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Summary

AIMS OF THE STUDY: Misuse of inhalers during chronic
obstructive pulmonary disease (COPD) treatment is com-
mon and may result from errors in inhalation technique or
insufficient peak inspiratory flow (PIF). We aimed to eval-
uate the impact of an in-hospital intervention to reduce in-
haler misuse at hospital discharge among patients with
COPD.

METHODS: We conducted a monocentric, non-ran-
domised intervention study to compare the proportion of
misused inhalers at hospital discharge by patients with
COPD between a group with standard care and a group
receiving an in-hospital intervention. The control group
successively included all patients hospitalised between
March and June 2022, and the intervention group included
patients hospitalised between August and December
2022. The intervention consisted of (a) an evaluation of in-
halation technique and PIF at admission, (b) the provision
of a written guide to assist in the selection of an inhaler,
and (c) therapeutic education. The primary outcome was
the proportion of misused inhalers, defined as an inhaler
used with a critical error and/or insufficient PIF, at hospi-
tal discharge. The primary outcome was assessed by ob-
serving inhalation technique and measuring PIF using the
In-Check DIAL G16°

RESULTS: The study included 93 patients: 46 in the con-
trol group and 47 in the intervention group. Mean age
was 70.5 years (SD 10.9 years), 56 patients (60.2%) were
men, and 57 patients (62%) were hospitalised for a COPD
exacerbation. Patients used an average of 1.9 inhalers at
hospital discharge; 98 inhalers were assessed in the con-
trol group and 81 in the intervention group. The proportion
of misused inhalers at discharge was 61.2% in the con-
trol group and 21.0% in the intervention group (absolute
risk reduction 40.2% [95% CI| 25.5-55.0]; p <0.01). In the
intervention group, the proportion of inhalers used with at
least one critical error was reduced by 38.6% (95% CI

24.3-52.3%) and that of inhalers used with insufficient PIF
by 13.9% (95% Cl 4.2-23.6%).

CONCLUSIONS: An in-hospital intervention was associat-
ed with a reduction in the proportion of misused inhalers at
hospital discharge. This intervention should be considered
for hospitalised patients with COPD.

The trial was
(NCT05207631).

registered with  ClinicalTrials.gov

Introduction

Chronic obstructive pulmonary disease (COPD) is a major
cause of chronic morbidity and has become the third lead-
ing cause of death worldwide [1]. Treatment for COPD re-
lies mainly on the administration of inhaled drugs through
various inhaler devices [1], with the aim of reducing the
symptom burden and preventing exacerbations. However,
the improper use of inhalers or the use of unsuitable de-
vices can limit the effectiveness of these treatments [1].
Unfortunately, inhaler handling errors are unacceptably
frequent and do not appear to have improved in recent
years, despite efforts to promote therapeutic education and
to simplify inhalers [2, 3]. Handling errors are associated
with decreased symptom control, reduced quality of life,
increased exacerbations, and increased healthcare system
use [4-6]. In addition to their proper handling, some de-
vices, such as dry powder inhalers (DPI), require sufficient
peak inspiratory flow (PIF) for optimal effectiveness [7].
Insufficient PIF is common in individuals suffering from
COPD, both inpatients with COPD exacerbations and sta-
ble outpatients [8—10], and is associated with worse dis-
ease outcomes, including increased numbers of COPD ex-
acerbations and hospital admissions [11-13].

Each type of inhaler has both advantages and limitations
[4], and it is important to select an inhaler adapted to the
specific characteristics of a patient [14]. However, health-
care professionals often have limited knowledge of the
features of different inhalers and the factors to consider
when selecting an inhaler [15, 16]. Although different al-
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gorithms to help clinicians select an adapted inhaler exist,
their effectiveness has not been validated in prospective
trials. These algorithms summarise the elements to con-
sider when selecting an inhaler [17]. Some studies have
shown that inpatient therapeutic education programs dur-
ing hospitalization can reduce the number of exacerbations
[18, 19], but the misuse of inhalers during hospitalization
remains an important and neglected problem. Furthermore,
to our knowledge, no studies have jointly assessed han-
dling errors and insufficient PIF in a hospital setting.

In the current Misused Inhaler and Insufficient Peak Inspi-
ratory Flow (MIPIF) study, we assessed the proportion of
misused inhalers at hospital discharge before and after the
implementation of an in-hospital intervention among hos-
pitalised patients with COPD.

Materials and methods

Study participants

This monocentric, non-randomised intervention study re-
cruited patients from the internal medicine department of
the Hospital of Fribourg (HFR), Fribourg, Switzerland.
A control group was recruited between 1 March and 30
June 2022 and an intervention group between 1 August
and 15 December 2022. The study was approved by the
Ethics Commission of the Canton of Vaud (project num-
ber: BASEC 2021-02527), and all participants provided
written consent. The results are reported in accordance
with the TREND statement [20].

