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Patients with asthma or chronic obstructive pulmonary disease
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Background: To evaluate whether patients of varying ages and lung function with asthma or those with
chronic obstructive pulmonary disease (COPD) can achieve sufficient inspiratory flows for effective use of
the fixed-dose combination of salmeterol-fluticasone propionate and budesonide-formoterol dispensed with
the Easyhaler® (EH) device-metered, multi-dose dry powder inhaler (DPI).
Methods: A pooled analysis of two randomized, multicenter, crossover, open-label studies (NCT01424137;
NCT009849061) was conducted to characterize inspiratory flow parameters across the EH, Seretide Diskus
(DI) and Symbicort Turbuhaler (TH) inhalers in patients with asthma and/or COPD of varying severity. The
primary endpoint was peak inspiratory flow (PIF) rate through the EH.
Results: The intent-to-treat population comprised 397 patients; 383 patients were included in the perprotocol (PP) population. The mean PIF (standard deviation) values through the EH in patients <18 and
≥18 years of age with asthma and in those with COPD, were similar: 61.4 (11.5), 69.7 (13.5), and 61.9
(13.2) L/min, respectively. These flow rates correspond to pressure drops of 5.05 (1.80), 6.52 (2.34) and
5.19 (2.07) kPa, respectively. In total, 380 (99.2%) of patients in the PP population were able to generate a
PIF rate through the EH of ≥30 L/min, which is required to enable consistent dose delivery from the DPI;
there was a moderate direct association between age and PIF in younger patients with asthma, but this was
inverse and less apparent in adult patients with asthma and/or those with COPD. Height and weight were
also moderately correlated with PIF. Stronger associations with PIF were observed for some lung function
parameters, particularly native PIF and forced inspiratory vital capacity.
Conclusions: Over 99% of patients with asthma and/or COPD were able to inhale through the EH with
an adequate PIF rate, irrespective of age, or severity of airway obstruction. This confirms that patients with
asthma and/or COPD can achieve inspiratory flows via the EH DPI that are sufficient for its effective use.
Keywords: Fixed-dose combination; inhalation device; drug delivery; peak inspiratory flow (PIF); device
performance
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Introduction
Inhaled medications are the mainstay of pharmacological
treatment for asthma and chronic obstructive pulmonary
disease (COPD) (1,2). Inhalation is the preferred route
of administration because it enables delivery of the drug
directly to the lung. Furthermore, inhaled drugs can
achieve a rapid clinical effect at lower doses than those used
for orally or parentally administered therapies, thereby
reducing the risk of systemic side effects (3-5).
Dry powder inhalers (DPIs) are commonly used in
patients with asthma and COPD (4). These devices require
de-agglomeration of the powder formulation by inspiratory
airflow to respirable particles (6); hence, their performance
is dependent on both the patient’s inspiratory effort and
the internal resistance to airflow inside the inhalation
channel of the device (4). A high airflow resistance reduces
the velocity of the aerosol particles within the respiratory
tract, thereby increasing penetration in the lungs (7). To
ensure that drug delivery is accurate and consistent, and to
achieve a beneficial clinical effect, the peak inspiratory flow
(PIF) with medium-to-high and high resistance DPIs, in
general, should be 30 L/min or higher (6,8). While many
patients are able to generate sufficient inspiratory flow rates
for effective drug delivery using a DPI (9,10), the need for
deep, forceful inhalation may present a challenge for some
patients, such as young children and those with severe
airflow limitation (4,11).
The fixed-dose combinations of salmeterol–fluticasone
propionate and budesonide-formoterol have been developed
to be dispensed with the Easyhaler® device-metered, multidose DPI (EH; Orion Corporation, Orion Pharma, Espoo,
Finland), a medium-to-high resistance inhaler, for the
treatment of patients with asthma and COPD (1,12,13).
Data from two randomized, multicenter, crossover trials
contributed to regulatory approval of these products (5,14).
These trials demonstrated that patients with asthma and
COPD can achieve sufficient inspiratory flows to enable the
delivery of a consistent drug dose via the EH (5,14,15). Jõgi
et al. evaluated inspiratory flow parameters of salmeterolfluticasone propionate EH in subgroups of patients of
varying ages with asthma and patients with COPD, and
reported mean PIF rates through the EH ranging from 54 to
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76 L/min, and 67 L/min, in these respective conditions (14).
In another study of a similar design, PIF rates through
budesonide-formoterol EH were 64 and 56 L/min in
patients with asthma or COPD, respectively, and 61 L/min
in a subgroup of children with asthma (5). In both studies,
similar flow rate dependence for drug delivery was
demonstrated for the EH, compared with Seretide Diskus
(DI; GlaxoSmithKline, Brentford, UK) and Symbicort
Turbuhaler (TH; AstraZeneca, Södertälje, Sweden),
respectively (5,14).
However, factors that could potentially affect the
patients’ ability for sufficient inhalation through DPIs were
not thoroughly investigated in these studies. These factors
include age and other anthropometric dimensions, gender,
disease, and severity of lung function reduction. Therefore,
the present post-hoc analysis of pooled EH data from the two
pre-registration studies of salmeterol-fluticasone propionate
EH and budesonide-formoterol EH was conducted to
further evaluate whether patients with asthma (including
children, adolescents adults, and the elderly) or COPD (all
