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Summary
As chronic obstructive pulmonary disease (COPD) becomes more severe, the ability of the patient to perform the
correct inhalation manoeuvre becomes progressively limited and may fall below that required for correct use. The
physiological effort associated with achieving this has seldom been expressed with the focus on peak inspiratory
flow and resistance: duration and flow profile are also important. We have quantified the effort of untrained and
trained moderate (n=12) and very severe (n=10) COPD volunteers to use seven commonly used pMDI, DPI and
SMI devices in a minimally adequate way (n=6: Evohaler, Respimat, HandiHaler, Breezhaler,
Turbohaler, Ellipta, and NEXThaler). Patient flow profiles, at three resistances (0.04, 0.16 and 1.00
kPa½/L.min-1) were accessed from a database, enabling interpolation and modelling to the devices. Device
resistances were measured and enumerated at the device-effective flowrate. Duration of inhalation was
determined from the literature, combined with an assessment of time for actuation/coordination, aerosol delivery,
‘chase’ air, and capsule emptying. Energy (airWatts, aW), was calculated as volume (m3.sec-1) x pressure (kPa).
To provide a comparable value for each inhaler, Energy (aW) was multiplied by duration (sec) to express the
Effort of inhalation. The data show that training helps subjects to exert a greater effort. Untrained subjects who
produced insufficient Effort or who were close to failure were able to deliver adequate Effort following training.
Devices that propel the medication towards the patient (pMDI, SMI) require less inspiratory Effort. Post-training,
all of the devices were within the theoretical capability of the subjects for successful use.
Key Message
A new patient-inhaler parameter (inspiratory Effort) has shown that untrained subjects exert less effort than
trained subjects, and that some inhalers require an inspiratory effort that is beyond the capability of the untrained
subject: for those devices training must be regarded as a necessity.
Introduction
Patients taking inhaled medication need to be able to use their inhaler correctly to ensure effective treatment.
Many patients believe that they are doing so when, in reality, they are making important errors [1]. Correct inhaler
use entails not only preparing the device but also making an inspiratory manoeuvre appropriate to receive the
medication: the slow gentle deep inhalation for pressurised metered dose inhalers (pMDIs) and the fast, powerful,
deep inhalation for dry powder inhalers (DPIs) [1]. Much has been written about the difficulties patients have with
technique and particularly with the appropriate inspiratory flowrate [2]. As chronic obstructive pulmonary disease
(COPD) and asthma—the latter particularly during periods of worsening control—become more severe, the ability
of the patient to perform the correct inhalation manoeuvre becomes progressively limited and may fall below the
level required for the correct use of a particular inhaler [2-3]. The physiological effort associated with achieving this
has seldom been expressed. Previously studies have focused largely on peak inspiratory flowrate and resistance,
ignoring the impact of duration or the full importance of the flow profile [4-6].
We have sought to quantify the patient effort required to use particular devices in a minimally adequate way,
using the three elements that contribute to that effort: (i) the resistance of the inhaler to air flow, (ii) the inhalation
flowrate necessary for acceptable use, and (iii) the duration of inhalation. By considering duration as well as
flowrate and resistance we can express inhalation as an effort. We investigated the inspiratory effort that subjects
with COPD could apply relative to the effort necessary for minimally successful inhaler use. We have completed
these effort determinations for seven commonly used inhaler devices.
Experimental methods
Firstly, we accessed a database of inspiratory profiles for COPD subjects classified by severity (moderate: FEV1
50%-80% predicted, severe: 30%-50% and very severe <30%) [7]. The subjects had been asked to inhale (without
training) through three different resistances (0.04, 0.16 and 1.00 kPa½/L.min-1). They were then trained to inhale
forcefully, and asked again to inhale against the three resistances. These flow profile data enable interpolation
and modelling to a range of different device resistances that cover marketed inhaler products.
Secondly, we obtained six replicates of seven commercial inhaler devices (Table 1) and measured device
resistance for each device using the Clark and Hollingworth method [8]. All measurements were made on the
same calibrated equipment, by the same operator (AG) and in the same laboratory. The devices were a pMDI
(Evohaler, GSK), a Soft Mist inhaler (SMI, Respimat, Boehringer Ingelheim), high resistance and low
resistance capsule DPIs (HandiHaler, Boehringer Ingelheim and Breezhaler, Novartis), high resistance
reservoir and low resistance blister DPIs (Turbohaler, AstraZeneca and Ellipta, GSK) and a breath actuated
reservoir DPI (NEXThaler, Chiesi). Active pharmaceutical ingredients are provided in the footnote. The mean
resistance for each device was interpolated at the flowrate considered effective for that device as determined from
the literature [9-12].
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Table 1 – Details and properties of the Inhaler devices (c = capsule, b = blister, r = reservoir)

