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Effect of nebulised aerosol size on lung deposition in
patients with mild asthma

MICHELLE M CLAY, STEWART W CLARKE
From the Department of Thoracic Medicine, Royal Free Hospital, London

XUY9ETT 0T Se paysiignd 1s11 :xeloy |

ABSTRACT A radioaerosol technique has been used to investigate whether the size distribution ofj
aerosols released from a jet nebuliser affects the amount of aerosol delivered to the lungs. Sixd
subjects with mild asthma (FEV, 81% of predicted) were studied on three occasions. On each vmt‘*’
they received one of three aerosols tagged with technetium-99m in 0-9% saline. The aerosols were‘D
generated by either (A) a Turret nebuliser operated at 8 1 min~! (mass median diameter (MMD) 1- 80
um); (B) an Upmist nebuliser operated at 6 1 min~! (MMD 4-6 um); or (C) an Inspiron Mini- nebee
operated at 41 min~! (MMD 10-3 um). The aerosols were given in a randomised single blind<
manner and inhaled under identical conditions of inspiratory volume and frequency. The meang
(SD) percentage of aerosols A, B, C released from the nebulisers during inhalation that was recov-.

ered in an expiratory filter was 23 (6), 25 (4), and 24 (4) respectively Of the aerosols released fromoo
the nebuliser and deposited in the body, the percentage depos1ted in the lung was 79 (3) for aerosol

A, 59 (4) for aerosol B, and 44 (5) for aerosol C. The remaining aerosol was deposited in the§
oropharynx and swallowed. It is concluded that small nebulised aerosols (MMD < 2 um) deliver a§

larger dose to the lungs and should be used to maximise lung deposition.

Jet nebulisers are frequently used to deliver solutions
of aqueous drugs to the lungs in aerosol form. A wide
variety of nebulisers is available, with little uniformity
in their usage. It has been shown that the size distribu-
tion of aerosols released varies considerably between
nebulisers, and that the flow rate of compressed gas
used to drive the nebuliser directly affects the size of
the aerosol, a reduction in aerosol size occurring with
increased flow rate.’

The size distribution of an aerosol is known to be a
primary determinant of the amount that reaches the
lungs during inhalation. Pulmonary deposition in-
creases with decreasing particle size down to 0-5 um
below which an aerosol has a high airborne stability
and tends to be exhaled without being deposited Itis
generally accepted that lung deposmon is greater with
particles in the size range 2-5 um, particularly in ob-
structive lung disease, where the airways are nar-
rowed and an aerosol will penetrate less deeply.*

Rees et al® found that for B agonist aerosols deliv-
ered by metered dose inhaler an aerosol with particles
smaller than 5 um achieved better bronchodilatation
than one containing larger particles. In the case of
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nebulised aerosols, however, the results are more con=
tentious. A nebulised terbutaline aerosol with a mass3
median diameter (MMD) of 2um achieved better=
bronchodilatation of small airways than the same&S
amount of a 5 or 10 um aerosol inhaled under identi=
cal conditions of inspiratory volume and frequency.®
Hadfield et al,” however, and Douglas et al® were un
able to show any therapeutic advantage when theyo
used nebulisers under varying operating conditionsS.
that affect aerosol size. But in neither of these studie3
were the aerosols inhaled under controlled conditionsS
of inspiratory flow rate or volume, both of which are
known to affect aerosol deposition; and both studlesJ>
were limited to measurement of large airways funci3
tion.

To try to resolve these discrepanc1es and eluCIdateN
the effect of nebulised aerosol size on the amount of3
aerosol reaching the lungs, we have used a radioﬁ
aerosol technique to measure the proportlon of thre€
different sized aerosols deposited in the lungs or ex2
haled, under identical conditions of inspiratory vol{B

ume and frequency. -
3
Methods @
Q
@
PATIENTS o

Six men with mild asthma participated in the studyZ
Their mean age was 40-5 (SEM 5) years, their meam
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FEV, 81:3% (2%) of the value predicted for their
age, sex, and height, and the mean coefficient of vari-
ation of their FEV, between studies 4-95%. All sub-
jects were life long non-smokers or ex-smokers and all
were regular users of inhaled f agonist aerosols only.
These were withdrawn 12 hours before each study.
We obtained the permission of the local ethical com-
mittee for the investigation and informed written con-
sent from each subject.