ages) can achieve sufficient inspiratory flows for effective
use of these fixed-dose combination DPIs, and which factors
affect the inspiratory flows they achieve (15). We present
the following article in accordance with the STROBE
Statement reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2112).
Methods
Study design
Two randomized, multicenter, crossover, open-label
studies were carried out in Estonia, Finland, and the UK
[ClinicalTrials.gov identifiers NCT01424137 (14) (https://
doi.org/10.1089/jamp.2018.1463) and NCT00984906 (5)
(https://doi.org/10.1089/jamp.2013.1099)], with all study
procedures performed at a single visit. The primary
objective of the studies was to characterize inspiratory flow
and volume parameters across the EH, DI, and TH inhalers
in patients with asthma (including children, adolescents,
and adults) and/or COPD. Two types of EH inhaler
were included, because at the time of the studies both
devices were still under consideration as options for EH
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combination products: Type A is the inhaler currently used
for all marketed EH combination products and Type B was
an alternative design under testing. Patients were randomly
allocated to 1 of 4 possible inhaler sequences involving the
EH (both types) and either DI (NCT01424137) or TH
(NCT00984906) inhalers: (I) TH/DI-EH Type A-EH Type
B; (II) TH/DI-EH Type B-EH Type A; (III) EH Type A-EH
Type B-TH/DI; or (IV) EH Type B-EH Type A-TH/DI.
The inhalers either contained placebo inhalation powder
(NCT01424137) or were empty (NCT00984906). On the
morning of the study day, patients withheld use of their
usual inhaled medication to mimic the clinical situation
of inhaler use. Flow-volume spirometry was performed
according to the American Thoracic Society/European
Respiratory Society guidelines (16), including the recording
of native PIF. Patients received standard training on use
of the inhalers (according to instructions in the respective
patient information leaflets). After practicing, the PIF rate
through the inhaler connected to a pneumotachograph
was recorded as previously described (17,18), using a
SpiroMaster MX spirometer (Medikro Oy, Kuopio, Finland)
before crossing over to the second and third devices in
sequence. For most patients, inspiratory flow parameters
were measured in a standing position, but sitting was also
permitted, if necessary (e.g., for patients using wheelchairs).
Three inspiratory flow curves were recorded and the best
measurement (i.e., the curve with the highest PIF rate) was
analyzed. Forced expiratory volume in 1 second (FEV 1),
forced vital capacity (FVC), peak expiratory flow (PEF), and
native PIF rate were determined from spirometry.
For the purpose of this manuscript, further methodology
and results are focused on the pooled analyses of EH Type
A data, because it was the inhaler chosen for the salmeterolfluticasone propionate EH and budesonide-formoterol EH
products. No comparisons between EH and DI or TH are
described.
Study population
Patients with a documented diagnosis of asthma and/
or COPD across a range of disease severities were
enrolled. Exclusion criteria were the presence of any
severe chronic respiratory disease other than asthma
or COPD, acute respiratory infection, or any medical
condition that in the opinion of the investigator would
have endangered the patient if they participated in the
study (e.g., contraindications to spirometry), concurrent
participation in a clinical drug study, inability to perform
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repeated spirometric measurements (NCT00984906 only),
and lactose intolerance or severe milk allergy (the placebo
preparations contained lactose; NCT01424137 only).
Study endpoints
The primary endpoint was PIF rate through the EH. The
inspiratory flow values are also presented as pressure drops
using device specific resistance values in the conversion.
Secondary endpoints included inspiratory volume (measured
at the same time as the PIF rate) and Pearson’s correlation
analysis between PIF rate or inspiratory volume through
the EH and age, weight, height, and various lung function
parameters.
Statistical analyses
Both studies were exploratory and observational; therefore,
no statistical hypotheses were specified, and evaluations
were based mainly on descriptive statistics. Due to the
nature of the studies, sample size was not based on
any formal power calculations. Only data for patients
≥6 years of age were taken into account, because that is
the age limit for prescribing the EH. Pearson correlations
between PIF rate as well as inspiratory volume through
the EH and lung function parameters [FEV1, FVC, native
PIF, forced inspiratory vital capacity (FIVC) and PEF],
age, weight, and height were evaluated by comparing the
Pearson’s correlation coefficients (r). As the pressure drop
only describes the same phenomenon in different units,
the statistical analyses were not repeated for pressure drop.
All analyses were performed in the total pooled study
population, stratified according to the following three
subgroups: patients with asthma 6–17 years, patients with
asthma ≥18 years of age, and patients with COPD. All
data were analyzed descriptively using Statistical Analysis
Software (SAS)® for Windows version 9.3 (SAS Institute,
Inc., Cary, NC, USA).
Ethical conduct of the studies
The study protocols were reviewed by the ethics committees
of each study center. Studies were conducted according
to the principles of the Declaration of Helsinki (19), and
written informed consent was obtained from participants
prior to enrollment. All participants (and/or their parents)
provided written informed consent prior to any studyspecific procedures; prior to this, both patients and parents
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Assessed for eligibility
N=414

