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abstractBACKGROUND AND OBJECTIVES: The albuterol dropper bottle used to prepare solutions for continuous
nebulization contains the preservative benzalkonium chloride (BAC). BAC, by itself, has been
shown to cause bronchospasm. We hypothesized that BAC would decrease the therapeutic
efficacy of albuterol in patients with acute asthma exacerbations.

METHODS: We performed a retrospective cohort study comparing the clinical outcomes of
patients ,18 years of age receiving continuous nebulized albuterol with and without BAC. For
the primary end point (duration of continuous albuterol nebulization), we compared the 2
groups with Kaplan-Meier estimate of survival curves, conducted a log-rank test of difference,
and adjusted for baseline characteristics using multivariable Cox regression. A P value ,.05
was considered significant.

RESULTS: A total of 477 patients were included in the analysis (236 exposed to BAC and 241
controls). The duration of continuous nebulization was significantly longer in the BAC group
than in the control group (median of 9 vs 6 hours; 15.7% required continuous nebulization
compared to 5.8% of controls at 24 hours). The control group was 79% more likely to stop
continuous nebulization at any particular point in time (hazard ratio 1.79; 95% confidence
interval: 1.45 to 2.22; P , .001) and 43% more likely to stop additional respiratory support
(hazard ratio 1.43; 95% confidence interval: 1.16 to 1.75; P , .001).

CONCLUSIONS: BAC is a functional albuterol antagonist associated with a longer duration of
continuous albuterol nebulization treatment and additional respiratory support, suggesting
that preservative-free albuterol formulations are safer for use in continuous nebulization.

WHAT’S KNOWN ON THIS SUBJECT: Benzalkonium
chloride is a preservative contained in one formulation
of albuterol used for continuous nebulization that, by
itself, is known to cause clinically significant
bronchospasm in patients with stable asthma.

WHAT THIS STUDY ADDS: Continuous nebulization of
albuterol containing the benzalkonium chloride
preservative is associated with slower recovery from
a severe acute asthma exacerbation than continuous
nebulization of preservative-free albuterol solutions.
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Asthma is one of the most prevalent
chronic diseases in the pediatric
population.1 Severe asthma
exacerbations can result in
respiratory distress with need for
hospital admission and continuous
nebulized albuterol for acute
management, consistent with current
guidelines.1 Benzalkonium chloride
(BAC) is a chemical preservative
contained in the 0.5% multidose
20-mL dropper bottle of albuterol.
All other albuterol products for
nebulization are single-dose sterile,
preservative-free vials of concentrate
or varying dilutions with saline.
There is no preservative-free product
available in the 20-mL vial size. Either
a BAC-containing or a preservative-
free albuterol product can be
administered via continuous
nebulization. Preparing solutions
for continuous nebulization is
significantly faster and easier if the
larger (20-mL) vial size is used.
Consequently, many children’s
hospitals in the United States use the
BAC-containing product to prepare
solutions for continuous nebulization
and may not be aware of the
possible deleterious effects of this
preservative. BAC, by itself, has been
shown to cause bronchospasm in
patients with asthma in a dose-
dependent and cumulative manner.2,3

Asmus et al2 compared the airway
response to nebulized EDTA versus
nebulized BAC in human subjects
with mild stable asthma. BAC was
more likely (P , .0001) than EDTA or
placebo to cause a decrease in forced
viral capacity in the first second of
exhalation (FEV1) of at least 20%;
in some cases, the drop in FEV1

was 40% to 50%.2 Zhang et al3

demonstrated that 17 of 28 subjects
with stable asthma (61%) reached
the threshold for a significant drop
(20% or greater) in FEV1. The effect
was dose dependent and cumulative.
Increased baseline airway
hyperresponsiveness was associated
with increased likelihood of having
bronchoconstriction caused by BAC.3

The threshold dose of BAC for
triggering bronchospasm in
asymptomatic subjects was ∼300
mg.3 Because each 2.5 mg of albuterol
from the dropper bottle contains
50 mg of BAC and the albuterol dose
ranges from 10 to 20 mg/hour,
patients receive 800 to 1600 mg BAC
in every 4 hours of continuous
nebulized albuterol administration.
Because of these properties, the
adverse effects of BAC in patients
with severe bronchospasm are likely
to be more prominent when inhaled
continuously in patients with severe
asthma exacerbation compared to
intermittent exposure in volunteer
subjects who have stable mild
bronchospasm.