RADIOAEROSOL

Technetium-99m (°°"TcO,”) in 09% saline (0-32
mol/l NaCl) was used as the radioaerosol. This solu-
tion has been used previously® '° and has been shown
not to affect the droplet size of aerosol from the nebu-
liser. Because of its small molecular weight, however,
the solution is cleared rapidly from the lung by
diffusion.!! For this reason the radioaerosol was in-
haled with the subjects seated in front of a gamma
camera so that the entire imaging procedure could be
completed within seven minutes of their starting the
inhalation. This is within the half time of the solution
in the lung.!! The radiation dose to the subjects re-
sulting from inhalation of 500 uCi of °*™TcO,” in
this form was estimated to be 6-1 mrad to the lungs
and 0-24 mrad to the whole body.!?

NEBULISERS

Three different makes of nebuliser operated under
three different flow rates of compressed air were used
to generate the three radioaerosols. Nebuliser selec-
tion was made on the basis of previous work! and the
nebulisers used were those used in a recent study to
compare bronchodilator efficacy of nebulised ter-
butaline aerosols.® Each nebuliser was characterised
for its aerosol output and size distribution before use
by a Malvern laser particle sizer by a technique pre-
viously described.! Aerosol A was generated by a
Turret nebuliser operated at 8 1 min~'. The resulting
aerosol was found to have a MMD of 1-8 um with
80% of the aerosol mass contained in droplets smaller
than 5um. Aerosol B was generated by an Upmist
nebuliser operated at 61 min~!, and this gave an
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gamma camera

aerosol with an MMD of 4-6 um with 50% of the
aerosol mass contained in particles smaller than 5 um.
Aerosol C was generated by an Inspiron Mini-neb
nebuliser driven at 41 min~!; this gave an aerosol
with an MMD of 10-3 um and with 20% of the aero-
sol mass in particles smaller than 5 um.

STUDY DESIGN

The three aerosols were given in a randomised, single
blind manner, with a minimum interval of three days
between studies. Each study started at the same time
of day.

On arrival subjects had their baseline lung function
measurements recorded. FEV, and forced vital ca-
pacity (FVC) were measured by Vitalograph; peak
expiratory flow (PEF) by Wright peak flow meter;
and maximum flow at 50% and 25% of vital capacity
(Vmaxs, and Vmax,s) by an Ohio dry spirometer
linked to a Gould XY Plotter. The subjects were then
seated with their backs against a large field of view
gamma camera linked to a Nodecrest computer. An
image of regional ventilation was obtained with
krypton-81m (8!™Kr) in the posterior view to delin-
eate the lung outlines for subsequent analysis of the
radioaerosol scans. After the 8!™Kr image had been
obtained the subjects inhaled the radioaerosol, re-
maining seated in the same position (fig 1). Their nos-
trils were occluded by a noseclip and they inhaled the
aerosol directly from the nebuliser through a mouth-
piece. The nebuliser and an expiratory filter were
housed in a lead lined box. The subjects regulated
their breathing by means of an audible electronic de-
vice that signalled 14 breaths a minute, inspiration
lasting one third of the cycle. Inspired air was inhaled
through a Voldyne Volumetric Exerciser, which en-
abled the subjects to regulate their inspired volume to
700 ml. Exhaled air passed through a one way valve
and into an expiratory filter to trap any exhaled ra-
dioaerosol. The radioaerosol was released from the
nebuliser during inspiration only by the use of a trig-
gering device on the air line to the nebuliser.

