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Purpose

Evaluate operational and clinical outcomes of stocking continuous albuterol syringes in
the emergency department (ED) automatic dispensing cabinet (ADC) for pediatric
patients with moderate to severe asthma exacerbations.

Methods

Retrospective chart review evaluating patients who received continuous albuterol 10 mg/
hr in a pediatric ED before and after stocking in the ED ADC. The primary outcome is the
time to first dose initiation from pharmacist verification. The secondary outcomes
include hospital length of stay (LOS), duration of continuous albuterol, ED disposition,
change in Pediatric Asthma Scores (PAS) from baseline, or rates of treatment failure.

Results

Baseline demographics were well balanced between the two groups, with the exception
that the pre-implementation group had a higher rate of Hispanic/Latino ethnicity (20.7%
vs 8.9%, p=0.04). For the primary outcome, the post-implementation group had a
decreased time for initiation of first dose of continuous albuterol from verification (47.3
vs 14.7 minutes, p<0.001). There were no differences were seen between hospital LOS,
duration of continuous albuterol, ED disposition, rates of treatment failure, the reason
for treatment failure, or change in PAS from baseline. No issues were documented with
stocking the continuous albuterol syringes in the ED ADC in the post-implementation

group.

Conclusion

Proactively stocking continuous albuterol syringes in a pediatric ED ADC reduced the
time from pharmacist verification to dose initiation by almost 70%. There were no
changes to other operational or clinical outcomes. Further studies are needed to
determine the clinical and operational impacts of stocking continuous albuterol syringes
or other emergent medications in an ED ADC.

INTRODUCTION

Asthma is one of the most common diseases of childhood,
accounting for almost 800,000 emergency department (ED)
visits per year and a quarter of pediatric hospitalizations.!
For severe exacerbations presenting to an ED, 2024 Global
Initiative for Asthma (GINA) Guidelines and 2007 National
Asthma Education and Prevention Program (NAEPP)
Guidelines recommend initial treatment with a short-act-
ing beta,-agonist (SABA), such as albuterol, along with

ipratropium bromide and oral or intravenous (IV) corticos-
teroids.23 The 2007 NAEPP Guidelines state that “contin-
uous administration of a SABA may be more effective in
more severely obstructed patients,” but no specific recom-
mendations exist regarding the use of intermittent versus
continuous albuterol administration.3 Additionally, there
are no guideline recommendations for the ideal timeframe
to initiate albuterol for a patient in an asthma exacerbation,
but the consensus is that delaying albuterol can worsen
patient outcomes. While the use of continuous albuterol
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has historically been limited to use in the pediatric inten-
sive care unit (PICU), increased use in the ED and other
non-intensive care unit (ICU) units has shown improve-
ment in clinical and operational outcomes, including treat-
ment success, hospital length of stay (LOS), and time re-
quired for respiratory therapists (RTs) to deliver therapy.4-®

The use of automated dispensing cabinets (ADCs) for
medication storage and dispensing in hospitals has rapidly
increased since the 1990s; over 80% of hospitals reported
using ADCs in 2008.7 Within the ED, ADCs can make emer-
gent pharmaceuticals available for critically ill patients.
Outside of asthma management, multiple studies docu-
ment an operational benefit in EDs when stocking medica-
tions in an ADC. These benefits include decreased time to
medication administration, decreased time spent by phar-
macists verifying orders, and improvement in operational
efficiency.8-11

In response to a national shortage of concentrated al-
buterol 2023, our institution standardized all continuous
albuterol doses for patients aged 2 years and older with a
moderate or severe asthma exacerbation to start at 10 mg/
hr rather than a weight-based dose of 0.5 mg/kg/hr (initial
max 15 mg/hr). Before this shortage and dose standardiza-
tion, the hospital’s main pharmacy prepared all continuous
albuterol doses upon receipt of an order or dose request. As
a result of dose standardization to conserve supply by lim-
iting the higher initial doses of continuous albuterol, con-
tinuous albuterol syringes for 10 mg/hr dosing were able
to be batched and stocked in the pediatric ED ADC. This
study aimed to evaluate operational and clinical outcomes
of stocking continuous albuterol syringes for 10 mg/hr dos-
ing in the ED ADC. The authors hypothesize that stocking
in the ADC will decrease time to initiation from pharma-
cist verification, which could lead to improved clinical out-
comes by starting therapy faster.

