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The response to therepeutic aerosols is considered to
be a function of the dose deposited et the target site in
the lung. îhe dose, in turn, is deiendent upon the
system producing the aerosol, the paÉicle size charac-
teristics of the inhaled aerosol, the mode of inhalstisq
and the calibre of the airunrys. The inffuence of the
pattem of deposition of the inhalsd dose, i.e., sclective
delivery to the central vs. small, peripheral airrrays, on
the response is not as well defined. Distribution of
therapeutic aerrsols in the lung has been measured
using a variety of traccr methods; correlations with
clinical nesponse have been obtained in a limited num-
ber of these same studies. Systems used to proride unit
doses of therapeutic aerosols art the metered dose
inhaler (MDI), containing drug in a pressurized for-
mulation' and the dry powder inhalers OpI). Em-
ciency of delivery is on the order oî S-lS% for these
systems, even under optimal inhaletion conditions.
Continuous aerosol is pnovided by the jet or ultrasonic
nebulizer with delivery efìhciencies ranging from I to
5% îor the former and approximately l0% îor the

latter. The paÉicle size of aerosol from these devices
ranges from ( I 1r,m mass median aerodlnamic diam-
eter (MMAD) to tZ pm MMAD. However, the .efiect,

of paÉicle size, onct the inspiratory flow rate is taken
into accounf can be much greater, shifting the deposi-
tion pattern to morc proúmal airrvays, as does airnay
narrowing owing to the presence of lung disease. In-
creased flow rstes and changes in airway geometry can
alter both the dose deposited and the response and
may neoessitate the a{iustment of dosing levels to meet
the needs of the individual patienL By using a variety
of methods, deposition efhciency can be improved and
medication stargeted'to the lower rrspiratory tract to
minimize local and systemic side efiects. Practicatly,
these methods consist of bafHing and the addition of
valved spaccr devices to the MDI. Ner formulations
and delivery systems are beÍng developed to provide
finer, and morc respirable aerosols, witù sustained
action. Knowtedge of the lung dose end distribution of
inhaled aercsols from these systems is critical for the
assessment of their performanct in vivo.

INTRODUCTION
Aerosols are used in both the diagnosis
and the treatment of respiratory diseases
(Dolovich et al., 1985). The efficacy of a
diagnostic or therapeutic aerosol is mainly
determined by the dose deposited in the
lower respiratory tract whereas the influ-
ence of the distribution of that dose within
the lung on response is less clear. The
amount of respirable aerosol (the per-
centage contained in particles < 5 pm)
provided by the nebulizer system can be
determined from the particle size distribu-
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tion characteristics of the aerosol and the
measurements of the quantity of "useful"
aerosol produced by system. Other vari-
ables such as the inhalation pattern
adopted by the patient (inspiratory flow
rate, inspiratory volume, and breath-hold-
ing time) and the degree of airway nar-
rowing that varies with type and severity
of the lung disease will influence the dose
deposited and the distribution of that dose
within the lung (Chan and Lippman, 1980)
(Figure L). Because the location of auto-
nomic receptors varies within the lung,
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successful therapy may depend upon tar-
geting specific receptor sites in the lung
with different types of drugs (Barnes et
al., 1983).

DOSE AND RESPONSE

The main criterion for effectiveness of
inhaled therapeutic aerosols is the clinical
results. The decision to measure re-
sponses to single doses, multiple doses, or
cumulative doses of a drug is based on
study objectives. Responses to treatment
can be assessed by a variety of methods

231

(Table 1) including simple clinical tests, or
laboratory or physiologic measurements.
For example, a clinical scoring system and
measurement of methacholine ainvay re-
sponsiveness have been used in asthmat-
ics to demonstrate the efficary of inhaled
steroid for a period of L year (Juniper et
al., 1990). A decrease in inflammatory cells
in bronchoalveolar lavage fluid has been
used as an outcome to assess a short
course of inhaled steroid delivered from a
metered dose inhaler (Howarth et &l',
19e0).

