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ABSTRACT: The ability of patients with severe airflow limitation 
(forced expiratory volume in one second <1.0 l or peak expiratory 
now rate <200 l•min·1) to use a new breath-actuated Inhaler (BAI) was 
assessed. One hundred and nfty six patients attending two respira­
tory units entered and completed the study. Subjects were Instructed 
how to use the device and after attempting to trigger the BAI had 
now-volume loops measured. One hundred and ftfty one (97%) were 
able to actuate the Inhaler on their first (146) or second (5) attempt. 
The five unsuccessful patients did not have the most severe airways 
obstruction. It Is concluded that this new device, which is actuated at 
low Inspiratory flow rates, can be used by patients with severe 
alrnow limitation and represents an Important advance In Inhaler 
technology. 
Eur Respir ]., 1991, 4, 172-174. 

Since the metered-dose inhaler (MDI) was introduced 
into clinical practice in 1956 it has become a widely 
used and effective method of administering treatment 
in patients with airflow obstruction [1, 2]. Although 
the device is small and simple in design, many 
patients have difficulty in using it and obtain less than 
maximum therapeutic benefit [3, 4 ]. Patients can 
make many mistakes using an MDI [5], the 
most common being an inability to co-ordinate actuation 
of the inhaler with inspiration [3]. Attempts to 
overcome co-ordination problems have included the 
introduction of "spacer" chambers [6, 7] and dry 
powder inhalers [8]. 

The development of a breath-actuated device, which 
is triggered at a low inspiratory flow rate, has been a 
fundamental approach to improve drug delivery using 
an MDI. Early versions were bulky, generated a loud 
"click" when the valve mechanism was triggered and 
required generous inspiratory flow rates for actuation. 
A new breath-actuated inhaler [BAI] has been 
developed which is only slightly larger than a conven­
tional MDI (fig. 1), has a quiet triggering mechanism 
and is actuated by inspiratory flow rates of approxi­
mately 30 /·min·1 [9]. Untrained subjects have been re­
ported to find it easier to use and preferable to a 
standard MDI [10]. 
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This study was undertaken to assess whether adult 
patients with severe chronic airflow obstruction were Fig. 1. - The new breath-actuated inhaler. 
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capable of using this BAI and to document the inspira­
tory and expiratory flow rates generated at the time of 
testing. 

Patients 

Patients with chronic airflow limitation attending 
the Respiratory Unit, Northern General Hospital, 
Edinburgh and the Chest Unit, City Hospital, 
Edinburgh were enrolled. All had chronic bronchitis, 
emphysema or chronic asthma. To be eligible for 
study they required either a forced expiratory volume 
in one second (FEV

1
) <1 l or a peak expiratory 

flow rate (PEFR) <200 /·min-1• The study protocol 
was approved by the Lothian Ethics of Medical 
Research Committee. 

Methods 

Pulmonary function tests were performed using a 
Vitalograph Compact Spirometer (Vitalograph Ltd, 
Maid's Moreton, Bucks, UK). The inhaler units used 
(Aerolin Autohaler, 3M Riker Laboratories, 
Loughborough, UK) contained no active drug but were 
filled with a propellant and a surfactant only. 

The study was of an open design to evaluate the 
inhaler as a device only. No attempt was made to 
assess what proportion of the administered dose 
entered the airways. All patients were studied after a 
15 min resting period. An initial FEY~ and PEFR 
was performed to ensure that patients satisfied the entry 
criteria. They were instructed both verbally and by 
demonstration how to use the inhaler and then asked 
to inhale through the device in the presence of an 
investigator. 

The BAI was "primed" for the patient by raising 
a small lever in the top of the unit. A triggering 
mechanism prevents dose release until a low flow 
inspiratory effort moves a blocking vane to allow the 
device to be fired. Successful operation was easy to 
assess by the investigators since a very slight "click" 
together with the noise of the propellant release was 
audible as the inhaler fired. When a patient failed to 
trigger the BAI the blocking vane could be seen to be 
still occluding the mouthpiece. 

Immediately after inhaler use, flow-volume loops 
(the best of three attempts) were recorded. FEV

1
, 

PEFR, forced inspiratory flow at 50% of vital 
capacity (FIF

50
) and maximum inspiratory flow rate 

(MIFR) were measured. Patients who failed to operate 
the inhaler at their first attempt were re-studied on a 
separate occasion. 

