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Abstract

Determining which patients with COPD may benefit from a nebulized long-acting beta2-agonist (LABA) is a
challenge in current practice. In the absence of strong clinical guidelines addressing this issue, an expert panel
convened to develop guiding principles for the use of nebulized LABA therapy in patients with COPD. This article
summarizes these guiding principles and other practical issues discussed during a roundtable meeting.
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Introduction
Despite advances in medical therapy and the availability
of clinical practice guidelines for chronic obstructive
pulmonary disease (COPD), the trajectory of the
disease is unwavering when considering exacerbations,
hospitalizations, and mortality.1,2 There are currently
many unmet medical needs in the care of patients with
COPD. Smoking continues to be a major contributor to
the onset and progression of the disease,3 which is often
underdiagnosed and undertreated.4-7 Furthermore,
medication adherence is poor,8 device selection may
not be thoroughly individualized to patient needs,9
physical and cognitive functions that enable patients
to effectively self-manage decline with age,10-13 and
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there is a lack of disease modifying pharmacological /
biological agents in COPD.14

Methods
A roundtable meeting was convened with the purpose
of discussing the role of nebulized long-acting beta2agonist (LABA) therapy in patients with COPD. Seven
participants attended the live meeting and discussed
the following agenda items: (1) Identification and
prioritization of unmet needs of patients with COPD;
(2) Discussion of prototypical patients who may benefit
from nebulized LABA therapy; and (3) Derivation of
guiding principles to help clinicians decide if nebulized
LABA therapy is appropriate for their patients. Select
literature was retrieved by keyword search in PubMed
and summarized as evidence to support the unmet
medical needs identified by the panel. Participants
acknowledged that the body of evidence needed to
make strong guidelines for the use of nebulized LABA
therapy is limited. However, guiding principles for the
use of nebulized LABA therapy could be derived from
available clinical trial evidence, experience in practice,
and clinical logic.

Results
Identification and Prioritization of Unmet Needs
in COPD
The panel identified and prioritized unmet needs and
issues for patients with COPD, in particular those that
may be addressed by nebulized LABA therapy (Table 1).
Panel Consensus: The following unmet needs/issues
could be explored to further define the role of nebulized
LABA therapy: (1) Assessment of cognitive and physical
abilities in patients with COPD; (2) Identification of the
frequent exacerbators; (3) Identification of interventions
that reduce hospitalizations and readmissions;
(4) Utilization of long-acting bronchodilators as
maintenance therapy; (5) Personalization of therapy
including appropriate device selection; and (6)
Assessment of short-acting bronchodilator use and
recent symptom trajectory.
Physical and Cognitive Decline in the COPD
Population
Patients with COPD typically have several comorbidities
that put a significant strain on their physical health and
well-being.15 Some of these include degenerative bone
disease, rheumatoid arthritis, skeletal muscle weakness,

