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ABSTRACT

Introduction: There is a lack of quantitative
data on healthcare professionals’ (HCPs) time
dedicated to nebulized chronic obstructive
pulmonary disease (COPD) therapy in inpatient
and long-term care (LTC) settings. Using time
and motion methodology, we quantified HCP
time and opportunity costs (time and materials)
associated with nebulized COPD therapy in
inpatient and LTC settings and estimated effi-
ciencies of changing to once-daily therapy.
Methods: A case report form was built to reflect
local nebulization workflow. Primary outcomes
were mean active HCP time per predefined task

and mean total active HCP time associated with
short-acting beta agonist (SABA) and SABA/
short-acting muscarinic antagonist (SAMA)
combination nebulization processes.
Results: Twenty observations occurred within
each setting. Inpatient observations included
three SABA and 17 SABA/SAMA (from 18 differ-
ent patients), and LTC observations included five
SABA and 15 SABA/SAMA (from eight different
patients). Mean total process time was 16.12 min
in the inpatient setting (95% CI 14.48–17.76)
and 21.0 min in the LTC setting (95% CI
18.8–23.2), with the actual nebulization com-
prising over 50% of process time for both. In LTC,
CIs suggest a difference by cognitive impairment
status: mean 24.1 min (95% CI 21.3–26.9) if
cognitively impaired versus 19.0 min (95% CI
16.1–21.8) if not. In the inpatient setting, the
estimated process time/admission was 7.8 h; a
once-daily nebulized drug would require only
2.3 h. In LTC, the estimated process time was
32.1 h/month; a once-daily nebulized drug
would require only 13.7 h/month. Estimated
nebulization cost was $243/admission for cur-
rent versus $72 for once-daily dosing in inpa-
tient, and $1177/month versus $504 in LTC.
Conclusions: The nebulization process for
COPD patients in both inpatient and LTC set-
tings consumes considerable HCP time. A
switch from SABA or SABA/SAMA to a drug with
a once-daily nebulization frequency could gen-
erate substantial time savings depending on the
setting and site characteristics.
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Key Summary Points

Why carry out this study?

Growing shortages of nurses and
respiratory therapists are expected in the
US, resulting in increasing demands on
the existing workforce.

There is a lack of quantitative data on
healthcare professionals’ (HCPs’) time
dedicated to nebulized chronic
obstructive pulmonary disease (COPD)
therapy in inpatient and long-term care
(LTC) settings.

In this pilot study, using time and motion
methodology, we quantified HCP time
and opportunity costs (time and
materials) associated with nebulized
COPD therapy in inpatient and LTC
settings and estimated efficiencies of
changing to once-daily therapy.

What was learned from the study?

Findings from this pilot study validate the
use of the time and motion methodology
and suggest that switching from a short-
acting beta agonist (SABA) or SABA/short-
acting muscarinic antagonist (SAMA) to a
once-daily nebulized drug could generate
a sizable reduction in process time per
admission or month of stay, depending
on the setting and site characteristics.

A switch from SABA or SABA/SAMA to a
drug with a once-daily nebulization
frequency could generate substantial time
savings, depending on the setting of care
and patient characteristics.

Expanding this pilot study by adding
additional sites and increasing the overall
sample size would increase the precision
of the results and make them more
generalizable to inpatient and LTC
settings across the US.

INTRODUCTION

As of 2018, an estimated 16.4 million adults had
a diagnosis of chronic obstructive pulmonary
disease (COPD) in the United States (US), which
represents 6.6% of adults, with millions more
who are undiagnosed [1]. Although most COPD
therapies are delivered by the inhaled route via
handheld devices, certain patients (e.g., those
with suboptimal peak inspiratory flow, cogni-
tive impairment, or dexterity limitations) may
benefit from nebulized therapy [2]. Commonly
used nebulized COPD therapies include the
short-acting beta agonist (SABA) albuterol sul-
fate and the fixed-dose SABA/short-acting mus-
carinic antagonist (SAMA) combination
albuterol sulfate/ipratropium bromide. Both are
typically administered every 4–6 h.