MATERIALS AND METHODS

Patient Population. This study was a retrospective chart
review that occurred at a single institution’s ED. This hos-
pital’s ED is a stand-alone quaternary Level 1 Trauma Cen-
ter providing acute care to over 50,000 pediatric patients
annually. Patients were identified through a search of the
electronic medical record (EMR) looking for continuous al-
buterol orders in the ED between January 1, 2023, and May
31, 2024. The pre-implementation group included encoun-
ters from January 1, 2023, to August 31, 2023, and the post-
implementation group included encounters from October
1, 2023, to May 31, 2024. There was a washout period dur-
ing September 2023 that was not included as providers were
adjusting to the new practice.

Patients were included if they were 2-17 years old,
weighed > 15 kg, presented with a functional diagnosis of
asthma, and received continuous albuterol at a dose of 10
mg/hr in the ED. A functional diagnosis of asthma was
defined as receiving 3 sequential doses of ipratropium-al-
buterol nebulized doses and corticosteroids, per our insti-
tution’s asthma treatment algorithm consistent with na-
tional guidelines.? Patients were excluded if they had a

past medical history of cardiac disease, chronic respiratory
disease (including, but not limited to, cystic fibrosis, tra-
cheostomy, and primary ciliary dysfunction), received con-
tinuous albuterol at an outside hospital before admission,
had a Pediatric Asthma Score (PAS) < 8, no documented
baseline PAS, or were initiated on 15 mg/hr of continuous
albuterol. Logistical issues related to stocking continuous
albuterol syringes in the ADC were also collected in the
post-implementation group. Data were collected using
REDCap!2.13 and included baseline demographics, PAS be-
fore and during continuous albuterol therapy (triage, base-
line, and at hours 1, 2, and 6), dosing and duration of
continuous albuterol, concomitant medications, and ED
disposition. Triage PAS is defined as PAS upon presentation
before the administration of any medications. Baseline PAS
is defined as PAS after three sequential doses of iprat-
ropium-albuterol but before initiation of continuous al-
buterol.

Outcomes. The primary endpoint for this study is the
change in time from the final pharmacist order verification
to initiation of first dose of continuous albuterol. Secondary
endpoints included duration of continuous albuterol, hos-
pital LOS, ED disposition, change in PAS from baseline at
hours 1, 2, and 6 after starting continuous albuterol, rates
of increase dose of continuous albuterol, and rate of treat-
ment failure. PAS was scored by respiratory therapists per
the institution’s protocol and includes evaluation of respi-
ratory rate, oxygen requirements, auscultation, retractions,
and dyspnea.l4 A score of 5-7 is equivalent to a mild exac-
erbation, 8-11 is a moderate exacerbation, and 12-15 is a
severe exacerbation.

Patients were defined as having treatment failure if any
of the following occurred: required aminophylline infusion,
terbutaline infusion, ketamine infusion, more than one
magnesium bolus, magnesium infusion, or escalation of
respiratory support (high-flow nasal cannula, CPAP, BiPAP,
mechanical ventilation) or heliox. Of note, a patient could
have multiple reasons for treatment failure. Rates of re-
quiring increased dose of continuous albuterol to 15 mg/hr
was not classified as a treatment failure as those patients
may have required intensified albuterol therapy rather than
truly required escalated systemic therapy or respiratory
support, similar to classifications in GINA guidelines.2 In-
cluded in the data collection was a triage PAS, baseline PAS,
and change between baseline PAS and PAS at hour 1 (with a
margin of + 15 minutes), hour 2 (with a margin of * 30 min-
utes), and hour 6 (with a margin of + 1 hour) after initiation
of continuous albuterol. Not every encounter had docu-
mented PAS scores for all the previously defined parameters
but it was required to have at least a baseline PAS for inclu-
sion. Operational outcomes related to the number of doses
utilized from the ADC and waste were also reported for the
last month of the post-implementation group, as stocking
and refill practices were adjusted throughout the study time
period to limit waste but minimize the number of times an
ADC was completely stocked out.

