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Abstract

This review integrates pharmaceutical science with routine clinical practice to explain why inhalation manoeuvres through a dry powder
inhaler (DPI) should start with a gentle exhalation, away from the inhaler. Place the inhaler in the mouth and ensure the lips form a tight
seal. This should be followed by an immediate forceful inhalation that is as fast as possible and continued for as long as the patient can
comfortably achieve. Although this is universally accepted, there has been a lot of attention on inhalation flow as an indicator of
adequate inspiratory effort. This has led to the wrong assumption that inhalation flows through each DPI should be the same, and that
low flows through some DPIs suggest that dose delivery is impaired. Most miss the concept that inhalation flow together with the
resistance of the DPI combine to create a turbulent energy which de-aggregates the formulation and provides an effective emitted dose.
A low flow through a DPI with high resistance generates the same turbulent energy as fast flow with low resistance. Therefore,
depending on the device, different inhalation flows are compatible with potentially effective use. Flow measurements should be a guide
to train patients to inhale faster. The focus of inhaler technique training should be the use of the above generic inhalation manoeuvre.
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Introduction

To ensure compliance with the prescribed inhaler regimen and
correct inhaler administration, patients should be prescribed an
inhaler that they can and will use. This is the theme of the recently
published European Respiratory Society/International Society for
Aesosols in Medicine (ERS/ISAM) Task Force Consensus
Statement on inhaler use!, and it is consistent with the
recommendations of the Aerosol Drug Management
Improvement Team (ADMIT) group which were consolidated in
their latest article published recently in this journal.? These
publications highlight the fact that the main problems with dry
powder inhaler (DPI) use experienced by patients with asthma
(children and adults) and chronic obstructive pulmonary disease
(COPD) are dose preparation and exhalation before an
inhalation, as well as not using a forceful inhalation.*® Broeders
et al.,? like many others, recommend that the patient’s ability to
generate an appropriate inhalation flow through a DPI should be
considered. However, this statement is vague and not well

defined, which leads to misinterpretations about inhalation flow
and DPIs.

Some COPD patients, as well as young children with asthma
and (to some extent) patients with severe asthma, have a reduced
inspiratory effort which leads to lower flows through the DPI®
which is why extra attention should be directed to these patients
when they use a DPI. Each type of DPI has a unique resistance to
airflow, and inhalation flows through high resistance devices are
naturally lower than through those with a lower resistance.®
Focusing on inhalation flow and not integrating this with the
resistance of the DPI, and extending this to the resultant turbulent
energy generated inside the DPI during an inhalation, has led to
misunderstanding about inhalation flow.

In this review we have used a science-based approach,
integrated with clinical practice, to explain why the ERS/ISAM
Task Force Consensus Statement states that important points to
consider with respect to the inhalation manoeuvre when using a
DPI are:
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Misconceptions about using dry powder inhalers

e Inhale as fast as you can
< Inhale forcefully from the start of an inhalation
e Continue the inhalation as long as possible

To assist with our explanation, we have included data on
three multidose DPIs — a medium resistance DPI (Accuhaler), a
medium/high resistance DPI (Turbuhaler), and a high resistance
DPI (Easyhaler). Although the recommended inhalation
manoeuvre! applies to all patients who use a DPI, this review will
concentrate on patients with COPD because of their reduced
inspiratory effort.

We also include the scientific rationale as to why patients
should exhale before an inhalation and why this exhalation
should not be made through the DPI. These were also
highlighted by the ERS/ISAM Task Force Consensus Statement.*

