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Rationale: Inhaled medications are the mainstay of chronic obstructive pulmonary disease (COPD) management. While consensus
guidelines for pharmacological management in COPD are well-established, few guidelines exist regarding inhaled medication delivery
systems. The COPD Foundation Nebulizer Consortium conducted a cross-sectional survey of patients with COPD and healthcare
providers to understand their perceptions and utilization of nebulized medications.

Methods: An online survey was conducted from February 7 through April 9, 2024. Patients completed a 42-question survey,
including demographic information, tobacco use, symptoms severity, and the role of nebulizers in their treatment. Healthcare providers
responded to a 17-question survey about their clinical experience with nebulized medications.

Results: We analyzed responses from 347 patients and 39 healthcare providers. Among patients, 76.4% (265/347) were >65 years old,
72.0% (250/347) were female, 93.4% (324/347) were white, 90.5% (314/347) had a current or former smoking history, 77.6% (263/
339) reported at least one exacerbation in the past year, and 70.8% (240/339) used some form of supplemental oxygen. Nebulizer use
was reported by 84.1% (292/347) of patients. Among nebulizer users, 94.5% (276/292) used short-acting while only 22.3% (65/292)
used long-acting nebulized medications. Patients reported that hand-held inhaler devices were easier to use (69.8%, 171/245), but
nebulized therapy led to better symptom control (64.9%, 159/245) and had lower copays (67.8%, 166/245). Among prescribers
surveyed, most (82.1%, 32/39) believed nebulizers were preferable for patients experiencing exacerbations. Impediments to wider use
of nebulizers included difficulties with insurance coverage (69.2%, 27/39), cost (53.8%, 21/39), and lack of combination nebulized
drugs (46.2%, 18/39). Two-thirds of providers thought that nebulizers were underused.

Conclusion: We demonstrate that while patients and providers both perceive nebulizers as preferred in clinical management of
COPD, there is discordance between patient and provider perception of nebulizer use on the basis of cost and feasibility of use.
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Introduction

Inhaled medications are the mainstay of chronic obstructive pulmonary disease (COPD) management.' > While con-
sensus guidelines for pharmacological management in COPD are well-established, few guidelines exist regarding inhaled
medication delivery systems.' > Over time, the number and mode of delivery of inhaled medications have increased, now
including short and long acting muscarinic antagonists as well as inhaled corticosteroids, offered alone in inhaler or
nebulizer formulation or in a variety of combinations via held-held inhalers.*® The four most commonly used delivery
devices are metered-dose inhalers (MDI), dry powder inhalers (DPI), soft mist inhalers (SMI), and small volume
nebulizers (SVN).4 Together, MDI, DPI, and SMI will herein be referred to as “hand-held inhalers” and are discussed
in comparison to all types of SVNs, which include standard jet, vibrating mesh, breath-enhanced, breath-actuated, and
ultrasonic nebulizers.

Overall, studies on inhaled medication delivery systems for COPD management have generally been equivocal,
showing no consistent data to support the use of one delivery system over another."'®™'* Prior work has evaluated both
patient and provider perspectives on COPD management and inhalation delivery device selection. Patients and providers
alike were more knowledgeable about, and paid most attention to, the pharmacologic class of medication, rather than the
delivery system.'* Most patients were prescribed hand-held inhaler devices rather than nebulizers for delivery of both
rescue and maintenance medication.'>'® Providers generally perceived SVNs to be superior to hand-held inhalers for
treatment of a COPD exacerbation, and slightly more than half of patients who had used both types of devices preferred
their nebulizer when compared to their hand-held inhalers.'>'

During the COVID-19 pandemic, healthcare institutions and practitioners expressed concerns about infection risk and
spread of respiratory viruses with the use of nebulizers, which resulted in further evaluation of nebulization therapy.' The
COPD Foundation Nebulizer Consortium (CNC), a panel of subject matter experts, recently published their findings.'” In
summary, the CNC concluded that adherence to recommended safety measures should be emphasized and nebulizer use
should not be discouraged when clinically indicated.'” Further work showed that use of a breath-actuated nebulizer with
a filtered mouthpiece did not lead to increased dispersion of SARS-CoV-2 RNA compared with an MDI in patients with
COVID-19 infection.'®