and other neuromuscular conditions; all of which may
affect a patient’s ability to coordinate breath-actuated
devices well. Furthermore, peak inspiratory flow rate
(PIFR) in patients with COPD declines over time,
which may prevent patients from generating sufficient
inspiratory flow for dry powder inhalers (DPIs) with
higher resistance.16-18 Evidence also suggests that
hypoxemia in COPD is associated with cognitive
impairment,10-12,19-23 and the percentage of COPD
patients with cognitive impairment is high, ranging
from 27% to 61% of patients.10-12,19,22,23 For example,
in one study of 1202 patients (mean age 58), COPD
was a risk factor for cognitive impairment (2.5 times
more likely than a reference group without COPD to
develop cognitive impairment).24 Another study of
1425 of patients (1055 with normal cognitive function
at baseline; age range 74-83) showed that a diagnosis of
COPD increased the risk of mild cognitive impairment
by 83%.13 Furthermore, the Mayo Clinic Study of Aging
showed that the risk of mild cognitive impairment
worsens over time.25 In this study of 1927 patients
with mild cognitive impairment (age 70-89 years), 288
(15%) had COPD. There was an overall two-fold risk of
cognitive impairment in the patients with COPD in this
study, and overall risk for any cognitive impairment
increased from 1.60 (97% confidence interval [CI], 0.97–
2.57) in patients with COPD duration of ≤5 years to 2.10
(95% CI, 1.38–3.14) in patients with COPD duration
>5 years.25 Taken together, these data challenge the
general belief in practice that cognitive impairment is a
result of older age alone in the COPD population.
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Panel Consensus:
The panel recommends that clinicians conduct
physical and cognitive assessments for all patients
with COPD in their care, in conjunction with assessing
clinical symptoms, to determine their ability to
successfully coordinate handheld devices.
Burden of Frequent COPD Exacerbations and
Hospital Readmissions
In recent years, the focus on patient outcomes in
COPD has shifted from managing progressive
dyspnea and disability to preventing exacerbations
and hospitalizations. Exacerbations are associated with
worsening disease, hospitalizations and readmissions,
increased health care costs, impaired quality of life, and
higher mortality.26 Because they occur unpredictably,
exacerbations limit an individual’s ability to plan
activities and social engagements, as well as to
maintain stable employment. COPD exacerbations
also cluster in time with the highest risk of recurrent
exacerbation occurring within 8 weeks after an index
exacerbation.27 Although exacerbations become more
frequent as airflow obstruction worsens, they can occur
in patients with mild-to-moderate airflow limitation
(i.e., representing a much larger population of patients
with COPD). Furthermore, longer symptom duration
with each exacerbation is associated with a greater risk
and shorter time to the next event,28 while increasing
frequency of exacerbations accelerates decline in lung
function and quality of life.29 This suggests that repeat
events increase a patient’s susceptibility to future
exacerbations and poor outcomes. Exacerbations are
also associated with worsening hyperinflation,30 and
reduced contractility of the diaphragm, which further
reduces peak inspiratory flow (PIF).
Per the Global initiative for chronic Obstructive Lung
Disease (GOLD) therapeutic strategy, the goals of
COPD care include minimizing symptoms, preventing
disease progression, and reducing exacerbations.14,31
Exacerbations are common with 77% of patients
experiencing at least one exacerbation annually.32
However, frequent exacerbations (≥2 per year), which
increase the risk of hospitalization, are also common
and occur in one-third to nearly a half of COPD patients
with severe or very severe airflow limitation, and nearly a
quarter of patients with moderate airflow obstruction.33
Also, among patients hospitalized for an exacerbation,
22.6% are readmitted to the hospital within 30 days of
discharge.34 While reasons for readmission are varied,