Randomized and
completed
N=414
17 excluded from ITT analyses
• <6 years of age
ITT analyses
N=397
14 excluded from PP analyses
• Assessment not taken per protocol (n=5)
• lncorrect randomization (n=4)
PP analysis
N=383

• Use of restricted medication (n=4)
• Malfunction of the inhaler (n=1)

Figure 1 Patient disposition in the pooled study population. ITT, intent-to-treat; PP, per-protocol.

were given comprehensive verbal and written information
regarding the objectives and procedures of the study, any
possible risks and benefits involved, and their right to
withdraw from the study at any time.

both asthma and COPD, and 71 (23.7%) asthma patients
also had allergic rhinitis (Table 1). As expected, patients with
COPD had poorer lung function parameters than their
counterparts in the asthma cohorts.

Results

Primary endpoint: PIF

Patients

The mean PIF (standard deviation) values through the EH
in patients <18 and ≥18 years of age with asthma and in
those with COPD, were similar: 61.4 (11.5), 69.7 (13.5), and
61.9 (13.2) L/min, respectively (Figure 2). These flow rates
correspond to pressure drops of 5.05 (1.80), 6.52 (2.34) and
5.19 (2.07) kPa, respectively. In all subgroups females had
lower PIFs than males; in patients with asthma <18 years
60.4 (11.2) vs. 62.2 (11.7) L/min, in adult patients with
asthma 67.0 (12.8) vs. 75.5 (13.3) L/min and in patients
with COPD 57.6 (11.9) vs. 65.7 (13.2) L/min. Of the 383
patients in the PP population, 380 (99.2%) were able to
generate a PIF rate through the EH of ≥30 L/min, which
is required to enable consistent dose delivery from the
DPI. The three patients who did not achieve a PIF rate
≥30 L/min comprised one patient from each disease cohort
(patients <18 and ≥18 years of age with asthma and those

In total, 414 patients were assessed for eligibility, and all
entered and completed the study (Figure 1). The intentto-treat (ITT) population comprised 397 patients and 383
patients were included in the per-protocol (PP) population.
The reasons for exclusion from the PP population were
assessment not taken PP (n=5), incorrect randomization
(n=4), use of restricted medication (n=4), and inhaler
malfunction (n=1) (Figure 1). Demographics and baseline
characteristics of the total pooled study population,
including the subgroups of patients with asthma, are
presented in Table 1. In the ITT population, 27.7% of
patients were <18 years of age and 56.4% were female;
among patients with asthma, 36.7% were <18 years of age
and 59.6% were female. In total 21 patients (5.3%) had
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Table 1 Demographics and baseline characteristics of the ITT population (N=397)
Patients 6–17 years of age with asthma
(n=110)

Patients ≥18 years of age with asthma
(n=190)

