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BACKGROUND: COPD guidelines advise on inhaled medication use, yet no advice is offered on
when to use and which type of patient could benefit from a specific delivery device. We investigated
pulmonologists’ perception of their knowledge and practices with delivery devices for COPD man-
agement. METHODS: An online survey was designed by a steering committee of American Tho-
racic Society clinicians and scientists and conducted by a national market research firm between
January 7 and 29, 2016. RESULTS: Two hundred and five respondents completed the survey.
Nearly 80% of the respondents believed that they were very knowledgeable in COPD management
and the use of medications; 68% believed that they were knowledgeable about preventing exacer-
bations. Ninety-eight percent of the respondents stated that they were at least somewhat knowl-
edgeable about devices. Many respondents (70%) stated that small-volume nebulizers were more
effective than dry powder inhalers and pressurized metered-dose inhalers in the management of
COPD exacerbations, and 63% believed that these were more effective in severe COPD (modified
Medical Research Council dyspnea scale grade 4). Only 54% of the respondents discussed device
options with their patients. Physician screening for physical or cognitive impairments that could
impact device choices was 53% and 16%, respectively. Seventy percent of the respondents discussed
device use, whereas 9% discussed cleaning and storage during a patient’s first visit. Few respon-
dents were very knowledgeable in teaching patients how to use devices (43%) and, specifically, how
to use (32%) or clean and/or maintain (20%) small-volume nebulizers. CONCLUSIONS: Most
respondents were confident in their knowledge about treating COPD. Fewer respondents were
confident about the use and maintenance of inhalation devices, and most respondents desired to
learn more about inhalation devices. Key words: COPD; small-volume nebulizers; inhalation therapy.
[Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Inhaled medications have improved the quality of life
for many patients with COPD. Well-established national

and international protocols guide their use, with step-up
medical therapy advised as the disease progresses.1,2 In-
haled medications have been preferred because they give
assurance that drug particles are deposited where they are
needed.3,4
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Clinicians have several methods of inhaled delivery from
which to choose. These include pressurized metered-dose
inhalers (pMDIs), which provide a dose of a drug-propel-
lant mixture after actuation from a pressurized can via a
metering valve; dry powder inhalers (DPIs), which are
aerosols of fine particles of medication; soft mist inhalers,
handheld, liquid inhalers that slowly deliver an aerosol
cloud of fine particles; and small-volume nebulizers
(SVNs), which generate aerosols by converting a liquid in
solution or suspension into small droplets and by using
continuous inhalation during tidal breathing.5 SVNs offer
several advantages for drug delivery. They deliver high
concentrations of drugs in the airways, have a rapid onset
of action, are dosed at much lower than oral or parenteral
alternatives, and result in minimal systemic absorption and,
hence, few adverse effects.

Currently, guidelines and strategies for COPD offer no
specific recommendations on when to use delivery devices
and what patient type would benefit most from a specific
device to achieve the best clinical outcomes. Guidelines
that offer advice on nebulizers are 156 and 207 years old,
and many clinicians may not be familiar with these re-
ports. As we enter a new era of medicine in which re-
searchers, providers, and patients work together to develop
personalized care, new treatment strategies are needed to
account for patient variability.8 This is especially impor-
tant with COPD because improper use of inhaler devices
has been shown to affect drug delivery9 and that may
adversely affect outcomes.10

A number of factors influence a clinician’s choice of
inhalation device for patients with COPD: patient age,

acute or chronic need, disease state and disease severity,
comorbid illnesses, patient frailty, patient preferences, and
cost to the patient. Because current COPD guidelines offer
no specific directions to clinicians on the choice of inha-
lation devices that can suit individual patients, we hypoth-
esized that prescribing physicians may not adequately con-
sider specific criteria pertinent to device selection when
prescribing inhaled medication for COPD. The objective
of this investigation was to better understand pulmonolo-
gists and pulmonary fellows perception of their knowledge
and their practices regarding the treatment of COPD with
inhalation devices, with particular attention to the use of
SVNs.

