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Inhaler Devices & Drugs >250 = confusion!

Devices

• pMDI

• Spacers

• DPI

• Nebulisers

Inhaled Drugs

• SABA

• SAMA

• LABA

• LAMA

• ICS

• ICS/LABA

• LAMA/LABA

Too many devices!



Inhalers use by patients over the past 40 
years



Inhaler-specific serious error

n=3.654 asthma patients Price D, Roche N, Lavorini F  et al IPCRG meeting 2014
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Association between pMDI errors and uncontrolled asthma



2017

Association between DPI errors and uncontrolled asthma



Diskus MDITBH Respimat Diskus MDITBH Respimat Diskus MDITBH Respimat Diskus MDITBH

No errors Critical  errors Device independet 

errors
Device dependent  

errors

2017

Respimat

Non breath-actuated inhalers Mainly due to dose preparation



Patients satisfaction with their inhaler is an important 
factor driving treatment compliance in COPD



Problems with All 
Inhaler Types

pMDIs:
- High oropharyngeal deposition, slow inhalation,

coordination with inhalation.

DPIs: 
- Different device preparation, fast inhalation from the 

beginning, storage.

Nebulisers:
- Bulky, noisy, poor lung deposition, expensive. 

So, which inhaler is 

right for your patient? 



•Inhaler’s features;

•Patient’s characteristics.

•Inhaler’s features;
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Correct drug delivery from inhalers is dependant on the 

patient: a) Preparing the device correctly; 

b) Inhaling correctly.



Advantage of pMDIs: familiarity 



DPIs on the other hand…..



Crucial differences between device types



Inhaler choice: the UK perspective (i) 

Usmani, Capstick, Chowhan & Scullion. www.guidelines.co.uk 

Action 1. Assess patient’s inspiratory ability observe the patient inhaling (using their 
own inhaler if possible)

http://www.guidelines/


Inhaler choice: the UK perspective (ii) 

Usmani, Capstick, Chowhan & Scullion. www.guidelines.co.uk 

Action 2. Patient engagment and inhaler technique

http://www.guidelines/
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Hochrainer et al J Aerosol Med 
2005
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Respimat may 
reduce 

the need of 
hand-breath 

coordination !

Respimat: aerosol cloud characteristics 



Drug delivery to the lungs with 

Respimat is more efficient than with 

HFA-pMDI..



Dry Powder Inhalers
•Practical advantages similar to pMDIs; no propellants

•Contain micronised drug attached to larger carrier
particles;

•Actuated and driven by patient’s inspiration; no hand-
breath coordination required

Pre-metered 
Single Dose Unit

Drug reservoirPre-metered 
Multiple Dose Unit
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Rinh

1
Q = √dP
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Modified from Al-Showair et al Resipr Med 2007; P. Krüger et al ERS meeting 2014  

√dP = Q X    Rinh

Inhaler
resistance 

Inspiratory flow

Pressure 
drop

“..with a low resistance inhaler you need a higher 
inhalation flow than with a high resistance inhaler.”  

Inhaler resistance +-



Similar results for 2-agonist Adapted from:
1 De Boer et al. Eur J Pharm Biopharm 2015;
2 Grant A et al JAMPDD 2015.

DPI
Resistan

ce

Flow 
rate 

(4 kPa)

(kPa0.5.min.
L-1)

(L/min)

Turbuhaler 0.0340 58.8

NEXThaler 0.0339 59.0

Ellipta* 0,0286 72,5

Diskus 0.0293 73.3

Elpenhaler 0.0273 68.3

# # # #* In vitro data do not 
necessarily correlate 

with clinical 
effectiveness

#, data from 1;* , data from 2

Mean delivered ICS fine particle fraction 
(FPF) as function of kPa (in vitro)



The single-unit, capsule-based DPI  requires the patient to load a 
single hard gelatine capsule containing the powder formulation into 
the device before each use

Capsule piercing by needles is essential to release the powder from 
the capsules. 

The capsule motion under inhalation airflow essentially governs the 
powder emission, whereas the airflow around the capsule  in the 
turbulence inhaler chamber reinforced the disaggregation and 
dispersion of the powder. 



The spinning motion of capsule is the most powerful mechanism 

for improving the overall aerodynamic performance. 

Capsule-based

Device selection

Courtesy by F. Buttini



The spinning motion of capsule is the most powerful mechanism 

for improving the overall aerodynamic performance. 