high rates of readmission to the hospital suggest a
breakdown in continuity of care for patients following
discharge.2,35 Current transitional care may fail to
properly assess risk and monitor patients with persistent
COPD symptoms, or unstable comorbidities in these
patients that could lead to readmissions, after hospital
discharge.34,36 It is also common that following an
exacerbation, patients do not receive medications that
are known to reduce the risk of future exacerbations
(e.g. LABA therapy or LABA therapy plus an inhaled
corticosteroid).37 Additionally, lack of appropriate
assessments to determine the suitability of treatments
for individual patients, as well as their abilities to
administer those treatments, is common.
Centers for Medicaid and Medicare Services (CMS)
began tracking 30-day readmissions for COPD via their
Hospital Readmissions Reduction Program (HRRP) in
2015. Payments to hospitals for readmissions within
30 days are reduced to incentivize better care during a
hospitalization. In some areas of medicine, the HRRP
has had a positive effect.38 Evidence is inconclusive
on predictive factors and interventions most likely
to reduce readmissions for COPD,39 and efforts are
underway to understand more about how to prevent
these events.40
Panel Consensus:
The panel suggested that addressing and identifying
frequent exacerbators is a priority. In the absence of
strong evidence detailing how clinicians can reduce
or prevent hospital readmissions, a best-practice
approach to the care of patients with COPD is
warranted based on current recommendations.14,41
Additionally, recognizing risk factors for readmission
can help predict which patients are at greatest risk of
readmission within the first 30 days of discharge.27
The panel noted however that patients with COPD
are frequently readmitted for unstable comorbidities,
rather than COPD itself, and proper management
of comorbidities is required to prevent non-COPDrelated readmissions in patients with COPD.34,42
Across several studies, some of the medical, social,
and system-based risk factors for readmissions include
but are not limited to: older age, male gender, African
American race, lower socioeconomic status, low health
literacy, social isolation, low physical activity, prior
hospitalization for COPD or emergency admission,
longer length of hospital stay, lack of follow-up after
discharge, heart failure, and no prescription for a short-
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acting bronchodilator, oral steroid, or antibiotic therapy
on discharge.43-48 In the panel’s experience, social
factors are as important as health or systems factors
since they are, in most cases, less modifiable. Symptoms
also worsen significantly before an exacerbation and
patients should be encouraged to report any changes
in their symptoms so that appropriate steps can be
taken (i.e., change in therapy).49 Furthermore, since
undertreatment of COPD after an exacerbation may
intensify poor outcomes, the panel recommends that all
patients be more closely monitored during the critical
window following an exacerbation, and until the patient
is recovered. It has been shown that mortality rate in
patients admitted for an exacerbation in the year prior
is nearly 25% so timely action is warranted for these
patients.50
Utilization of Long-acting Bronchodilator
Maintenance Therapy for COPD
In today’s practice, the use of long-acting bronchodilator
maintenance therapy is low, and many times patients
do not receive a long-acting bronchodilator as
maintenance therapy even after the diagnosis is
made.6,51 Underutilization of long-acting maintenance
therapy is both a provider and a patient issue. In a
retrospective analysis of about 50,000 U.S. managed
care and Medicare patients with COPD, 66.3% of
patients with commercial insurance and 70.9% of
Medicare patients were not prescribed maintenance
therapy for COPD.6 Importantly, patients categorized
as high complexity were undertreated, which strongly
suggests that practice is not aligned with current COPD
guidelines. In another study, 36% of patients with at
least one prior exacerbation were not receiving longacting bronchodilator maintenance therapy.52
There are also issues at the patient level once
medication has been prescribed. Among utilizers
of handheld devices containing long-acting
bronchodilators, adherence varied from 29% to
56% across the COPD disease spectrum for fixeddose combinations of inhaled corticosteroids with
LABA therapy, from 51% to 68% for long-acting
anticholinergics, and from 25% to 62% for LABA
monotherapy.8 If one considers improper technique
with handheld inhalers as another component of poor
adherence, then the frequency of poor adherence may
be even higher.
Panel Consensus:
Poor patient outcomes such as COPD exacerbations,

hospitalizations, and readmissions, as well as health care
utilization costs, may be improved with the increased
use of long-acting bronchodilator maintenance
therapy. While the GOLD therapeutic strategy asserts
that exacerbations can often be prevented,14 it may
not provide enough guidance on care following
hospitalization to prevent readmissions. A summary of
guiding principles discussed by the panel for improving
the use of long-acting maintenance therapy for COPD is
shown in Table 2.
Selection of a Long-Acting Bronchodilator for
the Maintenance of COPD
According to the GOLD therapeutic strategy,
long-acting formulations of beta2-agonists and
anticholinergics are preferred over short-acting agents
for COPD maintenance treatment. It is common to see
patients receive multiple treatments of a short-acting
bronchodilator (by nebulizer or handheld device) as
daily maintenance therapy for COPD, which goes
against current recommendations.14,41 One study
showed that patients reporting use of ≥1.5 short-acting
beta2-agonists (SABA) doses per day are at increased
risk of exacerbations.53 The initiation of LABA therapy
versus SABA therapy alone for maintenance of COPD
is associated with a 26% reduced risk of readmission
within the first 6 months of a hospitalization for an
exacerbation.54 Long-acting bronchodilators improve
exercise endurance time and enhance the benefits
gained from exercise training.55,56 They also improve
health-related quality of life.57 Once a clinician decides
to prescribe a long-acting bronchodilator for a patient
with COPD, the next step is to determine which device
may be appropriate for the patient—pressurized metered
dose inhaler (pMDI), DPI, soft mist inhaler (SMI), or
nebulizer.
Issues with Handheld Devices for COPD in RealWorld Practice
In real-world practice, patients with COPD are highly
variable in terms of education level, age, socioeconomic
status, physical limitations, cognitive functioning,
and chronic disease burden. Many of these variables
contribute to medication errors made by patients with
their handheld devices. Misuse of handheld devices is
associated with decline in symptom control and risk
of urgent care.58 In one study, over 94% of patients
committed errors related to poor technique despite
their affirmation of knowing how to use their devices.59
Specifically, poor inhaler technique and device
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misuse was associated with older age (P=0.008), lower
education level (P=0.001), poor vision (P=0.004), and
lack of instruction (P<0.001).58,60 Low health literacy is
also a barrier to achieving desired health care outcomes.
A recent study showed that teach-to-goal instruction for
inhaler technique did not reduce inhaler misuse but
was associated with fewer acute-care events 30 days
after discharge.61 Although the teach-to-goal method
has some benefit, the results are not universal and the
improvements are transient. The rate at which handheld
inhalers are misused in the elderly population is also
a concern. In a 2015 study, 100% of elderly patients
(N=24) made at least one error, and 83% made a critical
error that impacted delivery of the drug.62 There are
many inhaler choices, with their own specific inhalation
techniques, often requiring multiple steps for accurate
coordination of breath. The array of current choices can
be confusing and overwhelming—not only for patients,
but for clinicians as well.9
Errors with pMDIs are common and approximately 1