In October 2015, our hospital,
University of Florida Health Shands
Children’s Hospital, switched from
the use of a 0.5-mL unit-dose
preservative-free formulation of
albuterol to the 20-mL dropper bottle
containing the BAC preservative to
prepare solutions for continuous
nebulization. This was prompted by
a patient safety report filed by a PICU
attending physician when there was
a delay in the pharmacy providing the
solution for continuous albuterol
nebulization. The albuterol
formulation containing the BAC
preservative was provided by the
manufacturer in significantly larger
volume containers than the
preservative-free albuterol
formulation, thus reducing the
number of times the pharmacy
technician had to withdraw solution
(1 draw for the dropper bottle
containing BAC versus draws from 16
to 32 vials of the preservative-free
unit-dose formulation). Our aim was
to determine if the change to BAC-
containing albuterol products
resulted in clinical consequences in
children with severe acute asthma
exacerbations. On the basis of the
literature and the expected exposure
to a large cumulative dose of BAC
during continuous nebulization, we
hypothesized that the use of albuterol

formulations containing BAC would
prolong the duration of continuous
nebulization, an indirect measure of
adverse effect.

METHODS

We performed a retrospective cohort
study comparing clinical outcomes
for patients receiving continuous
albuterol nebulization with and
without the BAC preservative.
Approval for the study was obtained
from the University of Florida
Institutional Review Board (IRB) with
a waiver of informed consent (IRB
201701148). We identified all
patients from 0 to 17 years old who
had received continuous nebulized
albuterol as inpatients at our
institution 1.5 years before and
1.5 years after our institution’s
change in the albuterol formulation.
We designated all eligible patients
who had received this therapy with
the formulation containing the BAC
preservative for management of
asthma exacerbation as the “BAC”
(exposed) group and all eligible
patients who had received it with the
preservative-free formulation as the
control group. Patients intubated
before admission or during the
hospitalization were excluded from
statistical analysis because they
represent a small but distinct
subgroup of patients. For this
subgroup, only descriptive data are
presented.

Electronic medical records of all
included patients were extracted to
compare baseline demographic (age,
sex, race) and clinical information for
both groups, as well as parameters
related to study outcome measures.
We evaluated the following outcome
measures: (1) duration of
administration of continuous
albuterol, (2) total dose of albuterol
administered via continuous
nebulization, (3) duration of
administration of supplemental
respiratory support (conventional
nasal cannula, high-flow nasal
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cannula, or non-invasive positive
pressure ventilation), (4) length
of inpatient stay, (5) whether
intravenous terbutaline was added to
treatment with continuous albuterol,
(6) the number of intravenous
magnesium bolus doses
administered, and (7) maximum
heart rate measured during
administration of continuous
albuterol. We used milligrams as
opposed to weight-based dosing per
kilogram for continuous albuterol
dosing analysis to remain consistent
with the clinical dosing practices at
our institution and given previous
studies suggesting that dosing in
a weight-based manner is not of
added benefit.4 In addition to the
demographics, we compared the
2 groups on the above outcomes
adjusting for the following baseline
clinical measurements: oxygen
saturation (using pulse oximetry) and
initial asthma score after admission
to the emergency department. The
asthma score used at our institution
is a clinical composite score that
evaluates overall patient appearance,
respiratory rate, accessory muscle
use, air exchange on auscultation,
wheezing, and oxygen saturation.
An asthma score of $ 6 after 3
consecutive albuterol treatments is
typically associated with the decision
to start continuous nebulized
albuterol per the hospital’s asthma
treatment guideline. However,
decisions to start or stop continuous
albuterol nebulization were
sometimes made on the basis of the
clinical impression independent of
asthma scoring. Charges for medical
care were estimated for each study
group by averaging the total amount
of dollars billed for each patient’s
hospitalization.