Growing shortages of nurses and respiratory
therapists are expected in the US, resulting in
increasing demands on the existing workforce
[3]. There is a lack of quantitative data on
healthcare professionals’ (HCPs) time dedicated
to nebulized COPD therapy in US inpatient and
long-term care (LTC) settings. Previous work-
flow mapping of nebulized COPD therapy in
those settings confirmed that (1) workflow was
highly standardized and consistent across both
settings and bronchodilators and (2) time and
motion (T&M) methodology is suitable to
accurately quantify HCP time for nebulization
process [4].

Our objectives in this pilot study were to
quantify HCP time and costs (of HCP time and
materials) associated with nebulized albuterol
sulfate (SABA) and albuterol sulfate/ipratropium
bromide (SABA/SAMA) in inpatient and LTC
settings in the US and to estimate potential time
and cost efficiencies that could result from
newer therapies with less frequent dosing
regimens.

METHODS

This was a prospective observational T&M
study. T&M methodology consists of (1) break-
ing down a process into its main tasks and (2)
repeated measurements of the duration of those
tasks. First, one HCP from each site completed a
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survey to describe center characteristics, COPD
treatment, and nebulization workflow focused
on SABA and SABA/SAMA administration. Sub-
sequently, a case report form was built to reflect
local nebulization workflow. Primary outcome
measures were mean active HCP time per pre-
defined task and mean total active HCP time
associated with SABA and SABA/SAMA nebu-
lization processes. All patients with a diagnosis
of acute COPD exacerbation (inpatient setting)
or chronic COPD (LTC setting) were candidates
for observation. Institutional review board
approval for 20 observations was obtained at
each site, and informed consent was not
required because limited patient-level data (sex,
COPD severity, cognitive status) were collected
and the focus of data collected was provider
time. All data were anonymized. Random neb-
ulization processes were observed, which could
involve the same patients.

Descriptive statistics for this study were cal-
culated as mean, standard deviation, 5% and
95% quantiles (predefined tasks), and 95%
confidence interval (CI) (total process time) for
continuous variables. Costs (HCP time and
materials) were calculated using publicly avail-
able hourly salary data for HCPs for 2020,
reported by the US Bureau of Labor Statistics
[5, 6] and local purchase prices for materials
(tubing, mask, mouthpiece). Time and costs
were calculated for three scenarios: SABA alone,
SABA/SAMA alone, SABA/SAMA ? SABA PRN
(as needed). Weighted results (applying the
distribution across scenarios) are presented.
Analyses were performed using SAS� version
9.1.3 (SAS Institute, Cary, NC, USA) and
Microsoft� Office Excel� 2007.

Institutional review board approval for 20
observations was obtained at each site;
informed consent was not required because
limited patient-level data (sex, COPD severity,
cognitive status) were collected, and the focus
of data collected was provider time. All data
were anonymized. The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.

RESULTS

Sample Characteristics

A total of 20 observations occurred within each
setting. Inpatient observations included three
SABA and 17 SABA/SAMA (from 18 different
patients), and LTC observations included five
SABA and 15 SABA/SAMA (from eight different
patients). Eight observations in the LTC group
were from cognitively impaired patients. In the
LTC setting, 38% of the patients who were
observed were short-term residents (e.g., recov-
ery after surgery), and 62% were long-term
(staying indefinitely) residents. At the inpatient
site, clinician opinion using Global Initiative for
Chronic Obstructive Lung Disease (GOLD) 2019
guidelines characterized COPD severity of
observed patients as 11% mild, 17% moderate,
44% severe, and 28% very severe (and estimated
the typical distribution of patients admitted to
the unit with COPD exacerbation as 0% mild,
20% moderate, 50% severe, and 30% very sev-
ere). At the LTC site, clinician opinion charac-
terized the COPD severity of observed patients
as 50% moderate and 50% severe (and esti-
mated the current distribution of the site’s
COPD population by severity as 40% mild, 30%
moderate, 10% severe, and 20% very severe).

Time per Patient Nebulization Process

For the inpatient site, mean total process time
across the nine steps of the nebulization process
was 16.12 min (95% CI 14.48–17.76), of which
50% was actual nebulization time (Fig. 1). All
tasks were performed by a respiratory therapist
(RT).

