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Abstract

data on low resistance DPIs.

Dry powder inhalers (DPIs) are widely used in the clinical practice for delivering therapeutics to patients with lung
diseases, such as chronic obstructive pulmonary disease. An overview of current DPIs available on the market from
high resistance to low resistance has been reported in a recent review article. We assessed this concept review

article and believe this letter provides important additional information regarding the correct interpretation of the

Correspondence
Dear Editors,

A review by Dal Negro (April’s edition of Multidisciplin-
ary Respiratory Medicine Journal) addressed the topic of
dry powder inhalers (DPIs) and factors regarding their
effectiveness in the delivery of treatment [1]. While the
concept of this article in reviewing and discussing the
array of different DPI devices available is welcomed, the
author’s interpretation of the data leading to the conclu-
sion that low resistance DPIs, unlike those with higher re-
sistance, should not be regarded as optimally performing
DPI is questionable. This we believe is due to a different
perspective of the published data surrounding this type of
DPI which can potentially mislead some readers.

The author describes the main characteristics of DPIs
and suggests that the performance of a DPI is only af-
fected by two main driving factors, the inspiratory flow
rate of the patient and the turbulence produced inside the
device. While the author might be trying to simplify this
topic for the reader, this statement is inaccurate and does
not truly reflect the reality that numerous factors, as well
as the inhalation, can impact the performance of a DPJ, all
of which have been well documented in the literature (ex-
cipients [2], drug substance and formulation [3]).

The authors’ main statement that low resistance DPIs
require a higher inspiratory airflow rate and effort is not
accurate and can be misleading. The major flaw in the
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review is that the author has misunderstood that it is the
turbulent force, that is generated inside a DPI during
inhalation to de-aggregate the formulation, is created by
the interaction between the patient’s inspiratory effort
and the resistance of the device [4]. For a set inspiratory
effort, therefore, the inhalation flows when using a low
resistance DPI will be greater than when using a DPI
with a higher resistance. For example, using the same
patients, a mean peak inspiratory flow (PIF) of 72 L/min
was generated with the Breezhaler® device compared
with a mean PIF of only 36 L/min with the HandiHaler®,
a device of significantly higher airflow resistance [5]. The
resultant turbulent force, inside the two devices, will be
similar [6]. The other two inhalation related factors that
affect the de-aggregation of the dose are the inhaled
volume required to empty the dose out of the device,
and finally, the length of the inhalation channel within
the DPL It is beyond the scope of this letter to discuss
these two factors.

The perception of suboptimal particle disaggregation
with low resistance DPIs at lower flow rates does not
hold true. In fact data published for glycopyrronium and
indacaterol demonstrated there was consistent dose de-
livery performance from Breezhaler® using airflow rates
between 50-100 L/min [5, 7]. Similarly, consistent dose
delivery across a range of inspiratory flow profiles has
also been shown for a DPI with higher resistance [8].

The author reviews several DPIs (low, mid and high
resistance) and states that for the low resistance DPI
Breezhaler® device, a PIF rate of 111 L/min is ‘required’
which is not the case. Published data shows that patients
with mild to very severe chronic obstructive pulmonary
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disease (COPD) were able to generate, on average, a PIF
rate of 94.8 L/min (range, 52—133 L/min) [7]. Consistent
dose delivery from the Breezhaler® device has been re-
ported within the relevant range of flow rates above, cor-
responding to a reported minimum PIF of 52 L/min or
more achieved by all studied COPD patients [7]. It does
not mean that such rates are required to actuate the
Breezhaler® device successfully in order to successfully de-
liver the medication.

The inspiratory efforts required by patients’ needs to be
considered only when a minimum inhalation flow through
a specific DPI is required for efficient de-aggregation to
occur [9]. This is not the case with the low resistance DPI
Breezhaler® device, as patients were able to achieve the
minimum flow required. But when the resistance of the
DPI is higher (for example Handihaler® [5, 10], Turboha-
ler® [11]), then sufficient inspiratory effort to generate the
minimum flow (approximately 30 L/min for both the
Handihaler® [12] and Turbohaler® devices [13]) for effi-
cient de-aggregation requires consideration. This may
be a problem for those who have more severe disease
because their inspiratory effort is reduced and thus they
have challenges in generating the required threshold
flow rate [4, 11, 14].

To conclude, Dal Negro has not accurately represented
the data on low resistance DPIs. We hope this letter
addresses that need for balance in the interpretation of the
data on DPIs.

Authors response
From the Author:

Dear Editor,
Thank you for allowing me to reply to this letter.