Continuous Albuterol Compounding and Storage. All
continuous albuterol doses were prepared in the inpatient
pharmacy’s sterile compounding room by diluting concen-
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trated albuterol (5 mg/mL) with 0.9% sodium chloride to
a total volume of 48 mL, which is then run via program-
mable pump at 12 mL/hr via nebulization. In the pre-im-
plementation group, as dose requests or new start orders
were received, they were then processed by a pharmacist
or pharmacy technician and were subsequently prepared
and delivered to the bedside. In the post-implementation
group, continuous albuterol doses for 10 mg/hr were pre-
pared in advance in batches stocked in the ADC in the ED
and restocked based on expiration and depletion rate infor-
mation provided by ADC. Two studies assessing the stabil-
ity of albuterol for nebulization determined that a 7-day be-
yond-use date (BUD) under refrigeration is appropriate.!5:
16 At this institution, however, the BUD was limited to
4 days under refrigeration as this product was dispensed
in Aerogen® syringes (Galway Business Park, Ireland).l”
Doses are prepared in sufficient quantity to last four hours
per syringe and in the pre-implementation group, the nurse
or RT had to request a new dose every four hours.

Statistical Analysis. This study was powered to detect a
difference of 20 minutes in the time from pharmacist verifi-
cation to continuous albuterol initiation pre- and post-im-
plementation. Eighty patients (40 patients in each group)
were estimated to detect the above difference with power
of 80% at a two-sided significance level of 0.05 using a
two-independent sample T-Test. Descriptive statistics were
used to analyze the characteristics of each group of our
study (pre- and post-implementation). Normally distrib-
uted continuous data was evaluated using a Student’s T-
Test. Non-parametric continuous data was analyzed using
a Mann-Whitney U Test. Lastly, categorical data was evalu-
ated using a Chi-Square Test or Fischer’s Exact Test. Nom-
inal p values are reported. All statistical tests were run on
SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Three hundred and forty-one patients were evaluated for
inclusion. One hundred and forty-eight patients were in-
cluded in the study: 58 in the pre-implementation group
and 90 in the post-implementation group (Figure 1). Base-
line demographics were well balanced between the two
groups, except that the pre-implementation group had a
higher rate of Hispanic/Latino ethnicity (20.7% vs 8.9%,
p=0.04) (Table 1). Notably, there was no difference in triage
or baseline PAS which was used as the marker of clinical
severity (Table 1).

For the primary outcome, the post-implementation
group had a decreased time to initiation of first dose of con-
tinuous albuterol from verification (47.3 vs 14.7 minutes,
p<0.001) (Table 2). A similar decrease was seen in time be-
tween the initiation of first dose and ordering by a provider,
but no change was found for time required for pharmacist
verification (Table 2). Additionally, no changes were seen
between hospital LOS, duration of continuous albuterol,
ED disposition, or rates of treatment failure (Table 2). The
most common reason for treatment failure was receiving
more than one magnesium bolus (Table 2). There were no
differences in reason for treatment failure between the two

groups. Of those who failed, there was no difference in
the time to treatment failure (11.5 vs 10.9 hours, p=0.822).
There were no differences between groups in change in PAS
from baseline PAS at any of the time points (Figure 2). No
issues were documented with stocking the continuous al-
buterol syringes in the ED ADC in the post-implementation
group.

In the last month of the post-implementation period
(May 2024), 72 syringes were loaded into the ED ADC in
batches of a median (IQR) of 6 (4-6) syringes every 48
(31-63) hours. During that month, the maximum PAR was 8
syringes and the minimum PAR to trigger an ADC refill was
2 syringes. An ADC was completely stocked out 4 times ver-
sus reaching prompted a replenishment due to reaching the
minimum PAR 9 times. Throughout May 2024, 52 syringes
were utilized for a patient dose (either the initial or subse-
quent every 4-hour dose), an average of 1.7 syringes/day.

DISCUSSION

To our knowledge, this study is the first to evaluate the op-
erational and clinical benefits of stocking continuous al-
buterol syringes for 10 mg/hr dosing in the ED ADC at
a pediatric institution. Results showed that batching and
stocking these doses in the ED ADC decreased the time be-
tween pharmacist verification and initiation of first dose
by more than thirty minutes (69% decrease in time to first
dose). This decrease in time to initiation aligns with the
author’s hypothesis, as proactively stocking in the ADC re-
moves the time required to prepare medication in the main
pharmacy IV room and deliver it to the patient and allows
for improved workflow for nurses and RTs.

