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INTRODUCTION: Continuous aerosolized b2 agonist, namely albuterol, is the most commonly

used therapy for critical asthma. Benzalkonium chloride is a preservative present in some for-

mulations of aerosolized albuterol solutions that can induce bronchospasm. Recent studies have

shown that inhalation of albuterol containing benzalkonium chloride might induce unintended

bronchoconstriction and poor outcomes. This study aimed to investigate whether using albuterol

solutions containing benzalkonium chloride results in prolonged hospital length of stay (LOS).

METHODS: This was a retrospective cohort study of pediatric subjects admitted to the pediatric

ICU (PICU) and treated with continuous albuterol. Data were collected and compared before

and after a change to benzalkonium chloride–containing solutions. Subjects who were treated

with preservative-free solutions were used as control. The primary outcome was PICU and hos-

pital LOS; secondary outcomes included the duration of continuous albuterol and use of adjunc-

tive therapies. RESULTS: A total of 266 admissions were included in the study. One hundred

forty subjects (52.6%) were exposed to benzalkonium chloride. Median age and severity of ill-

ness scoring were similar between groups. The initial dose of continuous albuterol was signifi-

cantly higher in the benzalkonium chloride group (median 15 interquartile range [IQR] 10–20

mg/h) compared to the preservative-free group (median 10 IQR 10–20 mg/h) (P < .001). PICU

LOS was longer for the preservative-free group, 2.5 (IQR 1.4–4.6) d vs 1.8 (IQR 1.1–2.9) d for

benzalkonium chloride group (P 5 .002). There was no significant difference in duration of con-

tinuous albuterol therapy (P 5 .16) or need for adjunctive respiratory support (heliox [P 5 .32],

noninvasive ventilation [P 5 .81], and invasive mechanical ventilation [P 5 .57]).

CONCLUSIONS: In contrast to published literature showing that benzalkonium chloride may

be associated with a longer duration of continuous albuterol nebulization and hospital LOS, our

study demonstrated that benzalkonium chloride–containing albuterol is safe for continuous neb-

ulization in critically ill children and not associated with worse outcomes. Key words: critical
asthma; albuterol; aerosolized b2 agonist; benzalkonium chloride; PICU; pediatrics. [Respir Care

2023;68(6):734–739. © 2023 Daedalus Enterprises]

Introduction

Nebulized b agonists are the first-line treatment for

severe bronchospasm and critical asthma in the pediatric in-

tensive care unit (PICU).1,2 Many studies have shown that

continuous nebulized b agonists, namely albuterol, are

equivalent or superior to intermittent treatment for critical

asthma without significant added systemic side effects.3-6

Traditionally, sterile albuterol preservative-free vials have

been used for single-dose nebulizer treatments; however,

using these vials to prepare continuous albuterol solutions

is time consuming and can delay timely therapy.7,8 As a

result, many children’s hospitals in the United States shifted

to using an albuterol multi-dose dropper bottle that contains

the preservative benzalkonium chloride to prepare continu-

ous aerosolized albuterol.7 This preservative is added for its

bactericidal properties; however, recent literature suggests

that inhalation of albuterol containing benzalkonium chloride

may induce bronchoconstriction resulting in a slow response

or worsening clinical condition leading to poor outcomes.7-12

As a result, some children’s hospitals switched back to pre-

servative-free continuous albuterol. In October 2016, our
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hospital, UW Health American Family Children’s Hospital,

switched to the use of sterile albuterol preservative-free vials

to prepare continuous albuterol solutions.

Given the potential risks associated with the use of albu-

terol solutions containing benzalkonium chloride and previ-

ously mentioned safety concerns that might result from

therapy delay associated with the use of preservative-free

albuterol vials to prepare continuous albuterol, we sought

to assess the outcomes of subjects treated with continuous

albuterol in our PICU between January 2015–April 2019.

Specifically, we sought to describe the characteristics of

subjects who received benzalkonium chloride–containing

albuterol and preservative-free continuous albuterol and

assess both solutions’ effectiveness and safety. In addition,

we hypothesized that in pediatric subjects treated for status

asthmatics continuous albuterol solutions containing ben-

zalkonium chloride would result in a poor therapeutic

response with prolonged hospital length of stay (LOS).

Methods

This was a single-center retrospective cohort study. The

institutional review board at the University of Wisconsin-

Madison approved the study protocol with a waiver of

informed consent (ID: 2019–1047).