Inclusion criteria

All patients with COPD admitted to the HFR general inter-
nal medicine department and who were using an inhaler at
home were assessed for eligibility. Exclusion criteria were
an inability to complete the initial assessment due to a lan-
guage barrier or physical or cognitive problems, hospital-
ization for less than 72 hours, and previous inclusion in the
study.

Control and intervention groups

Participants in the control group received standard care.
Assessment of inhalation technique or PIF, therapeutic ed-
ucation, or a specialist opinion was provided if deemed
necessary by the physician. The intervention consisted of
three elements introduced after recruitment of the control
group: (a) a systematic standardised assessment of inhala-
tion technique and PIF upon hospital admission, (b) the
provision of a written guide to help physicians select an ap-
propriate inhaler, and (c) therapeutic education to correct
errors in inhalation technique or to instruct patients when
a new inhaler was prescribed. At admission, a physiothera-
pist assessed inhalation technique using checklists specific
to each inhaler and reported the presence of critical errors
(see figure S1 in the appendix). In accordance with the lit-
erature, a critical error was defined as an action or an inac-
tion that would have a detrimental effect on the delivery of
the drug to the distal airways [3]. In the case of critical er-
rors, the patient benefited from a teach-to-goal intervention
focused on the specific gaps identified in the initial assess-
ment. The teaching was repeated until the inhalation tech-
nique was performed without critical errors [18]. We con-
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sidered a specific inhaler not to be teachable if the patient
remained unable to use the inhaler without critical error af-
ter three repetitions of the instructions.

Peak inspiratory flow (PIF) was assessed with the In-
Check DIAL G 16° (Alliance Tech Medical, Inc., Hills-
borough, NC, USA), a handheld device that simulates the
variable internal resistances of the different inhalers [21].
PIF was measured at the resistance of the device used by
the patient, and the highest value of three inspiratory ma-
noeuvres was recorded [7, 21, 22]. Each physiotherapist re-
ceived specific training in the use of the checklist and In-
Check DIAL G16 . The assessment was completed within
72 hours of admission to the internal medicine department,
and the results were transmitted to the patient’s physician.

We developed a written guide to help physicians select an
appropriate inhaler (see figure S2 in the appendix) [14, 17].
The guide was distributed to all physicians in the inter-
nal medicine department, who underwent a 15-min train-
ing session regarding its correct use. After the initial as-
sessment, physicians in charge of a patient were free to
choose how to adapt the inhaler. If considered necessary,
a specialist opinion could be requested to help adjust the
treatment. If a new inhaler was prescribed, a physiothera-
pist provided teach-to-goal therapeutic education. Written
material describing the essential steps for optimal inhala-
tion technique was also provided to the patient.

The primary outcome was the proportion of misused in-
halers, defined as an inhaler used with at least one critical
error or with insufficient PIF, at discharge from the internal
medicine department. The assessment was performed by
a physiotherapist not involved in the patient’s care. Only
three physiotherapists performed this assessment, which
consisted of the direct observation of inhalation technique,
the measurement of PIF using the In-Check DIAL G16 *,
and teaching to correct errors. The methods for evaluating
the primary outcome corresponded to the initial evaluation
methods described above. As nebulised aerosols do not re-
quire a minimal PIF for optimal use and are administered
by healthcare staff during hospitalization, they were con-
sidered to be used correctly.

Secondary outcomes were the proportions of inhalers used
with a critical error, used with insufficient PIF, not teach-
able, and unsuitable. An inhaler was considered unsuitable
if the patient was unable to generate sufficient PIF for op-
timal use or was unable to use the inhaler without critical
errors after three teaching sessions. Additional secondary
outcomes included the proportion of patients with at least
one misused inhaler at discharge, the proportion of mis-
used inhalers by inhaler type, and the length of the hospital
stay.

Statistical analysis

Based on the literature, we estimated that at least 60% of
inhalers used by hospitalised COPD patients would be mis-
used and that the intervention would result in an absolute
reduction in misused inhalers of 30% [23]. Considering
each patient to use one inhaler, we had to include 42 par-
ticipants in each group to show a difference with a sta-
tistical power of 80% and a significance criterion of 5%.
To allow for intra-patient correlation (cluster = patient), a
clustered sandwich estimator was specified to calculate the
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standard errors. The difference between the two groups
was expressed as absolute risk reduction (ARR) with the
confidence interval (CI) estimated from the statistical mod-
el mentioned above [24]. A sensitivity analysis of the pri-
mary outcome was performed using a logistic regression
model to adjust for factors that could affect the outcome
and for differences in baseline characteristics between the
two groups [8, 14]. The variables included in the adjust-
ment model were sex, age, the presence of a COPD exacer-
bation at the time of hospitalization, cognitive impairment,
visual impairment, and rheumatological diseases affecting
dexterity.