These results align with the current literature. Ward et
al® found that stocking IV vancomycin batched doses in an
ED ADC led to a higher proportion of patients receiving
vancomycin within 60 minutes of ordering (0% vs 14.7%,
p=0.04) without any adverse effects related to dosing ap-
propriateness. This aligns with our study that similarly
looked at a single medication being stocked in the ED ADC
and found a decreased time to first dose initiation. Portelli
et all® reported the impact of stocking-controlled medica-
tions in an in a surgical unit ADC within a hospital. They
found a reduction in the number of medication and patient-
related errors in the post-ADC group (0.4% vs 0%) and a re-
duction in the number of hours that pharmacists had to re-
spond to medication requests and inspection of ward stock
(9 vs 1 hour per month). A 2024 review article by Borrelli
et al? that included 9 studies evaluating the use of ADCs
in perioperative and surgical settings found the implemen-
tation of ADCs and stocking medications in this setting
decreased medication errors, reduced controlled-substance
discrepancies, improved inventory management, and en-
hanced user experience. While not all these outcomes were
able to be evaluated based on data readily available in the
EMR for this study, they show the additional benefits that
can be anticipated with stocking medications in an ADC.

No changes were seen in any secondary outcomes, in-
cluding hospital LOS, ED disposition, continuous albuterol
duration, PAS at different time points after initiation, and
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341 patient encounters evaluated

193 patients excluded from study
Weight < 15 kg (n=53)
No functional diagnosis of asthma (n = 42)
No baseline PAS reported (n = 36)
+ Baseline PAS < 8 (n=32)
Did not receive continuous albuterol 10 mg/hr in the ED (n = 22)
Past medical hustory required exclusion (n = 4)
Received continuous albuterol prior to ED (n=2)
Other (n=2)

148 patient encounters met inclusion
criteria

58 patients in pre-
implementation group

90 patients in post-
implementation group

Figure 1. Patients included and excluded from study

Table 1. Baseline Demographics

Pre-Implementation Post-Implementation P value
(n=58) (n=90)
Mean (SD) age, years 7.0(3.1) 7.4(3.2) 0.437
Mean (SD) weight, kg 27.5(13.4) 31.9(16.3) 0.088
Gender, No. (%)
Male 32(55) 48 (53) 0.827
Female 26 (45) 42(47)
Race, No. (%)
African American 36(62.1) 57 (63.3)
White 20(34.5) 27 (30)
Asian 1(1.7) 1(1.1) 0501
Pacific Islander 0(0) 1(1.1)
Other/Unknown 1(1.7) 4(4.4)
Ethnicity, No. (%)
Non-Hispanic/Latino 46(79.3) 83(91.1) 0.040
Hispanic/Latino 12(20.7) 8(8.9%)
Median (IQR) Triage PAS2P 11(10,12) 11(10,12) 0.180
Median (IQR) Baseline PAS® 11(10,12) 10(9,10) 0.177

Abbreviations: PAS, Pediatric Asthma Score

2 Triage PAS = PAS at presentation to ED

b pre-implementation (n= 53), Post-implementation (n=66)

¢ Baseline PAS = PAS after administration of three doses of ipratropium-albuterol

rates of treatment failure. While the patients had well-
balanced demographics, including no differences in their
severity markers of initial and baseline PAS, the hospital
LOS and duration of continuous albuterol did trend towards
longer in the post-implementation group without being
statistically significant. These trends may be due to con-
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founding factors such as the severity of respiratory season
or general hospital census not accounted for in these re-
sults.