Baseline characteristics were
compared between groups by using
2-tailed Welch’s t test for continuous
variables and Pearson’s x2 test for
categorical variables. For the primary
end point (duration of continuous
albuterol nebulization) and other

secondary time-to-event outcomes
(duration of respiratory support
needed and length of stay), we
compared the 2 groups on the basis of
Kaplan-Meier estimate of survival
curves and conducted a log-rank test
of difference. In addition,
multivariable Cox regression was
used to test between-group
differences adjusting for baseline
characteristics. Point estimates and
95% confidence intervals (CIs) of
adjusted hazard ratios (HRs) were
provided. Furthermore, multivariate
regression analysis was used to
compare the 2 groups on other
continuous outcomes (such as total
dose of albuterol administered via
continuous nebulization) adjusting
for the same baseline characteristics.
For the binary outcome (terbutaline
given: yes or no), we conducted
a logistic regression adjusting for the
same baseline characteristics. Results
from propensity score analyses based
on the inverse probability weighting
method were also reported. We used
R statistical software (version 3.4.4)
for the analysis.5 A P value ,.05 was
considered as the threshold for
statistical significance. Data are
expressed as median (IQR) and mean
(SD) unless otherwise stated.

RESULTS

A total of 521 patients met the
inclusion criteria. Twenty-nine of
these patients were excluded because
of having been intubated during the
asthma exacerbation examined, and

another 15 patients were excluded
because of missing patient data
regarding the primary outcome
(duration of continuous albuterol
nebulization). A total of 477 patients
were thus included in the analysis
(236 exposed to BAC and 241
controls). There were no statistically
significant differences in severity of
exacerbation between the 2 groups,
as indicated by initial oxygen
saturation and asthma scores
measured (Table 1). All patients were
treated with systemic corticosteroids
in addition to continuous albuterol
nebulization.

The primary end point, duration of
continuous albuterol nebulization,
was significantly longer in the BAC
group (median [IQR]: 9 [4–18] hours)
compared with the control group (6
[3–9] hours) on the basis of a log-
rank test (P , .001). The Kaplan-
Meier estimates indicated that at
24 hours, when continuous
nebulization is often completed,6 the
proportion of patients requiring
continuous albuterol was 15.7%
among those receiving BAC compared
with only 5.8% of the control group
(Fig 1). After adjusting for the
potential confounding demographic
and baseline clinical measurements in
the analysis, multivariate Cox
regression suggested that patients in
the control group were 79% more
likely to stop continuous nebulization
than the BAC group at any particular
point in time (HR of 1.79; 95% CI:
1.45 to 2.22; P , .001) (Table 2).

TABLE 1 Comparison of Demographics and Baseline Clinical Characteristics Between Groups

Variable Exposed to
Benzalkonium

Control P

Oxygen saturation after initial presentation, %, mean (SD) 94 (4) 94 (4) .67
First asthma score documented after arrival, mean (SD) 7 (2) 7 (2) .20
Age, y, mean (SD) 5.8 (4.0) 5.9 (3.8) .68
Sex, n (%) .26
Male 130 (55) 145 (60)
Female 106 (45) 96 (40)

Race, n (%) .36
African American 115 (53) 135 (60)
White 82 (38) 71 (32)
Hispanic 12 (6) 14 (6)
Asian American 7 (3) 4 (2)
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Furthermore, propensity score
analysis based on the inverse
probability weighting method
revealed that patients in the control
group were 75% more likely to stop
continuous nebulization than the BAC
group at any particular point in time

(HR of 1.75; 95% CI: 1.51 to 2.02; P,
.001) (Supplemental Table 3). Results
from the Cox regression also revealed
that for the entire patient population,
higher baseline asthma score and
older age were associated with the
longer duration of continuous

albuterol nebulization (P = .03 and
P = .001, respectively) (Supplemental
Table 4).

