treatment with an MDI, and 180 (79%) were treated with the vibrating mesh nebulizer.
Descriptive data did not significantly differ for age or APACHE II (Acute Physiology and Chronic
Health Evaluation II) scores between the groups but did for sex (P � .03). Difference in median days
receiving ventilation for the MDI (5 d, interquartile range 3.0–8.5 d) and the vibrating mesh nebulizer
(6 d, interquartile range 4.0–10.0 d) was not statistically significant. No correlation was found between
the use of either device and the primary outcomes of VAP and in-hospital mortality. In multivariable
logistic regression analysis, the number of days receiving ventilation increased the odds of VAP (odds ratio
[OR] 1.3, 95% CI 1.14–1.49, P < .001) and mortality (OR 1.12, 95% CI 1.04–1.21, P � .002). Higher
APACHE II scores increased the odds of mortality (OR 1.05, 95% CI 1.001–1.092, P � .044). CONCLUSION:
We found no association between an MDI or vibrating mesh nebulizer and our primary outcomes, days
receiving ventilation, in-hospital mortality, or VAP, in mechanically ventilated subjects. Key words: metered-
dose inhalers;nebulizer;ventilators;mechanical;administration; inhalation;patientoutcomeassessment;APACHE;
pneumonia; ventilator-associated. [Respir Care 2017;62(4):391–395. © 2017 Daedalus Enterprises]

Introduction

Although the impact on aerosol delivery is considerable,
the choice of delivery devices in mechanically ventilated
patients is limited. Clinicians can choose from metered-dose
inhalers (MDIs), jet nebulizers in several forms, or vibrating

mesh nebulizers to deliver medications in-line through the
ventilator circuit, with each device having its own positive
and negative attributes. There are limited data evaluating clin-
ical outcomes related to different aerosol devices.

When MDIs are used in mechanically ventilated pa-
tients, optimal delivery requires that the clinician properly
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coordinate MDI actuation with inspiration. Fink and Dhand1

conducted a study to test the delivery of aerosol with MDI
actuation synchronized with the start of inspiration, 1 s

SEE THE RELATED EDITORIAL ON PAGE 513

before inspiration, and at the start of exhalation. They found
that the greatest amount of drug was delivered when actua-
tion was synchronized with the start of inspiration.1 If not
well coordinated; a portion of the delivered dose will be
swept into the expiratory limb of the circuit and can reduce
the delivered dose by up to 90%.2 However, it still has been
suggested that MDIs can be as effective as nebulizers, when
used properly.3,4 Many hospitals continue to use MDIs for
their convenience and perhaps the reduced risk of bacterial
contamination.5 Cost savings may also be found with the use
of a common canister protocol with mechanically ventilated
patients without increasing the risk of cross-contamination.6

There are additional factors affecting aerosol delivery in
mechanically ventilated patients. The presence of the artifi-
cial airway alone can significantly reduce the efficiency of an
aerosol delivery device.4 The type of adapter used to deliver an
MDI can impact drug delivery to the patient, such as the use of
a chamber spacer resulting in greater drug delivery than an el-
bow adapter.5 The addition of heat and humidity4 and bias flow7

in the ventilator circuit has been shown to increase aerosol loss.
Aerosol delivery can also be affected by the position of the

delivery device in the circuit. A study done by Ari
et al8 compared a jet nebulizer, vibrating mesh nebulizer,
ultrasonic nebulizer, and pressurized MDI, each placed in 3
locations in the ventilator circuit in both heated, humidified
circuits and non-humidified circuits. There were significant
changes in aerosol delivery from each device, depending on
the humidity and positioning of the device. The vibrating
mesh nebulizer, ultrasonic nebulizer, and pressurized MDI
provided the highest deposition when placed in the inspira-
tory limb, 15 cm from the Y-piece. The jet nebulizer proved
to be less efficient, since the continuous flow from the device
pushed the aerosol into the expiratory limb except during
inspiration.7,8 In another study, a jet nebulizer and a vibrating
mesh nebulizer were each tested in 2 positions: the dry side
of the inspiratory limb before the heater and between the
Y-piece and the inspiratory limb. The results showed that
both nebulizers delivered more aerosol when placed before
the humidifier when bias flow was present. The vibrating
mesh nebulizer consistently delivered more drug than the jet

nebulizer.9 Although bench testing suggests that more aero-
solized drug is delivered, there are limited to no outcome data
to demonstrate that vibrating mesh nebulizers reduce length
of mechanical ventilation or hospital stay.