To assess whether the effect of the intervention varied ac-
cording to baseline characteristics, the proportions of mis-
used inhalers were compared among the following pre-
specified subgroups: sex (male versus female), age (<65
years versus >65 years), admission for an acute COPD
exacerbation (yes versus no), admission for a respiratory
problem (yes versus no), and length of hospitalization (<7
days versus >7 days). An interaction was tested in the lo-
gistic regression model to determine whether the treatment
effect was consistent among subgroups [25].

Secondary outcomes evaluating inhalers were evaluated
using a logistic regression model to take the cluster analy-
sis into account. The results were expressed as ARR, with
the Cls accounting for intra-patient correlation. Notably,
the 95% ClIs and p-values were not adjusted for multiple
testing and should not be used to infer a definitive treat-
ment effect.

Data were collected and analysed according to the prede-
fined statistical analysis plan without deviation from the
protocol. Demographic data on admission were collected
by a research nurse and data on inhaler assessment by a
physiotherapist. Study data were collected and managed
using REDCap electronic data capture tools hosted by the
University of Fribourg [26]. Statistical analyses were con-
ducted by the authors. Patients with missing outcomes
were excluded from the analysis, and, due to a low number
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of missing data, no imputation was performed. Continuous
variables and categorical values were compared with Stu-
dent’s t-tests and ¥ tests, respectively. The level of statisti-
cal significance was defined as a two-sided p-value <0.05.
All analyses were performed using STATA, version 17
(StataCorp, Inc.).

Ethics approval and consent to participate

The informed consent forms and study protocol were ap-
proved by the Ethics Commission of the Canton of Vaud
(project number: BASEC 2021-02527). All patients pro-
vided written informed consent prior to their inclusion in
the study.

Results

Patient characteristics

During the study period, 232 patients underwent screening,
and 101 were recruited into the study. Three patients in the
control group and five in the intervention group did not re-
ceive the final assessment, resulting in 46 patients in the
control group and 47 in the intervention group (figure 1).

The demographic and medical characteristics of the pa-
tients at baseline are shown in table 1. Mean age was 70
years (SD 11 years), 56 patients (60.2%) were men, and
57 patients (62%) were hospitalised for a COPD exacerba-
tion. Baseline characteristics were well balanced between
groups except for a higher proportion of rheumatological
disorders in the control group than the intervention group
(8.7% vs 0%) (table 1).

At home, patients used an average of 1.9 inhalers (SD 0.9),
and this number was similar in the two groups. The types
of inhalers used at home in the control and intervention
groups were identical, except for pressurised metered-dose
inhalers (pMDIs), which were more common in the control
group than in the intervention group (37% vs 19%) (table
S1 in the appendix).

Figure 1: CONSORT diagram.

Assessed for eligibility (n=232 patients) I

Excluded (n= 131 patients)
- Decline to participate (n= 39)
Prior inclusion (n=28)
- Lack of capacity of discernment (n=17)

Linguistic barrier: (n=6)
- Hospitalization of less than 72 hours: (n=16)
- Death prior to discharge (n=6)

I Inclusion (n=101 patients)

- Palliative care before discharge (n=6)
I - Other reasons (n=13)

/\

| Group control (n= 49 patients) I

lGroup intervention (n= 52 patients) |

| Without outcome assessment (n=3) |

| Without outcome

assessment (n=5) |

| Analyzed (n=46) I I

Analyzed (n=47) I
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In the intervention group, 137 inhalers were assessed at
admission, of which 63 (46.0%) were nebulisers. At this
assessment, there were 55 (40.2%) misused inhalers, 53
(38.7%) due to critical errors and 10 (7.3%) due to insuf-
ficient PIF. Furthermore, 13 (9.5%) inhalers were unsuit-
able.

At discharge, patients used a mean of 2.1 inhalers (SD 1.0)
in the control group and 1.7 inhalers (SD 1.0) in the in-
tervention group. Compared with the number of inhalers
used at home, the mean number of inhalers at discharge
increased in the control group (+0.17, SD 0.82) and de-
creased in the intervention group (—0.15, SD 0.81). The
difference in the mean number of inhalers between admis-
sion and discharge between the control and the interven-
tion groups was 0.32 (95% CI 0.01-0.66, p = 0.06) (table
S2 in the appendix).

