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Summary

Deposition from a pressurised metered dose inhaler (MDI) delivering 5 mg sodium cromoglycate (Intal 5, Fisons plc), has been
measured by a Te99m-Jabelling technique. Ten healthy volunteers inhaled: (i) from a standard MDI at 30 |/min; (ii) from a 10 cm
spacer tube {Aerotube) at 30 1/min; and (iii) from the Aerotube at 100 I/min. A mean {SE)} 8.8 (1.1) % of the dose was deposited
in the lungs from the standard MDI, but this amount was not significantly changed either for slow inhalation (11.3 (1.9) %) or fast
inhalation (7.1 (1.3} %) through the spacer. Lung deposition was lower than that observed previously for other canisters delivering
smaller amounts of drug per metered dose. Oropharyngeal deposition fell from a mean 79% with standard MDI to a mean 29%
with the spacer (P < 0.05). It is concluded that a 10 cm tube spacer does not significantly enhance lung deposition of 5 mg Intal in
subjects with good inhaler technique, but may reduce the incidence of oropharyngeal irritation, cough and unpleasant taste.

Introduction

Pressurised metered dose inhalers (MDIs) have
become the most widespread inhalation devices
for the treatment and prophylaxis of asthma, and
are popular with patients because of their porta-
bility, compactness and convenience. However,
there are two major problems with drug delivery
from the MDI. Firstly, a high proportion of pa-
tients have poor inhaler technique, either be-
cause they cannot coordinate actuating the spray
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with inhalation or because they react to the cold
blast of propellants on the back of the throat by
stopping inhalation (Crompton, 1982; Pedersen et
al., 1986), the so-called ‘cold-Freon’ effect. Sec-
ondly, the majority of the dose is impacted in the
oropharynx, even with good technique (Newman
et al., 1981a; Vidgren et al., 1987a). This may
cause cough and irritation, and oropharyngeal
candidiasis and dysphonia may arise in the case
of inhaled corticosteroids (Toogood et al., 1984).

A spacer attachment to the inhaler mouth-
piece makes the MDI easier to use, since prob-
lems with poor coordination and cold Freons are
less marked. There is a reduction in oropharyn-
geal deposition with spacers (Newman et al., 1984;



204

Newman et al., 1986), and lung deposition is
increased with some models (Vidgren ct al.,
1987b). Previous measurements of deposition
from MDIs have uscd canisters loaded either
with inert radiotracers (Dolovich et al., 1981:
Newman et al., 1981a) or with drugs delivered as
not more than 1 mg per metered dose (Vidgren
et al., 1987a; Newman et al., 1989). We report for
the first time the deposition from an MDI of an
aerosol formulated to deliver 5 mg sodium cro-
moglycate per metered dose, and the effects of a
10 ¢cm tube spacer upon the deposition pattern of
this aerosol.

Materials and Methods

Radiolabelling technique

Metered dose canisters were radiolabelled by a
radiotracer method described previously for use
with 1 mg sodium cromoglycate MDIs (Newman
et al., 1989). Briefly, Tc99m was extracted out of
the aqueous phase in chloroform, and after evap-
oration of the chloroform in an empty canister by
compressed air, the contents of a canister deliver-
ing 5 mg sodium cromoglycate (Intal 5, Fisons
plc) per metered dose were added at below
—60°C, and a valve attached by a crimper. Each
metered dose delivered approximately 20 MBg
Tc99m plus 5 mg sodium cromoglycate in 100 wl
propellant.

The technique was evaluated using a multi-
stage liquid impinger (Bell et al., 1973; Newman
et al., 1989), in which drug and radiolabel were
collected on a ‘throat’, 4 impaction stages and a
filter, with air drawn through the system at 60
l/min. Material penetrating to stage 3, stage 4
and filter represents predominantly aerosol
droplets smaller than 7 um diameter. The distri-
bution of drug within the impinger was measured
for three unlabelled canisters; these canisters
were then radiolabelled and the measurements
repeated, the distributions of both drug and ra-
dioactivity from the labelled canisters being de-
termined as previously described (Newman et al.,
1989). These measurements were performed both
for MDI alone and for MDI plus 10 c¢m tube
spacer (Aerotube, Fisons plc).