We then attributed values to each device for a minimum effective inspiratory flowrate based on manufacturers’
information and supported by studies at a range of different flowrates [9-10]. Similarly, published references were
used where available for the duration of inhalation to achieve minimally correct usage [13], combined with a
pragmatic assessment of the total timing for actuation/coordination, delivery of aerosol and the ‘chase’ air that
drives the drug into the lung [9]. In the case of the capsule devices (Breezhaler and HandiHaler), we also
conducted confirmatory testing by connection to a precision vacuum pump (Copley LCP5, Copley Scientific
Limited, Nottingham, UK) to ensure that capsule rattle—the signal of capsule movement and thereby powder
displacement—and capsule emptying were within pre-determined times at a particular flowrate. In the case of
devices that are manually actuated (pMDI, Respimat) a time factor for coordination was considered: based on
earlier work with Respimat we adopted a 0.5s coordination time [13].
The components of an inspiratory effort determination per device were therefore available. Inspiratory Effort
(airWatts per inhalation, aW) was calculated as volume (m3.sec-1) x pressure (kPa) x duration (seconds). The
modelling for moderate (n=12) and very severe (n=10) COPD patients both untrained and trained are presented.
Results
Flowrate, resistance, and duration data are given in Table 1. Ideal inspiratory Effort values (airWatts per
inhalation), and those for untrained and trained COPD subjects are given in Table 2. Within inhaler, the untrained/
trained ideal values differ slightly owing to the zero to peak acceleration portion of the ideal profiles (which are
based on the subject profiles). The ratio of ideal to subject ability to generate a minimally adequate Effort is given
as a percentage: failure being represented by >100%. An example of an inspiratory flow profile in untrained and
trained subjects (mean values) is given in Figure 1.

Figure 1 – Turbohaler: modelled flow profiles in untrained (left) and trained (right) very
severe COPD subjects (mean, n=10).
subject Effort;
ideal Effort.
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Moderate COPD (FEV1 50-80% predicted)
Device

UNTRAINED

Type

TRAINED

Ideal

Subject
(mean)

Effort
%

Ideal

Subject
(mean)

Effort%
0.2

Evohaler

pMDI

0.0006

0.15

0.4

0.0008

0.47

Respimat

SMI

0.03

0.76

3.9

0.05

2.20

2.3

c-DPI

0.70

2.53

27.7

0.80

6.90

11.6

Breezhaler

c-DPI

0.87

1.58

55.1

1.00

4.10

24.4

Ellipta

b-DPI

0.40

1.68

23.8

0.40

4.10

9.8

Turbohaler

r-DPI

0.87

2.44

35.7

0.90

5.70

15.8

NEXThaler

r-DPI

1.80

3.15

57.1

1.50

7.50

20.0

HandiHaler

Very Severe COPD (FEV1 <30% predicted)
Device

UNTRAINED

Type
Ideal

Subject
(mean)

TRAINED
Effort
%

Ideal

Subject
(mean)