Among the 98 inhalers evaluated in the control group, 60
(61.2%) were misused. Among the 81 inhalers in the in-
tervention group, 17 (21.0%) were misused. Therefore, the
intervention reduced the proportion of misused inhalers by
40.2% (95% CI 25.5-55.0; p <0.01) (figure 2 and table
2). The reduction in the proportion of misused inhalers re-
mained similar after adjusting for sex, age category, pres-
ence of COPD exacerbation, rheumatological disease, vi-
sual acuity impairment, and presence of cognitive
impairment (table S3 in the appendix). The benefit of the
intervention was similar in the prespecified subgroups, and
no heterogeneity of treatment effects was detected (figure

3 and table S4 in the appendix). Given the difference in
the proportion of inhalers used at discharge between the
control and intervention groups, we conducted a sensitivity
analysis to assess the impact of the intervention after ad-
justing for the type of inhaler used at discharge; this
showed a similar effect (ARR 42.25% [95% CI129.4-61.1];
p <0.01).

The intervention reduced the proportion of inhalers used
with a critical error by 38.6% (95% CI 24.3-52.3; p <0.01)
and those used with an insufficient PIF by 13.9% (95% CI
4.2-23.6; p=0.01). The proportion of inhalers that were
not teachable decreased from 9.2% to 0% (ARR 9.2%
[95% CI 0-18.4]; p = 0.02), while the proportion of unsuit-
able inhalers decreased from 22.5% to 2.5% (AAR 20.0%
[95% CI 8.2-31.8]; p <0.01) (figure 2 and table 2).

Thirty-six patients (78.3%) in the control group and 15
(31.9%) in the intervention group had at least one misused
inhaler upon discharge from the internal medicine depart-
ment (ARR 46.3% [95% CI 28.5-64.2]; p <0.01). A reduc-
tion in the proportion of misused inhalers was observed for
all types of inhalers except pMDIs without a spacer and
Breezhaler® inhalers (Novartis, Basel, Switzerland). The
proportions of misused pMDIs at discharge were 76.5% in
the control group and 80.0% in the intervention group. The
proportions of misused Breezhaler® inhalers at discharge
were 37.5% in the control group and 28.6% in the inter-
vention group (table S5 in the appendix). Mean length of
hospital stay was similar in both groups (control: 9.1, SD

Table 1:
Baseline patient characteristics. Means were compared using two-sample t-tests. Categorical variables were compared using x? tests.
Characteristics Control (n = 46) Intervention (n = 47) p -value
Age, years — mean (SD) 69.7 + 11.6 71.3+10.1 0.47
Female — n (%) 20 (43.5) 17 (36.2) 0.47
Male —n (%) 26 (56.5) 30 (63.8) 0.47
Comorbidities* — n (%) Obesity 11 (28.3) 13 (23.4) 0.59
Cardiovascular disease 15 (32.6) 16 (34.8) 0.88
Heart failure 17 (37.0) 16 (34.0) 0.77
Cognitive impairment 4(8.7) 1(2.1) 0.16
Visual impairment 5(10.9) 1(2.1) 0.09
Neurological disease 1(2.2) 3(6.4) 0.32
Rheumatological disease 4(8.7) 0(0) 0.04
Anxiety/depression 12 (26) 11 (23.4) 0.76
COPD classification*
Grade — n (%) 0.93
Grade 1 1(2.2) 2(4.3)
Grade 2 12 (26.1) 15 (31.9)
Grade 3 12 (26.1) 12 (25.5)
Grade 4 7(15.2) 6 (12.8)
Grade unknown 14 (30.4) 12 (25.5)
Group —n (%) 0.24
Group A 1(2.2) 3(6.4)
Group B 8(17.4) 15 (31.9)
Group E 24 (52.2) 20 (40.6)
Group unknown 13 (28.3) 9(19.2)
LTOT —n (%) 17 (37.0) 13 (27.7) 0.34
mMRC — mean (SD) 3.9(1.1) 3.7 (1.1) 0.33
CAT score — mean (SD) 18.9 (7.3) 16.6 (7.4) 0.14
Hospitalization — n (%) For respiratory complaint 33 (72) 34 (72) 0.95
For COPD exacerbation 28 (61) 29 (62) 0.93
In intensive care unit 14 (30) 11 (23) 0.45
LTOT: long-term oxygen therapy; mMRC: modified Medical Research Council dyspnea scale; CAT: COPD Assessment Test.
* As reported in the electronic patient record.
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0.7 days; intervention: 10.7, SD 0.9 days [difference: 1.61
days (95% CI —0.67-3.89); p = 0.16]).

Figure 2: Primary and secondary outcomes. Absolute risk reduction of misused inhalers, inhalers used with critical errors, inhalers used with
insufficient peak inspiratory flow, and unsuitable inhalers at hospital discharge. Results were adjusted to account for intra-patient correlation;
the p-values for secondary outcomes were not adjusted for multiple comparisons.ARR: absolute risk reduction.
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Table 2:

Primary outcome and secondary outcomes by inhaler characteristics. All treatment effects are shown as absolute risk reduction. Results were adjusted to account for intra-pa-
tient correlation. The widths of the confidence intervals and p-value for secondary outcomes were not adjusted for multiple comparisons and should not be used for hypothesis
testing.