Methods

An online survey was designed by a steering committee
of 9 American Thoracic Society (ATS) clinicians and sci-
entists (the authors). The survey explored pulmonologists’
perception of personal knowledge and experience with
COPD treatment; treatment options; the use of inhalation
devices, including handheld SVNs; and their interest in
supplemental education on these topics. This survey was
submitted to the University of Tennessee Institutional Re-
view Board and was determined to be exempt according to
45 CFR 46.101(b)(2).11
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QUICK LOOK

Current knowledge

National and international guidelines and strategies ad-
vise on the management of COPD with inhaled medi-
cations but offer no specific recommendations on which
or when to use a specific delivery device. When pre-
scribing inhaled medication for COPD, physicians may
not adequately consider specific criteria pertinent to
device selection that may help patients achieve the best
clinical outcome.

What this paper contributes to our knowledge

U.S.-based pulmonologists believed that they were very
knowledgeable about COPD management with inhaled
medications, but fewer were knowledgeable about se-
lection criteria for a certain device and how to use,
clean, and maintain a device. Most pulmonologists be-
lieved that small-volume nebulizers were more effec-
tive in patients with severe symptoms and exacerba-
tions, recommended them earlier in COPD management
when symptoms were more severe, and expressed a
need for more education on inhalation devices for COPD
management.
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The survey was composed of multiple-choice ques-
tions (see the supplementary materials at http://www.rcjournal.
com). Steering committee members achieved consensus
on the content, wording, and formatting of each ques-
tion. No formal measures of the survey’s validity or
reliability were made. A total of 27 questions explored
COPD treatment knowledge, medication options, and
use of inhalation devices. These questions included ad-
ditional supporting questions that developed detailed
responses within the 27 primary questions. Adaptive
questioning was used to reduce survey complexity. Ques-
tions that generally assessed opinions were composed of
4 responses (strongly disagree, somewhat disagree,
somewhat agree, strongly agree). Questions that assessed
general knowledge level were composed of 6 responses
(not at all knowledgeable, not very knowledgeable, some-
what knowledgeable, knowledgeable, very knowledge-
able, and extremely knowledgeable). Questions that as-
sessed specific knowledge were composed of detailed
multiple-choice answers from which the respondent
could select those that best reflected his or her personal
experience. The knowledge, opinion, and experience
questions were presented in randomized order to pre-
vent bias. Nonresponse options, such as “not sure,” “not
applicable,” or “decline to answer,” were included as
potential responses. The survey consisted of 2 parts and
was expected to be completed in 20 –25 min. Part 1
addressed the pulmonologists’ demographics and
practice information. Part 2 addressed knowledge and
practices specific to COPD management and inhaler
use.

Pulmonologists and pulmonology fellows were re-
cruited from the ATS membership roster and/or were
attendees of the ATS 2015 conference. Physicians from
these sources and who expressed special interest or ex-
pertise in COPD management were solicited via e-mail.
The responses from only U.S. pulmonologists and fel-
lows were included in this report, and only complete
surveys were analyzed. A sample size of �100 respon-
dents supported quantitative analysis. The survey was
conducted by a Harris Poll (Harris Insights & Analytics,
Rochester, New York) between January 7 and 29, 2016.
Duplicate entries were prevented electronically. Find-
ings are presented based on recommendations for re-
porting results of web-based surveys.12 Enrolled sub-
jects were reminded that identities are not disclosed and
that all responses are strictly confidential. All data are
reported for groups and not for individuals. Data are
presented as percentages of the stated population. Be-
cause the subjects were self-selected rather than a prob-
ability sample, no estimates of sampling error were cal-
culated for the survey results.

Results

More than 6,200 pulmonologists and fellows from around
the world who expressed special interest or expertise in
COPD management were solicited via e-mail from the
ATS membership roster and from attendees of the ATS
2015 conference. A total of 205 pulmonologists and fel-
lows in the United States completed the survey in its en-
tirety. Pulmonary/critical care fellows in training comprised
18.5% of the respondents. Of those, nearly half were in the
third or fourth year of training (Table 1). Forty-eight per-
cent of the practicing pulmonologists and 74% of the fel-
lows were responsible for the care of up to 10 patients with
COPD per week. More than half of patients with COPD
were referred to pulmonologists from primary care physi-
cians. Other patients were directed to a pulmonologist by
an emergency department or other physicians; 11.7%
seemed to be self-referred. Twice the percentage of fel-
lows saw patients with COPD who were referred to them
from the emergency department. Physicians were asked
to judge the severity of their patients’ COPD by using
the modified Medical Research Council dyspnea scale
(mMRC).13 They reported that half of their patients were
grade 3 or 4.

