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Abstract

The article briefly presents currently accessible dry powder inhalers (DPI). Basing on the data from the literature, we discussed the
most common mistakes related to the utilisation of DPI as well as their clinical and economic consequences. We also extensively
analysed all factors that may influence the efficacy and safety of inhaler therapy of asthma and COPD, mostly with the use of
DPI. In addition, we indicated the potential to improve the efficacy of inhaler therapy from the doctor and COPD or asthma patient
perspective. We also presented a DPI choice algorithm including the patient’s preferences and competences.
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Introduction

The article aims to discuss the factors which
influence the correct use of a dry powder inhaler
(DPI). A special emphasis has been put on the
elements depending on the doctor and on the
patient. We made a survey of the most important
publications from the last 15 years, accessible
in the PubMed database, which concern the
technique of inhalation with DPI, errors made
by patients with asthma or chronic obstructive
pulmonary disease who use that type of inhalers
as well as the rules of a right DPI choice.

Dry powder inhalers — today and yesterday

Medical aerosols are biphasic dispersed
preparations. In case when a colloid is formed
by liquid droplets dispersed in gas medium, it
is called a liquid aerosol. If the dispersed phase
is set up with solid particles, it is called a solid
(powder) aerosol [1]. The dry powder aerosols are
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produced by dispersion in the air of the previous-
ly appropriately developed (micronised and mea-
sured out) dose of the powdered drug. That is why
these devices are called dry powder inhalers [2]
and are the most numerous and highly technically
diversified (construction and mechanism of ac-
tion) group of inhaler devices [3, 4]. The Figure 1
presents the categories of DPI based on the type
of the aerosolization of the powder and on the
preparation of the drug dose. The examples of DPI
present on the Polish market are also included.
In the passive DPI patients inspiration is
used to disaggregate the powder molecules and to
change them into aerosol. The acceleration during
the initial phase of the inspiration, the amount
of the peak inspiratory flow (PIF), time to reach
a PIFE, the respiratory capacity and the duration
of the expiration are crucial for the process [5,
6]. The necessity to take an appropriately forced,
deep and long inspiration limits the accessibility
of these type of DPI to patients incapable of per-
forming this inspiratory manoeuvre [4]. As arule,
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Figure 1. Types of dry powder inhalers

these are elderly people with muscles weakened
by the chronic disease process, persons with
psychiatric and /or neurologic disorders as well
as children under 6 years of age . In these groups
of patients, there is a high risk of not generating
the optimal inspiratory flow. And only the opti-
mal inspiratory flow guarantees the appropriate
process of disaggregation and aerosolisation of the
powder, an optimal penetration and deposition
of such an aerosol in the respiratory tract and, as
a result, a clinically effective inhalation [7-13].

In the active DPI, the processes of disaggre-
gation and aerosolisation are independent from
patients’ inspiration, which makes this type
of inhalers easier to use and assures a highly
predictable characteristic of the aerosol cloud.
A good and, up to the present, the only example
of this type of inhaler is Airmax®/Spiromax® [14].
In the past few years some new passive DPI have
entered the market (in order of appearing in the
market): NEXThaler®, Ellipta®, Forspiro® or Zon-
da® [15-18]. The new devices usually generate
aerosols which have better parameters, normally
practically independent from the patient’s inspi-
ratory flow but concurrently more patient-friendly
in the everyday use compared with the previ-
ously appllied devices [19-21]. Ellipta®is a good
example of such an inhaler. The implement has
replaced a popular for many years Discus® [22].
The construction (blisters inhaler) and the use
of this new inhaler (only 3 simple steps) has de-
creased the risk of inhalation errors, compared
with the older types of DPI [21]. The Forspiro®
inhaler has similar features, however, it demands
5-6 consecutive actions [17, 23].

How much do the errors in inhalation
from DPI cost?

Only the infallibly performed drug inhala-
tion is clinically effective and safe for the patient.
The inhalation errors may be divided into simple
and critical. The first ones may decrease the clini-
cal efficacy of a given inhaler, and the second ones
make the inhalation practically totally clinically
ineffective [24]. The DPI inhalation errors are
mostly specific to a given type of inhaler but there
are also some errors (non-specific), common to all
DPI [25]. The most frequent non-specific errors
include as follows: not taking a maximally deep
expiration (to the level of the functional residual
capacity [FRC]) before inhalation, incorrect body
position during the inhalation, too slow or too
shallow inspiration via the inhaler as well as not
holding the breath after the inhalation [26]. The
list of the specific errors is much more longer and
depends on the type of DPI [25].

The results of the study by Sanchis et al. [27]
based on the systemic overview of the 144 pub-
lications from the years 1965-2014 have shown
that over the last 50 years the percentage of pa-
tients committing mistakes during the inhalation
remains stable , i.e. it oscillates between 45 and
17% [27]. The mistakes in the inhalation therapy
concern all types of inhalers (the pressurised me-
tered dose inhalers, DPI, metered dose inhalers
(MDI) of a liquid drug, nebulisers), and the per-
centage of patients depends on the analysed pop-
ulation (patients age, type of the disease, country),
type of the inhaler and patients education level.
For example, the results of the study by Molimard
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Table 1. The percentage of patients with at least one
critical mistake made during the inhalation with
the most commonly used dry powder inhalers
(DPI) in Europe (modification according to [29])