The lowering of incidence of hospital-acquired infections
is another important initiative in mechanically ventilated pa-
tients. Ventilator-associated pneumonia (VAP) has been as-
sociated with high mortality rates, increased hospital stay,
and significant increases in cost of care.10,11 VAP has been
linked to the delivery of contaminated aerosols via circuit
manipulation and in-line medication delivery.12,13 When us-
ing an adapter or holding chamber in-line with the ventilator
circuit, a port or chamber must be opened, and the circuit
must be manipulated. This increases the risk of contamina-
tion to the circuit and/or secretions draining back into or
around the endotracheal tube. Vibrating mesh nebulizers typ-
ically remain inline on the dry side of the humidifier and are
not routinely changed, but the cap to the medication cup is
routinely opened, which creates a contamination risk.12

Although bench testing suggests that more aerosolized
drug is delivered, there are limited to no outcome data to
demonstrate that vibrating mesh nebulizers reduce the
length of mechanical ventilation. The aim of this study is
to determine the impact of using an MDI or vibrating mesh
nebulizer on the incidence of VAP.

Methods

This retrospective study was approved by our insti-
tutional review board. The electronic medical records
for all mechanically ventilated, adult patients with an
order for aerosol therapy from August 2011 through
August 2013 were reviewed. The hospital, a large aca-
demic medical center in the Midwest, had converted
from MDI to vibrating mesh nebulizers in August 2012; there-
fore, data were reviewed 1 y before and after the conversion.
This study excluded patients with a tracheostomy who re-
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QUICK LOOK

Current knowledge

Respiratory therapists have the option to administer aero-
sol treatments to a mechanically ventilated patient with
a nebulizer or metered-dose inhaler. Current literature
does not provide patient outcome data supporting one
delivery device over the other.

What this paper contributes to our knowledge

There was no difference in in-hospital mortality, VAP,
or number of ventilator days when comparing treat-
ments with a vibrating mesh nebulizer and metered-
dose inhaler during mechanical ventilation.
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ceived �24 h of invasive mechanical ventilation, those who
received a combination of MDI and nebulizer treatments, and
patients who were extubated and re-intubated during their
hospitalization. The data gathered included the number of
days receiving ventilation, in-hospital mortality, and the in-
cidence of VAP. VAP incidence was confirmed by noting
ICD-9 997.31 in the subject’s electronic medical record, and
this diagnosis was confirmed by applying the Centers for
Disease Control and Prevention criteria based on imaging,
clinical, and laboratory findings �http://www.cdc.gov/nhsn/
PDFs/pscManual/6pscVAPcurrent.pdf. AccessedNovember
26, 2016�. The chart review also included the subjects’ de-
mographics, primary diagnosis code, drug(s) delivered and
dosage of treatment, and the total number of treatments re-
ceived while subjects were mechanically ventilated.

Statistical Analysis

The data were summarized by using the frequency with the
percentage for categorical variables and the median with the
interquartile range for continuous variables. To explore the
correlation between covariates and the device MDI versus
nebulizer, the chi-square test or Fisher exact test was used for
categorical variables, whereas the Wilcoxon rank-sum test
was utilized for continuous variables due to skewness of the
distributions. Moreover, we fitted logistic regressions to in-
vestigate the effect of the device on 2 main outcomes, ven-
tilator-associated pneumonia and mortality, with the Firth pe-
nalized likelihood approach as appropriate. Each model
adjusted for number of days receiving ventilation, total aerosol
medication administrations, APACHE II (Acute Physiology and
Chronic Health Evaluation II) score, primary diagnosis code,
age, and sex. All of the statistical analyses were conducted by
using SAS 9.3 (SAS Institute, Cary, North Carolina). Two-tailed
P values of �.05 were considered as statistically significant.

