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Introduction: Achieving correct inhalation technique through an inhaler to ensure effective 
drug delivery is key to managing symptoms in patients with chronic obstructive pulmonary 
disease (COPD). However, many patients struggle to use their inhalers correctly, with the 
resultant reduction in therapeutic benefit. Consequently, appropriate inhaler choice is impor-
tant to maximize clinical benefit. The primary objective of this study was to characterize 
inspiratory flow parameters across two Easyhaler® inhalers and the HandiHaler® inhaler in 
patients with COPD and healthy volunteers.
Methods: In this randomized, open-label, crossover study, subjects (100 patients with 
COPD; 100 healthy volunteers) were trained to perform inhalations of placebo powder via 
two variants of Easyhaler and placebo capsules via the HandiHaler inhalers. Subjects then 
performed three placebo inhalations through each inhaler in a random sequence. Inspiratory 
flow parameters were assessed, including peak inspiratory flow (PIF), for each inhaler. 
A parallel sub-study was conducted in patients with COPD from the main study to assess 
correct use of the inhalers, patient’s preference, ability to learn to use the inhalers, and the 
feasibility of the In-Check Dial device to measure PIF values.
Results: Mean PIF rates and inspiratory volumes through the three inhalers were similar 
between patients with COPD and healthy volunteers, and all subjects achieved the 30 L/min 
PIF required for effective use of Easyhaler. Almost 70% of the 88 patients enrolled in the 
sub-study used the Easyhaler and HandiHaler inhalers without errors. The Easyhaler was 
preferred by 51% of patients, while 25% favored the HandiHaler. Teaching the use of both 
inhalers to almost 70% of patients was very easy. The In-Check Dial PIF values and those 
obtained via spirometry were strongly correlated (p<0.0001) for all three inhalers.
Conclusion: The respiratory performance of patients with COPD does not appear to be 
a limiting factor in the use of Easyhaler.
Keywords: COPD, crossover study, Easyhaler, HandiHaler, dry powder inhaler, peak 
inspiratory flow

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive disorder character-
ized by severe airflow limitation and persistent respiratory symptoms, including 
dyspnea, cough, and sputum production.1 Although no cure is available currently 
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for COPD, pharmacotherapy can be used to ease the 
symptoms, frequency and severity of exacerbations, as 
well as improving health and exercise tolerance.1,2 

Maintenance bronchodilator therapy is pivotal to symptom 
management, with anticholinergics recommended as the 
first-line therapeutic option.1,2 The anticholinergic agent 
tiotropium is a long-acting, potent, and specific muscarinic 
antagonist that improves lung function in patients with 
COPD.3 Tiotropium also reduces exacerbations and related 
hospitalizations, improves symptoms and health status and 
improves the effectiveness of pulmonary rehabilitation.1

Oral inhalation is the preferred administration route in 
patients with chronic respiratory diseases; it enables direct 
exposure to the airways coupled with effective use of 
lower doses compared with other administration routes.4 

The choice of inhaler is important, as failure to achieve the 
correct inhalation technique may result in a lower drug 
dose and failure to manage symptoms. Consequently, the 
inhaler should be easy to use to ensure adequate drug 
delivery.5 For home use, inhaled COPD medications are 
typically delivered via a dry powder inhaler (DPI) or 
a pressurized metered-dose inhaler (pMDI).5,6 The pMDI 
uses a pressurized propellant to deliver the dose; however, 
despite being widely used, pMDIs require considerable 
coordination between inhalation and drug delivery and 
a precise breathing pattern, making them difficult to 
use.5–7 A spacer can be used to ensure adequate delivery 
of the drug in patients who have difficulty coordinating 
activation of the pMDI with inhalation, but their use 
introduces additional complications, including reduced 
portability and higher costs.8

DPIs have advantages over most pMDIs in that they 
are breath-actuated, easy to use, and more environmentally 
friendly as they do not rely on propellants.4 However, to 
ensure drug delivery to the lungs, the patient must generate 
sufficient inspiratory flow to de-aggregate the powder for-
mulation into breathable-sized particles.9 For most DPIs, 
a peak inspiratory flow (PIF) rate of ≥30L/min ensures 
delivery and deposition of aerosolized drugs into the 
lungs.10

The Easyhaler® (Orion Corporation, Orion Pharma, 
Espoo, Finland) device-metered DPI, which contains tio-
tropium bromide monohydrate (Tiotropium Easyhaler), is 
being developed to treat COPD, and is designed for ease 
of use. Tiotropium Easyhaler is compared to the originator 
product (Spiriva® 18μg capsule) administered via the 
HandiHaler® inhaler (Boehringer Ingelheim International 
GmbH, Germany), which is approved for use in the 

European Union (EU) as a maintenance bronchodilator 
treatment to relieve symptoms in patients with COPD.11

This clinical trial was designed to compare PIF rates 
generated using two different Easyhaler inhaler variants 
with those generated using the HandiHaler inhaler. A sub- 
study in patients recruited to the main study examined ease 
of use, patient preference, and the feasibility of using the 
In-Check Dial device to measure PIF values.