Inhale as fast as you can through a DPI

The emitted dose from an inhaler must contain drug particles
<5um to enable penetration into the airways.' However, it is not
possible to formulate DPIs to contain particles that are so small
because the formulation will have poor powder flow properties.
This would cause erratic inhaler filling during manufacture and
inconsistent dose metering during patient use. Poor powder flow
is improved by DPI formulations that are either a mixture of drug
particles and an excipient (usually lactose) or when the drug
particles are formulated into spherical agglomerates. The drug
particles in these formulations are too big to penetrate into the
airways. After dose metering, the formulation of a DPI is broken

up (de-aggregated) by a turbulent energy that is created by the
interaction of the patient’s inhalation flow with the resistance
inside the inhaler.” A schematic design of this process, using a
cross-section of the Easyhaler, is shown in Figure 1. The de-
aggregation occurs in the channel that leads from the metered
dose to the exit. Cross-sections of the Accuhaler and the
Turbuhaler are shown in Figures 2a and 2b and highlight where
the de-aggregation occurs in these DPIs (same principle as that
described in Figure 1). The turbulent energy is represented by a
pressure change inside each DPI during the inhalation
manoeuvre. Pressure is measured by various units (all are related)
with kilopascals (kPa) used for DPIs.

The turbulent energy inside a DPI during an inhalation is the
product of the inhalation flow and the resistance of the device:"

\VP=QxR
where P is the turbulent energy, Q is the inhalation flow and R is
the resistance. Hence, to achieve a set energy inside a DPI during
an inhalation, if the resistance is low then the inhalation flow will
be higher than that required through a DPlI with a higher
resistance. The resistance of reservoir multidose DPIs ranges from
medium (Accuhaler) to medium/high (Turbuhaler) to high
(Easyhaler).! The higher the resistance and the greater the
patient’s airflow obstruction, the lower will be the inhalation
flow,® but this does not necessarily translate to inadequate
turbulent energy and de-aggregation during patient use when
the inhalation flow is low. Furthermore, the above equation
shows that the relationship between flow and the resultant

Figure 1. The de-aggregation process that occurs in a dry powder inhaler (DPI) during an inhalation. This example
shows how the interaction between the patient’s inhalation and the resistance of the inhaler generates the turbulent

energy to split the small drug particles from their larger carrier (in this case lactose) particles. Reproduced from

Chrystyn® with permission

1. Dosing cup filled by shaking
the device vertically

3. Airflow in

2. Device actuation rotates the dosing
cup into the inhalation channel

4. Inhaler resistance

/ 5. Turbulent energy

6. De-aggregation

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

209



W Azouz and H Chrystyn

Figure 2. Cross section of (a) an Accuhaler and (b) a Turbuhaler. The area within the dashed line represents the
inhalation channels where de-aggregation occurs during an inhalation. Reproduced from Prime et al.®° and

Persson et al.*® with permission
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turbulent energy is not linear. The inhalation flows of patients
with COPD were, as expected, reported to be faster through an
Accuhaler than a Turbuhaler (111.4 vs. 76.9U/min) but the
resultant energy was the same." Similarly, in our COPD studies,
inhalation flows through an Accuhaler, Turbuhaler and Easyhaler
were in the expected order, but the maximum turbulent energy
inside each device during inhalation was 3.4kPa, 2.9kPa and
5.8kPa, respectively. Thus, although the flow through the
Easyhaler was the lowest, the turbulent energy available to de-
aggregate the dose was the highest. These energies may explain
the different flow-dependent dose emissions of these DPIs"and
why DPIs with a high resistance tend to provide greater lung
deposition with less variability than those with a lower
resistance.

When comparing different flows with the same DPI, the
above equation explains the flow-dependent dose emission
properties of DPIs.”® In the past this relationship has been
misrepresented by attempting to define an optimal flow. At
present there is no evidence for an optimal flow through each
DPI. Instead of trying to define optimal flow, focus should be
directed to the minimum flow through each DPI below which
de-aggregation is significantly reduced. /In vitro studies have
shown that there is an inhalation flow through a DPI below
which the turbulent energy is not sufficient to de-aggregate the
dose efficiently.” This study confirmed that, below 30L/min, the
turbulent energy will not be able to de-aggregate the
formulation of the Turbuhaler efficiently and there are clinical
data to support this." It is not correct to assume that this

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

threshold is the same for every DPI without any evidence. For
DPIs with a higher resistance than the Turbuhaler, the flow
corresponding to this critical threshold for turbulent energy will
be slower and vice versa.