In part due to the COVID-19 pandemic, the CNC has worked to better understand the hesitancy about the use of
nebulizers. Medication delivery remains predominantly via MDIs and DPIs with a significant shift away from SVNs as a
delivery method.'>'® Meanwhile, new respiratory therapies have been approved via a nebulized delivery method, and
updated nebulizer delivery systems, such as vibrating mesh nebulizers, have become commercially available.>*'*

Post-pandemic, we sought to re-evaluate the current state of nebulizer prescribing and utilization patterns. The CNC
conducted a cross-sectional survey of patients with COPD and healthcare providers to better understand their perception

of nebulizers and their utilization in clinical practice.

Methods

Survey Development

The CNC designed and distributed a survey to patients and healthcare providers regarding nebulizer use for the treatment
of COPD. The patient section of this survey was reviewed by patients who were on the CNC. Those questions were
written using fifth grade level English, and critical sections like questions about their medications included images of the
medicine brand and labeling to facilitate selection. The healthcare provider section was written using college level
English and included medical terms.

Survey Format and Administration

The CNC online survey was deemed IRB Exempt under 45 CFR § 46.104(d)(2) by the Western Institutional Review
Board (WCG IRB, Puyallup, WA, USA), because this research study only involves a survey and data collection
maintained the privacy of its subjects in compliance with the Declaration of Helsinki. Participation was voluntary, and
the following language was present on the introduction page of the survey and served as the consent process:
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The following short survey is designed to better understand the use of nebulized drugs in COPD. Your responses are completely
anonymous and will not be linked back to you. By completing the survey, you acknowledge that the COPD Foundation has your
consent to analyze the anonymous responses (data). Your participation in the survey is completely voluntary, and you are not
required to share any information that could identify you.

The survey was conducted from February 7 through April 9, 2024.

Participants included adult patients with COPD who resided in the United States and its Territories and healthcare
providers recruited through the COPD Foundation’s online patient platform, newsletters, and social media channels, and
healthcare providers were recruited via COPD Foundation and the CNC provider network. There was no financial
incentive for participation. Patients were included if they confirmed they had a diagnosis of COPD, were 18 years of age
or older, and lived in the United States. Healthcare providers, such as pulmonologists, primary care practitioners, nurse
practitioners and physician assistants were among the respondents asked whether they prescribed nebulizers. Those who
prescribed nebulizers and confirmed that they practiced in the United States were asked to complete the rest of the survey.

Survey Content
Patients completed a 42-question survey (Supplemental Figure 1), including demographic information, smoking status

and lifetime cumulative amount in pack-years, and history of lung disease. Specifically, they described their tobacco,
marijuana, and vaping use currently and historically. They also described their current level of daily activities, symptoms,
and number of COPD exacerbations per year. The final section of the survey included questions about oxygen use,
corticosteroid use for exacerbations, and the role of nebulized medication and delivery devices in their treatment
regimen.

Healthcare providers were asked 17 questions (Supplemental Figure 2) about their prescribing experience regarding

nebulizers, selected nebulized medications, hand-held inhalers, reasons for selection of medications, and patient
characteristics considered when selecting nebulizer devices and medications.

Data Analysis

Data was collected via Survey Monkey [SurveyMonkey Inc.; San Mateo, California, USA; www.surveymonkey.com]

using the platform’s software. Due to the nature of survey distribution, no formal sample size calculations for this
convenience sample were able to be performed. Descriptive analyses of the survey results are provided for both patient
and healthcare provider surveys. Comparisons between groups for hand-held inhaler and nebulizer preferences were done
using a Chi-square test or Fisher’s Exact Test where appropriate. Analyses were conducted using SAS Version 9.4 (SAS
Institute, Cary, NC, USA).

Results

We analyzed 347 responses from patients and 39 responses from healthcare providers who met the inclusion criteria.
Response rate is not known given that the survey was distributed to an unknown number of participants via the listed
online platforms.