Type of DPI Percentage of patients
(number of studies) and confidence interval
H ®
ﬁfrz""ﬁr 14.2% [95% C1 11.0-18.1]
; ®
([:s:”;) 20.8% [95% C1 13.7-30.2]
®
R 40.1% [95% C1 28.6-52.9]
H ®
anlaler 42.4% [95% C1 28.8-57.1]

et al. [28] from the year 2003 showed that at
least one mistake had been made by 49-54% of
patients treated in a standard outpatient clinic/in
a medical practice by a general practitioner. More-
over, at least one critical mistake had been made
by 11% (Dysk®) to 32% (Turbuhaler®) of treated
patients. A systemic review with meta-analysis
of the errors made by patients with asthma and
COPD in several European countries has been
recently published [29]. The authors of the review
have proved that the critical mistakes were made
during the inhalation, depending on the used DPI,
by 14.2-42.29% of patients (on average in 28.4%).
The data are shown in Table 1.

The mistakes made by patients with asthma
or COPD during the inhalation influence the
constitution of the aerosol cloud and the depo-
sition of the rug molecules what has a negative
impact on the therapeutic efficacy of the inhaled
drugs [30,31]. For example, too weak inspiration
(a suboptimal inspirational flow), which is one
of the most frequent errors during the inhalation
from the DPI, increases significantly the risk of
uncontrolled asthma (OR [odds ratio] =1.30, 95%
CI0.08-1.57 for Turbuhaler® and OR = 1.56, 95%
CI 1.17-2.07 for Discus ®), as well as it increases
the risk of asthma exacerbations [25]. In another
paper, the authors evidenced that patients who
obtained only a suboptimal value of the PIF (for
a given DPI) had an higher risk of COPD exacerba-
tion, which demanded admission to the hospital
[13]. Other critical mistakes in the inhalation
technique with DPI increase almost twice the
risk of admission to the emergency room due
to a severe intensification of COPD (it concerns
6.9% of patients making mistakes vs. 3.3% in the
no mistake group [OR 1.86, 95% CI 1.14-3.04,
p < 0.05]) [32].

Table 2. Casual medical events induced by inappropriate tech-

nique of inhalation [modification according to 33]

Casual medical events Increase of risk

Admission to a hospital 47%
Visit to an emergency room 62%
Antibiotics therapy 50%
Oral glucocorticosteroids 54%
Medical leave 47%

The errors made during inhaler therapy should
therefore increase the costs of therapy of asthma or
COPD. Lewis et al. [33, 34] analysed the group of pa-
tients who were using inhaled glucocorticosteroids
(GCS) and long-acting beta-2 agonists (LABA) with
the popular DPI: Turbuhaler® (budesonide + formo-
terol) or with Accuhaler® (Disc) (fluticasone propio-
nate + salmeterol) for one year in several European
countries. The study published in the year 2016
supplied many practical conclusions [33]. Firstly,
it was showed that the inappropriate technique of
inhalation with the DPI significantly increases the
risk of hospitalisation, visits to the emergency room,
antibiotic therapy or the use of oral GCS (by 47%,
62%, 50% and 54% respectively) (Table 2).

Secondly, 5.4-20.7% of casual medical events
and cost have been related to the incorrect tech-
nic of inhalation. Thirdly, additional direct costs
increase the total therapy price per patient con-
tingent on incorrect inhalation technique to 271
Euros per year in Spain, 466 Euros per year in
Sweden and 506 Euros per year in the United
Kingdom (data from 2014). Fourthly, the incor-
rect inhalation technique constituted 2.2-7.7%
of direct expenses that generated an amount of
782 million of Euros, considering the total cost of
asthma/COPD management in these 3 countries
which equalled 5.5 billion of Euros (data from
2014). The similar data for Poland are missing
but we should expect comparable proportions of
costs. The same team of authors also proved that
the change of the passive DPI to an active DP (easer
inhalation for the patient) reduces the number of
mistakes and improves the inhalation technique,
which results in better control of the disease and
generates substantial savings, mostly due to the
reduction of the adverse medical events [34].

Factors influencing the efficacy
and safety of inhaler therapy

The scheme of factors which determine the
efficacy and safety of inhaler therapy are shown
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in Figure 2. It is known since many years that it
depends on the 5 following equally important
factors: physician, drug, inhaler, educator and
patient. These 5 elements are mutually related,
which finally forms the correctness of the pa-
tient inhalation technique and his compliance.
These two elements determine efficacy, safety
and satisfaction of the patient from the recom-
mended inhalation therapy. The five factors are

Drug »  Inhaler
7'\ A
Patient correctness of the
inhaltion and compliance
Efficacy, safety, satisfaction

from the therapy v
Physician [« » Educator

Figure 2. The elements which influence the correctness of the in-
halation technique of the patient and his compliance as well as the
efficacy, safety and satisfaction of the patient from the recommended
inhalation therapy

also influenced by the health care system in
a given country, including such elements like:
way of organisation of the health care system,
rules and reimbursement rate of the inhalation
drugs, access to specialists and health educators
(in Poland usually a physician or a nurse are at
the same time health educators)

The most important physician and patient
dependant elements related to the DPI are pre-
sented in Figure 3.