Methods
Study Design
This randomized, open-label, crossover study was con-
ducted in Finland and Estonia. The primary objective of 
the study was to characterize the inspiratory flow para-
meters across Easyhaler and HandiHaler inhalers in 
patients with COPD and healthy volunteers. Easyhaler 
with placebo powder was used in two configurations, 
namely, standard (currently used for Easyhaler with salbu-
tamol, formoterol, budesonide and beclomethasone) and 
center slot (currently used for Easyhaler with budesonide- 
formoterol and salmeterol-fluticasone) Easyhaler. The 
resistances for the standard and center slot Easyhaler 
were 0.044 √kPa min/L and 0.036 √kPa min/L.12 The 
comparator was the placebo powder in hard capsule form 
inhaled via a HandiHaler inhaler (resistance 0.047 √kPa 
min/L).12 These resistance levels correspond to medium- 
high for center slot Easyhaler and high for standard 
Easyhaler and Handihaler as classified by Laube et al.10 

Study subjects were trained to perform the inhalations with 
placebo Easyhaler inhalers and placebo capsules inhaled 
via HandiHaler according to the manufacturers’ instruc-
tions including eg inhalation instructions for each inhaler. 
Subsequently, subjects were assigned to perform three 
single inhalations from each of the three inhalers in 
a randomly assigned sequence. Inspiratory flow para-
meters were assessed, and each subject was then crossed 
over to the next inhaler.

Study Subjects
Healthy volunteers and patients with COPD of differing 
severity were enrolled in the study. Eligible healthy volun-
teers were aged ≥18 years, with good general health ascer-
tained by medical history and forced expiratory volume in 
1 second (FEV1) ≥80% of the predicted value at screening. 
Eligible patients with COPD were aged ≥18 years with 
a documented diagnosis of COPD. Healthy volunteers 
were excluded if they had any evidence of a clinically 

https://doi.org/10.2147/COPD.S298514                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2021:16 1194

Jõgi et al                                                                                                                                                               Dovepress

https://www.dovepress.com
https://www.dovepress.com


significant cardiovascular, renal, hepatic, hematological, 
gastrointestinal, pulmonary, metabolic, endocrine, neuro-
logical, or psychiatric disease within the previous 2 years. 
Healthy volunteers and patients with COPD were excluded 
if they had any other chronic respiratory disease, acute 
respiratory infection or medical condition that in the opi-
nion of the investigator might affect either the interpreta-
tion of the study results or the subject’s health, were 
participating in a clinical drug study, or if they had 
a severe milk allergy. All participants provided written 
informed consent. The study was conducted in accordance 
with the principles of the Declaration of Helsinki. The 
following local ethics committees approved the study: 
Ethics Committee IV of the HUS Hospital District for 
the sites in Finland, and the Research Ethics Committee 
of the University of Tartu (UT REC) for the site in 
Estonia.

Outcomes
The primary outcome variable was PIF rate through the 
Easyhaler and HandiHaler inhalers, measured as pre-
viously described.13 For each inhaler, three inspiratory 
flow profiles were recorded and the inhalation with the 
highest PIF rate was analyzed. The inspiratory flow para-
meters were measured using the SpiroMaster MX 
Spirometer (Medikro, Kuopio, Finland). The secondary 
outcome variable was inspiratory volume through the 
Easyhaler and HandiHaler, which was recorded and ana-
lyzed from the same inhalation used to derive the highest 
PIF rate. Additional assessments included: FEV1, FEV1% 

predicted, forced vital capacity (FVC) and peak expiratory 
flow (PEF) derived from spirometry, patient age, sex, 
height and weight, smoking history, concomitant treat-
ments, and current medical health. For patients with 
COPD, the following were also assessed as part of the 
screening process: COPD assessment test (CAT), modified 
Medical Research Council (mMRC) dyspnea scale, and 
exacerbation history/symptom burden and exacerbation 
risk (GOLD-ABCD classification).14