Patient Characteristics
Patient characteristics are shown in Table 1. Notably, 76.4% (265/347) were >65 years old, 72.0% (250/347) were
female, 93.4% (324/347) were white. Survey participants reported using a variety of health insurances including private
insurance (17.3%, 60/347), Medicare (55.0%, 191/347), and Medicaid (10.4%, 36/347), and they spanned socioeconomic
groups with 40.3% (140/347) reporting total household incomes of less than $40,000 per year. Most of the patients
surveyed (80.7%, 280/347) had a pulmonologist involved in their respiratory-related care.

Most patients (82.7%, 287/347) were former tobacco smokers, only 7.8% (27/347) were currently smoking, and 9.5%
(33/347) were never-smokers (Table 1). Among current and former smokers, median [inter-quartile range (IQR)] pack-
year history was 49 [35-80]. Only 10.4% (36/347) of patients reported any marijuana use. Among marijuana users,
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Table | Patient Characteristics

Characteristic Patient Surveys (N=347)
Age 2 65 years 265 (76.4%)
Sex, Female 250 (72.0%)
Race, White 324 (93.4%)

Body Mass Index (kg/m?)

<185 47 (13.5%)
185 to < 25 99 (28.5%)
25 to < 30 104 (30.0%)
=30 97 (28.0%)
Household income (US dollars)
< 40,000 140 (40.3%)
40,000-80,000 93 (26.8%)
> 80,000 38 (11.0%)
Prefer not to answer 76 (21.9%)

Health Insurance®

Medicare 191 (55.0%)
Medicare Advantage 106 (30.5%)
Medicare Supplement 69 (19.9%)
PPO/HMO/POS private plan 60 (17.3%)
Medicaid 36 (10.4%)
Disability 8 (2.3%)
No health insurance I (<1%)

Region of residence®

South 114 (32.9%)
Northeast 84 (24.2%)
Midwest 84 (24.2%)
West 65 (18.7%)
Smoking status

Never 33 (9:5%)
Former 287 (82.7%)
Current 27 (7.8%)

Current marijuana use, any type | 36 (10.4%)
Via smoking and/or vaping 13 (3.7%)

Notes: *Health insurance was self-selected, and patients chose all that
applied. "Regions defined by the United States Census Bureau.

31.6% (11/36) used marijuana on a daily basis, with less than half using it in an inhaled form (31.6% or 11/36 smoking
and 5.6% or 2/36 vaping).

Patient COPD Disease Severity

Survey participants generally had moderate to severe COPD based on symptoms, exacerbation history, medications, and
oxygen use (Table 2). Most patients (96.5%, 327/339) experienced some degree of daily symptoms, indicated by
modified Medical Research Council (mMRC) dyspnea score of 1 or more, with 21.5% (73/339) being too short of
breath to leave the house (as indicated by a modified Medical Research Council score of 4) and 70.8% (240/339) using
supplemental oxygen. The majority (77.6%, 263/339) reported at least one exacerbation that required steroids and/or
antibiotics in the past year.
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Table 2 Patient Clinical Characteristics

Characteristic Patient Surveys
(N=347)
mMRC*
n 339
0 — Short of breath only with strenuous exercise 12 (3.5%)

| — Short of breath when hurrying or walking up a slight hill 73 (21.5%)
2 — Walk slower or stop for breath because of dyspnea 99 (29.2%)
3 — Stop for breath after walking 100 yards or after a few minutes | 82 (24.2%)
4 — Too short of breath to leave house or breathless when dressing | 73 (21.5%)

Exacerbation in the past year 339
n 76 (22.4%)
0 88 (26.0%)
| 175 (51.6%)
2 or more

Use of supplemental oxygen at home

n 339

None 99 (29.2%)

Any use 240 (70.8%)
Continuously 147 (43.4%)
Only during the night 52 (15.3%)
Only during exertion 41 (12.1%)

How often do you use a nebulizer?

n 347

| have not used a nebulizer / No response 55 (15.8%)

Any use 292 (84.2%)
Regular daily, scheduled use 138 (39.8%)
Regular daily, as needed 60 (17.3%)
Occasional use, rescue use 94 (27.1%)

Notes: *Worst response was taken where multiple categories were selected. 8 responses were missing for mMRC,
exacerbation and oxygen questions.
Abbreviation: mMMRC, modified Medical Research Council dyspnea scale.