Capsule-based

Device selection

Courtesy by F. Buttini



www.admit.inhalers.com

DPIs: essential steps for drug inhalation
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Objectives: to compare critical errors with the Diskus 
(4-steps DPI) and with the Elpenhaler (11-steps DPI).

Results: 17% of patients made at least 1 critical error 
with the Diskus ; 40% with Elpenhaler (P<0.01).

Diskus = 4 steps

1. Open the inhaler
2. Push lever back completely 
3. Inhale
4. Close the inhaler

Elpenhaler = 11 steps

1. Open the storage compartment
2. Take blister strip
3. Close the storage compartment 
4. Open protective cap
5. Push back mouthpiece to reveal supporting surface
6. Place blister strip correctly on supporting surface
7. Close mouthpiece correctly
8. Gently pull the protruding end of the strip
9. Inhale
10.Remove the strip
11.Close the inhaler 



www.admit.inhalers.com

DPIs: essential steps for drug inhalation
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Number of patients making 0, 1, ≥2  
serious errors

Odds ratio (≥1 serious errors) with 
Pulmojet vs Diskus or vs Turbohaler

The less the operation steps, the less the 
probability of serious errors in the DPI use. 



www.admit.inhalers.com

DPIs: essential steps for drug inhalation

0

2

4

6

8

10

12

E
s
s
e
n

ti
a
l 

s
te

p
s
 (

n
o

.)

3 3 3 4 4 5 8 11

E
ss

e
n
ti
a
l 
st

e
p
s 

(n
o
)

12

10

8

6

4

2

0 



COPD patients (n=567) Asthma patients (n=162)

The less the operation steps, 
the less the critical errors in inhaler use

2016



Inhaler Steps

(no)

Time (sec.) for nurse’s 

teaching and patient’s 

learning 

Successful inhaler 

technique at 1st

attempt

Attempts before 

achieving proper 

actuation 

(%)

Breezhaler 7 615 ±301 18 2.6 ± 1.1

Turbuhaler 6 350 ± 85 9.5 2.5 ± 1.0

Respimat 4 150 ± 95 62.4 1.6 ±0.8

Diskus 4 155 ± 35 45.5 1.5 ± 1.0

Genuair 3 170 ± 40 55.7 1.6 ± 1.0

mean ± SD

Teaching and learning data obtained 

in asthma ad COPD patients 

mean ± SD

Adapted from Dal Negro R and Povero M. MRM 2016



•Inhaler’s features

•Patient’s characteristics



Rootmensen, JAMPDD 2010 

Determinants of inhaler use



Potential issues that may prevent elderly COPD 
patients from using inhaler devices properly



Rootmensen, JAMPDD 2010 

Determinants of inhaler use



Lung deposition is altered with increasing 
severity of airway obstruction 

Healthy subject

Laube BL et al Respiratory Care 2005 

FEV = 25% FEV = 45%

Patients with various degrees
of airway obstruction

FEV = 60%FEV1 = 50%



Inhaler error rate increases with the degree 
of airway obstruction and with patient’s age 



Determinants of inhaler use

Rootmensen, JAMPDD 2010 



Adjusted odds or rate ratio (95% CI)

Mixed devices = 1.00

Greater asthma control and fewer 
exacerbations with patients using only one 

device type 



Better COPD outcomes and fewer exacerbations 
with patients using only one device type 



Patient

Conscious 
inhalation 
possible

Conscious 
inhalation 
not possible

Insufficient 
inspiratory flow

Sufficient 
inspiratory flow

Coordination –

Coordination +

Coordination –

Coordination +

Elderly patients with 
cognitive limitations

Patients with severe 
hyperinflation and 
during exacerbations

Poor hand-lung 
coordination

Poor hand-lung 
coordination

• pMDI ± spacer
• DPI
• Breath-actuated aerosol
• Soft mist inhaler

• pMDI + spacer
• DPI
• Breath-actuated aerosol

• pMDI + spacer
• Breath-actuated aerosol
• Nebuliser

• pMDI ± spacer
• Breath-actuated aerosol
• Soft mist inhaler

• pMDI + spacer
• Nebuliser

Suggested hierarchy for best match





The Choice of Inhaler Device: Summary

 Several delivery systems are currently available but 
many more are in clinical development.

 The choice of inhaler device should be based on an 
evidence-based awareness rather than on empirical 
basis. 

 Inhalers’ features as well as patients’ characteristics 
should be considered in the choice of inhaler devices 
and development of future delivery systems.



Questions ?

Thanks for your kind attention !