Results 

A total of 156 patients entered and completed the 
study, 91 were hospital in-patients and 65 out­
patients. There were 74 men, mean age 68.8 yrs 

(range 34-90 yrs) and 82 women, mean age 65.4 yrs 
(range 30-80 yrs). The pulmonary function values 
obtained for all subjects are shown in table 1. The 
patients were subdivided into three subgroups 
according to their pre-test FEV1 on entry into the 
study. Group 1: FEV

1 
0.75-1.0 /; Group 2: FEV

1 
0.5-0.75 l and Group 3: FEV1<0.5 /. There was a 
wide scatter of results for other measurements within 
each of these subgroups. 

Of the 156 patients studied, 151 (97%) were able to 
actuate the inhaler on their first (146) or second (5) at­
tempt. Five patients failed to trigger the device. 
Their pulmonary function data are shown in table 2. 
Two patients unable to trigger the inhaler were in 
group 2 and three in group 1. Two patients were 
re-studied and were still unable to trigger the device 
and the remaining three patients were not available for 
a second study day. 

Table 1. - Pulmonary function values of all patients 

Group 1 Group 2 Group 3 
n=52 n=66 n=38 

FEY
1

l 0.88±0.19 0.63±0.07 0.43±0.06 
(0.76-1.22) (0.51-(), 75) (0.31-().5) 

PEFR l·min'1 168.3±49 130.3±38 117.6±49 
(68-263) (46-227) (50-253) 

FIF~0 l·min·1 119±59 105.6±48 105.6±47 
(34-286) (27-245) (40-257) 

MIFR l·min-1 134.4±63 119.4±47 116.7±48 
(45-302) (45-257) (47-262) 

Mean±so (range). FEY
1
: forced expiratory volume in one 

second; PEFR: peak expiratory flow rate; FIF~0: forced 
inspiratory flow at 50% of vital capacity; MIFR: maximum 
inspiratory flow rate. 

Table 2. - Pulmonary function values of the 5 patients 
unable to trigger the inhaler 

Patient Attempt FEY
1 PEFR FIF~0 MIFR 

no. no. I l·min-1 l·min·1 /·min·1 

20 1 0.6 97 60.6 67 
2 0.5 70 39.0 43 

44 1 0.73 98 70.2 89 
2 0.72 83 79.2 82 

72 1 0.78 119 81.6 85 
77 1 0.78 139 72.0 88 
79 1 0.79 167 105.6 183 

For abbreviations see legend to table 1. 

Discussion 

Although inhalation therapy is widely prescribed in 
patients with obstructive airways disease it is well 
known that many have a faulty inhaler technique and 
therefore will not receive the maximum benefit from 
treatment [3, 8]. Developments which simplify 
inhaled drug delivery are to be welcomed. In this 
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study we have assessed the ability of a large group 
of patients with severe airflow limitation to use a 
new breath-actuated inhaler. The vast majority (97%) 
were able to actuate the device after a brief instruc­
tion period, a figure which far exceeds the published 
success rates for both normal subjects (including 
doctors) and patients using a standard MDI for the 
first time [3, 5, 10-12]. 

All the subjects tested had severe airways obstruc­
tion as assessed by measurement of FEV 

1 
and PEFR at 

the time of study, although there was a wide variation in 
measurements of inspiratory flow rates and in particular 
a poor correlation between PEFR and MIFR (table 1). 
This observation, which has been noted previously [13, 
14], may be explained by expiratory airways collapse in 
patients with emphysema and by the fact that forced 
inspiratory flow, unlike forced expiratory flow, is pre­
dominantly effort-dependent [15). Five patients out of 
156 failed to actuate the device, with two failing on two 
separate occasions. The reasons for failure are unclear. 
None had particularly low expiratory flow rates (table 2) 
and all were capable of generating sufficient inspiratory 
flow to trigger the device. Indeed we found no correlation 
between the degree of airflow limitation and the ability 
to "fire" the inhaler. Presumably the unsuccessful pa­
tients performed quite different inspiratory manoeuvres 
when breathing through the spirometer and when using 
the BAI. 

This new BAI has been shown in the laboratory 
to be triggered by flow rates of approximately 
30 l·min·1 [9). In clinical practice the device should 
therefore fire early in the inspiratory cycle which may 
increase drug delivery to peripheral airways [16). A 
previous study [10) has shown that a group of 70 adults 
with no experience of inhalers found this BAI easier to 
use and preferable to the standard MDI. The study 
reported here confirms that this BAI can be actuated by 
patients with severe airways obstruction. 