Patient-Reported Nebulizer Use

The majority of surveyed patients (84.2%, 292/347) had used nebulizers in the past, with 57.1% (198/347) reporting daily
use (Table 2). Jet nebulizers as a category include standard (or continuously operated) models, as well as more advanced
types such as breath-enhanced and breath-actuated jet nebulizers. Among nebulizer users, standard jet (36.6%, 107/292)
and breath-enhanced nebulizers (29.8%, 87/292) were used more frequently compared to breath-actuated (16.1%, 47/
292), vibrating mesh (13.7%, 40/292), and ultrasonic (13.0%, 38/292) nebulizers. Nebulizers were initially prescribed
most often by the patient’s pulmonologist (53.4%, 156/292), followed by the primary care doctors (20.6%, 60/292). The
most common reason patients reported for receiving nebulized therapy included worsening symptoms (40.4%, 118/292)
or because other inhaler devices did not work well enough (21.9%, 64/292) (Table 3).

Among patients who reported using nebulizers, most (94.5%, 276/292) used nebulized short-acting bronchodilators,
which included beta agonists (63.0%, 184/292), muscarinic antagonists (8.6%, 25/292), or a combination of both (18.2%,
53/292). Only 22.3% (65/292) used one or more long-acting nebulized medications, inhaled corticosteroid most
frequently (16.8%, 49/292) followed by long-acting beta agonists (11.0%, 32/292) and long-acting muscarinic antago-
nists (8.9%, 26/292). Aside from inhaled steroids or bronchodilators, 10.3% (30/292) used other nebulized medications
such as hypertonic saline, N-acetylcysteine, or inhaled antibiotics.
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Table 3 Nebulizer User Characteristics

Characteristic Nebulizer Users (N=292)

Who first prescribed the nebulized drug for you?

My pulmonologist 156 (53.4%)
My primary care physician 60 (20.6%)
Emergency/Urgent care doctor 16 (5.5%)
Nurse practitioner or physician assistant 10 (3.4%)
Other 12 (4.1%)
No response 38 (13.0%)

Why did you start using nebulizers? (select all that apply)

Worsening of my symptoms 118 (40.4%)
Unsure, it was just prescribed by my doctor 94 (32.2%)
Other inhaler devices did not work well-enough for me | 64 (21.9%)
Insurance/copayment reasons 16 (5.5%)
Personal preference 13 (4.4%)
Other 27 (9.2%)

Of the 292 patients who use nebulizers, 254 responded to the nebulizer training question, and of those 21.6% (55/254)
reported that no teaching about the use of nebulizers was provided by the prescribing team, and another 24.8% (63/254)
stated that teaching, when provided, was perceived to be insufficient. In comparison, teaching about the use of hand-held
devices was missing or insufficient in 16.1% (41/254) and 22.4% (57/254) of cases, respectively.

B Hand-held Inhaler Device O Nebulizer

100% m m m m *

90%

e 41 46 46

56 56
68 65

70%
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70 71
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Patient  Provider = Patient  Provider @ Patient  Provider  Patient  Provider @ Patient Provider = Patient  Provider

Easier to Use Has a lower co- Overall provides More reliable to Preferred when there = Easier to maintain
payment better control of control daily is aflare up of
COPD symptoms symptoms
*p<0.001

Figure | Patient and provider perception of hand-held inhaler devices versus nebulizers.
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245 patients responded to the nebulizer preference questions. Compared to hand-held inhaler devices, surveyed
participants reported that nebulized therapy had lower co-pay (67.8%, 166/245) and led to better COPD symptom control
(64.9%, 159/245), particularly during an exacerbation (71.0%, 174/245). However, hand-held inhaler devices were
perceived as easier to use compared to nebulizers (69.8%, 171/245), and easier to maintain (71.0%, 174/245)
(Figure 1). When divided by patient characteristic, patients who were 65 years or older more often found that nebulizers
resulted in better daily symptom control compared to younger patients (60% vs 44%, p = 0.0353), whereas those who
used oxygen or had one or more exacerbation more often preferred nebulizers during an flare up of symptoms (76% vs
56% p = 0.0017 and 75% vs 54% p = 0.0057 respectively) (Table 4).