In vivo studies

Ten healthy volunteer subjects took part in the
study. Their ages ranged from 26 to 49 years. 3
were male and 5 were female. AH had normal
lung function (forced expiratory volume in | s,
FEVI1, 84-125% predicted), and none were tak-
ing medications of any kind. Informed consent
was given in writing, and both the Ethical Prac-
tices Sub-Committee of the Hospital and the
Administration of Radioactive Substances Advi-
sory Committee (ARSAC) approved the study.

Each subject performed an aerosol inhalation
from the labelled MDIs on 3 days in a ran-
domised order. These inhalations involved: (i)
standard MDI actuator, inhaled flow ratc 30
1/min; (ii) MDI plus 10 ¢m tube spacer (Aecro-
tube), inhaled flow rate 30 | /min; and (iii) MDI
plus Aerotube, inhaled flow rate 100 |/min. A
single metered dose was actuated by an observer
during a deep breath with a subscquent breath-
holding pause of 10 s, and exhalation was made
via a low-resistance filter. The inhalation mode
for the standard MDI represented correct or
optimal MDI technique. Prior to inhalation, sub-
jects practiced with a placebo canister until their
inhalation was judged to be adequate. Inhalation
was monitored by a modified Vitalograph Com-
pact spirometer, which gave a record of inhaled
volume, inhaled flow rate and breath-holding
pausc. Lung function tests (FEVI, forced vital
capacity (FVQ), peak expiratory flow rate (PEFR)
and maximum mid-expiratory flow rate (MMER))
were measured prior to acrosol inhalation on
each study day; these were comparcd with Euro-
pean Community Coal and Steel predicted nor-
mal values (Quanjer et al., 1983).

Radioactivity in the lungs and oropharynx was
monitored immediately after inhalation by an
Ohio Nuclear 110 gamma camera connected on-
line to a Nodecrest data processing system, counts
being corrected for gamma-ray attenuation in tis-
sue. The percentages of the dose deposited on
the actuator, spacer and exhaled air filter were
assessed by comparing their counts as measured
by probe counters with those from a calibration
dose collected on a further filter. Radioactivity
not appearing in these samples was assumed to
be in the body and was divided into lung and
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Percentages of untreated sodium cromoglycate, chloroform-treated sodium cromoglycate and radiolabel within a multistage liquid

impinger “

Untreated drug
(mean (SE))

Treated drug
(mean (SE))

Radiolabel
(mean (SE))

MDI alone

Actuator 8.6 (0.4) 5.6(3.3) 14.1 (4.9)
Throat 37.0(4.8) 40.4 (6.0) 38.3(4.6)
Stage | 32.7(4.0) 33.6 (6.1) 25.9(5.6)
Stage 2 8.9(0.2) 8.7(2.5) 9.1(3.3)
Stage 3 6.3(0.9) 6.8(1.4) 6.3(1.4)
Stage 4 5.9(0.4) 4.7(0.4) 59(1.D
Filter 0.4 (0.1) 0.4 (0.1) 0.4 (0.1}
MDI plus spacer

Actuator 7.1 (0.6) 9.5(2.2) 11.9 (3.4)
Spacer 39.2(3.0) 43.9(2.1) 47.5(1.9)
Throat 7.0(1.9) 7.2(0.3) 7.5(0.4)
Stage 1 21.3(3.2) 14.8(3.0) 12.4 (4.0)
Stage 2 8.4 (1.3) 9.32.1) 6.6 (0.3)
Stage 3 7.22.1) 6.8(1.9) 6.4 (0.8)
Stage 4 9.2 (1.5) 8.1(1.1) 7.3(1.4)
Filter 0.5 (0.1) 0.4 (0.1} 0.4 (0.1)
Y n=3.

oropharyngeal fractions according to the tissue-
corrected gamma camera counts.

On one of the study days, a Kr81m ventilation
scan was performed, and this was used to deter-
mine the percentages of the dose in central, in-
termediate and peripheral zones, as previously
described (Newman et al., 1989). We estimate

TABLE 2

that the radiation dose to the lungs from three
inhalations of Tc99m and one inhalation of Kr81m
is approximately 200 wGy (20 mrad).