The duration of respiratory support
needed was significantly longer in the
BAC group (median [IQR]: 16 [6–33]
hours) compared with the control
group (8 [2–21] hours). After
adjusting for baseline characteristics,
Cox regression analysis revealed that
patients in the control group were
43% more likely to stop respiratory
support than the BAC group at any
particular point in time (HR of 1.43;
95% CI: 1.16 to 1.75; P , .001)
(Table 2). Propensity score analysis
revealed that patients in the control
group were 38% more likely to stop
respiratory support than those in the
BAC group at any particular point in
time (HR of 1.38; 95% CI: 1.20 to
1.59; P , .001) (Supplemental
Table 3). Also, the total dose of
albuterol administered by continuous
nebulization was significantly greater
in the BAC group (mean [SD]]:
185 mg [371]) than in the control
group (86 mg [102]; P , .001). There
were no statistically significant
differences in the other clinical end
points, such as length of stay and total
hospital charges (Table 2).

FIGURE 1
Kaplan-Meier plot comparing the proportion of patients with asthma exacerbation treated with
continuous albuterol nebulization for a given cumulative duration in the benzalkonium-exposed
group versus the control group. At 24 hours, the proportion continuing to require continuous
nebulization was 15.7% for the BAC-exposed group compared with 5.8% for the control group
(P , .001).

TABLE 2 Summary of Clinical Outcomes by Group, Point Estimate, and 95% CIs of Group Effect From Regression Analysis

Clinical Outcome Exposed to
Benzalkonium

Control Adjusted HR, Mean Difference, or Odds Ratio for
Control Versus Exposed (95% CI)

P

Duration of continuous albuterol nebulization, h, median
(IQR)

9 (4–18) 6 (3–9) 1.79 (1.45 to 2.22)a,c ,.001a

Duration of respiratory support needed, h, median (IQR) 16 (6–33) 8 (2–21) 1.43 (1.16 to 1.75)a,c ,.001a

Length of stay, h, median (IQR) 43 (29–65) 44 (35–62) 0.93 (0.76 to 1.15)c .52
Total dose of albuterol administered by continuous
nebulization, mg, mean (SD)

185 (371) 86 (102) 2117 (2174.6 to 259.1)a,d ,.001a

No. magnesium bolus doses given per patient, mean (SD)b 1 (1) 1 (1) 20.10 (20.29 to 0.09)d .32
Maximum heart rate during administration of continuous
albuterol, beats per min, mean (SD)

169 (20) 167 (19) 20.18 (23.03 to 2.67)d .90

Total hospital charges, $, mean (SD) 5988.48 (6136.44) 5941.91
(4384.21)

3.54 (2939 to 946)d .99

IV terbutaline, No. patients (%) .06
Yes 8 (3.4) 4 (1.7) 0.12 (0.01 to 0.75)e

No 228 (96.6) 237 (98.3) 0.12 (0.01 to 0.75)e

The first 3 outcomes were analyzed by using multivariate Cox regression, the next 4 outcomes by linear regression, and the last outcome by logistic regression. IV, intravenous.
a Statistically significant.
b 77.5% of patients in the benzalkonium-exposed group received 1 or more doses of IV magnesium, whereas 86.7% of patients in the control group received 1 or more doses of IV
magnesium (no statistically significant difference based on logistic regression [P = .30]).
c HR.
d Mean difference.
e Odds ratio.
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Of the 29 patients who were excluded
because of having been intubated, 18
of these patients would have been
placed in the BAC group and 11 of
these patients would have been
placed in the control group had they
not been intubated. The median time
to extubation (excluding time
intubated before arrival at our
institution) was 118 (76, 186) hours
for those who would have been in the
BAC group versus 62 (35, 165) hours
for those who would have been in the
control group.

DISCUSSION

The results of this retrospective
analysis reveal that BAC is
significantly associated with an
increase in dose and duration of
continuous albuterol nebulization
and longer duration of respiratory
support needed among children
hospitalized with severe asthma
exacerbations requiring continuous
nebulized albuterol. An increased
duration of 3 hours of continuous
albuterol nebulization use and
8 hours of need for respiratory
support suggests that patients in the
BAC group continued to have
respiratory distress, on average, for
a substantially longer period of time
than patients in the control group.
However, the length of stay did not
differ between the 2 groups despite
the significant difference in median
continuous albuterol duration. This is
probably because of other
confounding factors that affect the
decision to discharge patients after
the end of continuous albuterol
administration. This also suggests
that the deleterious effects of BAC
were temporary and lasted only for
the duration of the administration of
continuous albuterol. Further
investigation into the long-term
effects of BAC-containing albuterol
with future prospective studies would
be helpful.