How to improve the effectiveness of inhalation
therapy — physician’s perspective

A physician is a person that initiate the pri-
mary choice of the inhalation drug and then the
selection of a particular inhaler containing a giv-
en drug or drugs. To choose a drug, the physician
must apply his pathophysiologic knowledge,
know the actual therapeutic recommendations in
a given disease entity and the accessibility of the
drugs on the local market (availability of a drug,
its price and reimbursement level). This phase of
selection of a drug is relatively easy. A choice of
an inhaler containing a selected drug (drugs) is

Physician <

Choice of a drug and dose

Measurment of the peak
inspiratory flow for a given DPI

Preferences while choosing
the DPI

Choice of DPI

Education of the patient
concerning the use of DPI

During the next appointment
— check to see if the patient’s
inhalation technique is correct

A 4

Patient

— Preferences while choosing the DPI

Knowledge of inhalation therapy
(education level)

Ability to perform a correct inhalation
from a given DPI (competences)

Compliance

Figure 3. Physician and patient-related factors which determine the correctness of inhalation and patients compliance and, as a result, efficacy,
safety and patient’s satisfaction from the recommended inhalation therapy with a dry powder inhaler (DPI)
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Table 3. Dry powder inhalers (DPI) containing the inhalation drugs used to treat asthma and/or COPD registered

in Poland (as of 01.09.2017, in the alphabetic order)

Inhaler/Drug GCS in LABA

GCS SABA LAMA LAMA +
in LABA

+ LABA

—_

Aerolizer®/Cyklohaler® +
CNG-Breezhaler® -
CNG-Fantasmino® +
CNG -
Dysk®

Easyhaler®
Ellipta® -

Forspiro® - -

+ + + + 4+ +

© © N o O A W N

. Genuair® -

10. HandiHaler® - -
11. NEXThaler® -

12. Orbicel®
13. Novolizer®
14. Turbuhaler®
15. Twisthaler®

16. Zonda® - -

+
+

+ o+ o+ +

+ + 4+ o+
+ o+

|
|

+ +
|

+ o+
|
|
|

+ — — —

— — + —

CNG — a new generation cyclohaler; GCS in — inhalation glucocorticosteroids; LABA — long-acting beta-2 agonists; LAMA — long-acting muscarinic antagonists;
SABA — short-acting beta-2 agonists; Orbicel® — a disc after many technical modernisations (a generic disc)

a next step. To make this choice, the physician
must have knowledge concerning the aerosols and
the market of inhalers, which changes dynamical-
ly in the recent years, also in Poland. This phase
is much more difficult and the first errors may by
committed, for example the physician may choose
a DPI which is familiar to him without including
the patient’s preferences [35].

In a case the patient is a child, selection of
the inhaler is of crucial importance. In children
under 5-6 years of age, nebulisers or drugs
administered from meter dose inhalers (pMDI)
combined with inhalation chamber are used [36].
Dry powder inhalers are devices of first choice in
children older than 5-6 years of age and in adults,
provided that they are capable of generating
the PIF > 30 L/min using a particular DPI [37].
That is why, a consecutive step of selecting an
optimal DPI is to test wether the patient can
generate the optimal PIF. Some simple medical
devices such as: In-Check DIAL, Turbutest, Tur-
buhaler — whistle or exercise-Disc may be helpful
in the process. Some more technically advanced
implements which may educate the patient and
test the correctness of inhalation with the DPI are
also accessible, for example: Vitalograph AIM or
Inhalation [38, 39].

Then the physician should identify a patient
with high risk of committing a mistake during
the inhalation with a DPI. The following persons
belong to a high risk group: patients over 60 years
of age, with severe obstructive disturbances of
the bronchi, with neurological disorders, lonely
persons [26, 30]. These people need an appropri-
ate education and a DPI that requires as little as
possible (which minimises the risk of committing
an error).

It is crucial to prescribe as little inhalers as
possible. The optimal approach is to use differ-
ent drugs in one inhaler, for example from a DPI
or a pMDI. This strategy decreases the risk of
committing an error during the inhalation and
may improve the control of asthma or COPD
[40]. A broad range of accessible DPI may im-
pede the implementation of this rule. Poland
is a good example of the problem. Currently,
16 different DPI are registered on the Polish
market but only 8 of them contain 2 or more
drugs used to treat asthma or COPD, and only 8
of them contain a combination of two different
drugs (Table 3) [17, 41].

The development of inhalers containing
three different drugs may decrease the number
of inhalers used by the patient. This strategy of
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Table 4. The number and description of steps necessary to perform a correct inhalation with a Ellipta®, Twisthaler®,
NEXThaler®, Easyhaler®, Dysk® and Turbuhaler®inhaler (data from Summary of Product Characteristics and from
the official patients’ instruction manuals of the inhalers) [46-51]