The local (lung) dose of medication
together with the response to that dose
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FIGURE l. Series of lung scans obtained from an asthmatic

subject (J.M.) after inhaling i3creasing doses of bronchodilator
(fenoterol) radiolabeled with e- Tc-sulfur colloid. The drug was

administered as two different sized aerosols, 2.4 and 0.5 pm, on

two separate occasions. The percentage deposited on the large,

centraf airways (I-A) and peripheral lung or outer zone (OZ) is

given under each scan along with the FEV1 in liters. As

bronchodilatation progressed from a baseline of 1.62 or 1.4 I.

more aerosol was deposited in the lung periphery and less on the

large ainrays. Hot spots or concentration of radioactivity in the

central airways due to ainvay narrowing were more evident with

the larger particle aerosol, particularly at baseline.
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TABLE l. Tests for Assessment of Responses
to Inhalant Treatment

Therapeutic effects
Symptom and medication scoring
Pulmonary function
Nonspecifi c airway responsiveness
Mucociliary clearance
Respiratory (epithelial) clearance
Bronchoalveolar lavage (cells, markers)
Sputum cytolory
Bronchial biopqy

Adverse effects
Cardiac function
Metabolic parameters
Tremor

have been measured in a limited number
of clinical trials. Using technetium-99m
sulfur colloid delivered as a 3-p,m aerosol
generated by an ultrasonic nebulizer,
Ruffin and co-workers (Ruffin et al.
1978b), in a multidose study performed in
our laboratory, demonstrated that only
26.2 + 5.9 pg of fenoterol was needed to
produce mildmum bronchodilatation in a
group of mild to moderate asthmatics,
and that no greater bronchodilatation in
these subjects could be achieved by depo-
sition of four times this amount. These
subjects then were on the plateau of their
bronchodilator dose-response curve. In
another study of cumulative doses of
fenoterol (Dolovich et &1., 1981a), hand
tremor, but not the forced expiratory vol-
ume for L s (FEVr ) continued to increase
as the deposited lung dose exceeded 20
pg and did not appear to level off even at
a lung dose of 120 pg. Thus, the adminis-
tration of inhaled beta-2 agonist at doses
higher than that producing maximum
bronchodilatation leads to an increased
risk of systemic side effects characteristic
of the drug. It is unclear from a number
of studies in the literature whether re-
sponse is governed solely by the dose de-
livered, the distribution of that dose in the
lungs, or the combination of both the
dose and its distribution.

M. Dolovich

Clinical Trial Methodologr-Variables
Pertaining to Lung Dose-Response
Studies

In order to compare results from various
clinical trials, it is important to account
for differences in design and methodology
(Ahrens, 1991). When the objective is to
relate topical lung dose to clinical re-
sponse, variables affecting the measure-
ment of lung dose need to be considered
(Table 2). For example, in patients with
more severe lung disease, lung function
may be unstable. Thus, reproducibility of
the lung dose and distribution may be
compromised and results obtained from
different doses on different days could
vary. These patients may require higher
doses of drug to achieve the optimal bron-
chodilator effect. Thus, there is need to
define the degree of impairment of lung
function in the population studied.

Table 3 lists a number of studies of
deposition of radiolabel from the metered
dose inhaler (MDI). I-abeling techniques
used included direct labeling of drug
(Atrovent) with n Br, spray-àried d*É
particles of sodium cromoglycate (SCG) in
which the label is incorporated within the
particle, radiolabeled monodisperse teflon
particles Q.2 pm) mixed into the drug
formulation, and a solution of the radiola-
bel (e- TcOf ) in the surfactant/chloro-
fluorocarbon mixture. The types of sub-

TABLE 2. Factors to Consider When Assessing
Clinical Trials Involving the Measurement of
l.ocal Drug Dose and Clinical Response

Patient group (age, sex, severity of disease, stability of
baseline pulmonary function)

Characteristics of aerosol system
(particle size, drug output)