The radioaerosol inhalation took place over 120
seconds. Immediately afterwards the nebuliser and

computer

o

expiratory filter
nebuliser

triggering deviceI

Fig 1 Inhalation procedure for
radioaerosol administration.
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compressed air
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FVC, forced vital capacity; PEF, peak expiratory flow; Vmax,,, Vmax, s, maximum flow at 50% and 25% of vital capacity.
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Pulmonary function indices (means with standard errors in parentheses) on the three study days in six subjects ?i
Aerosol A Aerosol B Aerosol C “

o

FEV, () 3-14 (0-20) 326 (0-23) 3-30 (0-19) g_
FVC() 5-19 (0-30) 5-18 (0-33) 522 (0-19) =
PEF (I min~ ) 438 (23) 448 (18) 465 (26) %
Vmaxg, (I's™ 1-89 (0-28) 2:04 (0-25) 241 (0-33) @
Vmax, (I's ') 070 (0-17) 0-69 (0-13) 091 (0-18) ?-
7]
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equipment were removed from the proximity of the
gamma camera and an image of the regional deposi-
tion of the aerosol within the lungs was obtained over
120 seconds. The gamma camera was then raised and
another image of oropharyngeal deposition obtained
over 120 seconds. The entire imaging procedure was
completed within seven minutes from the start of
inhalation.

ANALYSIS
The amount of radioaerosol released from the nebu-
lisers during the inhalation procedure was measured
by weighing the nebuliser before and after inhalation.
The amount of exhaled radioaerosol was measured by
counting the activity in the expiratory filter with a
scintillation counter. The expired radioaerosol was
then deducted from the amount of radioaerosol re-
leased from the nebuliser during inhalation, enabling
the proportion of exhaled radioaerosol to be esti-
mated. The images of radioaerosol deposition were
stored in the computer and subsequently analysed by
identifying “regions of interest” that included the
lungs, stomach, oesophagus, trachea, and oro-
pharynx.

Non-parametric statistical tests were applied, the

O.RP&GIT.

MMAD 1.8um

A

Friedman analysis of variance to identify dlﬂ'erences—‘
between the three treatments and the Wilcoxon rankg
sum test for paired data to identify differences be=
tween individual treatments.!> A p value of < 0-05%
was taken to indicate statistical significance.

Results

06T°€Cy

The pulmonary function indices recorded on the three3
study days for the six patients are shown in table 17
There was no statistical difference between baselin
pulmonary function on the three occasions. o
The percentage of the radioaerosol released fronp
the nebulisers but retained in the expiratory filter wasg
23 (6) for aerosol A, 25 (4) for aerosol B, and 24 (4
for aerosol C; the differences were not significan{y
(p > 0-05). S
Flgure 2 shows the distribution of the three radlo-o
aerosols in one subject. There is a considerable reducy.
tion in pulmonary aerosol deposition with increased®
aerosol MMD (aerosol A > aerosol B > aerosol C
and an associated increase in oropharyngeal deposi3
tion. Aerosol deposited in the oropharynx was sub=
sequently swallowed and can be seen in the stomachS
The difference in pulmonary deposition betwee@
the three radioaerosols was significant (p < 0-05)2

Fig2 Regional distribution of

deposited radioaerosols in one subject;
showing the percentage of deposited oS
aerosol in the oropharynx (OP),
gastrointestinal tract (GIT), and lung

Z'6 |udv U0 Jwod" g xer

Ve

“ybuAdoo Aq parosioid 1senb


http://thorax.bmj.com/

Effect of nebulised aerosol size on lung deposition in patients with mild asthma 193

T 100+
]

x

3

S 80+
[7]

he

S 60
[e]

<

xR

A

c 404
0

b4

3

g 20+
[1]

©

o

g T T T T T 1
— (4] 2 4 6 8 10 12

Aerosol MMD (um)

Fig3 Radioaerosol lung deposition expressed as a
percentage of total body deposition for aerosols A, B, and C.