Results

Study staff reviewed the charts of 2,905 patients who were
admitted to the hospital’s ICUs between August 2011 and
August 2013; 2,677 met exclusion criteria and were removed
from the sample (Fig. 1). The majority of exclusions included
patients who received no aerosol treatments (n � 1,932),
received �24 h of mechanical ventilation (n � 430), or re-
ceived a tracheostomy (n � 177). Of the 228 subjects meet-
ing inclusion and avoiding exclusion criteria, 48 subjects
(21%) received treatments with an MDI, and 180 subjects
(79%) were treated with the vibrating mesh nebulizer. De-
scriptive data (Table 1) did not significantly differ for age,
race, or APACHE II scores between the groups but did for
sex (P � .03). There were 115 females and 113 males total
with 31 females (65%) and 17 males (35%) in the MDI group
versus 84 females (47%) and 96 males (53%) in the vibrating
mesh nebulizer group. The difference in median days of in-

vasive mechanical ventilation between the MDI group (5 d,
interquartile range 3.0–8.5 d) and the vibrating mesh nebu-
lizer group (6 d, interquartile range 4.0–10.0 d) was not found
to be statistically significant. No correlation was found be-
tween the use of either device and primary outcomes of VAP
or in-hospital mortality.

The medications nebulized via the vibrating mesh nebu-
lizer included a combination of albuterol sulfate, ipratropium
bromide, acetylcysteine, racemic epinephrine, budesonide,
and levalbuterol. A majority of the vibrating mesh nebulizer
treatments (n � 78, 43%) were a combination of albuterol
sulfate (2.5 mg/0.5 mL) and ipratropium bromide (0.02%).
Medications delivered with the MDI were an albuterol sulfate
and ipratropium bromide combination (n � 32, 67%), albuterol
alone (n � 13, 27%), or ipratropium bromide alone (n � 3, 6%).

In the multivariable logistic regression analysis (Table 2),
the days receiving ventilation increased the odds of VAP (OR
1.3, 95% CI 1.14–1.49, P � .001) and in-hospital mortality
(OR 1.12, 95% CI 1.04–1.21, P � .002) (Table 3). As shown,
the higher APACHE II scores increased the odds of mortality
(OR 1.05, 95% CI 1.001–1.092, P � .044).

Discussion

This retrospective study shows no difference in days
receiving ventilation or in-hospital mortality for either the
MDI or vibrating mesh nebulizer groups. Although others
have reported a higher total delivered dose when using a
small-volume nebulizer compared with the MDI,14 there was
no noticeable difference in the number of ventilator days
from subjects receiving treatments with a vibrating mesh neb-
ulizer compared with the MDI. This lack of difference could
be due to the proper delivery technique used by the medica-
tion-administering respiratory therapist, or the MDI doses

Fig. 1. Flow chart.
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ordered were adequate or adjusted to response. Bench work
focusing on drug delivery noted similar results between the 2
devices used in our study, which may help to explain the
similar outcomes found in our study.7,8

There was also no difference noted in the incidence of
VAP between medication delivery devices. Dhand and
Guntur5 noted that MDIs reduce the chance of bacterial
contamination. The vibrating mesh nebulizer is usually
placed back at the dry inlet of the humidifier, so there is
less manipulation of the breathing circuit, which may lower
the risk of VAP. Our institution also uses a ventilator
bundle, and oral care with chlorhexidine is provided every

4 h to lower the incidence of VAP. Seeing no difference
and low incidence of VAP between the 2 devices could
reflect the clean technique used by the respiratory thera-
pists and the institution’s adherence to VAP prevention.

The notable increase in incidence of VAP with the higher
number of ventilator days is to be expected, considering the
known higher risk of VAP for long-term ventilated patients.15

It should be noted that the definition for VAP used in this
study is no longer supported by the Centers for Disease Con-
trol and Prevention. This study should be repeated using the
current tiered system of ventilator-associated events (ventila-
tor-associated condition, infection-related ventilator-associ-
ated complication, and VAP). Available evidence suggests

Table 1. Demographics and Characteristics

Characteristic Total (N � 228) MDI (n � 48) Nebulizer (n � 180) P*

APACHE II, median (IQR) 17 (13–22) 17 (13–23) 17 (13–22) .67
In-hospital mortality, n (%) 76 (33) 16 (33) 60 (33) �.99
Age, median (IQR) 63 (53–73) 66 (56–75) 62 (51–73) .07
Female sex, n (%) 115 (50) 31 (65) 84 (47) .03
Race, n (%) .28

White 103 (45) 22 (46) 81 (45)
African American 101 (45) 24 (50) 77 (43)
Other 23 (10) 2 (4) 21 (12)