Sub-Study
A randomized, open-label, crossover sub-study was con-
ducted in patients with COPD who were enrolled in the 
main study. All patients with COPD enrolled in the main 
study were invited to participate. The objective of the 
study was fourfold: to assess (1) the correct use of 
the Easyhaler and HandiHaler inhalers according to the 
instructions for use; (2) subject’s acceptability and 

preference of the inhalers; (3) subject’s ability to learn to 
use the inhalers; and (4) to compare PIF rates measured 
with the In-Check Dial device (using inhaler-specific inha-
lation instructions) to PIF values obtained via spirometry 
(ie inhalation through the inhaler) in the main study. The 
study was conducted during the main study visit after 
measurement of the inspiratory flow parameters. Subjects 
were excluded if they had been using the Easyhaler or 
HandiHaler within one year prior to the main study.

Statistical Methods
The nature of the study was not suitable for determining 
the sample size based on formal power calculations. The 
per-protocol group, comprising all patients who completed 
the study without any major deviations, was used for the 
statistical analysis. The primary and secondary variables, 
as well as other inspiratory and exploratory variables, were 
analyzed using descriptive statistics. The correlation of 
PIF rate with age, anthropometric, and lung function para-
meters was calculated using the Pearson’s correlation 
coefficient.

Results
Patient Baseline Characteristics
In total, 100 patients with COPD and 100 healthy volun-
teers were recruited and randomized (102 healthy volun-
teers were screened). The baseline characteristics of the 
two groups are shown in Table 1. All study subjects were 
Caucasian, while the majority (79%) of patients with 
COPD were male, compared with 40% of healthy volun-
teers. The mean age (range) in the COPD patient group 
was 70 (51‒82) years and in the healthy volunteers 31 
(18‒62) years. Airflow limitation in patients with COPD 
ranged from mild to very severe, with FEV1 values that 
were between 16% and 96% of that predicted. Prior use of 
nicotine products was reported in 53% of patients with 
COPD, while 43% were current users; 74% of healthy 
volunteers had never used nicotine products. Of the 100 
patients with COPD enrolled in the main study who were 
invited to participate in the sub-study, 88 were randomized 
and completed the assessments.

Disease characteristics for patients with COPD are 
shown in Table 2. The mean CAT score (range) was 16.4 
(2‒35) points. The mean mMRC dyspnea grade (range) 
was 1.5 (0‒3). The ABCD classification, derived from 
symptom burden and exacerbation risk, was used as part 
of the screening procedure; over half of patients with 
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COPD (58%) were in Group B (low risk of exacerbations 
with greater symptom burden). For 5 patients FEV1/FVC 
was between 0.70 and 0.74 while for 95 patients it 
was <0.70.

All patients in the COPD group reported at least one 
current medical condition. The most common current med-
ical condition reported by preferred term was hypertension 
(N=42), followed by hypercholesterolemia (N=21), and 
benign prostatic hyperplasia (N=15). Six healthy volun-
teers reported a current medical condition (two reported 
metabolism and nutrition disorders). A total of 104 sub-
jects (96 COPD patients and 8 healthy volunteers) were 
taking 411 concomitant medications during the trial. The 
most common class of concomitant medications in COPD 
patients was adrenergics (N=80), followed by drugs for 
obstructive airway diseases (N=47), beta blocking agents 
(N=31), and lipid modifying agents (N=25).

PIF Rate
Healthy volunteers achieved a slightly higher (non- 
significant) mean PIF rate through the two Easyhaler 
inhalers than patients with COPD (center slot Easyhaler 
72.2L/min and standard Easyhaler 62.0L/min versus 
68.2L/min and 58.3L/min) (Figure 1; Table 3). No patients 
with COPD or healthy volunteers failed to achieve the 
recommended 30L/min with the Easyhaler devices.10 The 
mean PIF rate through the HandiHaler was slightly higher 
(non-significant) in COPD patients (49.5L/min versus 
47.2L/min) (Figure 1). One patient in the COPD group 
failed to achieve the recommended 30L/min flow rate10 

with the HandiHaler (29.9L/min) as did one subject in the 
healthy volunteer group (27.5L/min). No strong correla-
tion between PIF rate and anthropometric measures or 
lung function parameters was observed in COPD patients 
or healthy volunteers.