Regarding the impact of the recent COVID-19 pandemic on the utilization of nebulized drugs, the majority (55.5%,
141/254) reported never having had a COVID-19 infection. Of the 109 patients who reported having COVID-19, 21.1%
(23/109) reported being hospitalized, including three who reported being placed on a ventilator for COVID-19
pneumonia during the pandemic. A COVID-19 diagnosis did not change home nebulizer use for most patients
(75.2%, 82/109), although 5.5% (6/109) decreased use or changed from using nebulizers.

Provider Responses
Of the 113 healthcare providers who initiated the survey, 55 did not prescribe nebulizers and 19 did not practice in the
United States, leaving 39 that met our inclusion criteria. Of these 39 providers, 84.6% (33/39) were pulmonologists. Most
providers prescribed jet nebulizers (89.7%, 35/39), followed by ultrasonic (28.2%, 11/39) and vibrating mesh nebulizers
(20.5%, 8/39). A majority of prescribers (71.8%, 28/39) indicated that more than 75% of patients for whom they
prescribed nebulizers used short-acting bronchodilators, whereas most indicated that long-acting bronchodilators or
inhaled corticosteroids were used in less than 20% of their patients (61.5% or 24/39 and 53.8% or 21/39, respectively).
The most frequently reported drugs prescribed for nebulization were albuterol and budesonide (each 92.3%, 36/39),
followed by albuterol-ipratropium combined formulation (84.6%, 33/39), ipratropium (71.8%, 28/39), and long-acting
medications with less frequency (revefenacin at 61.5% or 24/29; arformoterol at 46.2% or 18/46; formoterol at 35.9% or
14/39; glycopyrrolate at 7.7% or 3/39). Other nebulized therapies that were also prescribed by these providers included
hypertonic saline (79.5%, 31/39), inhaled antibiotics (41.0%, 16/39), and N-acetylcysteine (25.6%, 10/39).

Prescribing providers were asked to rank the reasons for initiating nebulized drugs on a 5-point scale from 1 (least
important) to 5 (most important), with higher scores indicating greater perceived importance. The most important factor
for prescribing nebulizers were reported to be the need for better control of symptoms than provided by hand-held

Table 4 Summary of Preference for Nebulizer Over Hand-Held Inhaler by Patient Demographic Splits

Category Age 65+ (n=186)" Age < 65 (n=57) p-value
Easier to Use 55 (30%) 18 (32%) 0.7722
Overall provides better control of COPD 124 (67%) 33 (58%) 0.2256
More reliable to control daily symptoms 111 (60%) 25 (44%) 0.0353
Preferred when there is a flare up of symptoms 136 (73%) 36 (63%) 0.1480

Uses oxygen (n=182) | No oxygen use (n=63) | p-value

Easier to Use 60 (33%) 14 (22%) 0.1094
Overall provides better control of COPD 121 (66%) 38 (60%) 0.3768
More reliable to control daily symptoms 109 (60%) 29 (46%) 0.0559
Preferred when there is a flare up of symptoms 139 (76%) 35 (56%) 0.0017
None® (n=46) One or more® (n=199) | p-value
Easier to Use 14 (30%) 60 (30%) 0.9698
Overall provides better control of COPD 22 (48%) 137 (69%) 0.0071
More reliable to control daily symptoms 21 (46%) 117 (59%) 0.1053
Preferred when there is a flare up of symptoms 25 (54%) 149 (75%) 0.0057

Notes: *Two patients declined to give their age and are not included in this summary. °Group divided by number of self-reported
exacerbations over the preceding year.
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Table 5 Factors Considered by Healthcare Providers When Deciding to Prescribe Nebulized Therapy

Factor Most More Neutral | Less Least Average
Important | Important Important | Important | Rating
Persistence of symptoms despite hand-held inhaler use and | 23 15 | 0 0 4.56

failure to control disease with hand-held devices

Patient’s dexterity and hand-mouth coordination issues 20 18 0 | 0 4.46
Patient’s cognitive issues 13 21 4 | 0 4.18
Patient’s cognitive skills I 23 3 2 0 4.10
History of hospitalization(s) for COPD 14 17 6 I | 4.08
Peak inspiratory flow inadequacy 14 16 6 3 0 4.05
Patient’s exacerbation history I 21 5 | | 4.03
Patient’s severity of obstruction (severity of FEVI 8 25 4 2 0 4.00

compromise)