A high proportions of pulmonologists and fellows ex-
pressed strong knowledge of medications to treat COPD
and exacerbation prevention (Fig. 1). Nearly 80% of re-
spondents stated that they were very knowledgeable about
COPD medications and management, and 68% believed
that they were knowledgeable about preventing exacerba-
tions. More than half of the respondents categorized them-
selves as very knowledgeable about treatment devices,
whereas 98% stated they were at least somewhat knowl-
edgeable. A minor proportion of the respondents believed
that they were very knowledgeable in teaching patients
how to use (43%) or clean and maintain (22%) the devices.
Seventy percent reported that they typically discussed how
to use the device during a patient’s first visit, whereas only
9% discussed how to clean and store devices. A high pro-
portion of the respondents expressed interest in gaining more
education about any of these topics.

Further analysis of responses by pulmonologists and
fellows that pertained to treatment devices demonstrated
lesser confidence in specific knowledge areas (Fig. 2).
Approximaely one third of the pulmonologists and fellows
stated that they were knowledgeable or extremely knowl-
edgeable about SVNs, including the intended use of the
device, when it should be used, how to use it, and who
should use it. Even fewer pulmonologists and fellows,
approximately one fifth, stated that they were very or ex-
tremely knowledgeable about cleaning and maintenance of
SVNs or new technologies that pertain to SVNs.

When considering the interaction between pulmonolo-
gists or fellows and their patients with COPD, approxi-
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Fig. 1. Pulmonologists’ responses regarding their knowledge and interest for further education.

Table 1. Demographics and Practice Characteristics

Practicing
Pulmonologists, %

(n � 167)

Fellows in
Training, % (n � 38)

1st Y, 24% 2nd Y, 29% 3rd Y, 45% 4th Y, 3%

No. patients with COPD seen
1–5/week 20 41
6–10/week 28 31
11–15/week 11 11
16–20/week 14 8
�21/week 27 8

Mean proportion of patients referred by
PCP 58.1 53.0
ED 11.3 22.1
Allergist 3.4 3.1
Other 15.5 13.5
Not referred 11.7 8.3

Mean proportion of patients classified by mMRC scale grade
0 5.2 6.4
1 14.8 16.5
2 29.0 28.2
3 33.5 32.2
4 17.5 16.7

PCP � primary care physician
ED � emergency department
mMRC � Modified Medical Research Council dyspnea scale
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mately half of the pulmonologists and fellows assessed or
advised patients on inhalation devices available to them
(Fig. 3). Only 54% of the respondents discussed device
options with their patients. Furthermore, only 53% stated

that they screened for physical impairments that could
impact delivery device choices and that only 16% screened
for cognitive impairment. Very few (7%) respondents re-
ferred patients to a respiratory therapist to assist patients
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Fig. 2. Percentage of pulmonologists who were knowledgeable or extremely knowledgeable about inhalation devices. SVN � small-volume
nebulizer; DPI � dry powder inhaler; pMDI � pressurized metered-dose inhaler.
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Fig. 3. Percentage of pulmonologists who assessed and advised patients.
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with inhalation devices, and 24% directed patients to sup-
port groups or web sites that can offer advice to patients.

Some pulmonologists and fellows were very comfort-
able with the use of SVNs and which patients should re-
ceive them for inhaled medications. Thirty-one percent
believed that they were extremely/very knowledgeable
about which patients should use SVNs, and 56% believed
that SVNs were essential for some patients. Many pul-
monologists and fellows recommended SVNs based on
COPD symptoms of dyspnea and the occurrence of exac-
erbations (Table 2). Recommendations for early use of
SVNs were made by 52% of pulmonologists and fellows
for patients with COPD with mMRC grade 4. Thirty-one
percent recommended early SVN use for mMRC grade 3
and 16% recommended early SVN use for mMRC grade 2.
Similarly, 59% recommended SVNs early in COPD after
COPD exacerbations. For patients with more-severe COPD,
as measured by an mMRC grade of 4, 63% of the pul-
monologists and fellows believed that handheld SVNs were
more effective than DPIs and/or pMDIs. Seventy percent
stated that handheld SVNs were more effective than DPIs
and/or pMDIs in the management of COPD exacerbations.