Acknowledgements: The authors thank J. Bass and 
J. Simmons of 3M Riker for their help with organizing 
the study and J. Holywell and F. Mathers for preparation 
of the manuscript. 

References 

1. Clarke SW.- Inhaler therapy. Q J Med, 1988, 253, 355-
368. 
2. Larsson S, Svedmyr N. - Bronchodilating effect and 
side-effects of beta

2
-adrenoreceptor stimulants by different 

modes of administration. Am Rev Respir Dis, 1977, 116, 861-
869. 
3. Crompton GK. - Problems patients have using 
pressurized aerosol inhalers. Eur J Respir Dis, 1982, 63 
(Suppl. 119), 101-104. 
4. Lindgren S, Bake B, Larsson S . - Clinical 
consequences of inadequate inhalation technique in asthma 
therapy. Eur J Respir Dis, 1987, 70, 93-98. 

5. Epstein SW, Manning CPR, Ashley MJ, Corey 
PN. - Survey of the clinical use of pressurized aerosol 
inhalers. Can Med Assoc J, 1979, 120, 813-816. 
6. Newman SP, Millar AB, Lennard-Jones TR, Moren F, 
Clarke SW. - Improvement of pressurised aerosol 
deposition with nebuhaler spacer device. Thorax, 1984, 39, 935-
941. 
7. Toogood JH, Baskerville J, Jennings B, Lefcoe NM, 
Johansson S-A. - Use of spacers to facilitate inhaled 
corticosteroid treatment of asthma. Am Rev Respir Dis, 
1984, 129, 723-729. 
8. Jones K. - New delivery systems for asthma drugs. 
Practitioner, 1989, 233, 265-267. 
9. Baum EA, Bryant AM. - The development and 
laboratory testing of a novel breath-actuated pressurised 
inhaler. J Internat Soc Aerosols, 1988, 2, 219. 
10. Crompton GK, Duncan J. - Clinical assessment of a 
new breath-actuated inhaler. Practitioner, 1989, 233, 
268-269. 
11. Burton AJ. - Asthma inhalation devices: what do we 
know? Br Med J, 1984, 288, 1650-1651. 
12. Kelling JS, Strohl KP, Smith RL, Altose MD. -
Physician knowledge in the use of canister nebulizers. Chest, 
1983, 83, 612--614. 
13. McNeill RS, Malcolm GD, Rhind-Brown W. - A 
comparison of expiratory and inspiratory flow rates in 
health and in chronic pulmonary disease. Thorax, 1959, 14, 225-
231. 
14. Saunders KB. - Bronchodilator response patterns in 
patients with chronic airways obstruction: use of peak 
inspiratory flow rate. Br Med J, 1967, ii, 399-402. 
15. Jordanoglou J, Pride NB. - Factors determining 
maximum inspiratory flow and maximum expiratory flow 
of the lung. Thorax, 1968, 23, 33-37. 
16. Newman SP, Pavia D, Garland N, Clarke SW. -
Effects of various inhalation modes on the deposition of 
radioactive pressurized aerosols. Eur J Respir Dis, 1982, 
63 (Suppl. 119), 57--65. 

L'emploi d'un nouvel inhalateur declenche par la respiration 
chez les sujets atteints d'obstruction severe du courant aerien. 
RJ. Fergusson, J. Lenney, GJ.R. McHardy, G.K Crompton. 
REsUME: L'aptitude des patients qui presentent une limita­
tion sev~re du courant aerien (VEMS <1.0 l ou DEP <200 
l·min·') ~ utiliser un nouvel inhalateur actionne par la 
respiration (BAI) a ete evaluee. Cent-cinquante-six patients, 
examines dans deux services de maladies respiratoires, ont 
pris part ~ cette etude et l'ont completee. Le fonctionnement 
du dispositif a ete demontre aux sujets et, apr~s qu'ils aient 
essaye de declencher le BAI, leur courbe debit-volume a ete 
mesuree. Sur cent-cinquante-six sujets, 151 (97%) ont ete 
capables d'actionner l'inhalateur, d~s le premier essai (146) 
ou le second essai (5). Les cinq patients ayant echoue au 
premier essai ne presentaient pas d'obstruction respiratoire 
particuli~rement grave. I! a ete conclu que ce nouveau 
dispositif, declenche par un debit inspiratoire faible, peut etre 
utilise par des patients presentant une limitation sev~re des 
debits aeriens, et qu'il represente un progr~s important dans 
la technologie des inhalateurs. 
Eur Respir J., 1991, 4, 172-174. 