The medical records of all pediatric subjects (children >
37 weeks corrected gestational age and # 18 y of age)

admitted to a 21-bed mixed medical-surgical PICU and

treated with continuous albuterol at our tertiary care

children’s hospital between January 2015–April 2019 were

identified and reviewed. Subjects with cystic fibrosis, con-

genital heart disease, tracheostomy, and long-term mechani-

cal ventilation were excluded. Subjects were grouped based

on exposure to benzalkonium chloride. Data collected

included demographics; discharge diagnosis; Pediatric Risk

of Mortality III (PRISM III); initial dose (first continuous

albuterol dose recorded regardless of the location of initia-

tion); the total time of continuous albuterol; use of adjunc-

tive therapies (ie, heliox, terbutaline, aminophylline); and

oxygen therapy, including invasive and noninvasive me-

chanical ventilation. During the study period, initiation,

escalation, and de-escalation of continuous albuterol and

other adjunctive therapies were per the intensivist discre-

tions. Outcomes data included PICU and hospital LOS (d),

need for intubation and invasive mechanical ventilation,

and mortality within 90 d. The above data were obtained by

abstraction from electronic medical records, Virtual PICU

Systems database, and manual review of medical charts.

Our primary outcome was PICU and hospital LOS.

Secondary outcomes included the duration of continuous

albuterol, the use and duration of adjunctive therapies, and

the need for mechanical ventilation.

Statistical Methodology

Continuous variables were summarized with the median

and interquartile range (IQR) and categorical variables with

frequencies and percentages. Characteristics of interest were

compared between groups (albuterol solution either with or

without benzalkonium chloride) using non-parametric tests

(Wilcoxon rank sum), chi-square tests, or Fisher exact test
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as appropriate. LOS, for both the PICU and the hospital,

was further explored using time-to-event analysis (ie, time

to discharge), with subjects who died prior to discharge

having their length of stay censored at the time of death. A

sub-analysis, evaluating outcomes data only for children

with a diagnosis of critical asthma and age > 2 y, was also

completed (Critical asthma was identified using the

International Classification of Diseases-9 or -10 codes for

subjects > 2–17 y). Statistical significance was predefined

as P # .05 with no adjustment for multiple testing.

Analyses were done using R v.4.1.0 (R Foundation for

Statistical Computing, Vienna, Austria).13

Subjects > 2 y of age with a discharge diagnosis of criti-

cal asthma were identified and included in a sub-analysis

using the same methods just described.

Results

A total of 266 admissions involving 241 unique subjects

was included in the study. One hundred forty (52.6%)

encounters involved exposure to albuterol solution contain-

ing benzalkonium chloride. Table 1 lists the study sample’s

characteristics separated into benzalkonium chloride–free

control group and benzalkonium chloride group. More sub-

jects were admitted with critical asthma in the benzalko-

nium chloride group (67.1%) when compared to the control

group (52.4%) (P ¼ .034). However, the severity of illness

score (PRISM III) was not statistically different between

groups (P ¼ .68). The initial continuous albuterol median

dose was higher in the benzalkonium chloride group (me-

dian 15 [IQR 10–20] mg/h) compared to the control group

(median 10 [IQR 10–20] mg/h) (P< .001). However, dura-

tion of continuous albuterol was not statistically different

between groups (22.4 h vs 22.8 h, P ¼ .16). Similarly, a

greater percentage of the control group was initiated on

intravenous terbutaline (12.7%) when compared to the ben-

zalkonium chloride group (5.7%) (P ¼ .047). However, the

duration of intravenous terbutaline was not statistically dif-

ferent between groups (P ¼ .16). The use and duration of

other adjunctive therapies, including intravenous amino-

phylline, heliox, intubation (within the first 72 h of admis-

sion), and noninvasive or invasive ventilation, were similar

between groups (Table 2).

A total of 5 deaths within 90 d were observed during the

study period was not statistically significant (P ¼ .19). Both

PICU and hospital LOS were longer in the control group

when compared with benzalkonium chloride group (P ¼
.002 and P ¼ .008, respectively) (Fig. 1). However, when a

sub-analysis was performed for critical asthma alone, none

of these variables were statistically significant (Table 3).

Discussion

In this retrospective cohort study of critically ill children

admitted to the PICU and requiring treatment with continu-

ous albuterol, we found that inhalation of albuterol contain-

ing benzalkonium chloride not associated with worse

clinical outcomes (prolonged PICU or hospital LOS). This

study adds to the currently limited data regarding the safe

use of albuterol containing benzalkonium chloride and sup-

ports the convenient use of multi-dose dropper bottles to

prepare continuous albuterol solutions.