Stocking practices of the continuous albuterol syringes
were variable throughout the post-implementation study
period to balance reducing the number of syringes that
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Table 2. Primary and Secondary Outcomes

Pre-Implementation Post-Implementation P value
(n=58) (n=90)
Mean (SD) time to initiate first dose from verification, minutes 47.3(25.2) 14.7 (25.9) <0.0001
Mean (SD) hospital LOS, days 2.1(1.2) 2.5(1.6) 0.093
ED disposition, No. (%)
PICU 21(36) 33(37) 0.955
Pulmonary floor 37 (64) 57 (63)
Mean (SD) continuous albuterol duration, hours 14.7 (11.9) 19.3(15.6) 0.054
Required dose escalation to 15 mg/hr 6(10.3) 12(13.3) 0.587
Treatment failure, No. (%)
No treatment failure 48 (83) 70(77) 0.462
Treatment failure 10(17) 20(23)
Reason for treatment failure, No. (%)
Received > 1 magnesium bolus 16 (27.6) 28(31.3) 0.647
Required BiPAP 2(3.5) 3(3.3) 1.000
Continuous infusion magnesium 1(1.7) 3(3.3) 1.000
Aminophylline continuous infusion 0(0.0) 3(3.3) 0.312
Mean (SD) time for pharmacist verification, minutes 7.6(10.4) 8.3(17.8) 0.834
Mean (SD) time to initiate first dose from ordering, minutes 54.9 (25.8) 22.9(19.7) <0.0001

Abbreviations: ED, emergency department; LOS, length of stay; PAS, Pediatric Asthma Score; PICU, pediatric intensive care unit

Change from Baseline PAS at Hours 1, 2, and 6 After Initiating Continuous
Albuterol

n=48 n=_80

X

X

Change in PAS

p=0.208

Change in PAS at 1 hour

p=0.373

Change in PAS at 2 hours

1

p=0.610

Change in PAS at 6 hours

O Pre-tmplementation [] Post-Implementation

Figure 2. Change between baseline PAS and PAS at hours 1, 2, and 6 after initiation of continuous albuterol

Abbreviation: PAS, Pediatric Asthma Score

were outdated and subsequently wasted against an ADC
completely stocking out before a refill was able to be
processed. While the exact number of syringes that were
specifically outdated from that ED ADC is unavailable, it
can be assumed that around 25% of doses that were stocked
were outdated and potentially wasted, as only 52 of the 72

doses were dispensed to a patient. An institution should
carefully consider the usage trends to limit waste on a
month-by-month basis, as the use of continuous albuterol
is subject to the seasonal changes in respiratory illnesses.
In response to this high rate of waste, this institution modi-
fied the standard maximum and minimum PAR to be higher
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during months with peak respiratory illness visits to the
ED and lower in all other months. This practice aligned
with our institution’s goals during the albuterol shortage,
as starting all patients on 10 mg/hr would decrease the
number of 15 mg/hr that were initiated on a patient who
might have been sufficient on 10 mg/hr, and also allowing
batching of the resources to reduce wasting partial vials.

Limitations. This study does have multiple limitations.
First, this study was retrospective across two different
timeframes which may have had inherent differences that
could confound the results. Examples include severity of
respiratory season and general hospital census and acuity,
as that may have confounded the patient’s length of stay
and duration of albuterol. Not all data was able to be col-
lected if it was not documented promptly in the EMR. Sec-
ond, additional operational impacts were not able to be
captured from the institution’s current EMR, including
medication error rates for continuous albuterol, changes
in pharmacist or pharmacy technician time spent on pro-
viding doses, medication requests for continuous albuterol
doses, medication costs, and nursing or RT time spent on
care for patients. Next, the impact of the operational ben-
efits is unknown at institutions with pediatric institutions
with smaller patient volumes or adult institutions with
fewer pediatric patients, as the delay may have theoreti-
cally be greater to receive first dose of continuous albuterol
or optimal stocking practices may vary. Finally, this study
only included a single pediatric institution’s emergency de-
partment, which may have decreased the external validity
of this study at other institutions and may not be generaliz-
able. It was only powered to find a difference in the time to
initiation of the first dose of albuterol and was not powered
to find a difference in PAS after initiation.

CONCLUSION

Proactively stocking continuous albuterol syringes for 10
mg/hr doses in a pediatric ED ADC reduced the time from
pharmacist verification to dose initiation by almost 70%.
There were no changes to other operational or clinical out-
comes, including hospital LOS, duration of continuous al-
buterol, ED disposition, PAS at different time points after
initiation, or rates or causes of treatment failure. Insti-
tutions should frequently assess their individual usage of
medication stocked in ADCs to optimize quantity stocked
to avoid waste. Further studies are needed to determine the
other clinical and operational impacts of stocking continu-

ous albuterol syringes and other emergent medications in
an ED ADC.
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