Although there is substantial
evidence that BAC induces

bronchospasm in clinical
pharmacology studies of patients
with stable asthma7 and there are
a few recent case reports regarding
difficulty weaning children exposed
to BAC from continuous nebulized
albuterol,8,9 this is the first study
comparing the clinical outcomes of
specifically pediatric patients with
asthma exacerbation receiving
continuous albuterol nebulization
with an albuterol formulation
containing BAC compared to
a formulation that is preservative
free. Previous studies have
demonstrated that the effect of BAC
nebulized in the airways of patients
with stable asthma was dose
dependent, cumulative, and more
pronounced in patients with greater
baseline airway reactivity.2,3

Therefore, it is not surprising that
BAC exposure in children with life-
threatening asthma exacerbations
slowed the response to therapy as
evidenced by the much longer
duration of administration of
continuous nebulized albuterol,
a larger total dose of albuterol
administered continuously, and
longer duration of supplemental
respiratory support required in the
BAC-exposed patients. This is
consistent with BAC working as
a functional antagonist of the
pharmacologic effects of albuterol,
which may increase the risk of clinical
complications or clinical deterioration
in patients with severe asthma
exacerbations. Also, because some
patients with severe asthma may
respond slowly to treatment, it may
not be readily apparent to the
clinician that the preservative is
the cause.

In contrast to our study, a recent
quality improvement project from our
institution, which was determined to
be exempt from the requirement for
IRB review, included only 128
patients with severe asthma
exacerbation who were admitted
3 months before and 3 months after
the switch from preservative-free to

BAC-containing continuous albuterol
nebulization. The researchers in that
project concluded that there was no
significant difference between BAC-
containing albuterol products and
preservative-free albuterol products
in terms of median duration of
continuous albuterol nebulization
administered to patients with asthma
exacerbation.10 However, the larger
patient population included in the
current study provides sufficient
statistical power to detect statistically
significant differences and suggests
that the former project suffered from
a type II error. On the basis of the
former project, our institution as well
as another affiliated institution in
Jacksonville continues to use the BAC-
containing product to prepare
continuous nebulization but use the
preservative-free product for all other
albuterol nebulizer treatments.

The strengths of our study include the
large number of patients studied, the
similarity of average severity of
asthma exacerbation at initial
presentation to our institution
between the groups compared, and
the similarity of key demographics
(eg, age, sex, and race) between each
group. Our study does have
limitations, however. It is
a retrospective study as opposed to
a prospective randomized controlled
trial. Asthma scores for each patient
after initial emergency department
evaluation could not be assessed
because subsequent scores were not
consistently documented after
transfer from the emergency
department to the pediatric hospital
units in the earlier hospitalizations
assessed in this study. Asthma
scoring became more consistent
during the later hospitalizations
studied, which might be
a confounding factor in our study;
the likelihood that performing
scores lengthened duration does not
seem logical, however. Changes in
practice patterns (eg, due to
changes in physician and/or nursing
staff over the period studied) were
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unable to be ruled out given the
retrospective nature of this study.
Also, the investigator gathering the
data was not blinded to which group
each patient was assigned, although
only objective data were compared.

CONCLUSIONS

We found that continuous
nebulization with the albuterol
formulations containing BAC is
associated with a longer duration of

continuous nebulization and with the
need for additional respiratory
support. These findings suggest that
using preservative-free albuterol
formulations is a safer approach for
continuous albuterol nebulization
treatment of children hospitalized
with severe asthma exacerbations. A
prospective, double-blinded, placebo-
controlled, randomized study to
confirm our findings would be
scientifically helpful but may not be

ethically feasible given the findings of
the current study.
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