Effort
%

Evohaler

pMDI

0.0005

0.06

0.8

0.0003

0.15

0.2

Respimat

SMI

0.03

0.29

10.3

0.03

0.80

3.8

HandiHaler

c-DPI

0.67

1.62

41.4

0.80

3.60

22.2

Breezhaler

c-DPI

0.70

0.57

122.8

0.90

1.70

52.9

Ellipta

b-DPI

0.37

0.61

60.7

0.40

1.90

21.1

Turbohaler

r-DPI

0.89

1.02

87.3

0.90

2.90

31.0

NEXThaler

r-DPI

1.80

1.42

126.8

1.50

3.80

39.5

Table 2 - Inspiratory Effort values

Discussion
It is well recognised that the effort of using inhalers varies with their specific resistance but few studies have
considered the influence of duration on the ability of the subject to generate the effort necessary to use a
particular device. Inspiratory power and energy research in healthy paediatric and adult volunteer users of DPIs
found age- and height-related effects and provided recommendations linking device resistance to comfort of use
[14]. Determination of inspiratory manoeuvre duration is important and with a move to incorporate objective
measures of inhaler performance this parameter will need to be properly mapped for future developments. Our
work has been based on a pragmatic rationalisation that some chase air is needed to carry the medication deep
into the lung and we attributed an approximate volume of one litre. For inhalers that deliver the dose very rapidly,
the chase air duration follows delivery but for those with slower delivery the chase air begins during the delivery
and extends, to some extent, post-delivery. We have attributed durations that are justified by pragmatic
reasoning, but arguably different values could be rationalised.
Known ‘optimal’ flowrates and capsule emptying are not necessarily a marker of adequate delivery because
higher flowrates may be necessary to drive powder deagglomeration [2]. For example we did note that the
Breezhaler capsule emptied at 21 L.min-1 but a minimum flowrate of 50 L.min-1 is recommended from the
literature [9]. The higher resistance of the HandiHaler brings more separation force to the powder at a lower
flowrate and clinical studies have identified 20 L.min-1 as adequate [9]. The implication of this is that a patient could
achieve successful delivery from the HandiHaler at a rate at which Breezhaler would not work, and that to achieve
successful minimally adequate delivery from Breezhaler the patient would be required to exert greater effort.
Unsurprisingly, the two devices that propel the medication towards the patient (pMDI, SMI) require markedly less
inspiratory Effort than the DPIs studied. Not all medications are available via the pMDI and the SMI delivery
systems. The necessity of multiple inhaler use for any chronic patient leads not to the conclusion that all patients
should use low Effort requirement inhalers but that a clearer appreciation of the different inspiratory Effort
requirements and appropriate training are necessary to ensure minimally adequate delivery. This is underpinned
by the finding that—post-training—all of the devices were within the theoretical capability of the subjects for
successful use.
The other immediate observation from the current data is that training helps subjects to exert a greater effort. The
modelling indicates that subjects who could not produce sufficient Effort or who were close to failure when using a
device in an untrained, spontaneous manner were then able to deliver adequate Effort following training. This
appears most relevant to devices with a higher Effort requirement and in the very severe subjects; for example,
Breezhaler, Turbohaler and NEXThaler.
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In general, our results reveal that untrained subjects exert less effort than trained subjects and this supports the
call for inhaler technique training that is made in most guidelines. Some inhalers require an inspiratory effort that
is beyond the capability of the untrained subject, and for those devices training must be regarded as an absolute
necessity. Interestingly, a recent study of the cost-effectiveness of improving suboptimal inhaler adherence (use
and technique) in COPD patients calculated that intervention—including training—would result in worthwhile
economic and clinical benefits [15].
Conclusion
The data indicate that COPD severity has an important influence on ability to use inhalers. Some inhalers may be
beyond the capability of some COPD subjects to use correctly. While DPI inhalers appear similar in a higher Effort
requirement, there are powder-presentation effects, e.g. duration of capsule emptying that may be clinically
relevant. Inspiratory Effort assessments may represent an important consideration for inhaler device selection and
merit further investigation.
Footnote
Evohaler pMDI (100g salbutamol); Respimat SMI (2.5g tiotropium / 2.5g olodaterol); HandiHaler capsule DPI (18g
tiotropium); Breezhaler capsule DPI (85g indacaterol / 43g glycopyrronium); Ellipta blister DPI (55g umeclidinium / 22g
vilanterol); Turbohaler reservoir DPI (160g budesonide / 4.5g formoterol); NEXThaler reservoir DPI (100g beclomethasone
/ 6g formoterol).
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