The deposition data for the three studies were
analysed using the Friedman test of analysis of
variance by ranks, and where a significant result
(P < 0.05) was found, pairs of data were tested by

Fractionation of the dose between lungs, oropharynx, apparatus and exhaled air, and regional lung deposition for the 3 studies

MDI
(mean (SE))

Spacer
(slow tlow)
(mean (SE))

Spacer
(fast flow)
(mean (SE))

% of dose located in:

Lungs 8.8 (1.1)
Oropharynx 79.5 (2.2)
Actuator /spacer 11.4 (1.3)
Exhaled air 0.3 (0.1
Regional deposition

Peripheral zone (9% of dose) 4.4 (0.5)
Peripheral /central ratio 1.91 (0.14)

11.3 (1.9) 7.1 (1.3) "
295 (2.3 293 3.0 "
59.1 @7 63.5 (4.0)°
0.1 (0.1) 0.1 (0.1

5.5 (0.8) 32 (0.5)°
1.86 (0.16) 1.44 (0.12) *

L P <0.05 compared to MDI.
PP < (.05 for slow vs fast flow via spacer.
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the multiple comparison technique of Conover
{1980).

Results

Evaluation of radioaerosol technique

The distributions of untreated drug, of drug
treated with chloroform plus Tc99m, and of radi-
olabel were very similar (Table 1). With the stan-
dard MDI, a mean 12.6% of the untrcated drug
penetrated beyond stage 2, compared to 11.9% of
treated drug and 12.69% of the radiolabel. With
the MDI plus spacer, these figures were 16.9%.
15.3% and 14.1%, respectively.

Fractionation of dose in vivo

The fractionation of the dose in vivo between
lungs, oropharynx, apparatus and exhaled air is
shown in Table 2. A significantly { P < 0.05) higher
percentage of the dose was found in the lungs for
slow inhalation via the Aerotube (mean 11.3%)
compared to fast inhalation (mean 7.1%, P<
0.05). However, the percentage of the dose de-
posited in the lungs for the standard MDI (mean
8.8%) was intermediate and did not differ signifi-
cantly from that in either study with the Aero-
tube.

Deposition on the apparatus increased from a
mean 11.4% of the dose for the standard MDI to
about 60% with the Aerotube (P < (.05), while
deposition in the oropharynx decreased from
79.5% with the MDI to about 30% with the
Aerotube (P < 0.05). With the spacer, neither
deposition on the apparatus nor deposition in the

TABLE 3

Details of inhalation modes and lung function on each study day

oropharynx varied significantly according to the
inhaled flow rate.

The percentage of the dose in peripheral lung
{Table 2) was significantly (£ < 0.05) higher for
sfow inhalation via the Aerotube than for fast
inhalation, with the deposition for the standard
MDI having an intermediatce value. The periph-
cral /central zone ratio was significantly (P <
(.05} higher for the MDI than for fast inhalation
via the Aerotube.

Inhalation detatls and lung function

The inhaled volume, averaged inhaled flow
rate and breath-holding pause during aerosol in-
halation are listed in Table 3. Inhaled flow rate
was significantly higher with fast inhalation
through the Acrotube (P < {.001). but otherwise
mhalation modes were similar on the 3 study
days. Lung function values were also similar on
cach study day (Tabie 3).

Discussion

The deposition pattern of pressurized acrosols
was largely unknown for over 20 years, other than
from indirect assessments based upon pharma-
cokinetic studics (Davies, 1975). Direct measure-
ments using gamma labelling techniques were
developed in the 1980s; these have utilised inert
solid particles (Newman et al., 1981a), inert liquid
droplets {Dolovich et al., 1981), or active drugs in
doses not exceeding 1 mg (Short et al., 1981;
Vidgren et al., 1987a; Kohler ct al.. 1988; New-
man et al., 1989}, The deposition of aerosol from