Inhalers — n (%) Absolute risk reduction (95% CI) p-value
Control (n = 98) Intervention (n = 81)
Primary outcome Misused inhaler 60 (61.2) 17 (21.0) 40.2 (25.5-55.0) <0.01
Secondary outcome Critical error 56 (57.1) 15 (18.5) 38.6 (24.3-52.3) <0.01
Insufficient PIF 16 (16.3) 2(2.5) 13.9 (4.2-23.6) 0.01
Not teachable 9(9.2) 0(0) 9.2 (1.3-17.0) 0.02
Unsuitable inhaler 22 (22.5) 2(2.5) 20.0 (8.2-31.8) <0.01

PIF: peak inspiratory flow.

Figure 3: Subgroup analysis. Absolute risk reduction (ARR) of misused inhalers at hospital discharge in prespecified subgroups. Results were
adjusted to account for intra-patient correlation. The widths of the confidence intervals (Cls) were not adjusted for multiple comparisons, and
the reported Cls should not be used for hypothesis testing. The dashed line indicates the ARR in the overall population. ARR: absolute risk re-
duction; CI: confidence interval.
Pre-specified subgroups A rikiniin | N ke o
Male —_—— 44.0(25.8-62.1) 31/54 7/52 0.25
Female _ 31.4(7.6-55.2) 29/44 10/29
<65 years e — 44.2 (12.6-75.8) 21/31 4/17 0.81
2 65 years —_— 37.9(21.0-54.8) 39/67 13/64
COPD Exacerbation —_—lbGG— 34.9(16.2-53.6) 38/66 12/53 033
No COPD Exacerbation —_—— 50.8 (26.7- 75.1) 22/32 5/28
Respiratory complaint e 34.0(17.1-50.9) 43/76 14/62 0.17
No Respiratory complaint — s——— 61.5(32.0-90.9) 17/22 3/19
Hospital stay < 7 days —_———— 33.9(1.9-65.9) 15/24 6/21 0.56
Hospital stay 2 7 days —_— 42.5(26.0-59.0) 45/74 11/60
Total —_—— 40.2 (25.5 - 55.0) 17/81 60/98
r T
. 100% - 50% 0
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Discussion

Our study showed that an in-hospital intervention consist-
ing of a systematic assessment of inhalation technique and
PIF at admission, provision of a written guide to help in
selecting an appropriate inhaler, and therapeutic education
was associated with a significant reduction in the misuse
of inhalers by patients with COPD at hospital discharge.
The reduction in misused inhalers was the result of reduc-
tions in inhalers used with a critical error and in inhalers
used with insufficient PIF. The reduction in misused in-
halers was consistent in all prespecified subgroups and af-
ter adjustment for potential confounding factors.

The main effect of the intervention tested was the reduction
in inhalers used with a critical error. Similar to the pub-
lished literature, this observation highlights the importance
of assessing inhaler technique and providing therapeutic
education [4, 5]. However, therapeutic education alone
could not solve all problems related to misused inhalers.
In the control group, 16% of inhalers were used with in-
sufficient PIF, and 9% of inhalers could not be used ade-
quately, despite sufficient therapeutic education. It is there-
fore necessary to integrate the measurement of PIF into the
evaluation of inhalers and to select an inhaler adapted to a
patient’s characteristics. Interestingly, despite the system-
atic assessment of PIF and the replacement of inhalers used
with insufficient PIF, two inhalers in the intervention group
were used with insufficient PIF at discharge. Both inhalers
were used by patients hospitalised with a COPD exacerba-
tion and with adequate PIF upon admission. Further inves-
tigations are necessary to document changes in PIF during
a COPD exacerbation to define the best time to measure it
during such an exacerbation [13].

The intervention affected the use of all inhalers, with the
exception of pMDIs without a spacer and Breezhaler® in-
halers. There are several possible reasons for the lack of an
effect on pMDIs. Some studies have suggested that pMDIs
might be more difficult to learn to use, particularly because
of the difficulty in coordinating inhaler activation with in-
spiration [27-30]. Therapeutic education is also possibly
less effective in correcting this type of error. The fact that
the intervention was effective when a pMDI was used with
a spacer may reinforce this hypothesis. Another explana-
tion is that pMDIs were frequently replaced by nebulizers
during hospitalization. Therefore, this type of inhaler was
used less frequently, and patients were not trained as often
during hospitalization. The lack of effectiveness of our in-
tervention on the proportion of Breezhaler® inhalers mis-
used at discharge is most likely linked to the low propor-
tion of misused Breezhaler® inhalers in the control group
(37.5%). A better use of the Breezhaler® compared to that
of other inhalers is surprising and has not been reported in
the literature [3-5]. The lack of effect of the intervention
on pMDI and Breezhaler® use could also be explained by
the small sample size.