Patient’s preference 10 17 12 0 0 3.95
Comfort 7 18 13 | 0 3.79
Significant comorbidities 7 16 14 2 0 3.72
Patient’s age 0 21 15 3 0 3.46
Patient’s lifestyle 0 22 13 4 0 3.46
Patient’s insurance 6 13 13 3 4 3.36
Socio-economic status 0 8 18 6 7 2.69
Notes: Ratings were scored ranging from “Most important” = 5 to “Least important” = |. Average rating is the mean numerical score for the 39 provider responses.

inhalers, followed closely by cognitive or dexterity issues (Table 5). Factors such as patient preference, comfort and
socio-economic status were rated as less influential, illustrating that prescribers prioritize clinical need and functional
limitations over convenience or cost when selecting a delivery device. When asked to compare the benefits of nebulizers
versus hand-held inhalers, prescribers reported that nebulizers were preferable to hand-held inhalers for patients
experiencing exacerbations (82.1%, 32/39), whereas 53.8% (21/39) believed hand-held inhalers were preferable for
routine symptom control (Figure 1).

For hand-held inhaler device versus nebulizer preference, there were no statistical differences between surveyed
providers’ perception of patient preference and surveyed patients’ preference for all surveyed dimensions (p > 0.17), with
one the exception that more providers believed that hand-held inhaler devices are easier to maintain (94.9% vs 71.0%, p
=0.0007) (Figure 1).

Common provider-perceived barriers to wider use of nebulizers among their patients were lack of patient insurance
coverage or approvals (69.2%, 27/39), patient cost (53.8%, 21/39), and lack of availability of combination drugs for
nebulization (46.2%, 18/39). Two-thirds (26/39) of providers thought that nebulizers were underused. Providers’
suggested interventions most likely to increase the use of nebulizers among their patients (in descending order from
most to least likely) were availability of combination long-acting drugs (79.5%, 31/39), optimization of insurance
coverage and cost (76.9%, 30/39), availability of once-daily drugs (71.8%, 28/39), and improved portability of nebulizers
(56.4%, 22/39).

The surveyed prescribers of nebulized pharmacotherapies believed that the COVID-19 pandemic negatively impacted
the utilization of nebulizers in hospital settings (48.7%, 19/39) more than in outpatient settings (20.5%, 8/39), but they
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generally believed that the use of nebulizers has currently returned to the pre-pandemic degree of use in both hospital
(69.2%, 27/39) and outpatient settings (74.4%, 29/39).

Discussion
Nebulized medications are widely used by patients to treat COPD. Despite consensus guidelines and numerous clinical
trials that have informed pharmacological management of COPD,' as well as the ongoing development of inhaled

medications via a variety of delivery systems, there are scant recommendations as to which delivery system to select.'*®

Similar to prior data,'>'®

our survey found that both patients and providers believed that nebulizers offer superior
symptom control compared to hand-held inhaler devices, particularly during an exacerbation. This effect was best seen in
older patients, those who use oxygen, and those who have had an exacerbation in the preceding year, suggesting that
nebulizers might be particularly beneficial for these high risk groups. This is in contrast to the published literature that
does not demonstrate a consistent objective benefit of nebulizers over hand-held inhalers. Some evidence suggests that
these findings may have been confounded by the exclusion of patients who did not demonstrate proper technique with
hand-held inhalers and the clinically stable setting in which these studies were performed.'®'* With regard to the latter,
symptoms or air-trapping during an exacerbation could interfere with the ability of patients to use a hand-held inhaler
with proper technique. Interestingly, we found that home nebulizer use and prescribing patterns have not been impacted
significantly by the COVID-19 pandemic, despite initial concerns that nebulizers may result in increased infectious risk.