in 3 patients uses their inhaler incorrectly.63 Actuating
a pMDI may be more difficult for patients with hand
arthritis, memory issues, and poor coordination since
there are many steps involved with using a pMDI
correctly. Also, not using spacers or valved holding
chambers properly can reduce the intended delivered
dose.64,65 It has been demonstrated that suboptimal
inspiratory force, as well as decline in cognitive
function, are directly related to errors with DPIs.17
Adequate inspiratory force is required for patients to
successfully inhale powder from a DPI into the lungs,
and some patients with severe COPD cannot achieve
an adequate inspiratory force against the resistance of
their device.65,66 DPI resistance varies greatly across
devices, with up to a 10-fold difference between devices
(0.02– 0.20 cm H2O1/2 / L / min).67 Incorrect inhaler
use can result in increased oropharyngeal deposition
of inhaled powders and decreased lung deposition.67
In one study, critical errors were common with 88%
of all patient observations with DPIs.62 Moreover,
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even correct DPI use results in relatively increased
oropharyngeal deposition from inertial impaction due
to the high inspiratory force required to deagglomerate
the powder and generate fine particles, compared with
the slower inspiratory flows used with other inhaler
devices.
Panel Consensus:
The panel recommends that clinicians take the time
to identify risk factors for critical medication errors
or medication nonadherence. Affirmation of patient
knowledge is, in many cases, insufficient to guarantee
appropriate use of available inhaler devices. Practical
steps (such as the teach-back method) to ensure that
patients are confident to self-administer their medication
accurately is critical to future success. These items can
be covered by clinicians once a patient is stable following
treatment for an exacerbation, or immediately thereafter
in follow up within the first 2 weeks of discharge. Many
hospitalized COPD patients are unable to correctly use
a pMDI or a DPI at the time of discharge, and even if
taught do not retain instructions for proper device use
once they return home. In these cases, a nebulizer may
be a more appropriate choice for transitional care and
home-bound or long-term care-bound patients, many
of whom have the physical or cognitive impairments
discussed here. The panel recommends clinicians
consider initiating and bridging care with a nebulized
LABA in selected patients in the hospital to cover the
critical window following a recent hospitalization. There
is no “one-size fits all” device for patients with COPD
and only a thorough evaluation of patient abilities,
physical and cognitive, as well as their home health care
environment, will reveal potential barriers to achieving
success with prescribed medications.
Nebulization of Long-acting Bronchodilators in
Today’s Practice
Although evidence is limited to suggest that one delivery
method for long-acting bronchodilator therapy is more
advantageous than another for patients with COPD,
we do know that incorrect use of handheld devices is
linked to suboptimal outcomes.16,68 Patient preference
for nebulization, low inspiratory force,17,18,69,70 and
cognitive and physical impairments10,11,13,17,24,71
were agreed to be the most common reasons to consider
nebulized LABA therapy for patients with COPD. Some
evidence suggests that patients prefer nebulizing their
medication,72 nebulization may help patients with low