We found that both PICU and hospital LOS were longer in

the benzalkonium chloride–free group when compared with

benzalkonium chloride group. This may be explained by the

fact that approximately 40% of our cohort included subjects

who were admitted with bronchiolitis or acute respiratory

failure associated with wheezing and received continuous

albuterol and that benzalkonium chloride–free group included

a higher number of those subjects. In their large retrospective

Table 1. Demographics and Baseline Characteristics by Study Group

Characteristics
All

n ¼ 266

Exposed to Benzalkonium Chloride

n ¼ 140

Control

n ¼ 126
P

Age, y 4.4 [2.3–8.2] 4.6 [2.7–8.2] 4.2 [1.9–8.3] .32

Male 156 (58.6) 75 (53.6) 81 (64.3) .08

Race .95

White 168 (63.2) 89 (63.6) 79 (62.7)

Black 68 (25.6) 36 (25.7)) 32 (25.4)

Other 30 (11.3) 15 (10.7) 15 (11.9)

Admission diagnosis .034

Critical asthma 160 (60.2) 94 (67.1) 66 (52.4)

Bronchiolitis 15 (5.6) 5 (3.6) 10 (7.9)

ARF (undetermined) 91 (34.2) 41 (29.3) 50 (39.7)

PRISM III 2 [0–4] 2 [0–4] 2 [0–4] .68

Data are presented as median [interquartile range] or n (%).

ARF ¼ acute respiratory failure

PRISM III ¼ Pediatric Risk of Mortality III
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study describing the safety and effectiveness of continuous

albuterol, Kenyon et al2 showed that previous hospitalizations

and concomitant infections could be associated with pro-

longed therapy and potentially the LOS, which may explain

our findings. Therefore, we performed a secondary analysis

to have a more detailed picture regarding the safe use of albu-

terol containing benzalkonium chloride in subjects admitted

only with critical asthma. We found that both PICU and hos-

pital LOS were similar between both groups.

It is essential to highlight that the initial dose of continu-

ous albuterol was higher in our subjects who were exposed

to benzalkonium chloride–containing albuterol. This is

consistent with a recent large retrospective analysis per-

formed by Pertzborn et al12 who found that benzalkonium

chloride was associated with a higher dose of continuous

albuterol but without a significant difference in hospital LOS.

However, in contrast to their finding, continuous albuterol or

respiratory support duration did not differ between our

groups, which is consistent with the finding of Orth et al8

who reported that for subjects who were exposed to benzalko-

nium chloride there was no significant difference in rates of

poor response when compared to subjects who were not

exposed. Moreover, our secondary outcomes, including the

initial dose and duration of adjunct therapies, did not differ

Table 2. Clinical Outcomes by Study Group

Clinical Outcome
All

n ¼ 266

Exposed to Benzalkonium Chloride

n ¼ 140

Control

n ¼ 126
P

PICU LOS, d 2.0 [1.2–3.6] 1.8 [1.1–2.9] 2.5 [1.4–4.6] .002

Hospital LOS, d 2.8 [1.9–5.2] 2.6 [1.8–4.4] 3.3 [2.1–6.2]) .008

Initial continuous albuterol dose, mg/h 15 [10–20] 15 [10–20 ] 10 [10–20] < .001

Duration of continuous albuterol, h 22.5 [11.0–41.2] 22.4 [10.0–36.3] 22.8 [12.1–57.6] .16

IV terbutaline 24 (9.0) 8 (5.7) 16 (12.7) .047

Duration of IV terbutaline, h 34.1 [17.5–63.8] 44.6 [18.4–98.2] 31.8 [17.4–59.9] .70

IV aminophylline 7 (2.6) 4 (2.9) 3 (2.4) > .99

Duration of aminophylline, h 31.6 [14.2–142.3] 24.1 [15.8–142.3] 68.2 [14.2–106.2]

Inhaled heliox 12 (4.5) 8 (5.7) 4 (3.2) .32

Duration of heliox, h 18.4 [3.2–94.4] 15.4 [3.1–66.7] 19.1 [11.1–94.4] .46

Oxygen support .81

Face mask 176 (66.2) 90 (64.3) 86 (68.3)

HFNC 51 (19.2) 29 (20.7) 22 (17.5)

NIV 17 (6.4) 10 (7.1) 7 (5.6)

Invasive mechanical ventilation 22 (8.3) 11 (7.9) 11 (8.7)

Mortality, 90 d 5 (1.9) 1 (0.7) 4 (3.2) .19

Data are presented as median [interquartile range] or n (%).