Inhaler Number Description and order of steps
of steps
Ellipta® 3 1. Slide a cover down, until you hear a ‘click’
2. Inhale the medicine
3. Slide the cover up and cover a mouthpiece
Twisthaler® 3 1. Take off (turn off) the inhaler adapter
2. Inhale the medicine
3. Put the adapter in place, screw it clockwise and press gently until you hear a ‘click’
NEXThaler® 3 1. Hold the NEXThaler firmly in the upright position and open the cover fully.
2. Inhale the medicine
3. Hold the NEXThaler once again firmly in the upright position and replace the cover over the mouthpiece
Disc® 4 1. Expose the mouthpiece. Hold the Discus horizontal in one hand. With your other hand, put your thumb on
the small curved section. Slide it away from you. You should hear a click
2. Push the lever to prepare the dose. Hold the inhaler flat and level with the mouthpiece facing you. Use your
finger to slide the lever until you feel it click into place
3. Inhale the medicine
4. Close the inhaler: to close the inhaler put your thumb on the small curved section. Slide it to you. You
should hear a click
Turbuhaler® 4 1. Unscrew the cover and lift it off. You may hear a characteristic rattle sound
2. Load a dose by holding the inhaler upright. Turn the grip dial (coloured base portion) as far as it will go in
one direction, then turn it back to the original position. The “click” you hear means that the inhaler is ready
to use
3. Inhale the medicine
4. Replace the cover and close it tightly
Easyhaler® 5 1. Remove the mouthpiece cap
2. Shake the device up and down 3-5 times, and then hold the device in an upright position
3. Place the inhaler between your index-finger and thumb, press the top of the device once. You will hear

a click. Then release it until you hear another click

4. Inhale the medicine
5. Replace the mouthpiece cap

Every DPI has its specific characteristics which may influence patients’ preferences. For example, the Ellipta® inhaler is characterised by the following: ease of use

(only 3 steps), simplicity of inhalation steps and the shape of the mouthpiece [52]

therapy with aerosols facilitates the education,
decreases the risk of mistakes committed by
patients and may be a more effective therapy
than inhalation with 2-3 different DPI inhalers
[42]. The most recent example of the three-drug
therapy with a single DPI is a combination of
fluticasone furoate with umeclidinium bromide
and with vilanterol in the Ellipta® inhaler [43].

The improvement of the efficacy of inhala-
tion therapy seen from the patient’s perspective
requires as follows: to define the characteristics of
inhaler important to a user, to choose a DPI con-
sistent with preferences and possibilities of the
patient and to properly educate the patient. The
experts suggest that the DPI constructors should
really consider patients’ opinions and remarks
[44]. This suggestion has been considered in the
DPI recently introduced onto the market [15, 17].
From the patient point of view, a DPI should be
maximally simple to use and should possess the
following features:

* As little steps to prepare an inhaler to use, as
possible

* Construction that enables to change the order
or to skip a step when using an inhaler

* Easy and comfortable process of inhalation

* Possibility to test the correctness of the inha-
lation

* Visualisation and/or acoustic information
about the number of doses left in the inhaler

Modern DPI such as Ellipta®, NEXThaler®,

or Twisthaler® have almost all listed above char-

acteristics (Table 4) [15, 45]. In case of older DPI

(Dysk®, Turbuhaler®, Easyhaler®), the number of

steps is higher and they are more complicated

which, has been included in the patients’ instruc-

tion manuals.

The patient should finally select the inhaler,
however, quite often he is not a decision-maker.
His preferences concerning the inhaler as well as
some predispositions and skills to use the inhaler
should be considered. This issue has been empha-
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1. Check if all inhalation drugs
that patient needs ae accessible in one type of DPI

If the answer is 'yes' make an
initial choice of this DPI

If the answer is 'no' chose 2-3 DPI
with similar instruction of use

2. Define the patient's preferences concernig a DPI

3. Make sure that the patient is capable of using the sellected DPI correctly;
measure the PIF value for a selected DPI, eventually

4. Chose the right inhaler and educate the patient how to use it.
Check his inhalation technique during the next follo-up visit

Figure 4. The physician’s proceeding scheme to choose a dry powder inhaler (DPI)

sised since several years in the recommendations
of The Aerosol Drug Management Improvement
Team (ADMIT) [53-55] and in the most recent
American advice [56].

How to choose a DPI?

The patient’s preferences should be always
discussed and considered when choosing an
inhaler. The scheme of choosing the DPI by
a physician, which has been proposed since
several years by the experts, is shown in the
Figure 4.

Summary

Dry powder inhalers have dominated the
inhalation drugs market in many countries since
several years. It is due to the numerous advantages
of DPI and to the development of new, usually
improved devices. A great diversity of DPI cause
problems with selecting and using the inhalers
by patients with asthma and COPD. The mista-
kes made during the utilisation of DPI result in
many clinical consequences and cause important
economic effects. The choice of an optimal DPI
for a particular patient equally depends on com-
petences of the physician and on preferences and
competences of the patient. These elements finally
define the correctness of the patient’s inhalation
technique and his compliance. They also determi-
ne the efficacy, safety and the patient’s satisfaction
from the recommended inhalation therapy.

Conflict of interest
The authors declare no conflict of interest.

References:

1. Sosnowski TR. Aerozole wziewne i inhalatory. WiChIP PW.
2012: Warszawa.

2. Crompton GK. Dry powder inhalers: advantages and limi-
tations. J Aerosol Med. 1991; 4(3): 151-156, doi: 10.1089/
jam.1991.4.151, indexed in Pubmed: 10147676.

3. Telko MJ, Hickey AJ. Dry powder inhaler formulation. Respir
Care. 2005; 50(9): 1209-1227, indexed in Pubmed: 16122404.

4. de Boer AH, Hagedoorn P, Hoppentocht M, et al. Dry powder
inhalation: past, present and future. Expert Opin Drug Deliv.
2017; 14(4): 499-512, doi: 10.1080/17425247.2016.1224846,
indexed in Pubmed: 27534768.