inspiratory force (i.e., following an exacerbation),73 and
may help when cognitive or neuromuscular conditions
are present.16 Currently, 2 LABAs are available for use
in standard jet nebulizers, formoterol and arformoterol,
and nebulized LAMAs are in development.74,75
About half of patients who remain breathless despite
receiving bronchodilators delivered by pMDIs or DPIs
derive benefits from home nebulizer use.76 It has
been suggested that hospitalizations can be reduced
when patients are given nebulizers (56% to 46%;
P<0.01).77 Nebulized therapy has also been shown to
have a positive impact on quality of life.78 More recent
work with retrospective claims analyses has shown
that initiating a nebulized LABA versus short-acting
bronchodilator therapy alone significantly lowers 30day hospital readmission rates by 31%.54 Furthermore,
COPD patients with PIFR resistance of <60 L / min
against the resistance of a DPI benefited from nebulized
arformoterol compared with salmeterol given by DPI
as measured by volume responses (forced expiratory
volume in 1 second [FEV1], forced vital capacity [FVC],
inspiratory capacity [IC]).73 The choice of nebulized
LABA may also impact patient outcomes. In a recent
study, the use of nebulized arformoterol tended to be
associated with fewer exacerbations, lower inpatient
costs, and lower COPD-related costs (primarily related
to hospital readmissions) compared with nebulized
formoterol.79
There are characteristics of nebulization that are
both positive and negative. The primary advantage
of nebulizing medications for COPD is the minimal
coordination and inspiratory effort required by the
patient. Compared with the coordination and special
breathing techniques (full exhalation followed by full
inhalation and several-second breathhold) required for
pMDIs and DPIs, patients can sit comfortably and use
tidal breathing during a nebulized treatment.9 A survey
of patients with COPD showed that nebulized treatment
helped them feel comfortable and more in charge of
their own symptom control.80 In another study, patients
and caregivers showed preference for nebulized therapy
and stated that the benefits of nebulization therapy
outweighed any difficulties or inconveniences.72,80
Patients also believed that their overall quality of life
had improved since beginning nebulized treatments.72
Patients can use standard jet nebulizers for both shortacting and long-acting treatments, mucolytics and
corticosteroids, and in some cases antibiotics.9 Practical
considerations with nebulizers include the time required
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to nebulize, cleaning of nebulizer, equipment repairs,
and non-portability of equipment.66,81 Education may
be necessary to address some of these issues and newer,
easier to use, more portable nebulizers may address
others. As part of a shared decision-making process,
clinicians can present patients with all available COPD
medication and delivery options in order to make a
decision that best meets the needs of an individual
patient.
Guiding Principles for Nebulized LABA Therapy
Although many patients can successfully use pMDIs or
DPIs for maintenance of COPD, certain populations may
benefit from medication delivery by nebulizer.66,72,82,83
Table 3 summarizes the panel’s guiding principles for
the use of nebulized LABA therapy in patients with
COPD.
Panel Consensus:
The panel recommends taking the time to determine
which inhalation device is the right device for the right
patient. For example, patients who cannot coordinate or
generate sufficient inspiratory force for breath-actuated
handheld devices are candidates for nebulized therapy.9
The panel also suggested that nebulized LABA therapy
should not be reserved for the most severe cases,
although the most common scenarios for its use include:
(1) the patient with physical and /or cognitive limitations
who cannot use a handheld device successfully; (2) the
severe COPD patient receiving oxygen therapy bound
to home care; and (3) the patient who cannot afford a
handheld inhaler. There are many other reasons why
a nebulized LABA may be an appropriate choice, and
the panel suggested that the most easily addressed
opportunities to improve COPD patient outcomes may
be to consider a nebulized LABA for: (1) the patient at
home or residing in a long-term care center (LTC) facility
who exhibits cognitive decline, physical limitations, or
poor adherence to their medication; (2) the frequent
exacerbator despite treatment with handheld inhalers;
and (3) the patient with reduced inspiratory force from
coexisting medical conditions, age, or following a recent
exacerbation.
Additional Evidence Needed on the Use of
Nebulized LABA Therapy in Practice
Although great strides have been made in the medical
management of patients with COPD over the last several
decades, many unanswered questions remain about