I have read the Letter to the Editor of Multidisciplinary
Respiratory Medicine by H. Chrystyn and D. Price with
attention, and concerning my recent review on “Dry
Powder Inhalers and the right things to remember: a
concept review”. First of all, I would like to amend the
Authors’ assumption when they report that the review is
stating that the high resistance DPIs should be regarded
as the optimally performing devices in terms of their
inhalation effectiveness. Actually, in the text of the re-
view is clearly written that “only when the inhalation
flow rate and the DPI intrinsic resistance are balanced,
the inhalation is optimized”. This condition practically
corresponds to that of medium resistance devices (and
not of that of high resistance ones), even though also a
range of conditions exists among the family of medium
resistance DPIs (such as, some DPIs are positioned
closer to the lower and some other to the upper limits
of the medium resistance regimen — see Table 2 in the
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review). The meaning of this assertion in the review is
quite different from what interpreted and reported by
the Authors in their letter, likely mis-understanding the
real philosophy of the review itself. Secondly, the review
stems from recent and consolidated evidences in the
literature which are clearly confirming that the two
main factors (even not the unique ones, as specified also
in the review, pag. 4) are represented by the patient’s
lung performance and the intrinsic resistance of the DPI
(see references). On the other hand, the mechanism of
dispensing powder from a DPI is a function of the
Turbulent Energy, according to the following relation-
ship: VP= Q x R, where Q is the inhalation flow and R is
the inhaled resistance. Not by chance, when the flow
rate is measured at a pressure drop of 4.0kPa, which
corresponds to the pressure drop for DPIs testing, the
inspiratory flow rate needed by low resistance DPIs is
much higher than that of medium, and obviously even
more of that of high resistance DPIs (Al-Showair et al.-
Respir Med, 2007). Finally, I would like to emphasize
that the review is absolutely independent: actually, dif-
ferently from the letter, all DPI brands reported are
equally mentioned within the review, and no brand was
privileged in terms of n. of mentions in the text. In con-
clusion, I am convinced that the review should be
regarded as a convenient tool which contributes to re-
fresh some basic (frequently forgotten) factors crucially
modulating the DPIs’ performance. It would also pro-
vide physicians with some concepts which could sup-
port their choices in clinical practice, but stemming
from a more independent basis.

Roberto W. Dal Negro

National Center for Respiratory Pharmacoeconomics
and Pharmacoepidemiology - CESFAR, Verona, Italy
Research & Clinical Governance, Verona, Italy
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pulmonary disease.

Competing interests

D. Price has Board Membership with Aerocrine, Almirall, Amgen, AstraZeneca,
Boehringer Ingelheim, Chiesi, Meda, Mundipharma, Napp, Novartis, and Teva.
Consultancy: A Aimirall, Amgen, AstraZeneca, Boehringer Ingelheim, Chiesi,
GlaxoSmithKline, Meda, Mundipharma, Napp, Novartis, Pfizer, and Teva; Grants
and unrestricted funding for investigator-initiated studies from UK National
Health Service, British Lung Foundation, Aerocrine, AKL Ltd, Almirall,
AstraZeneca, Boehringer Ingelheim, Chiesi, Eli Lilly, GlaxoSmithKline, Meda,
Merck, Mundipharma, Napp, Novartis, Orion, Pfizer, Respiratory Effectiveness
Group, Takeda, Teva, and Zentiva; Payments for lectures/speaking: Almirall,
AstraZeneca, Boehringer Ingelheim, Chiesi, Cipla, GlaxoSmithKline, Kyorin, Meda,
Merck, Mundipharma, Novartis, Pfizer, SkyePharma, Takeda, and Teva; Payment
for manuscript preparation: Mundipharma and Teva; Patents (planned, pending
or issued): AKL Ltd,; Payment for the development of educational materials:
GlaxoSmithKline, Novartis; Stock/Stock options: Shares in AKL Ltd which
produces phytopharmaceuticals and owns 80 % of Research in Real Life Ltd
and its subsidiary social enterprise Optimum Patient Care; received
Payment for travel/accommodations/meeting expenses from Aerocrine,
Boehringer Ingelheim, Mundipharma, Napp, Novartis, and Teva; Funding



Price and Chrystyn Multidisciplinary Respiratory Medicine (2015) 10:36

for patient enrolment or completion of research: Almirrall, Chiesi, Teva, and
Zentiva; and Peer reviewer for grant committees: Medical Research Council
(2014), Efficacy and Mechanism Evaluation programme (2012), HTA (2014).
H. Chrystyn has no shares in any pharmaceutical companies. He has received
sponsorship to carry out studies, together with Board Membership, consultant
agreements and honoraria for presentation, from several pharmaceutical
companies that market inhaled products. These include Almirall,
AstraZeneca, Boehringer Ingelheim, Chiesi, GlaxoSmithKline, Innovata
Biomed, Meda, Napp Pharmaceuticals, Mundipharma, NorPharma, Novartis,
Orion, Sanofi, Teva, Truddell Medical International, UCB and Zentiva.
Research sponsorship has also been received from grant awarding bodies
(EPSRC and MRQ). He is a director of Inhalation Consultancy Ltd and
Talmedica Ltd.

Authors’ contributions
DP and HC carried out review analysis to prepare this manuscript. Both
authors read and approved the final manuscript.

Author details

! Academic Primary Care, Division of Applied Health Sciences, University of
Aberdeen, Aberdeen AB25 27D, UK. Research in Real Life (RiRL), 2 Changi
Business Park Avenue 1, Singapore 486015, Singapore. Research in Real Life
Limited, Cambridge CB24 3BA, UK. “Talmedica Ltd, St Crispin House, St Crispin
Way, Haslingden, Rossendale BB4 4PW, UK.