Despite the evaluation of inhalers and selection of an ap-
propriate inhaler according to a patient’s characteristics
and therapeutic education, approximately 20% of inhalers
continued to be used with a critical error at hospital dis-
charge. These results contradict those of some studies
showing that therapeutic education and the selection of an
appropriate inhaler can eliminate critical errors [16, 17].
However, other studies have shown that the selection of a
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suitable inhaler and therapeutic education do not eliminate
errors in inhalation technique [27, 28, 31]. The persistence
of these errors is quite surprising given that the inhalers
tested at discharge were used correctly at least once during
the hospital stay. There are several possible explanations
for this persistence of critical errors. First, despite the use
of a checklist, the evaluation of inhalation technique by ob-
servation remains operator dependent, and subjectivity in
evaluation cannot be eliminated. Second, our study includ-
ed older patients with many comorbidities. Therapeutic ed-
ucation in this particular population has been shown to be
less effective [27]. Finally, these results highlight the dif-
ficulty of using an inhaler correctly and reinforce the im-
portance of regular therapeutic education. This regular ed-
ucation is especially important, as its benefits have been
shown to fade over time [32].

The intervention was also associated with a reduction in
the number of inhalers at discharge. The special attention
to inhalers during the intervention may have encouraged
physicians to review inhaled therapies and thus to dis-
continue unwarranted treatments. In addition, the written
prescribing aid encouraged a reduction in the number of
different inhalers used. The reduction in the number of in-
halers used was associated with a decrease in the number
of errors in inhalation technique, an increase in adherence,
and a reduction in costs, which could represent additional
advantages of this in-hospital intervention [33, 34]. How-
ever, we noted an increase in the use of nebulizers between
hospital admission and discharge. The continued use of
nebulizers after hospital discharge mainly concerned treat-
ments prescribed as a reserve for patients transferred to re-
habilitation or to hospice. The increase in the use of neb-
ulizers therefore seems to be essentially explained by a
patient’s destination after hospital discharge.

The intervention offers other advantages. First, it provides
support for healthcare professionals in an area for which
a lack of knowledge has been well described in the litera-
ture [16]. Second, the proposed tools could help healthcare
providers to follow the current recommendations, which
include regular assessment of inhaler use and selection of
an inhaler suited to the patient but do not mention the
tools necessary to achieve these goals [1]. Finally, the in-
tervention requires few resources and little expertise and
could be integrated into a variety of outpatient and inpa-
tient settings. In addition to the proposed intervention, dig-
ital technologies could be useful aids in improving the use
of inhalers in future years. Various devices that can assess
inhalation technique, PIF, and adherence to treatment are
currently on the market [14, 35].

Our study had several strengths. By including all patients
with COPD, with or without exacerbation, our study high-
lighted the importance of assessing inhalation technique
and PIF in a large sample of hospitalised COPD patients.
Moreover, the effect of our intervention seemed to be con-
sistent across all subgroups studied, including hospitalised
patients without COPD exacerbation and without new res-
piratory problems. The use of validated tools and a small
number of assessors allowed a homogeneous evaluation of
the outcome. Finally, this intervention will probably im-
prove disease control by reducing the numerous factors
causing suboptimal inhaler use, namely, errors in inhaler
technique, insufficient PIF, and the prescription of inhalers
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that could not be used properly despite therapeutic educa-
tion.

Our study had several limitations. First, it was a monocen-
tric study, so the effectiveness of the intervention should be
confirmed in other centres. Second, the study was not ran-
domised. However, assignment to the intervention group
according to the date of hospitalization limited the risk of
selection bias. Furthermore, baseline demographic charac-
teristics were identical in both groups, and the effects re-
mained similar in the two groups after adjustment for fac-
tors that could have influenced the outcome. In addition,
due to the short time period over which the study was con-
ducted, it is unlikely that other elements of management
changed between the two periods of recruitment. Howev-
er, the proportions of different types of inhalers used at
admission and discharge varied between the two groups,
with more pMDIs used in the control group. Since the in-
tervention appears to have been less effective in reducing
the suboptimal use of pMDIs, it is possible that these dif-
ferences may have influenced the estimate of the effect of
the intervention. Third, our study did not show a reduc-
tion in the length of hospital stay and was not conducted
to assess the impact of the intervention on disease control.
Nevertheless, other studies have suggested that a reduc-
tion in inhalation technique errors and the selection of in-
halers used with an adequate PIF result in fewer exacer-
bations and hospitalizations [19]. Fourth, the diagnosis of
COPD was based on information available in a patient’s
electronic file, and lung function results were not avail-
able for all patients. Therefore, we were not able to con-
firm that all patients had COPD. However, we recently re-
ported that 87% of patients hospitalised in our department
with a diagnosis of COPD had a confirmed obstructive pul-
monary disease [36]. Nevertheless, the aim of our study
was not to determine whether the prescription of inhalers
was justified but to investigate whether the studied inter-
vention improved the use of prescribed inhalers. Fifth, de-
spite the use of standardised tools and a small number of
trained assessors not involved in patient management, the
assessment of inhalation technique by observation remains
somewhat subjective [4]. Finally, several questions remain
unanswered. These relate to the effectiveness of the written
guide in selecting an inhaler adapted to a patient’s charac-
teristics, the best time to measure PIF during an exacerba-
tion, and the impact of the intervention on the number of
subsequent exacerbations and hospitalizations.