The survey provided evidence that more education is
needed with respect to SVNs. Eighty-three percent of the
respondents reported interest in receiving additional educa-
tion on COPD treatment devices, and 84% agreed that they
would like to learn about different types of nebulizers.

Discussion

A variety of inhalation devices are used for drug deliv-
ery to patients with COPD.3 However, current guidelines
offer no guidance on the specific devices that should be
used in a variety of clinical settings to achieve optimal
outcomes. As specialists who routinely manage patients
across the spectrum of COPD severity, pulmonologists are
likely to have a significant influence on the number and
type of prescriptions for inhalation devices and on the

choices of other health-care professionals when selecting
these devices. Accordingly, the present investigation sur-
veyed the knowledge and practices of pulmonologists and
fellows who expressed specific interest in COPD and its
management regarding the treatment of COPD with inha-
lation devices. These respondents, because of their ex-
pressed interest, were expected to be the most knowledge-
able and patient-centered providers for patients with COPD;
presumably, physicians with less interest in COPD and,
especially, primary care physicians would likely be less
knowledgeable and comfortable with choices about COPD
treatment devices.

The main results demonstrated that pulmonologists and
fellows reported believing that they were knowledgeable
with the diagnosis and management of COPD, the preven-
tion and management of exacerbations, and the use of
COPD medications. Barely a majority believed that they
were very knowledgeable about the various delivery de-
vices used for the treatment of COPD, and even fewer
reported being very knowledgeable about SVNs. Few pul-
monologists and fellows thought that they were knowl-
edgeable about how to use, clean and maintain, and store
inhalation devices. This was further reflected by a larger
proportion of the surveyed physicians who responded that
they were not comfortable with teaching these aspects to
patients. Approximately half of respondents screened pa-
tients with COPD for physical impairments that could impact
the choice of delivery device or even discussed device op-
tions with their patients. The majority of pulmonologists and
fellows recommended SVNs early in the management of
COPD only when symptoms were more severe or the pa-
tient’s symptoms had recently been exacerbated, because they
believed that SVNs were more effective than pMDIs and
DPIs in these clinical settings. Despite their daily clinical
experience and knowledge about inhalation devices, the re-
spondents recognized the need for more education about the
place of nebulizers in COPD management.

Table 2. Percentage of Pulmonologists and Fellows Who Recommended Handheld Small-Volume Nebulizers According to Symptom Status

mMRC Grade After an
Exacerbation0 1 2 3 4

When do you typically recommend a nebulized medication, %
Early in treatment 4 10 16 31 52 69
Later in treatment 7 20 36 52 41 26
Do not recommend 89 70 48 17 7 5

For which patient group do you find handheld small-volume
nebulizers more effective than pMDIs or DPIs, %

5 5 15 42 63 70

mMRC � Modified Medical Research Council dyspnea scale
pMDIs � pressure metered-dose inhalers
DPI � dry powder inhaler
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This investigation had several limitations. No formal
measures of the survey’s validity or reliability were made.
The pulmonologist sample was biased in that only those
who stated special interest in COPD and who had an ATS
membership and/or attended the 2015 ATS annual meet-
ing were recruited. Pulmonologists required online access
and the ability to participate in an online survey. Further-
more, pulmonologists were self-selected based on their
interest in the survey topic and may have had opinions that
differed from a randomly selected pulmonologist popula-
tion. The pulmonologists’ patients were not surveyed si-
multaneously to validate the responses or the impact of the
responses on health care. In addition, the frequency of
medication switches and replacement of SVNs were not
addressed. In this pulmonologist population, it is a reason-
able expectation that those most skilled and interested in
the management of COPD would be those who responded
to the survey. Therefore, it is possible that the results of
this survey underestimated the knowledge gaps identified.