With aerosol A (MMD 1-8 um) the percentage of the
dose deposited in the lungs was 79 (3), with aerosol B
(MMD 4-6 um) 59 (4) and with aerosol C (MMD
10-3 um) 44 (5). Deposition of aerosol A was greater
than that of aerosol B and aerosol C (p < 0-05) and
more of aerosol B than of aerosol C was deposited (p
< 0-05) (fig 3).

Discussion

These results show that the size distribution of the
radioaerosols used in this study were associated di-
rectly with the amount of aerosol deposited in the
lung. Almost twice as much aerosol A (MMD 1-8 um)
was deposited in the lung as aerosol C (MMD
10-3 um).

Because the mode of inhalation was standardised,
we may reasonably assume that the differences we ob-
served in deposition are primarily attributable to the
aerosol MMD. The size of an aerosol from any nebu-
liser is influenced by the flow rate of compressed air
used to drive the device,! and nebuliser C was deliber-
ately run at a flow rate below that recommended for
therapeutic use. Had it been driven at a higher flow
rate, the aerosol MMD would have been reduced and
lung dose would have increased accordingly.

Particles smaller than 0-5S um have a high airborne
stability and tend to be exhaled without being depos-
ited. The proportion of aerosol as small as this, how-
ever, was much less than the 25% that was exhaled
with all three aerosols. There was no difference in the
proportion of the radioaerosols exhaled and trapped
in the expiratory filter with the three nebulisers. This
fraction probably represents aerosol inhaled at the
tail end of inspiration, when there would be

insufficient penetration into the airways and residence
time for deposition to occur.® This appears to over-
ride any effect of particle size. Although nebuliser
treatment therapy is intended for tidal breathing, a
breathhold interval between inhalation and ex-
halation has been shown to enhance total lung depo-
sition,3 although this may be impractical for severely
dyspnoeic patients.

In this study the aerosol with the larger particle size
showed greatest deposition in the oropharynx as
expected. For many drugs the inhaled route provides
a greater degree of bronchodilatation'* or less
bronchoconstriction in response to non-specific or
antigen challenge than does the same dose of drug
given by the oral route.!* This is due to greater access
of drug to the airways and to the fact that some drugs
are inactivated when given by the oral route.!®

Several studies have shown that the response to in-
creasing doses of an inhaled bronchodilator can at-
tain a plateau where further doses will not increase
the response.!” '® This may explain why Hadfield et
al,” using 1-0 mg salbutamol and Douglas et al,® using
10 and 5-:0mg salbutamol, failed to show any
beneficial effect when aerosol size was reduced. Dou-
glas et al'® found that the flow rate of compressed air
used to drive a nebuliser did not affect the dose-
response relationships of inhaled rimiterol. Their
study, however, was limited to investigation of FEV,
and did not measure changes in small airways func-
tion, which have been shown to be directly affected by
aerosol MMD.®

The magnitude of dose normally prescribed with jet
nebulisers compensates for the small dose that is ac-
cessible to the airways. It may well be that if the size
distribution of nebulised aerosols is optimised smaller
doses than those currently used would achieve an
equal bronchodilator effect. This would be cheaper
than current practice and would mean that patients
were not given unnecessarily large amounts of drug.
The penetration of drug particles into the lung in pa-
tients with airways obstruction would be increased—
an important aspect in the treatment of acute asthma.
This may also be important in the case of drugs such
as antibiotics, which are increasingly being advocated
in aerosol form in the management of cystic fibrosis.
If aerosol size is optimised care with dosage would be
important since more drug is likely to pass via the
alveoli into the circulation, thereby giving rise to sys-
temic side effects.

Stainforth et a/*° and Williams et al?! have found
that there is considerable variation in hospital prac-
tice with nebuliser usage. Our results show that such
variation can result in wide differences in lung deposi-
tion of nebulised drugs. To maximise lung deposition
of aerosol it is necessary to optimise nebulised aerosol
size.
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