Inspiratory Volume and Time
The mean inspiratory volumes for patients with COPD 
were slightly lower than those of healthy volunteers across 
the three inhalers, with the largest and only statistically 
significant (p < 0.01) difference between groups observed 
for the HandiHaler inhaler (Figure 2 and Table 3). 
Inspiratory volumes through the HandiHaler were higher 
for both healthy volunteers and patients with COPD versus 
the Easyhaler inhalers. Time to PIF and inhalation duration 
(Table 3) were similar between groups with Easyhaler 

Table 1 Patient Baseline Characteristics

Total N=200

COPD n=100 Healthy 
Volunteers 

n=100

Mean (SD) Age, years 70 (7) 31 (11)

Sex, n (%)
Female 21 (21) 60 (60)

Male 79 (79) 40 (40)

Mean (SD) Weight, kg 83.2 (17.0) 73.2 (14.6)

Mean (SD) Height, cm 171.0 (7.7) 171.8 (8.9)

Mean (SD) BMI 28.4 (5.5) 24.8 (4.6)

Nicotine user, n (%)

Ex-user 53 (53) 15 (15)

Never used 4 (4) 74 (74)
User 43 (43) 11 (11)

Mean FEV1, L (min–max) 1.58 (0.51–3.77) 3.70 (2.41–5.95)

Mean FEV1, % predicted 
(min–max)

55 (16–96) 97 (81–122)

Mean FEV1/FVC (min–max) 0.50 (0.20–0.74) 81.7 (69.0–96.0)

Mean FVC (min–max) 3.1 (1.2–5.9) L 4.6 (3.1–7.1)

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 
one second; SD, standard deviation.

Table 2 Disease Characteristics for Patients with COPD

Subjects with COPD (N=100) n (%)

mMRC dyspnoea score
Grade 0 11 (11)

Grade 1 43 (43)

Grade 2 31 (31)
Grade 3 15 (15)

Grade 4 0

CAT score

Very low impact (0–9) 18 (18)

Medium impact (10–20) 53 (53)
High impact (21–30) 26 (26)

Very high impact (>31) 3 (3)

ABCD classification

Group A 20 (20)

Group B 58 (58)
Group C 8 (8)

Group D 14 (14)

Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmon-
ary disease; mMRC, modified Medical Research Council.
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while small difference was observed with Handihaler for 
both time to PIF and inhalation duration. In general, the 
acceleration of flow rate was faster and total duration 
shorter for Easyhaler when compared to Handihaler.

Sub-Study
Of the 88 patients with COPD enrolled in the sub-study, 
24 (27%) made at least one error while using the Easyhaler 
inhaler, and 27 (31%) made at least one error using the 
HandiHaler. The two most common errors were not shak-
ing the inhaler three times before actuation (6 patients) and 
not holding breath after inhalation (5 patients) for 
Easyhaler and not breathing out completely before inhala-
tion (17 patients) and not breathing in slowly and deeply 
(6 patients) for HandiHaler. After training and demonstra-
tion of the use of the inhalers, patient’s acceptability and 
preference were assessed using a questionnaire. The pro-
portion of patients choosing “no difference” was highest 
for 5 out of 9 inhaler characteristics included in the 

questionnaire. Those were instruction leaflet, inhalation 
through the inhaler, size, design, and mouthpiece. The 
proportion of patients choosing “Easyhaler” was highest 
for the following 4 characteristics: easier to learn how to 
use, easier to use, taking the drug is easier, handier to carry 
(Figure 3). The Easyhaler was preferred by 45 patients 
(51%), compared with 22 patients (25%) who preferred to 
use the HandiHaler. The study nurse assessed that it was 
very easy to teach the use of both inhalers to the majority 
of patients (Easyhaler 69% versus HandiHaler 66%), with 
most patients being taught how to use the inhalers in less 
than 5 minutes (Easyhaler 88% versus HandiHaler 78%). 
Mean PIF measured via In-Check Dial was lower than that 
measured by spirometry in the main study for all three 
devices; however, the In-Check Dial PIF values and those 
obtained via spirometry were strongly correlated 
(p<0.0001) for all three DPIs with R of 0.74, 0.68 and 
0.68 for center-slot Easyhaler, standard Easyhaler and 
Handihaler, respectively (Table 4).