Conclusions

Systematic assessment of inhalation technique and PIF,
combined with the selection of a suitable inhaler and ther-
apeutic education, was associated with a significant reduc-
tion in the proportion of misused inhalers at hospital dis-
charge. Such an in-hospital intervention can significantly
reduce the number of misused inhalers at discharge and
should be considered for all hospitalised COPD patients.

Availability of data and materials

The datasets generated and/or analysed during the current
study are available from the corresponding author on rea-
sonable request.
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Appendix
Table S1:
Inhalers used by patients at home. Categorical variables were compared using x? tests. Means were compared using two-sample t-tests.
Inhaler used at home Control (n = 90) Intervention (n = 88) p -value
Number of inhalers — mean (SD) 1.96 (0.8) 1.87 (1.0) 0.65
pMDlIs — n (%) 19 (21.1) 9(10.2) 0.03
pMDls + spacer — n (%) 11 (12.2) 19 (21.6) 0.18
BAMDI - n (%) 0(0) 1(1.1) 0.33
Respimat® — n (%) 9 (10) 12 (13.6) 0.50
Diskus® — n (%) 3(3.3) 2(2.3) 0.63
Turbohaler® — n (%) 8(8.9) 8(9.1) 0.96
Handihaler® — n (%) 8(8.9) 8(9.1) 0.96
Breezhaler °— n (%) 8(8.9) 9(10.2) 0.84
Ellipta®—n (%) 21(23.3) 14 (15.9) 0.84
Nebulizer — n (%) 3(3.3) 6 (6.8) 0.50

SD: standard deviation; pMDls: pressurised metered-dose inhalers; BAMDI: breath-actuated metered-dose inhaler.

Table S2:
Number of inhalers per patient at hospital admission and discharge.

Total (n =93) |Control (n =46) |Intervention (n =47) |Between-group difference (95% ClI) p -value
Admission — mean (SD) 1.91 (0.89) 1.96 (0.79) 1.87 (0.99) 0.08 (-0.29-0.45) 0.65
Discharge — mean (SD) 1.92 (1.02) 2.13(1.02) 1.72 (0.99) 0.41 (-0.01-0.82) 0.05
Difference between admission and discharge — mean (SD) 0.01 (0.83) 0.17 (0.82) -0.15 (0.81) 0.32 (0.01-0.66) 0.06

SD: standard deviation.

Table S3:
Primary and secondary outcomes expressed as unadjusted and adjusted odds ratios. Adjusted for sex, age, presence of exacerbation, rheumatological disease, visual impair-
ment, and cognitive impairment. The adjusted and unadjusted analyses accounted for intra-patient correlation.

Inhaler — n (%) Unadjusted odds ratio (95% CI) p -value |Adjusted odds ratio (95% Cl) p -value
Control (n = 98) Intervention (n = 81)
Misused inhaler 60 (61.2) 17 (21.0) 0.17 (0.08-0.35) <0.01 0.15 (0.07-0.33) <0.01
Critical error 56 (57.1) 15 (18.5) 0.17 (0.08-0.36) <0.01 0.14 (0.07-0.32) <0.01
Insufficient PIF 16 (16.3) 2(2.5) 0.13 (0.03-0.62) 0.01 0.13 (0.02-0.73) 0.02

PIF: peak inspiratory flow.

Table S4:
Analyses by prespecified subgroup.

Subgroup Misused inhaler Absolute risk reduction (95% CI) p -value |p -value for interaction

Control n/n total (%) Intervention n/n total (%)

Total 60/98 (61.2) 17/81 (21.0) 40.2 (25.5-55.0) <0.01

Female 29/44 (65.9) 10/29 (34.5) 31.4 (7.6-55.2) 0.01 0.25
Male 31/5 (57.4) 7/52 (13.5) 44.0 (25.8-62.1) <0.01

Age <65 years 21/31 (67.7) 4/17 (23.5) 44.2 (12.6-75.8) 0.01 0.81
Age 265 years 39/67 (58.2) 13/64 (20.3) 37.9 (21.0-54.8) <0.01