Clinical studies using the Turbuhaler’® and the Accuhaler”
have identified why the minimum effective flow through these
DPIs is regarded to be 30L/min. The Easyhaler has a higher
resistance and therefore, as expected, is found to be effective™
and to provide similar lung deposition to a metered dose inhaler
(MDI) attached to a spacer’ at inhalation flows <30L/min (the
lowest flow was 16L/min)." This suggests that the resultant
turbulent energy generated from these low flows in this high
resistance DPl was sufficient to de-aggregate the dose and
highlights the fact that each type of DPI is unique. Owing to
these unique properties and the different dose preparation
manoeuvres, DPIs should be prescribed by brand name, not
generic name. Furthermore, a generic inhaler-switching policy
should not be used. It has been shown that, after switching
inhalers during the prescription and dispensing process, asthma
control was reduced and GP consultations increased.®® Thus,
although item costs would have been reduced, the total
healthcare costs would have increased.

When a forceful inhalation manoeuvre is used, most patients
can achieve adequate flows through their DPI."* However, some
young children®'*'*?" and patients with severe COPD®*" may have
problems. When checking their inhalation technique, if these
patients cannot make a determined forceful inhalation through
their DPI, they should be prescribed a DPI with lower resistance
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or an MDI, with or without a spacer. It has been reported that it
is possible to train patients with COPD to use correct flows
through a pressurised MDI rather than faster flows through a
DPI.%

There is also some concern about impaired inspiratory effort
during exacerbations which could translate to reduced dose
emission from a DPI. This concern is usually directed to patients
with COPD and young children with asthma because of their
reduced inspiratory effort. In COPD this effect during acute
exacerbations was not sufficient to cause concern,? but how this
reflects to real life is not known. Reduced dose delivery from all
DPIs should be taken into consideration during exacerbations.
Overall, the reduction in the inhalation flow achieved through a
high resistance device should be less than that of a low resistance
DPI.*

Inhale forcefully from the start of an
inhalation through a DPI

The de-aggregation of the metered dose in a DPI occurs during
the first part of the inhalation manoeuvre” and therefore the
patient should be made aware that the forceful inhalation should
be from the beginning. Figure 3 describes how the peak
inhalation flow (and hence the turbulent energy) can be achieved
using two different inhalation manoeuvres and also shows that
the de-aggregated dose leaves a multidose DPI in the first part of
the inhalation, before the peak inhalation flow is achieved.”
Comparing the two inhalation profiles in Figure 3, there would
be a big difference between the turbulent energy that is created

Figure 3. Inhalation flow against time profiles of two
different inhalation manoeuvres through a dry powder
inhaler (DPI). The two profiles have the same peak
inhalation flow. The one with the steep acceleration is a
forceful inhalation from the start of an inhalation (solid
line) whereas the profile with a gentler acceleration is

an inhalation manoeuvre that starts slowly and
gradually builds up into a flow that is as fast as possible
(dashed line). Superimposed onto the profiles is the
time period during which the dose is de-aggregated and
emitted from the DPI. Adapted from Chrystyn & Price®
with permission
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in the first part of the inhalation when de-aggregation occurs.
The turbulent energy during the initial phase of an inhalation is
only linked to the peak inhalation flow when the forceful
inhalation starts immediately.”’ The ERS/ISAM Consensus
Statement therefore recommends that patients should be
instructed to inhale forcefully from the beginning and should not
increase the speed of their inhalation gradually.'" This again
highlights the value of integrating pharmaceutical science with
practice.

Not inhaling forcefully and deeply is one of the common
mistakes made by patients with COPD,” and this can be
improved with training.’ It is therefore important to train patients
to use a forceful inhalation from the start of their inhalation. This
could be done by observation or with the help of the IN-Check
Dial (Clement Clarke International, UK). The IN-Check Dial is a
useful training aid® that can be used with inhalation technique
training to help patients achieve a faster inhalation flow. It
should be used with a visual check that the patient is inhaling
forcefully from the beginning. There is no clear clinical evidence
of the optimal flow required for a DPI, so care should be used if
the In-Check Dial is used as a device selection tool.