5. Islam N, Gladki E. Dry powder inhalers (DPIs) — a review of
device reliability and innovation. Int ] Pharm. 2008; 360(1-2):
1-11, doi: 10.1016/j.ijpharm.2008.04.044, indexed in Pubmed:
18583072.

6. Emeryk A, Bodajko-Grochowska A. Bartkowiak-Emeryk. Inha-
latory suchego proszku — jak wazna jest edukacja chorego?
Alergia. 2013; 3: 17-21.

7. Broeders ME, Molema J, Vermue NA, et al. Peak inspiratory
flow rate and slope of the inhalation profiles in dry powder
inhalers. Eur Respir J. 2001; 18(5): 780-783, indexed in Pub-
med: 11757627.

8. Atkins PJ. Dry powder inhalers: an overview. Respir Care.
2005; 50(10): 1304-1312, indexed in Pubmed: 16185366.

9. Newman S, Peart J. Dry powder inhalers. In: Newman S, Peart
]. ed. Respiratory drug delivery: essential theory and practice.
RDD Online, Richmond 2009: 257-308.

10. Sharma G, Mahler DA, Mayorga VM, et al. Prevalence of low
peak inspiratory flow rate at discharge in patients hospitalized
for COPD exacerbation. Chronic Obstr Pulm Dis. 2017; 4(3): 217—
224, doi: 10.15326/jcopdf.4.3.2017.0183, indexed in Pubmed:
28848933.

11. Lexmond AJ, Kruizinga TJ, Hagedoorn P, et al. Effect of in-
haler design variables on paediatric use of dry powder in-
halers. PLoS One. 2014; 9(6): €99304, doi: 10.1371/journal.
pone.0099304, indexed in Pubmed: 24901338.

12. Pedersen S, Dubus JC, Crompton GK, et al. ADMIT Working
Group. The ADMIT series — issues in inhalation therapy. 5)

50 www.journals.viamedica.pl


http://dx.doi.org/10.1089/jam.1991.4.151
http://dx.doi.org/10.1089/jam.1991.4.151
https://www.ncbi.nlm.nih.gov/pubmed/10147676
https://www.ncbi.nlm.nih.gov/pubmed/16122404
http://dx.doi.org/10.1080/17425247.2016.1224846
https://www.ncbi.nlm.nih.gov/pubmed/27534768
http://dx.doi.org/10.1016/j.ijpharm.2008.04.044
https://www.ncbi.nlm.nih.gov/pubmed/18583072
https://www.ncbi.nlm.nih.gov/pubmed/11757627
https://www.ncbi.nlm.nih.gov/pubmed/16185366
http://dx.doi.org/10.15326/jcopdf.4.3.2017.0183
https://www.ncbi.nlm.nih.gov/pubmed/28848933
http://dx.doi.org/10.1371/journal.pone.0099304
http://dx.doi.org/10.1371/journal.pone.0099304
https://www.ncbi.nlm.nih.gov/pubmed/24901338

Andrzej Emeryk et al., Dry powder inhalers — between the doctor and the patient

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Inhaler selection in children with asthma. Prim Care Respir J.
2010; 19(3): 209-216, doi: 10.4104/pcrj.2010.00043, indexed
in Pubmed: 20640390.

Loh CH, Peters SP, Lovings TM, et al. Suboptimal inspira-
tory flow rates are associated with chronic obstructive pul-
monary disease and all-cause Rreadmissions. Ann Am Tho-
rac Soc. 2017; 14(8): 1305-1311, doi: 10.1513/AnnalsATS.
201611-9030C, indexed in Pubmed: 28406710.

Keating GM, Faulds D. Airmax: a multi-dose dry powder inha-
ler. Drugs. 2002; 62(13): 1887-95; discussion 1896, indexed in
Pubmed: 12215059.

Emeryk A, Pirozyniski M. New dry powder inhalers. Pneumonol
Alergol Pol. 2015; 83(1): 83-87, doi: 10.5603/PiAP2015.0012,
indexed in Pubmed: 25577539.

Berkenfeld K, Lamprecht A, McConville JT. Devices for dry
powder drug delivery to the lung. AAPS PharmSciTech. 2015;
16(3): 479-490, doi: 10.1208/s12249-015-0317-x, indexed in
Pubmed: 25964142.

Emeryk A, Pirozyniski M. Forspiro® - nowy inhalator suchego
proszku. Czy zblizamy sie do idealu? Adv Respir Med. 2016;
84(Supp. VI): 64-69.

Algorta J, Andrade L, Medina M, et al. Pharmacokinetic Bio-
equivalence of Two Inhaled Tiotropium Bromide Formula-
tions in Healthy Volunteers. Clin Drug Investig. 2016; 36(9):
753-762, doi: 10.1007/s40261-016-0441-8, indexed in Pubmed:
27470430.

Buttini F, Hannon J, Saavedra K, et al. Accessorized DPIL:
a shortcut towards flexibility and patient adaptability in dry
powder inhalation. Pharm Res. 2016; 33(12): 3012-3020, doi:
10.1007/s11095-016-2023-0, indexed in Pubmed: 27623625.
Given J, Taveras H, Iverson H. Prospective, open-label evalu-
ation of a new albuterol multidose dry powder inhaler with
integrated dose counter. Allergy Asthma Proc. 2016; 37(3):
199-206, doi: 10.2500/aap.2016.37.3938, indexed in Pubmed:
26831652,

van der Palen J, Thomas M, Chrystyn H, et al. A randomised
open-label cross-over study of inhaler errors, preference and
time to achieve correct inhaler use in patients with COPD or
asthma: comparison of ELLIPTA with other inhaler devices.
NPJ Prim Care Respir Med. 2016; 26: 16079, doi: 10.1038/
npjpcrm.2016.79, indexed in Pubmed: 27883002.