Patients with COPD
(n=97)

50 (45.5)

129 (67.9)

45 (46.4)

Mean age, years (range)

9.3 (6.0–17.0)

59.1 (19.0–88.0)

65.9 (47.0–82.0)

Mean height, cm (range)

137.4 (112.5–179.5)

166.7 (146.0–194.0)

167.3 (148.0–186.0)

Mean weight, kg (range)

34.9 (19.0–88.5)

78.7 (47.0–140.0)

74.3 (42.0–140.0)

17.9 (12.8–29.6)

28.3 (18.6–50.6)

26.5 (15.2–42.7)

Asian

1 (0.9)

0 (0)

0 (0)

Black

1 (0.9)

0 (0)

0 (0)

107 (97.3)

190 (100.0)

97 (100.0)

1 (0.9)

0 (0)

0 (0)

108 (98.2)

125 (65.8)

3 (3.1)

Past user

0 (0)

44 (23.2)

49 (50.5)

Irregular user

0 (0)

3 (1.6)

1 (1.0)

Regular user

2 (1.8)

18 (9.5)

44 (45.4)

Parameter
Sex (female), n (%)

2

Mean BMI, kg/m (range)
Race, n (%)

Caucasian
Other

Previous/current use of nicotine products, n (%)
Never used

Respiratory, thoracic and mediastinal disorders, n (%)
Asthma

110 (100.0)

190 (100.0)

13 (13.4)

COPD

0 (0)

8 (4.2)

97 (100.0)

45 (40.9)

26 (13.7)

0 (0)

0 (0)

4 (2.1)

0 (0)

1.9 (0.5–4.7)

2.3 (0.6–5.0)

1.4 (0.4–3.3)

96.9 (35.0–138.4)

79.4 (30.5–164.0)

49.9 (14.0–92.0)

2.3 (0.9–5.7)

3.1 (0.9–7.1)

2.5 (0.9–5.7)

99.6 (51.0–138.0)

88.1 (40.0–149.0)

72.9 (29.0–133.0)

Native PIF, L/s (range)

3.0 (0.3–6.8)

5.0 (1.2–11.5)

4.3 (1.2–8.6)

PEF, L/s (range)

4.0 (1.0–10.2)

6.1 (2.0–12.8)

3.9 (1.4–9.5)

Allergic rhinitis
Pulmonary embolism
FEV1, L (range)
FEV1, % predicted (range)
FVC, L (range)
FVC, % predicted (range)

Previous/concomitant respiratory treatments, n (%)
All treatments

105 (95.5)

188 (98.9)

96 (99.0)

Drugs for obstructive
airway diseases

103 (93.6)

186 (97.9)

92 (94.8)

Nasal preparations

21 (19.1)

17 (8.9)

0 (0)

Antihistamines for
systemic use

37 (33.6)

10 (5.3)

2 (2.1)

0 (0)

1 (0.5)

1 (1.0)

Cough and cold
preparations

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
ITT, intent-to-treat; PEF, peak expiratory flow; PIF, peak inspiratory flow.
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Patients with asthma

Patients with asthma

Patients with COPD

6–17 years (n=102)

18 years or older (n=185)

(n=96)

PIF, mean (SD): 69.7 (13.5)

PIF, mean (SD): 61.4 (11.5)

30

PIF, mean (SD): 61.9 (13.2)

Number of cases

25

20

15

10

5

0
15

30

45

60

75

90

105

15

30

45

60

75

90

105

15

30

45

60

75

90

105

Peak inspiratory flow (PIF) (L/min)

Figure 2 Distribution of peak inspiratory flow through the EH in the PP population (N=383). The dotted line indicates the PIF threshold
sufficient for dose delivery. COPD, chronic obstructive pulmonary disease; EH, Easyhaler; PIF, peak inspiratory flow; PP, per-protocol.