In our study, despite perceived benefits by prescribers and patients, as well as the viewpoint of providers that
nebulized medications are underutilized, nearly half of the providers do not prescribe nebulized medications. Also, while
95% of patients in our survey who use nebulizers reported using nebulized short-acting bronchodilators, the use of long-
acting nebulized medication, including the long-acting beta-2 agonists, formoterol and aformoterol, the long-acting
antimuscarinic bronchodilators, glycopyrrolate and revefenacin, and the inhaled corticosteroid, budesonide, was notably

1922 the number of

infrequent. With the recent advent of these two nebulized long-acting antimuscarinic bronchodilators,
prescriptions for these drugs as controller medications for select patients may increase. Both glycopyrrolate and
revefenacin have been approved for use over the last several years, and more recently after the conclusion of our survey,
a novel dual phosphodiesterase 3 and 4 inhibitor, ensifentrine, was approved.”® Moreover, evidence is lacking concerning
the efficacy and safety of administering long-acting nebulized controller medications, including long-acting bronchodi-
lators and inhaled corticosteroids, administered in combination, potentially limiting their incorporation into daily practice
for the maintenance of moderate to severe COPD.

Our survey explored barriers to nebulizer use by patients and prescription by providers. First, patients consistently
reported that nebulizers are considerably more cumbersome to use and maintain compared to hand-held inhalers,
although providers seemingly overestimated the degree to which maintenance is prohibitive for patients. Providers
also suggested that increased portability and availability of once-daily controller medications would increase nebulizer
use. Second, we found that providers perceived that nebulized medications were just as, if not more, expensive than
similar drugs available in hand-held inhalers, due to either higher copays or lack of insurance coverage. Interestingly,
patients reported the opposite; some nebulized medications were more affordable than hand-held inhalers, often covered
through Medicare Part B. Physicians self-reported that the lack of combination long-acting medications as a barrier to
more frequent prescribing of nebulized medications. This may help explain why nebulizers are used predominantly for
short-acting medications rather than controller medications. Together, this demonstrates discordance between patient and
provider perception of nebulizer utility in the clinical management of COPD based on cost and ease of use, but both
patient and provider are aligned in the perceived superior symptom control with nebulizer utilization.

There are other possible benefits of nebulizer use as an alternative to hand-held inhalers that exist but are outside the
scope of this survey. Several studies have reported the adverse environmental impacts of MDIs.>* 2’ Recommendations
have suggested that use of DPIs and SMIs are preferred to MDIs to minimize the use of hydrofluorocarbons and decrease
the carbon footprint. Future work could explore the potential environmental benefit of nebulized medications as well.

Our study has several limitations. First, given the survey distribution methods, which included posting on social
media, online platforms, and via newsletters, we are not able to calculate a response rate. Similarly, we acknowledge that
our cohort may not accurately reflect all COPD patients, particularly those who do not access to online platforms. Our
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patients were predominantly female, nearly entirely white, and over half had not been infected by SARS-CoV-2.
However, we did have a representative and diverse geographic and socioeconomic sample. Additionally, this is a self-
reported patient and provider survey, which carries with it recall bias. Further, patients may not have understood or
misremembered details, such as which medications they have been prescribed or which type of nebulizer machine. We
did not collect objective patient data to accurately classify their COPD disease severity, although the self-reported
questions did give us information to understand that this patient population generally has severe disecase. The small
sample size limited our ability to perform comparative analysis within the patient or provider cohort. Additionally, not all
participants completed the survey in full, leaving some questions with fewer responses than others. Despite these
limitations, this is a hypothesis-generating survey to help us understand prescriber and patient utilization practices in
the wake of the COVID-19 pandemic.

Conclusions

Our data indicate that nebulized medications are perceived as more affordable and reported to offer better control of
chronic disease and acute exacerbation symptoms than hand-held inhalers by both patients and providers alike. However,
nebulized therapy is prescribed less often due to several physician-perceived factors, including increased burden to
maintain, comparative ease of inhaler maintenance, higher cost of nebulizers, and lack of combination long-acting
nebulized therapies. Further work is needed to better understand the relative benefits and drawbacks of nebulized
medications, examine the discordance between perceived and objective clinical benefit of nebulized medications, and
explore ways of optimizing the identification of patients who will derive the most benefit from their use.
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