Grant AC, Walker R, Hamilton M, et al. The ELLIPTA® dry
powder inhaler: design, functionality, in vitro dosing perfor-
mance and critical task compliance by patients and caregivers.
] Aerosol Med Pulm Drug Deliv. 2015; 28(6): 474-485, doi:
10.1089/jamp.2015.1223, indexed in Pubmed: 26372466.
Jones S, Weuthen T, Harmer QJ, et al. P7 Assessing the in-
tuitive ease of use of a novel dry powder inhaler, the For-
spiro™ device, for asthma and COPD: Abstract P7 Table 1.
Thorax. 2012; 67(Suppl 2): A66.2-A67, doi: 10.1136/thoraxj-
nl-2012-202678.148.

Lavorini E Magnan A, Dubus JC, et al. Effect of incorrect use of
dry powder inhalers on management of patients with asthma
and COPD. Respir Med. 2008; 102(4): 593-604, doi: 10.1016/j.
rmed.2007.11.003, indexed in Pubmed: 18083019.

Price DB, Romdn-Rodriguez M, McQueen RB, et al. Inhaler
errors in the CRITIKAL study: type, frequency, and association
with asthma outcomes. J Allergy Clin Immunol Pract. 2017;
5(4): 1071-1081.e9, doi: 10.1016/j.jaip.2017.01.004, indexed
in Pubmed: 28286157.

Westerik JAM, Carter V, Chrystyn H, et al. Characteristics of
patients making serious inhaler errors with a dry powder in-
haler and association with asthma-related events in a pri-
mary care setting. J Asthma. 2016; 53(3): 321-329, doi:
10.3109/02770903.2015.1099160, indexed in Pubmed: 26810934.
Sanchis J, Gich I, Pedersen S, et al. Aerosol Drug Management
Improvement Team (ADMIT). Systematic review of errors in
inhaler use: has patient technique improved over tme? Chest.
2016; 150(2): 394-406, doi: 10.1016/j.chest.2016.03.041, in-
dexed in Pubmed: 27060726.

Molimard M, Raherison C, Lignot S, et al. Assessment of han-
dling of inhaler devices in real life: an observational study
in 3811 patients in primary care. ] Aerosol Med. 2003; 16(3):
249-254, doi: 10.1089/089426803769017613, indexed in Pub-
med: 14572322.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Chrystyn H, van der Palen J, Sharma R, et al. Device errors
in asthma and COPD: systematic literature review and me-
ta-analysis. NPJ Prim Care Respir Med. 2017; 27(1): 22, doi:
10.1038/s41533-017-0016-z, indexed in Pubmed: 28373682.
Wieshammer S, Dreyhaupt J. Dry powder inhalers: which
factors determine the frequency of handling errors? Respira-
tion. 2008; 75(1): 18-25, doi: 10.1159/000109374, indexed in
Pubmed: 17911976.

Sulaiman I, Seheult J, Sadasivuni N, et al. The impact of com-
mon inhaler errors on drug delivery: investigating critical er-
rors with a dry powder inhaler. ] Aerosol Med Pulm Drug Deliv.
2017; 30(4): 247-255, doi: 10.1089/jamp.2016.1334, indexed in
Pubmed: 28277810.

Molimard M, Raherison C, Lignot S, et al. Chronic obstructi-
ve pulmonary disease exacerbation and inhaler device han-
dling: real-life assessment of 2935 patients. Eur Respir J. 2017;
49(2), doi: 10.1183/13993003.01794-2016, indexed in Pubmed:
28182569.

Lewis A, Torvinen S, Dekhuijzen PNR, et al. The economic
burden of asthma and chronic obstructive pulmonary disease
and the impact of poor inhalation technique with commonly
prescribed dry powder inhalers in three European countries.
BMC Health Serv Res. 2016; 16: 251, doi: 10.1186/s12913-016-
1482-7, indexed in Pubmed: 27406133.

Lewis A, Torvinen S, Dekhuijzen PNR, et al. Budesonide + for-
moterol delivered via Spiromax” for the management of asth-
ma and COPD: The potential impact on unscheduled heal-
thcare costs of improving inhalation technique compared with
Turbuhaler®. Respir Med. 2017; 129: 179-188, doi: 10.1016/;.
rmed.2017.06.018, indexed in Pubmed: 28732829.

Chrystyn H, Price D. Not all asthma inhalers are the same: fac-
tors to consider when prescribing an inhaler. Prim Care Respir
J. 2009; 18(4): 243-249, doi: 10.4104/pcrj.2009.00029, indexed
in Pubmed: 19513494.

van Aalderen WM, Garcia-Marcos L, Gappa M, et al. How to
match the optimal currently available inhaler device to an in-
dividual child with asthma or recurrent wheeze. NPJ Prim Care
Respir Med. 2015; 25: 14088, doi: 10.1038/npjpcrm.2014.88,
indexed in Pubmed: 25568979.