with COPD).
Secondary endpoints
Inspiratory volume
The inspiratory volume [L (range)] measured through the
inhaler was 1.6 (0.6–3.8), 2.1 (0.3–4.3), and 1.8 (0.6–3.9) in
patients <18 years and ≥18 years of age with asthma, and
those with COPD, respectively.
Relationship of PIF with baseline parameters
In the PP population, there was a moderate direct association
between age and PIF in younger patients (<18 years) with
asthma, but this was inverse and less apparent in adult
patients with asthma and/or those with COPD (r=0.301,
P=0.0021 vs. r=–0.212, P=0.0037 and r=–0.246, P=0.0156
for patients <18 years and ≥18 years of age with asthma and
patients with COPD, respectively) (Table 2). Height and
weight were also moderately correlated with PIF. Stronger
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associations with PIF were observed for some lung function
parameters, particularly native PIF (r=0.440 and r=0.662;
both P<0.0001 in patients ≥18 years of age with asthma and
patients with COPD, respectively) and FIVC (r=0.499–
0.632, increasing with age in patients with asthma and
highest in patients with COPD; P<0.0001 in all subgroups)
(Table 2). The degree of reduction in ventilatory function,
expressed as FEV1 % predicted, was weakly associated with
PIF in patients with COPD, but not in either of the asthma
patient subgroups.
Relationship of inspiratory volume with baseline
parameters
In general, correlations between inspiratory volume via
inhaler with baseline parameters were stronger than those
for PIF. The strongest association with inspiratory volume
was seen for FVC in all subgroups (r=0.804, r=0.668 and
r=0.723 in patients <18 years with asthma, ≥18 years of
age with asthma and patients with COPD, respectively;
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Table 2 Relationship between peak inspiratory flow through the EH and age, height, weight and lung function in the PP population (N=383)
Parameter

Patients 6–17 years of age with asthma
(n=102)

Patients ≥18 years of age with asthma
(n=185)

Patients with COPD (n=96)

r*

P value

r*

P value

r*

P value

Age, years

0.301

0.0021

–0.212

0.0037

–0.246

0.0156

Height, cm

0.314

0.0013

0.321

<0.0001

0.385

0.0001

Weight, kg

0.291

0.0030

0.292

<0.0001

0.186

0.0692

FEV1, L

0.320

0.0011

0.337

<0.0001

0.451

<0.0001

FEV1, % predicted

0.089

0.3757

0.129

0.0802

0.219

0.0323

FVC, L

0.332

0.0007

0.454

<0.0001

0.475

<0.0001

FVC, % predicted

0.163

0.1020

0.293

<0.0001

0.163

0.1129

Native PIF, L/s

0.317

0.0012

0.440

<0.0001

0.662

<0.0001

FIVC, L

0.499

<0.0001

0.612

<0.0001

0.632

<0.0001

PEF, L/s

0.381

<0.0001

0.315

<0.0001

0.455

<0.0001

*, Pearson’s correlation coefficient. COPD, chronic obstructive pulmonary disease; EH, Easyhaler; FEV1, forced expiratory volume in 1 s;
FIVC, forced inspiratory vital capacity; FVC, forced vital capacity; PEF, peak expiratory flow; PIF, peak inspiratory flow; PP, per-protocol.

Table 3 Relationship between inspiratory volume through the EH and age, height, weight and lung function in the PP population (N=383)
Parameter

Patients 6–17 years of age with
asthma (n=102)

Patients ≥18 years of age with
asthma (n=185)

Patients with COPD (n=96)