Inhale for as long as you can

Another inhalation parameter which has been mostly ignored to
date is the inhalation volume. In vitro studies have shown the
importance of the inhalation volume for emptying the dose from
a capsule DPL.* For this reason, the ERS/ISAM Task Force has
recommended that each patient should use two separate
inhalations when using a capsule DPI and that, for each DPI, the
inhalation should continue for as long as possible." De-
aggregation of the dose emitted from a capsule DPI also requires
the recommended immediate forceful inhalation.” Other in vitro
studies have shown the significance of dose emission and
inhalation volume from multidose DPIs, which is more
pronounced for some®* but not sufficient to warrant two
separate inhalations per dose.

Patients with COPD have low inhalation volumes when they
inhale through DPIs.*" Since failing to exhale before an inhalation
through a DPI is a common mistake®™ and lung deposition is
related to the extent of the exhalation,® patients should be
trained to exhale gently before they start to inhale. The increased
volume will ensure better drug penetration into their airways and
deposition onto the therapeutic targets in the lungs.

Exhale away from the DPI before an
inhalation manoeuvre

Many patients exhale through their DPIs,** and this will introduce
moisture into the formulation. This affects powder flow which
will cause problems with dose metering and de-aggregation.”
Depending on the internal design of the DPI, some will be
affected more than others. Also, exhalation after the dose has
been prepared for inhalation will blow the dose out through the
inhalation channels of the DPI. The patient will therefore receive
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no dose during inhalation, so patients should be trained to
exhale away from their inhaler.’

Dry powder inhaler choice

The principles and implications described above also apply to
patients with asthma (children and adults) when they use a DPI.
The current trend for COPD is to use inhaled long-acting
bronchodilators (long-acting B2-agonists and long-acting
muscarinic antagonists) formulated in different DPIs. These DPIs
will have different resistances, so we should not compare the
different flows achieved nor focus on optimal flows. The inhaler
prescribed should be one that the patient can and will use, so
patient choice is more important than prescriber preference.
Thus, prescribers should be aware of the different instructions
about dose preparation, but the inhalation manoeuvre is generic.
When using a DPI, patients should be aware of the
recommended dose preparation procedures and the need to
exhale away from the inhaler immediately before inhalation.
Dose preparation errors are common®*® and are likely to lead to
no dose being inhaled. Those DPIs with a few simple dose
preparation steps should be easy to use. Patients should also be
aware of their lack of compliance because this is the most
important critical error.

Guides based on inhalation flow'** are available for choosing
inhalers, but these assume that the resistance of all DPIs is the
same. These guides are useful, especially for young children with
asthma and patients with severe COPD, but inhalation flow
should not be used as the criterion to select the inhaler.

It is important that there is a range of therapies in the same
device but, for patients with COPD, this is not possible at
present. Although using more than one type of inhaler does
cause problems,* one solution would be to use DPIs that have a
similar resistance. Training aids are useful,® but at present they
are not sufficiently sophisticated to ensure that the inhalation
manoeuvre recommended for a DPI is achieved. Such a training
aid should monitor inhalation flow with respect to time and
translate this into turbulent energy, acceleration rates and
inhalation volumes.

Conclusions

This review has integrated pharmaceutical science with the
routine use of DPIs to explain that inhalation flow through a
DPI should not be considered in isolation. The review explains
that the turbulent energy generated inside an inhaler is more
important than inhalation flow, and it describes how this is
generated during an inhalation manoeuvre. Training in
inhalation technique with a focus on using a gentle exhalation
followed by a forceful inhalation from the start (i.e, as fast as
the patient can achieve) and continued for as long as possible
should ensure that most patients can use a DPI irrespective of
the resistance of the device or the severity of their chest
disease. Low inhalation flows through a DPI with high
resistance do not mean that patients should not be prescribed

PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

that inhaler compared with a higher flow through a DPI with
less resistance. Some patients with COPD, especially those
with severe disease, as well as some young children with
asthma may have problems achieving the critical threshold for
de-aggregation of the formulation from the inhalation flows
they achieve. If these patients cannot use a forceful inhalation
that begins immediately, an alternative inhaler should be
prescribed (MDI with or without a spacer, Respimat for
COPD).
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