Laube BL, Janssens HM, de Jongh FHC, et al. European Respi-
ratory Society, International Society for Aerosols in Medicine.
What the pulmonary specialist should know about the new
inhalation therapies. Eur Respir J. 2011; 37(6): 1308-1331, doi:
10.1183/09031936.00166410, indexed in Pubmed: 21310878.
Lavorini E Levy ML, Corrigan C, et al. ADMIT Working Group.
The ADMIT series — issues in inhalation therapy. Training
tools for inhalation devices. Prim Care Respir J. 2010; 19(4):
335-341, doi: 10.4104/pcrj.2010.00065, indexed in Pubmed:
21049263.

Ari A. Patient education and adherence to aerosol therapy. Re-
spir Care. 2015; 60: 941-955, doi: 10.1586/ers.11.49, indexed
in Pubmed: 21859275.

Bosnic-Anticevich S, Chrystyn H, Costello RW, et al. The use
of multiple respiratory inhalers requiring different inhalation
techniques has an adverse effect on COPD outcomes. Int ]
Chron Obstruct Pulmon Dis. 2017; 12: 59-71, doi: 10.2147/
COPD.S117196, indexed in Pubmed: 28053517.

Emeryk A, Pirozynski M, Mazurek H. Polski przewodnik inha-
lacyjny. Via Medica, Gdansk 2015: 1-22.

Vestbo J, Papi A, Corradi M, et al. Single inhaler extrafine
triple therapy versus long-acting muscarinic antagonist the-
rapy for chronic obstructive pulmonary disease (TRINITY):
a double-blind, parallel group, randomised controlled trial.
Lancet. 2017; 389(10082): 1919-1929, doi: 10.1016/S0140-
6736(17)30188-5, indexed in Pubmed: 28385353.

Lipson DA, Barnacle H, Birk R, et al. FULFIL trial: once-daily
triple therapy for patients with chronic obstructive pulmo-
nary disease. Am ] Respir Crit Care Med. 2017; 196(4): 438-
446, doi: 10.1164/rccm.201703-04490C, indexed in Pubmed:
28375647.

Roche N, Scheuch G, Pritchard JN, et al. Patient focus and
regulatory considerations for inhalation device design: report
from the 2015 IPAC-RS/ISAM Workshop. J Aerosol Med Pulm
Drug Deliv. 2017; 30(1): 1-13, doi: 10.1089/jamp.2016.1326,
indexed in Pubmed: 27537608.

www.journals.viamedica.pl 5


http://dx.doi.org/10.4104/pcrj.2010.00043
https://www.ncbi.nlm.nih.gov/pubmed/20640390
http://dx.doi.org/10.1513/AnnalsATS.201611-903OC
http://dx.doi.org/10.1513/AnnalsATS.201611-903OC
https://www.ncbi.nlm.nih.gov/pubmed/28406710
https://www.ncbi.nlm.nih.gov/pubmed/12215059
http://dx.doi.org/10.5603/PiAP.2015.0012
https://www.ncbi.nlm.nih.gov/pubmed/25577539
http://dx.doi.org/10.1208/s12249-015-0317-x
https://www.ncbi.nlm.nih.gov/pubmed/25964142
http://dx.doi.org/10.1007/s40261-016-0441-8
https://www.ncbi.nlm.nih.gov/pubmed/27470430
http://dx.doi.org/10.1007/s11095-016-2023-0
https://www.ncbi.nlm.nih.gov/pubmed/27623625
http://dx.doi.org/10.2500/aap.2016.37.3938
https://www.ncbi.nlm.nih.gov/pubmed/26831652
http://dx.doi.org/10.1038/npjpcrm.2016.79
http://dx.doi.org/10.1038/npjpcrm.2016.79
https://www.ncbi.nlm.nih.gov/pubmed/27883002
http://dx.doi.org/10.1089/jamp.2015.1223
https://www.ncbi.nlm.nih.gov/pubmed/26372466
http://dx.doi.org/10.1136/thoraxjnl-2012-202678.148
http://dx.doi.org/10.1136/thoraxjnl-2012-202678.148
http://dx.doi.org/10.1016/j.rmed.2007.11.003
http://dx.doi.org/10.1016/j.rmed.2007.11.003
https://www.ncbi.nlm.nih.gov/pubmed/18083019
http://dx.doi.org/10.1016/j.jaip.2017.01.004
https://www.ncbi.nlm.nih.gov/pubmed/28286157
http://dx.doi.org/10.3109/02770903.2015.1099160
https://www.ncbi.nlm.nih.gov/pubmed/26810934
http://dx.doi.org/10.1016/j.chest.2016.03.041
https://www.ncbi.nlm.nih.gov/pubmed/27060726
http://dx.doi.org/10.1089/089426803769017613
https://www.ncbi.nlm.nih.gov/pubmed/14572322
http://dx.doi.org/10.1038/s41533-017-0016-z
https://www.ncbi.nlm.nih.gov/pubmed/28373682
http://dx.doi.org/10.1159/000109374
https://www.ncbi.nlm.nih.gov/pubmed/17911976
http://dx.doi.org/10.1089/jamp.2016.1334
https://www.ncbi.nlm.nih.gov/pubmed/28277810
http://dx.doi.org/10.1183/13993003.01794-2016
https://www.ncbi.nlm.nih.gov/pubmed/28182569
http://dx.doi.org/10.1186/s12913-016-1482-7
http://dx.doi.org/10.1186/s12913-016-1482-7
https://www.ncbi.nlm.nih.gov/pubmed/27406133
http://dx.doi.org/10.1016/j.rmed.2017.06.018
http://dx.doi.org/10.1016/j.rmed.2017.06.018
https://www.ncbi.nlm.nih.gov/pubmed/28732829
http://dx.doi.org/10.4104/pcrj.2009.00029
https://www.ncbi.nlm.nih.gov/pubmed/19513494
http://dx.doi.org/10.1038/npjpcrm.2014.88
https://www.ncbi.nlm.nih.gov/pubmed/25568979
http://dx.doi.org/10.1183/09031936.00166410
https://www.ncbi.nlm.nih.gov/pubmed/21310878
http://dx.doi.org/10.4104/pcrj.2010.00065
https://www.ncbi.nlm.nih.gov/pubmed/21049263
http://dx.doi.org/10.1586/ers.11.49
https://www.ncbi.nlm.nih.gov/pubmed/21859275
http://dx.doi.org/10.2147/COPD.S117196
http://dx.doi.org/10.2147/COPD.S117196
https://www.ncbi.nlm.nih.gov/pubmed/28053517
http://dx.doi.org/10.1016/S0140-6736%2817%2930188-5
http://dx.doi.org/10.1016/S0140-6736%2817%2930188-5
https://www.ncbi.nlm.nih.gov/pubmed/28385353
http://dx.doi.org/10.1164/rccm.201703-0449OC
https://www.ncbi.nlm.nih.gov/pubmed/28375647
http://dx.doi.org/10.1089/jamp.2016.1326
https://www.ncbi.nlm.nih.gov/pubmed/27537608