DPIs or pMDIs are routinely used by patients with COPD
for maintenance therapy. For optimal clinical benefit, it is
necessary to carefully and appropriately match the aerosol
delivery system to the patient’s needs.3 A systematic re-
view concluded that therapy for patients with stable COPD
and those with a COPD exacerbation was equally effective
with various inhalation devices (pMDIs, DPIs, and SVNs)
if the patients used the devices with an optimal technique.14

However, in most �-agonist trials that were reviewed, sin-
gle-dose strengths delivered by different devices were com-
pared.14 These doses often approximated the plateau of the
dose-response curve, which made it difficult to differen-
tiate any difference in efficacy among the devices.

In the present study, 54% of the respondents stated that
they were extremely/very knowledgeable about the de-
vices used in treatment for COPD, and 43% responded that
they were very knowledgeable about teaching patients how
to use the devices. Furthermore, approximately one third
of the respondents believed that they were very knowl-
edgeable about what use the SVNs are intended, who should
use them, and when and how they should be used. These
observations are consistent with several previous investi-
gations, which documented that physicians need more ed-
ucation and training in both written and practical aspects
of pMDI and DPI use.15-18

The respondents perceived that SVNs were more effi-
cacious than pMDIs or DPIs as the severity of the disease
increased and after a COPD exacerbation. Likewise, re-
spondents in a previous survey in France, which included
pulmonologists, reported that they prescribed nebulizers to
achieve greater efficacy and to administer high dosages,
and because active involvement of the patients was not
needed to obtain therapeutic benefits with nebulized
drugs.19 The higher efficacy of nebulizers was also per-

ceived by patients with more-severe chronic lung disease
and symptoms who regularly use nebulizers at home.20

Misuse of pMDIs and DPIs is highly prevalent.21,22 Stud-
ies that reported direct observation of patients’ inhaler
technique by trained personnel reveal that, despite efforts
in education, training, and device development, misuse of
these agents has not improved in the past 40 years.22 Pa-
tients who incorrectly use these inhalation devices may not
achieve full therapeutic benefits. Poor technique has been
associated with an increased risk of hospitalization, emer-
gency department visits, courses of oral corticosteroids,
and overall poor disease control.21 SVNs have the advan-
tage that patients can use tidal breathing over several min-
utes and no special breathing techniques need to be used or
are required. In contrast, drugs delivered with one or two
breaths by pMDIs or DPIs may be inadequate if the breath-
ing technique is not optimal. With an optimal technique of
administration, pMDIs and DPIs are effective in patients
with COPD. However, there are clinical circumstances
when nebulizers may be preferable for maintenance ther-
apy.23 Poor inhalation technique in patients with COPD
has been associated with older age, poor vision, and low
health literacy.21,24 The advantages of SVNs must also be
appropriately weighed against the drawbacks that some
patients find with SVNs. A minority of subjects who were
surveyed about their knowledge and practices with inha-
lation devices, found SVNs to be time consuming (18%),
burdensome (9%), complicated (4%), or expensive (24%).25

Other factors that may influence the choice of an aero-
sol delivery device include the availability of the drug and
device, personal preferences, convenience, the ability to
use the device, the ability and necessity to regularly clean
and replace SVNs, the cost to the patient, and the avail-
ability of competent caregivers.26-28 A market survey con-
ducted in 2008 indicated that almost half of patients with
COPD had nebulizers and more than two thirds of such
patients used nebulizers on a regular basis.23 Thus, based
on the prevalence of the disease,29 millions of patients
with COPD in the United States use nebulizers on a reg-
ular basis at home. In addition, use of SVNs for mainte-
nance ambulatory therapy has become a routine practice
for a variety of inhaled agents in patients with cystic fi-
brosis.30,31 Despite the well-known advantages of pMDIs
and DPIs as well as the drawbacks of SVN use, the re-
spondents in our survey believed that SVNs also have a
place for maintenance therapy of COPD, especially in pa-
tients with more-severe symptoms. This seems to be a
widespread practice because a survey in Italy found that
subjects with chronic air-flow obstruction who used neb-
ulizers for maintenance therapy in addition to inhalers were
older, had more-severe disease, more symptoms, and greater
utilization of health-care resources than subjects who only
used inhalers.20 These considerations apparently influenced
pulmonologists in our survey who used SVNs early in
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treatment of patients with severe dyspnea and with those
who had experienced a COPD exacerbation.