Figure 1 PIF rate for healthy volunteers and patients with COPD with each inhaler. 
Note: Data presented for individual patients with mean value. 
Abbreviatios: COPD, chronic obstructive pulmonary disease; PIF, peak inspiratory flow.
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Discussion
In this study, designed to compare inspiratory parameters 
between two Easyhaler variants and the HandiHaler inha-
ler, healthy volunteers and patients with COPD achieved 
the required PIF rate of 30L/min with the Easyhaler in 
both the standard and center slot configurations. Two sub-
jects (one healthy volunteer and one patient with COPD) 
failed to achieve the required PIF rate when using the 
HandiHaler. Mean PIF rates through the three inhalers 
were very similar between healthy volunteers and patients 
with COPD.

The mean PIF rates achieved with the center slot and 
standard Easyhaler (68.2L/min and 58.3L/min) in patients 
with COPD observed in this study are consistent with 

those observed in previous studies.13,15,16 Similarly, the 
mean PIF rate of 49.5L/min achieved in patients with 
COPD using the HandiHaler is consistent with that from 
a previous observation in subjects with COPD,17 although 
it is higher than the 36L/min observed by Chapman et al in 
a small number of patients with moderate-to-severe 
COPD.18 The PIF rates achieved in this study were 
attained in a patient population that included patients 
with COPD with severe airflow limitation, where approxi-
mately 30% of the patients with COPD had a CAT score 
equating to high or very high disease impact. The mean 
PIF rates observed also reflect the relative inhaler airflow 
resistances: the highest mean PIF was achieved via the 
inhaler with the lowest resistance (the center slot 

Figure 2 Inspiratory volume for healthy volunteers and patients with COPD with each inhaler. 
Notes: Data presented for individual patients with mean. 
Abbreviation: COPD, chronic obstructive pulmonary disease.

Table 3 Mean PIF, Mean Inspiratory Volume, Time to PIF and Duration of Inhalation for Healthy Volunteers and Patients with COPD

Inhaler Mean PIF (Min-Max) L/Min Mean Inspiratory Volume 
(Min–Max) L

Time to PIF s Duration of Inhalation s

HV COPD HV COPD HV COPD HV COPD

Center slot 

Easyhaler

72.2 (32.4–102.3) 68.2 (48.8–89.9) 2.3 (0.7–6.3) 2.2 (0.9–5.1) 0.6 (0.2–1.7) 0.5 (0.2–1.0) 3.0 (0.8–7.4) 3.2 (1.3–7.7)

Standard 

Easyhaler

62.0 (33.5–88.5) 58.4 (35.7–77.3) 2.1 (0.6–5.7) 2.0 (0.8–3.6) 0.6 (0.2–2.8) 0.5 (0.2–1.3) 3.2 (0.9–7.3) 3.4 (1.6–7.6)

HandiHaler 47.2 (27.5–69.5) 49.5 (29.9–73.1) 3.2* (0.9–5.6) 2.5* (0.8–4.8) 1.7 (0.8–6.9) 0.9 (0.2–4.2) 5.6 (2.4–9.8) 4.7 (1.4–9.7)

Note: *Statistically significant difference with p<0.01.
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Easyhaler [0.036 √kPa min/L]).19 The consistency 
observed between our findings and those from elsewhere 
adds additional strength to the findings of this study. When 
using the Easyhaler, no patient with COPD or healthy 
volunteer failed to achieve the 30L/min PIF rate consid-
ered to be the minimum required to achieve delivery and 
deposition of aerosolized drug deep into the lungs.10 

Conversely, one patient with COPD and one healthy 
volunteer failed to achieve this threshold using 
HandiHaler, consistent with a previous observation, 
where some patients have failed to achieve 30L/min.18

Mean inspiratory volumes for center slot and standard 
Easyhaler were 2.16 and 2.02L in patients with COPD and 
2.28 and 2.12L in healthy volunteers; however, mean 
inspiratory volumes with the HandiHaler were higher in 
both groups (COPD: 2.52L; healthy volunteers: 3.23L). 
This most likely reflects differences in the inhalation 
method used for each inhaler. For the Easyhaler, the inha-
lation starts at functional residual capacity (instructed as 
breathe out normally), while for the HandiHaler, inhalation 
starts at residual volume (breathe out completely). The 

difference, expiratory reserve volume, is in the magnitude 
of the difference we observed. In patients with COPD, the 
difference is smaller due to increased residual volume. In 
addition, the HandiHaler requires a slow and deep inhala-
tion with a rate sufficient to hear or feel the capsule 
vibrate, making it easier to achieve a higher volume, 
while the Easyhaler inhalers require a strong and deep 
inhalation.