r*

P value

r*

P value

r*

P value

Age, years

0.627

<0.0001

−0.314

<0.0001

−0.051

0.6240

Height, cm

0.710

<0.0001

0.475

<0.0001

0.478

<0.0001

Weight, kg

0.714

<0.0001

0.203

0.0057

0.166

0.1069

FEV1, L

0.718

<0.0001

0.549

<0.0001

0.623

<0.0001

−0.004

0.9667

0.257

0.0004

0.384

0.0001

FVC, L

0.804

<0.0001

0.668

<0.0001

0.723

<0.0001

FVC, % predicted

0.178

0.0728

0.407

<0.0001

0.408

<0.0001

Native PIF, L/s

0.455

<0.0001

0.588

<0.0001

0.524

<0.0001

PIF via inhaler, L/min

0.499

<0.0001

0.612

<0.0001

0.632

<0.0001

PEF, L/s

0.534

<0.0001

0.485

<0.0001

0.574

<0.0001

FEV1, % predicted

*, Pearson’s correlation coefficient. COPD, chronic obstructive pulmonary disease; EH, Easyhaler; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; PEF, peak expiratory flow; PIF, peak inspiratory flow; PP, per-protocol.
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P<0.0001 for all) (Table 3). In patients <18 years with asthma
age, height, weight and FEV1 were at least moderately
correlated with inspiratory volume (r higher than 0.6,
P<0.0001 for all).
Discussion
This post-hoc analysis of pooled data from the inspiratory
flow studies of salmeterol–fluticasone propionate EH and
budesonide-formoterol EH demonstrated that patients
with asthma or COPD can achieve sufficient PIF rates
for effective use of the EH. The mean pressure drops are
well above the 4 kPa defined both in US and European
pharmacopeia method (20-22). Although the pharmacopeia
methods were defined for quality control purposes (e.g.,
at batch release), it also highlights that the patients can
operate EH in the appropriate pressure range. Over 99%
of patients, irrespective of age or baseline lung function,
were able to generate PIF rates ≥30 L/min, which is the
minimum rate required by most medium-to-high resistance
devices to achieve delivery and deposition of aerosolized
drug deep into the lungs (6). Inhalers with higher internal
resistance, such as the EH, require lower PIF rates for
the same given pressure gradient than those with lower
internal resistance (23), meaning they may be more
suitable for patients with limited lung function. In clinical
practice, most patients appear able to use a medium-to-high
resistance DPI effectively, even during exacerbations (24).
The difference in minimal and optimal PIF rates for the
TH and DI reflects the wide variation in drug delivery and
deposition at lower PIF rates with these DPIs; this is not
seen with the EH, which demonstrates consistent drug
delivery, irrespective of the inspiratory effort of the user (23).
Some patients, such as young children and those with
severe airflow limitation, e.g., due to COPD, may find
deep, forceful inhalation challenging, and there is a concern
that these patients may not be able to generate sufficient
inspiratory flow to use their inhaler effectively (4). In such
cases, the EH may represent a suitable choice of DPI to
ensure effective treatment and management of asthma and
COPD exacerbations.
In the present study, PIF was correlated with age, height,
and weight in younger patients with asthma, but these
correlations were weaker in adult patients with asthma or
COPD. Previous studies have shown associations between
younger/advanced age (17), shorter stature (25), and female
sex (17,26), with reduced PIF rate in patients with COPD,
and younger age with reduced PIF rate in patients with
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asthma (27). These associations may be mainly explained
by variations in respiratory muscle function. In our patient
population, strong correlations between PIF rate and most
lung parameters were not observed, although notably,
higher associations were reported for native PIF and FIVC
than other parameters, particularly in patients with COPD,
and this warrants further investigation. Overall, this mirrors
the findings of other studies that evaluated associations with
various patient characteristics, including absolute FEV1 and
FVC (23,26). Although FEV1 % predicted and PIF have not
been correlated in a broad population with varying disease
severity and lung function, a significant correlation has been
noted in patients with severe COPD (defined as FEV1 <30%
predicted) using the Ellipta DPI (r=0.73; P<0.0001) (28),
suggesting a consistent reduction in PIF rate exists where
there is severe airflow obstruction (23). This is in agreement
with our findings, which showed only a weak association
between FEV1 % predicted and PIF with EH in patients
with COPD, but not in patients in either of the asthma
subgroups.
It is relatively rare for patients not to achieve sufficient
inspiratory volume. In our study patients with asthma
<18 years had the lowest inhaled volume in average. In these
patients age, height, weight and FEV1 at least moderately
correlated with inspiratory volume.
In the present study, participants received inhaler
training prior to DPI use. The data reported support the
generally accepted view that inhaler training is beneficial for
increasing the proportion of patients who achieve adequate
inhalation flow rates (29,30), with some studies showing that
the combination of comprehensive patient counselling and
enhanced training can produce up to a 30% improvement
in PIF rate (27).
The strength of this study is in the high number of
patients with asthma and COPD with wide age range and
representing all disease severities. Even though the data
set is a combination from two studies the measurements
were carried out with the same equipment and instructions.
In addition, although there are many studies with flow
measurements through different inhalers (or through InCheck Dial device mimicking the resistance of inhalers),
only a fraction of them have dealt with correlations
between these parameters and baseline spirometric data,
demographic or anthropometric data (31-33).
Conclusions
In this large pooled analysis of two randomized, multicenter,
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crossover, open-label studies including 397 patients, almost
all patients with asthma and/or COPD were able to inhale
through the EH with an adequate PIF rate and achieve
sufficient pressure drop, irrespective of age or severity
of airway obstruction. This highlights that patients with
asthma and/or COPD can achieve inspiratory flows via the
EH DPI that are sufficient for its effective use.
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