MDI Spacer Spacer
{mean {SE} {slow flow) {fast flow)
{mean (SEN {mean (SEN
Inhaled volume (I} 2.77 {023 270 (04D 2530 (0.2
Average inhaled flow
rate {1 /min} 278 {1.5) 284 {1.4) 942 (4t
Breath-holding (s) 8.8 (0.4) 9.2 (0.3 47 ((L5)
FEV I (1) 3.61 (0.18) 3.62 (0.20) 339 (0.19)
FVCAD 454 (0.16) 452 (0.18) 445 (0.16)
PEFR (I /min) 600 {(24) 582 (3) 363 (34
MMFR (1/s} 380 {0.48) 393 {0.50) 398 (049)




a metered dose inhaler delivering 5 mg of drug
per metered dose has not previously been mea-
sured. The technique used in the present study
does not involve direct chemical labelling of the
drug substance, but rather an association be-
tween the radionuclide Tc99m and sodium cro-
moglycate in the inhaler. In vitro studies with the
multistage liquid impinger showed firstly that the
addition of radionuclide to canisters containing
the drug had little effect on the droplet size
spectrum, and secondly that the radiolabel acted
as a marker for the presence of drug across a
range of droplet sizes.

In these studies, a mean of 8.8% of the dose
was deposited in the lungs using correct inhaler
technique from the standard MDI, with 80%
deposited in the oropharynx. This figure may be
compared with those obtained using analogous
techniques and similar inhalation modes for other
inhalers delivering smaller amounts of drug per
metered dose: the percentages of the dose de-
posited in the lungs were 11.8% (Newman et al.,
1989) and 18.8% (Newman et al., 1990) for cor-
rectly used MDIs delivering 1 mg and 100 ug
drug per metered dose respectively, and suggests
that there is an inverse relationship between drug
mass and respirable dose. The spray from a ‘sus-
pension’ MDI consists of propellant droplets
within which the drug particles are enclosed; an
increase in the drug concentration may result in
the inclusion of multiple drug particles in each
propellant droplet and hence in an increase in
aerosol size because of the formation of clusters
or aggregates in the spray (Gonda et al., 1985;
Dalby and Byron, 1988). This would increase
oropharyngeal deposition and reduce penetration
into the bronchial tree. A change in drug concen-
tration in an experimental MDI was found to
alter the site of aerosol deposition in excised dog
lungs (Sweeney et al., 1990). However, an in-
crease in amount of drug per metered dose is
often accompanied by an increase in metering
volume, which may in itself alter the deposition
pattern (Newman et al., 1982). The practical con-
sequence for Intal MDIs is that an inhaler deliv-
ering 5 mg of sodium cromoglycate (metering
volume 100 w 1) will deposit approximately 4 times
more drug in the lungs per metered dose than an
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inhaler which delivers 1 mg (metering volume 50
wl).

There was a significant increase in deposition
in the lungs with slow inhalation through the
Acrotube compared to fast inhalation. A bron-
chodilator aerosol inhaled through a tube spacer
by asthmatic children was more efficacious with
slow inhalation (Pedersen, 1985). Although there
was a trend towards improved lung deposition for
the Aerotube with slow inhalation compared to
the standard MDI, this was not significant; this
finding was also noted in an earlier study with
another tube spacer (Newman et al., 1981b).
Hence the Aerotube is unlikely to play a role as a
means of markedly improving deposition in the
lungs of 5 mg Intal in patients with good inhala-
tion technique, and might even reduce deposition
in the lungs if it was used with rapid inhalation.
However, tube spacers can act as useful coordina-
tion aids in patients with poor inhaler technique
{Godden and Crompton, 1981). Additionally, the
Aerotube reduced oropharyngeal deposition
markedly, and might be a useful means of reduc-
ing oropharyngeal irritation, cough and unpleas-
ant taste that is sometimes reported with 5 mg
Intal inhalers. The fractionation of the dose be-
tween lungs, oropharynx and spacer varies ac-
cording to the model of spacer used (Vidgren et
al., 1987b), and hence another design of spacer
device might enhance the deposition of 5 mg
Intal in the lungs compared to that from a stan-
dard MDI.

In conclusion, therefore, the percentage of the
dose deposited in the lungs from a 5 mg Intal
canister is less than that delivered from other
canisters. The addition of a small tube spacer
device (Aerotube) is unlikely to enhance signifi-
cantly drug delivery in patients with good inhaler
technique.
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