Advances in Respiratory Medicine 2018, vol. 86, no. 1, pages 44-52

45.

46.

47.

48.

49.

50.

51.

52.

52

McCormack PL, Plosker GL. Inhaled mometasone furoate: A re-
view of its use in persistent asthma in adults and adolescents.
Drugs. 2006; 66(8): 1151-1168, indexed in Pubmed: 16789800.
https://ec.europa.eu/health/documents/community-regi-
ster/2015/20151106133423/anx_133423_pl.pdf.

http://www easyhaler pl/Easyhaler Global/EasyhalerPL/pro-
dukty%20spc%20pil/BUDESONIDE%20EH%20PIL%202012
09 19%20var.
https://www.leki-informacje.pl/sites/default/files/indeks_
lekow/ulotki/Ulotka-AsmanexTwisthaler400.pdf.
https://www.leki-informacje.pl/sites/default/files/indeks_
lekow/ulotki/Ulotka-Fostex_Nexthaler.pdf.
https://www.dokteronline.com/pils/pl/patient_information_
leaflet-1783-flixotide-pl-dysk.pdf-1352727721.pdf.
https://www astrazeneca pl/content/dam/az-pl/ulotki-lekow/
PIL_Oxis(4,5)_2016-08-25(CDS_2015pdf.

Svedsater H, Jacques L, Goldfrad C, et al. Ease of use of the
ELLIPTA dry powder inhaler: data from three randomised
controlled trials in patients with asthma. NPJ Prim Care Respir

53.

54.

55.

56.

Med. 2014; 24: 14019, doi: 10.1038/npjpcrm.2014.19, indexed
in Pubmed: 24966061.

Broeders ME, Sanchis J, Levy ML, et al. ADMIT Working Group.
The ADMIT series--issues in inhalation therapy. 2. Improving tech-
nique and clinical effectiveness. Prim Care Respir J. 2009; 18(2): 76—
82, doi: 10.4104/pcrj.2009.00025, indexed in Pubmed: 19475324.
Virchow JC, Crompton GK, Dal Negro R, et al. Importance of
inhaler devices in the management of airway disease. Respir
Med. 2008; 102(1): 10-19, doi: 10.1016/j.rmed.2007.07.031,
indexed in Pubmed: 17923402.

Vincken W, Dekhuijzen PnR, Barnes P, et al. ADMIT Group.
The ADMIT series - Issues in inhalation therapy. 4) How to
choose inhaler devices for the treatment of COPD. Prim Care
Respir J. 2010; 19(1): 10-20, doi: 10.4104/pcrj.2009.00062,
indexed in Pubmed: 19890594.

Chrystyn H, Price D. Not all asthma inhalers are the same: fac-
tors to consider when prescribing an inhaler. Prim Care RespirJ.
2009; 18(4): 243-249, doi: 10.4104/pcrj.2009.00029, indexed
in Pubmed: 19513494.

www.journals.viamedica.pl


https://www.ncbi.nlm.nih.gov/pubmed/16789800
http://dx.doi.org/10.1038/npjpcrm.2014.19
https://www.ncbi.nlm.nih.gov/pubmed/24966061
http://dx.doi.org/10.4104/pcrj.2009.00025
https://www.ncbi.nlm.nih.gov/pubmed/19475324
http://dx.doi.org/10.1016/j.rmed.2007.07.031
https://www.ncbi.nlm.nih.gov/pubmed/17923402
http://dx.doi.org/10.4104/pcrj.2009.00062
https://www.ncbi.nlm.nih.gov/pubmed/19890594
http://dx.doi.org/10.4104/pcrj.2009.00029
https://www.ncbi.nlm.nih.gov/pubmed/19513494