For the LTC site, mean total process time was
21.01 min (95% CI 18.80–23.22), of which 67%
was actual nebulization time. CIs suggest a dif-
ference by cognitive impairment status in total
nebulization process time: mean 24.06 min
(95% CI 21.29–26.84) if cognitively impaired
versus 18.98 min (95% CI 16.12–21.83) if not
cognitively impaired. Process time weighted by
cognitive impairment status (71% of COPD
patients at any given time were reportedly
impaired and 29% not, on the basis of clinician
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opinion) would be 22.59 min (Fig. 1). All tasks
were performed by a registered nurse (RN).

Nebulization Process Time per Admission
(Inpatient) and per Patient per Month
(LTC)

For both the inpatient and LTC sites, per inter-
view reports, daily nebulization frequency of
SABA/SAMA varied by COPD severity, and SABA
PRN was expected to be given once a day. For
the inpatient site, weighted average frequency
per day was 4.8 for SABA/SAMA (calculated as
the reported distribution by COPD severity at
admission multiplied by the expected nebu-
lization frequency: 1.5 for mild, 2.5 for moder-
ate, 5.0 for severe, and 6.0 for very severe
COPD). Mean nebulization process time per
admission (reported as 5.4 days on average),
weighted by treatment scenario (40% receiving
SABA/SAMA alone, 60% SABA/SAMA ? SABA
PRN), was 7.8 h (Fig. 2a). A once-daily nebulized
drug (40% alone and 60% with once-daily SABA
PRN) would require 2.3 h of nebulization pro-
cess time per admission, a 70% reduction
(Fig. 2a).

For the LTC site, weighted average frequency
per day was 2.6 for either SABA or SABA/SAMA
(calculated as the reported distribution by
COPD severity multiplied by the expected neb-
ulization frequency: 1.0 for mild, 2.0 for mod-
erate, 4.0 for severe, and 6.0 for very severe

COPD). Average nebulization process time per
month, weighted by treatment scenario (5%
SABA alone, 75% SABA/SAMA alone, 20%
SABA/SAMA ? SABA PRN), was 32.1 h (Fig. 2b).
A once-daily nebulized drug (80% alone and
20% with once-daily SABA PRN) would require
13.7 h of nebulization process time per month,
a 57% reduction (Fig. 2b).

Opportunity Cost (HCP Time Plus
Materials)

In both settings, nebulization materials (one
tubing set and one mask or mouthpiece) are
stored after nebulization and typically replaced
after every nine uses. Applying national average
salary data to time spent, average cost per neb-
ulization for HCP time was $8.33 (RT, inpatient
setting) and $13.82 (RN, LTC setting). Cost
modeling of HCP time and materials in the
inpatient setting yielded $243/admission with
current dosing versus $72/admission with once-
daily dosing (70% reduction). In the LTC set-
ting, process cost was $1177/month with cur-
rent dosing versus $504/month with once-daily
dosing (57% reduction).

DISCUSSION

The specific objectives of this research were to
(1) document the healthcare professional’s time

Fig. 1 Mean time per nebulization process (active HCP time only). HCP healthcare professional, LTC long-term care
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spent on all steps involved in the nebulization
process of commonly used short-acting bron-
chodilators and (2) quantify (by modeling)
potential efficiencies in labor time, and labor
and material costs, from using less frequent
dosing. The opportunity cost of the healthcare
professional’s time spent on nebulization-re-
lated activities demonstrates time that could be
potentially freed up to be allocated to other

valuable COPD patient care activities. Given the
focus of many providers solely on direct drug
acquisition costs, such opportunity costs of
time saved are often overlooked and not well
studied, though they may significantly offset
higher drug acquisition costs.

The choice of SABA/SAMA with or without
SABA PRN as the standard of care treatment
option was based on prior workflow mapping