Received: 19 September 2015 Accepted: 30 October 2015
Published online: 02 December 2015

References

1. Dal Negro RW. Dry powder inhalers and the right things to
remember: a concept review. Multidiscip Respir Med. 2015;10(1):13.
doi:10.1186/540248-015-0012-5.

2. Rahimpour Y, Hamishehkar H. Lactose engineering for better performance
in dry powder inhalers. Adv Pharm Bull. 2012,2(2):183-7. doi:10.5681/
apb.2012.028.

3. Adams WP, Lee SL, Plourde R, Lionberger RA, Bertha CM, Doub WH, et al.
Effects of device and formulation on in vitro performance of dry powder
inhalers. AAPS J. 2012;14(3):400-9. doi:10.1208/512248-012-9352-7.

4. Clark AR, Hollingworth AM. The relationship between powder inhaler
resistance and peak inspiratory conditions in healthy volunteers—
implications for in vitro testing. J Aerosol Med. 1993,6(2):99-110.

5. Colthorpe P, Voshaar T, Kieckbusch T, Cuoghi E, Jauernig J. Delivery
characteristics of a low-resistance dry-powder inhaler used to deliver the
long-acting muscarinic antagonist glycopyrronium. J Drug Assess.
2013;2(0):11-6. doi:10.3109/21556660.2013.766197.

6. Azouz W, Chetcuti P, Hosker HS, Saralaya D, Stephenson J, Chrystyn H.
The inhalation characteristics of patients when they use different dry
powder inhalers. J Aerosol Med Pulm Drug Deliv. 2015;28(1):35-42.
doi:10.1089/jamp.2013.1119.

7. Pavkov R, Mueller S, Fiebich K, Singh D, Stowasser F, Pignatelli G, et al.
Characteristics of a capsule based dry powder inhaler for the delivery of
indacaterol. Curr Med Res Opin. 2010,26(11):2527-33. doi:10.1185/
03007995.2010.518916.

8. Chrystyn H, Safioti G, Keegstra JR, Gopalan G. Effect of inhalation profile and
throat geometry on predicted lung deposition of budesonide and
formoterol (BF) in COPD: an in-vitro comparison of Spiromax with
Turbuhaler. Int J Pharm. 2015;491(1-2):268-76. doi:10.1016/
Jijpharm.2015.05.076.

9. Laube BL, Janssens HM, de Jongh FH, Devadason SG, Dhand R, Diot P,
et al. What the pulmonary specialist should know about the new
inhalation therapies. Eur Respir J. 2011,37(6):1308-31. doi:10.1183/
09031936.00166410.

10.  Chapman KR, Fogarty CM, Peckitt C, Lassen C, Jadayel D, Dederichs J, et al.
Delivery characteristics and patients” handling of two single-dose dry-powder
inhalers used in COPD. Int J Chron Obstruct Pulmon Dis. 2011;6:353-63.
doi:10.2147/COPD.S18529.

11. Janssens W, VandenBrande P, Hardeman E, De Langhe E, Philps T, Troosters
T, et al. Inspiratory flow rates at different levels of resistance in elderly COPD
patients. Eur Respir J. 2008;31(1):78-83. doi:10.1183/09031936.00024807.

12. Pedersen S, Hansen OR, Fuglsang G. Influence of inspiratory flow rate upon
the effect of a Turbuhaler. Arch Dis Child. 1990,65(3):308-10.

Page 3 of 3

13. Chodosh S, Flanders JS, Kesten S, Serby CW, Hochrainer D, Witek Jr TJ.
Effective delivery of particles with the HandiHaler dry powder inhalation
system over a range of chronic obstructive pulmonary disease severity.

J Aerosol Med. 2001;14(3):309-15. doi:10.1089/089426801316970268.

14.  Al-Showair RA, Tarsin WY, Assi KH, Pearson SB, Chrystyn H. Can all patients with
COPD use the correct inhalation flow with all inhalers and does training help?
Respir Med. 2007;101(11):2395-401. doi:10.1016/j.rmed.2007.06.008.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://dx.doi.org/10.1186/s40248-015-0012-5
http://dx.doi.org/10.5681/apb.2012.028
http://dx.doi.org/10.5681/apb.2012.028
http://dx.doi.org/10.1208/s12248-012-9352-7
http://dx.doi.org/10.3109/21556660.2013.766197
http://dx.doi.org/10.1089/jamp.2013.1119
http://dx.doi.org/10.1185/03007995.2010.518916
http://dx.doi.org/10.1185/03007995.2010.518916
http://dx.doi.org/10.1016/j.ijpharm.2015.05.076
http://dx.doi.org/10.1016/j.ijpharm.2015.05.076
http://dx.doi.org/10.1183/09031936.00166410
http://dx.doi.org/10.1183/09031936.00166410
http://dx.doi.org/10.2147/COPD.S18529
http://dx.doi.org/10.1183/09031936.00024807
http://dx.doi.org/10.1089/089426801316970268
http://dx.doi.org/10.1016/j.rmed.2007.06.008

	Abstract
	Correspondence
	Authors response
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References