Total treatment administrations, median (IQR) 7 (3–17) 9.50 (4–20) 7.00 (3–16) .14
Discharge diagnosis, n (%) .54

Respiratory 41 (18) 10 (21) 31 (17)
Cardiac/Vascular 31 (14) 4 (8) 27 (15)
Neuro 55 (24) 9 (19) 46 (26)
Sepsis 27 (12) 7 (15) 20 (11)
Other 74 (32) 18 (38) 56 (31)

VAP, n (%) .72†
No 216 (95) 45 (94) 171 (95)
Yes 12 (5) 3 (6) 9 (5)

Days receiving ventilation, median (IQR) d 6 (4–9) 5 (3–8.50) 6 (4–10) .14

* For categorical variables, the chi-square test or Fisher exact test was used. For continuous variables, the Wilcoxon rank-sum test was used.
† Fisher exact test.
MDI � metered-dose inhaler
APACHE II � Acute Physiology and Chronic Health Evaluation II
IQR � interquartile range
VAP � ventilator-acquired pneumonia

Table 2. Logistic Regression to Assess Factors Impacting the
Development of Ventilator-Acquired Pneumonia

Effect Odds Ratio 95% CI

Device (MDI vs nebulizer) 2.89 0.67–12.40
Days receiving ventilation 1.31 1.14–1.49
Total treatment administrations 0.98 0.95–1.01
APACHE II 0.99 0.90–1.10
Age 1.01 0.97–1.05
Sex (female vs male) 1.93 0.53–7.04

MDI � metered-dose inhaler
APACHE II � Acute Physiology and Chronic Health Evaluation II

Table 3. Logistic Regression to Assess Factors Impacting Mortality

Effect Point Estimate 95% CI

Device (MDI vs nebulizer) 1.11 0.52–2.37
Days on ventilator 1.12 1.04–1.21
Total treatment administrations 1.00 0.98–1.02
APACHE II 1.05 1.00–1.09
Age 0.99 0.98–1.01
Sex (female vs male) 0.92 0.50–1.68

MDI � metered-dose inhaler
APACHE II � Acute Physiology and Chronic Health Evaluation II
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that ventilator-associated condition and infection-related ven-
tilator-associated complication are associated with poor out-
comes, whereas VAP is not. The higher APACHE II scores
showing an increase in mortality among the subjects is also
logical.16 As expected, patients with higher APACHE II scores,
attributed to more severe illness, have a higher mortality rate.15,16

Our study might be underpowered for the outcomes of
interest. Following exclusions, there were �50 subjects in
the MDI group. The odds ratio for VAP was 2.89, which
might be clinically important, but it is not significant, prob-
ably due to the small number of subjects who received the
MDI. This factor makes it difficult to exclude the possi-
bility that VAP was greater with the MDI.

The study was limited because it was retrospective and
lacked randomization. Although the data were retrospectively
collected and a sex difference exists, there were no significant
differences in severity of illness, age, or total number of
treatments administered between the 2 groups. There were
other limitations in that we are uncertain how the aerosol
treatments were actually given. There were department pol-
icies in place directing the therapist to deliver the MDI through
an adapter 6 inches before the Y-piece on the inspiratory limb
of the circuit and to deliver the puffs at the start of inspiration.
The vibrating mesh nebulizer should have been placed on the
dry side of the humidifier and run until empty per hospital
protocol. Both the vibrating mesh nebulizer and MDI adapter
should have remained in the circuit. Additional limitations
include the fact that the total dosing of albuterol was not
controlled; nor was the number of medications delivered.
These medications are typically adjusted to desired effect.
We are unaware whether the aerosol treatments were or were
not indicated or of the effect the bronchodilators had on air-
way mechanics. An institutional expectation was that thera-
pists discuss discontinuing therapy with the medical provid-
ers when it is not indicated. We are unaware whether all
aerosol treatments were indicated or whether the effect would
have bearing on the development of VAP.11 VAP would more
likely result from contamination of the delivery device in the
case of the nebulizer or manipulation of the circuit, resulting in
contaminated fluids draining back into or around the airways.

Conclusions

This retrospective study showed no difference in number
of days receiving mechanical ventilation, in-hospital mortal-

ity, or VAP between MDI and vibrating mesh nebulizer use
to deliver medicated aerosols in the acute-care setting.
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