appropriate assessment and long-term maintenance
of COPD. The American Thoracic Society / European
Respiratory Society have issued a thorough statement
of ongoing research questions in COPD, which includes
the comparative efficacy and outcomes of nebulized
versus handheld long-acting bronchodilator therapy for
COPD maintenance.84 In addition to comparative data
between handheld devices and nebulized therapies,
this panel identified a set of select research questions
that may provide further clinical guidance on the use of
nebulized LABA therapy in practice.
Panel Consensus:
The following questions were identified by the panel for
further study in this area of medicine:
• What is the best method in practice to assess patient
physical and cognitive abilities to use handheld
devices adequately?
• What specific patient criteria should prompt the
initiation of a nebulized LABA as maintenance therapy
in inpatient, outpatient, or long-term care settings?
• Where does nebulized LABA therapy fit into the
current treatment paradigm when considering
combination therapy (e.g., triple therapy)?
• Does initiating a nebulized LABA during and /or
following hospitalization for an exacerbation reduce
the risk of readmission?
• Does continuing a nebulized LABA in transitional
or post-acute care, at-home care, and long-term care
settings reduce the risk of future exacerbations and
hospitalizations?
• When is it appropriate to switch a patient’s handheld
inhaler to a nebulizer?
• What is the pharmacoeconomic impact of using
nebulized LABA therapy compared with short-acting
bronchodilator therapy?
• What is the pharmacoeconomic impact of using
nebulized LABA therapy compared with handheld
long-acting bronchodilators for maintenance of
COPD?
Although limited evidence exists to address these
questions, some of which were discussed here,
additional data from prospective, randomized studies or
long-term observational studies are needed to answer
these questions thoroughly. Future studies may yield
valuable data that can guide practice with nebulized
LABA therapy.
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Discussion
COPD represents a significant health care burden
in today’s society. This burden is measured in terms
of hospitalizations and readmissions for COPD
exacerbations, total health care utilization, and patient
mortality. Unfortunately, long-acting bronchodilator

maintenance therapy is underutilized in current practice,
which makes the reduction of COPD exacerbations,
hospitalizations, and readmissions difficult. A panel of
experts identified and prioritized several unmet medical
needs in today’s practice, one of the most important of
which was the need for long-acting bronchodilators as
maintenance therapy for COPD. Furthermore, guiding
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principles specific to the use of nebulized LABA therapy
in patients with COPD were discussed. Determining who
may benefit from nebulized LABA therapy is currently
left to best clinical judgment, and the recommendations
discussed herein may help improve the identification
of patients who are likely to receive the greatest benefit
from a nebulized LABA. Another aspect of medication
decision making is cost and although the wholesaler
acquisition costs of nebulized LABAs may be higher
than handheld LABAs,85 medications such as nebulized
formoterol or arformoterol are often covered by the
durable medical equipment benefit under Medicare
Part B or by the prescription benefit under Medicare
Part D. These agents are also covered by commercial
insurance plans, although the out-of-pocket costs to
patients may markedly vary depending on the plan. It is
important to note that the misuse of handheld devices
containing well-intended long-acting maintenance
bronchodilators may increase health care system cost
variables such as exacerbations, COPD hospitalizations,
and readmissions.
Diligent assessment and consideration of specific
patient characteristics (e.g., exacerbates frequently, uses
SABA treatments as maintenance therapy, demonstrates
cognitive and physical limitations) to determine
a medication and delivery method aligned with
individual patient needs is recommended in practice.
Some of the data discussed by the panel and reviewed
here suggest that objective and measurable clinical
criteria, such as manual dexterity, cognitive ability,
vision, and inspiratory force following an exacerbation
can limit a patient’s ability to adequately coordinate a
handheld device. In the absence of a specific clinical
practice guideline, the panel recommends that health
care providers take the time to evaluate their patients,
especially following an exacerbation and before hospital
discharge, to ensure that they not only receive a longacting bronchodilator for their COPD symptoms but
that their medication is delivered via a device matched
to individual patient needs. This can be accomplished
by developing an institution-based protocol to
evaluate manual dexterity, cognitive ability, vision, and
inspiratory force in patients with COPD. Although the
panel recognizes that no validated tool currently exists
to determine the suitability of nebulization for patients
with COPD, using these criteria, in addition to medical
logic, may be the next best step to achieving better
outcomes in some patients. In some cases, the use of a
nebulized LABA as maintenance therapy for COPD may

be medically indicated. Furthermore, the recognition
and recording of important clinical features may help
other members of the health care team provide better
care for these patients once they have returned to their
medical home.
Collaboration across the spectrum of COPD patient
care is necessary to change the trajectory of the disease
and improve quality of life and long-term outcomes.
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