For clinical patient benefits as well as for the treating 
physician, patient satisfaction is an important property of 
any inhaler.20 In this study, Easyhaler was preferred over 
HandiHaler (51% vs 25%). The Easyhaler and 
HandiHaler inhalers were easy to use, with almost 70% 
of patients with COPD using each inhaler without errors. 
Furthermore, the healthcare practitioners involved in the 
study felt that it was easy to teach the use of the 
Easyhaler and HandiHaler inhalers, with most subjects 
learning to use them within 5 minutes, although this 
was somewhat more frequent among patients using the 
Easyhaler inhaler (88%). The correct use of an inhaler is 
key to drug delivery; however, user errors are common 

Figure 3 Preference and acceptability of different inhaler characteristics for the Easyhaler and HandiHaler inhalers among patients with COPD. Patients were asked about 
preference and inhaler characteristics with the following questions and statements: which inhaler would you choose?; instruction leaflet of the inhaler is easier to understand; 
the inhaler is easier to learn how to use; taking the drug from the inhaler is easier; inhalation through the inhaler is easier; the inhaler has a more pleasant size; the design of 
the inhaler is more pleasant; the inhaler is handier to carry; mouthpiece of the inhaler is better. 
Abbreviation: COPD, chronic obstructive pulmonary disease.

Table 4 Mean PIF Measured Using In-Check Dial versus Spirometry

Inhaler Mean PIF (Spirometer, Main Study), 
L/Min

Mean PIF (In-Check Dial), 
L/Min

Correlation with In-Check 
Dial

p-value

Center slot Easyhaler 68.2 64.8 0.74 <0.0001
Standard Easyhaler 58.3 50.1 0.68 <0.0001

HandiHaler 49.5 40.7 0.68 <0.0001
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and may impact the effectiveness of the delivered drug.21 

The most common errors with DPIs include exhaling into 
the inhaler before or after the actuation, and lack of 
breath holding after the inhalation.22 The importance of 
appropriate education, training, and use of checklists in 
the correct use of DPIs has been demonstrated.23,24 

Sandler et al showed that patients who were unable to 
intuitively use an inhaler in the correct manner attained 
proficiency following careful guidance by the healthcare 
provider.25 Our results reinforce the concept that appro-
priate training combined with an easy-to-use inhaler 
increases the likelihood that patients will use the inhaler 
with minimal errors.

When inspiratory parameters were assessed using the 
In-Check Dial device, mean PIF values were between 
4% (center slot Easyhaler) and 9% (HandiHaler) lower 
than those obtained via spirometry (through the inhaler); 
however, the relative results across the three inhalers 
showed a strong correlation with the results via spiro-
metry, suggesting that In-Check Dial can correctly iden-
tify patients who are able to achieve the required 
inspiratory flow in order to use a particular DPI.

Limitations of our study include lack of blinding which 
is common to studies including several distinctive devices. 
This study consisted of a single visit and single training 
session. For the evaluation of correct use, the patients were 
allowed sufficient time to familiarize with the instructions 
and practice, but in real clinical use the training should be 
repeated. Even though the evaluation was standardized as 
far as possible, there is room for subjective interpretation 
with regard to steps like breathing out completely and 
taking a strong and deep breath in. Random allocation 
and crossover design was used to minimize any potential 
sequence bias. However, the most important variables for 
this study such as flow rates are objectively measured and 
therefore, relatively resistant to biasing. The diagnosis of 
COPD was not confirmed at the inclusion. However, 95 
out of 100 patients had FEV1/FVC below 0.70 and for all 
of them it was below 0.75. FEV1/FVC results confirm that 
the study included a large population of subjects with 
spirometry verified airflow limitation and also that there 
was a wide range of disease severities in the study 
population.

Conclusions
Inspiratory flow parameters obtained with the two 
Easyhaler inhalers were similar to those obtained using 

the HandiHaler. These results were observed consistently 
across both healthy volunteers and patients with COPD. 
Using the Easyhaler, all study subjects were able to 
achieve a PIF rate greater than the required 30L/min 
threshold, even those with severe airflow limitations. 
Furthermore, patients with COPD appeared to prefer 
using the Easyhaler. Our data show that the respiratory 
performance of patients with COPD does not appear to be 
a limiting factor in the use of the Easyhaler.

Trial Identifier
NCT04147572.

Data Sharing Statement
Individual participant data will not be shared publicly.
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