Absence of exacerbation 22/32 (68.8) 5/28 (17.9) 50.8 (26.7-75.1) <0.01 0.33
Presence of exacerbation 38/66 (57.6) 12/53 (22.6) 34.9 (16.2-53.6) <0.01

Absence of respiratory complaint 17/22 (77.3) 3/19 (15.8) 61.5 (32.0-90.9) <0.01 0.17
Presence of respiratory complaint 43/76 (56.6) 14/62 (22.6) 34.0 (17.1-50.9) <0.01

Hospital stay <7 days 15/24 (62.5) 6/21 (28.6) 33.9 (1.9-65.9) 0.04 0.56
Hospital stay 27 days 45/74 (60.8) 11/60 (18.3) 42.5 (26.0-59.0) <0.01

A logistic regression model accounting for intra-patient correlation was used to test interactions.
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Table S5:
Outcomes by type of inhaler. The absolute risk reduction and p-value were not calculated for a category with fewer than 10 inhalers.
Misused inhaler Absolute risk reduction (95% CI) p -value
Control n/n total (%) Intervention n/n total (%)
pMDls 13/17 (76.5) 4/5 (80.0) -3.5(-47.1-40.1) 0.87
pMDls + spacer 8/9 (88.9) 5/14 (35.8) 53.2 (17.5-88.8) <0.01
BAMDI 0/0 (0) 0/1 (0) - -
Respimat ® 5/9 (55.6) 3/15 (20) 35.6 (-3.5-74.6) 0.07
Diskus ® 2/2 (100) 0/1 (0) - -
Ellipta® 18/23 (78.3) 1/12 (8.3) 69.9 (45.7-94.2) <0.01
Turbohaler® 5/6 (83.3) 1/5 (20.0) 63.3 (15.1-111.6) 0.01
Handihaler® 6/8 (75.0) 1/7 (14.3) 60.7 (19.7-101.8) <0.01
Breezhaler® 3/8 (37.5) 2/7 (28.6) 8.93 (-41.6-59.4) 0.74
Nebulizer 0/16 (0) 0/14 (0) NA NA

pMDls: pressurised metered-dose inhalers; BAMDI: breath-actuated metered-dose inhaler; NA: not applicable, as nebulizers are considered to be used correctly.

Figure S1: Checklist for assessing inhalation technique.
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Remove cap

Open lid and mouthpiece and place capsule in chamber

Check dose counter (if applicable)

Turn the transparent base of the inhaler until click is heard

Slide lever until click heard and keep the inhaler upright

Pierce the capsule once and release the piercing

Close mouthpiece, ensuring click is heard

Shake pMDI well

Flip the red lever on the top up until it flicks into place

Turn coloured wheel one way, then back until click is heard and keep the inhaler upright
Insert pMDI well into spacer

Hold the inhaler horizontally with the coloured button on the top

Press the button all the way down and release it

Check the control window changed to green

Breathe out normally away from the inhaler

Hold the inhaler upright (do not cover the air vents at the bottom for BA-pMDI)
Keep head upright or slightly tilted

Seal lips around mouthpiece

Activate pMDI

Inhale slowly and deeply through the mouth, actuating once during first half of inhalation
Inhale slowly and deeply through de mouth. Keep breathing in after hearing the click
Inhale slowly and deeply through the mouth minimum 3 times

Inhale forcefully and deeply through the mouth

Continue slow and deep inhalation

Hold breath for at least 5 seconds

Breath out gently, away from your inhaler

Push red lever down

Check is capsule is empty, if not, repeat steps

Check the control window has changed back to red, if not, repeat steps
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Figure S2: Written guide to assist in the selection of an adapted inhaler according to patient characteristics. Patient characteristics are as-
sessed based on demonstration of inhalation technique and measurement of peak inspiratory flow using the In-Check DIAL G16® by the phys-
iotherapy department on admission. DPI: dry powder inhaler; pMDI: pressurized metered-dose inhaler; SMI: soft mist inhaler.
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Supporting remarks

« The prescription of an inhaler should be based on the following 4 steps:
Selection of the molecules to be administered according to the current guidelines
Identification of the inhalers available to administer the desired molecules

Selection of a suitable inhaler for the patient's characteristics using the algorithm

AWM

Therapeutic education by the physiotherapy department when a new inhaler is prescribed

-

Additional recommendations:

Taking into account the patient's preferences.

Ensure that the number of different inhalers used by the patient is limited

When prescribing a Dry Powder Inhaler, use of Ellipta® is preferred due to its ease of use

AN =

In the event of an acute episode that limits the choice of adapted inhalers, reassess the possibility of simplifying treatment away from
hospitalisation.

5. If needed, ensure the possibility of a caregiver assistance upon discharge from hospital.

* If required, the Pneumology Department is available to assist in the selection of a suitable inhaler for the patient's characteristics and

needs
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