Fig. 2 a Nebulization process time per admission (inpa-
tient). Weighted using reported distribution by regimen
(40% albuterol sulfate/ipratropium bromide alone, 60%
albuterol sulfate/ipratropium bromide ? albuterol sulfate
PRN). Assumes 5.4 days per admission. b Nebulization
process time per month (LTC). Weighted using reported

distribution by regimen (5% albuterol sulfate alone, 75%
albuterol sulfate/ipratropium bromide alone, 20% albu-
terol sulfate/ipratropium bromide ? albuterol sulfate
PRN). LTC long-term care; neb nebulizer, PRN as needed,
Rx prescription
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and semistructured interviews with clinical
experts (site investigators and clinicians who
oversee nebulized COPD therapy in their insti-
tutions), which indicated that SABA/SAMA with
or without SABA PRN was the most commonly
given nebulized COPD treatment for those
patients benefiting most from nebulized ther-
apy (e.g., patients with suboptimal peak inspi-
ratory flow, patients with cognitive
impairment) in the settings being studied (in-
patient and LTC). The comparator used in the
model was once-daily LAMA with or without
SABA PRN; the model was not intended to be
comprehensive of all potential alternative
treatment scenarios (e.g., twice-daily LABA).

The nebulization process for COPD patients
consumes substantial HCP time and associated
costs over the course of an inpatient hospital
admission or per month in the LTC setting.
Findings from this pilot study validate the use
of the T&M methodology and suggest that
switching from a SABA or SABA/SAMA combi-
nation to a once-daily nebulized drug could
generate a sizable reduction in process time per
admission or month of stay, depending on the
setting and site characteristics.

Data were collected prior to the start of the
COVID-19 pandemic, and thus the estimated
time savings are likely conservative for the
current environment. Since the start of the
pandemic, additional steps have likely been
added to the nebulization process, such as the
use of personal protective equipment, special-
ized rooms, and new safety protocols. Accord-
ingly, mean times for nebulization are likely
greater than those reported in this study, and
commensurately greater time efficiencies could
be gained from nebulized therapies which have
less frequent dosing. Furthermore, the COVID-
19 pandemic has caused additional staffing
shortages and increased labor costs [7, 8], con-
sequently magnifying the potential for cost
savings with less frequently dosed nebulized
treatments.

With a range of patient care tasks competing
for RT and RN attention, there is a real oppor-
tunity cost associated with their time. Time
released from nebulization-related activities can
be allocated to other valuable care initiatives,
such as patient education. With high demand

for the time of RNs and RTs as a result of the
pandemic, inpatient utilization of long-acting
bronchodilators offers valuable time saved.

This pilot study has some limitations. The
results reflect only a single site per setting and
are therefore not generalizable across the
country. Actual times for predefined tasks were
measured, but in the model, the following
variables were based on clinician opinion: dis-
tribution by COPD severity, expected nebuliza-
tion frequency, and distribution by
bronchodilator regimen. The cost modeling
does not include the cost of the nebulized
drugs, as this study was not intended to be a full
cost analysis. A standard full cost analysis would
incorporate consideration of drug acquisition
cost and the costs of all other resources and
outcomes involved in delivering nebulized
COPD treatments. A wider analysis might also
consider delivery of bronchodilators by hand-
held inhalers including metered dose inhaler
and spacer. Such an analysis encompassing
delivery mechanisms apart from nebulization
could be an area of potential future study. The
focus of our research specifically aimed to
address the opportunity cost of HCP labor time
spent on nebulization. The current analysis
does not include any additional steps that may
have been added to the nebulization workflow
during the COVID-19 pandemic, such as don-
ning and doffing of personal protective equip-
ment for each nebulization, waiting periods
around nebulization or designated nebulization
rooms, and any other precautions that have
been adopted.

This pilot study confirms the feasibility of
T&M methodology in this indication. It also
provides support for conducting an expanded
study involving additional study sites and a
larger sample of observations that would
increase the precision of the results, render
them more generalizable to other inpatient and
LTC settings across the US, and reflect any
changes in workflow due to the pandemic.

CONCLUSIONS

In conclusion, the nebulization process for
COPD patients in both inpatient and LTC
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settings consumes considerable HCP time and
associated costs per inpatient hospital admis-
sion and per month of LTC stay. As patients
with COPD often require extensive care and
HCP time, interventions to improve COPD
patient care efficiency without impacting qual-
ity are needed. A switch from SABA or SABA/
SAMA to a drug with a once-daily nebulization
frequency could generate substantial time sav-
ings, depending on the setting of care and
patient characteristics. Expanding this pilot
study by adding additional sites and increasing
the overall sample size would increase the pre-
cision of the results and make them more gen-
eralizable to inpatient and LTC settings across
the US.
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