PICU ¼ pediatric ICU

LOS ¼ length of stay

IV ¼ intravenous

HFNC ¼ high-flow nasal cannula

NIV ¼ noninvasive ventilation
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Fig. 1. Primary cohort outcomes: A: pediatric ICU stay; B: hospital length of stay. PICU¼ pediatric ICU.
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between groups. This inconsistency in results between dif-

ferent studies could be secondary to the variability in man-

agement approaches and strategies between pediatric

centers, which could add a separate layer of confounders,

highlighting the need for prospective randomized con-

trolled studies to investigate both the short- and long-term

effects of using benzalkonium chloride–containing albu-

terol solutions.

Based on the preliminary results of this study, the increased

costs and more specifically turnaround time associated with

preparing benzalkonium chloride–free albuterol, and the ab-

sence of randomized studies, our hospital reverted to using

benzalkonium chloride–containing albuterol solutions in May

2019. This is not only due to the convenience benzalkonium

chloride–containing albuterol multi-dose dropper bottle pro-

vides but, more importantly, the concerns regarding risks of

contamination and the stability of preservative-free albuterol

for subjects requiring prolonged nebulization of continuous

albuterol. Gulley et al14 attempted to address the concerns

related to the sterility and stability of benzalkonium chloride–

free albuterol solutions. They conducted sterility testing on

high- and low-concentration benzalkonium chloride–free

albuterol stored at room temperature, found no bacterial

growth detected on day 10 regardless of the concentration,

and concluded that the benzalkonium chloride–free albu-

terol was stable up to 168 h. However, this study did not

address sterility and stability during active nebulization and

the risks of mold contamination.

This report has strengths and limitations. Strengths include

the large sample size, the similarity of demographics between

groups, and the severity of illness between groups. Our study

limitations include the single-center and the retrospective na-

ture of the study. In addition, study limitations include the

lack of critical asthma clinical pathway during the study pe-

riod; the use of PRISM III score, which focuses on multi-

organ failure and mortality in a population that typically

presents with a single-organ failure and a low mortality rate;

and potential practice changes that could have occurred dur-

ing the study. Finally, we included 5 subjects who died before

discharge; although mortality was not statistically significant

between groups, censoring their LOS at the time of death

could potentially impact the interpretations of our results.

Table 3. Demographics, Baseline Characteristics, and Outcomes for Patients Admitted With Critical Asthma by Study Group

Characteristics
Exposed to Benzalkonium Chloride

n ¼ 94

Control

n ¼ 66
P

Age, y 5.7 [3.5–9.5] 6.3 [3.3–9.9] .99

Male 50 (53.2) 41 (62.1) .26

Race .58

White 55 (58.5) 36 (54.5)

Black 31 (33.0) 21 (31.8)

Other 8 (8.5) 9 (13.6)

PRISM III 0 [0–4] 2 [0–4] .32

PICU LOS, d 1.6 [1.1–2.6] 1.7 [1.1–2.8] .38

Hospital LOS, d 2.4 [1.7–3.0] 2.6 [1.9–3.9] .19

Initial continuous albuterol dose, mg/h 20 [15–20 ] 15 [10–20] .01

Duration of continuous albuterol, h, 24.8 [12.7–37.8] 22.2 [13.7–43.2] .89

IV terbutaline 5 (5.3) 9 (13.6) .067

Duration of IV terbutaline, h 42.8 [20.7–103.3] 27.8 [12.3–53.0] .52

IV aminophylline 3 (3.2) 3 (4.5) .69

Duration of aminophylline, h 31.6 [16.6–142.3] 68.2 [14.2–106.2]

Inhaled heliox 4 (5.7) 4 (3.2) .32

Duration of heliox, h 12.9 [3.1–66.7] 19.1 [11.1–94.4] .49

Oxygen support .53

Room air 30 (31.9) 18 (27.3)

Face mask 40 (42.6) 33 (50.0)

HFNC 15 (16.0) 7 (10.6)

NIV 7 (7.4) 4 (6.1)

Mechanical ventilation 2 (2.1) 4 (6.1)

Mortality, 90 d 0 2 (3.0) .17

Data are presented as median [interquartile range] or n (%).

PRISM III ¼ Pediatric Risk of Mortality III

PICU ¼ pediatric ICU

LOS ¼ length of stay

IV ¼ intravenous

HFNC ¼ high-flow nasal cannula

NIV ¼ noninvasive ventilation
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Conclusions

In this retrospective study of pediatric subjects admitted to

the PICU and treated with continuous albuterol, we found

that the use of benzalkonium chloride–containing albuterol

solutions was safe for continuous nebulization in critically ill

children and was not associated with a longer duration of con-

tinuous albuterol nebulization and PICU or hospital LOS.
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