In the present study, the responses of the pulmonolo-
gists regarding their knowledge about COPD symptoms,
disease management, and use of inhalation devices were
consistent with their training and clinical practice. Although
the majority of the respondents believed that they had
adequate knowledge and expertise about inhalation de-
vices, a large number (�80%) expressed interest in re-
ceiving additional education on more-specific aspects of
COPD treatment. The desire by most pulmonologists to
learn more about inhalation devices, especially SVNs, may
reflect the lack of formal education in the use of these
devices. In a similar survey of physicians in Turkey, the
majority of whom were pulmonologists and pediatricians
with experience in using inhalation devices, �20% of the
respondents reported adequate knowledge about inhalation
devices and administration techniques, but the majority
rated their knowledge about SVNs as completely or highly
satisfactory.32 The majority of these physicians also be-
lieved that SVNs were easy to teach about and use, and
that their patients used them correctly more often than
other inhalation devices.32

Even if most respondents could train patients in the use
of these devices, more than half of the respondents did not
know which SVNs were being used by their patients (data
not shown). This decision was often made by the durable
medical equipment supplier without the active participa-
tion or involvement of the clinical team involved in the
patient’s care. Moreover, there was no consensus about
who (physician, nurse, respiratory therapist, pharmacist, or
durable medical equipment supplier) should be instructing
patients in the appropriate use of SVNs. Our findings were
also consistent with a previous survey in Italy of subjects
who used nebulizers at home. In that study, �60% of the
respondents did not receive any information from their
health-care advisers about the correct method to use their
nebulizer and �75% did not receive information about
cleaning and care of their nebulizer.33

Contamination of nebulizer solutions has been linked to
an outbreak of nosocomial pneumonia.34 The recommen-
dation for home nebulizers is to clean, disinfect, rinse (if
needed), and air dry after each use.35 There seemed to be
a significant knowledge gap among the pulmonologists in
this survey, with only approximately 70% who responded
that device decontamination was absolutely essential or
very important (data not shown). As many as 60% of the
respondents believed that they did not have adequate knowl-
edge about the cleaning and maintenance of SVNs, and
only 9% of the respondents discussed cleaning and storage
of the inhalation devices with their patients during their
first visit.

The views of physician respondents in a previous sur-
vey32 and also in the present survey showed that there is a

need for more information about inhalation devices. This
presents an educational opportunity that should be ad-
dressed during fellowship training and beyond. Informa-
tion should include knowledge about all of the delivery
systems and also how to offer a device that will be con-
cordant with the patient’s medical needs, preferences, and
lifestyle.36 An overwhelming majority of patients and care-
givers are very satisfied with nebulization therapy and
have seen benefits in symptom relief, ease of use, and
improved quality of life.37 The lack of formal training of
physicians in the use of inhalation devices such as SVNs
may be one of the factors that contributed to misuse or
mishandling of devices among patients. Direct formal train-
ing on devices may be an important approach to improve
outcomes. Other educational approaches can include the
broader use of structured, interprofessional, team-based
education, and care that is prominent in contemporary ac-
ademic settings. It is possible that addressing this knowl-
edge gap among pulmonologists could improve clinical
outcomes of many patients with COPD and have a major
impact on the consumption of resources associated with
exacerbations and hospitalizations. This might lead to a
significant reduction of health expenditures for COPD.38

Conclusions

This survey found that U.S.-based pulmonologists be-
lieved that they were very knowledgeable about COPD
management and prevention of exacerbations. Most pul-
monologists would recommend SVNs earlier in manage-
ment of patients with severe symptoms and for a COPD
exacerbation, with the belief that SVNs are more effective
in these clinical settings. Fewer respondents were knowl-
edgeable about inhalation devices, which patients with
COPD should use certain types of device, how to use
devices, and device maintenance and cleaning. The study
disclosed an unmet need for more knowledge among pul-
monologists regarding various inhalation devices used for
COPD management.
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