Choice of drug
Radiolabeling technique for drug formulation
Inhalation technique for delivery of drug aerosol
Scanning technique (correction for tissue absorption,

calculation of dose)
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jects studied also varied. The percentage
deposition in the lung ranged from 6.5Vo
to 24.4Vo. The reduction in the detection
of the radioactivity due to tissue absorp-
tion is also a factor. For example, for
studies from our laboratory (Dolovich et
al., 198lb, 1983), taking tissue absorption
into account would increase the results by
a factor of 1.91. Furthermore, all studies,
with the exception of those from our labo-
rator], were performed with the MDI dose
inhaled using the closed-mouth technique
(tvtpt placed in the mouth with the lips
closed around the actuator mouthpiece)
as opposed to the open-mouth technique
(Unt held 4.0 cm in front of the wide
open mouth). The latter technique has
been shown to double the quantity of
drug deposited in the lower respiratory
tract (Dolovich et al., 1981b) and increase
the bronchodilator response (Thomas et
al., 1984). When results given in Table 3
were paired and compared to the deposi-
tion data obtained from the MDIs with
add-on devices attached (Table 4), signif-
icant differences between studies were ob-
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tained (Newman et al., 1984, 1986, I99I;
Hardy et al., L99L; Hupert and Matthys,
1991), whereas the comparison using the
MDI * Aerochamber to the MDI alone
showed no difference (Dolovich et al-,
1983). Thus, the variations in study design
and experimental technique can lead to

confusion when comparisons of results are
made.

FACTORS AIFECTING DOSE AND
RESPONSE

Aerosol DeliverY SYstem

Numerous systems are available for deliv-
ery of aerosols to the lung. These include
jei and ultrasonic nebulizers' powdel in-
halers, and chlorofluorocarbon-containing
(Freon@) pressutized canisters. Aerosols
produced by these systems can be deliv-

èred to the airways through mouthpieces,
face mask, tubing, MDI add-on devices
(holding chambers or spacers), and me-

chanical ventilator circuits. Efficiency of

delivery is dependent upon the system

used but in general, <20Vo of the total

TABLE 3. Lung Deposition from l-abeled MDI Aerosols

MDI Radiolabel Group
No. of

subjects
Percentage of lung

deposition" Reference

Intal

Atrovent " B, normals
chronic bronchitis
normals
normals
oad

oad
asthma
asthma
normals
normals
copd
normals

normals

Spiro et al. (1984)

Vidgren et al. (1987)

Newman et al. (1989)

Newman et al. (1986)

Newman et al. (1984)

Zainudin et al. (1990)

Newman et al. (1991)

Biddiscombe (1991)

Dolovich et al. (1983)

Dolovich et al. (1981b)

Hardv et al. (1991)

t' Tc-scc (sD)
t 'Tco l
'nt Tc-Teflon

tr.2
l l.7
9.5

l l . 0
6.5 UT

rl.2cî
8.7

tL.2
12.8
24.4
10.4b or
g.7b or
6.2b OT

12.3b OT
12.3

7
1

7
l0
10

9
9
10
6
7
l4
t2

6

*- Tc-Teflon
ventolin *- Tc-Teflon

s 'Tco l

Placebo 
t 'TcOl

Nacystelyn 
*'TcOl

l ( c |osedmouth ) , . . t . n iq * ; c r ' co r rec t ( c |osedmouth ) techn ique ;OT,op t ima |
(ope n mouth) rechniquei oí4, obriru.tive airways disease; copd, chronic obstructive pulmonary disease'

a r r ^ ^ -  l d  ^ C  - ^ . ^ - ^ l  , { ^ . - ìMean (Va of metered dose),
nMultiply by 1.91 to correct for tissue absorption.
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TABLE 4. Lung Deposition from Labeled MDIs used with Add-on Devices

M. Dolovich

MDI
add-on
device

tt 
T"

Volume label plus
(mL) drug Group

Percentage of lung
deposition' Reference

Inhalet

Azmacort
Aerochamber

Aerovent
Rondo
Chiesi
Inspirease

Nebuhaler

SCG.SD
Nacystelyn
TAA
placebo

fenoterol
salbutamol
fenoterol
teflon
SCG-SD
teflon
scG-sD

normals n :7

normals  n :6
normals n :8

normals n :'l

oad n -- 14
copd  n :9
asthma n : 10
normals  n :5
oad n:  l0
normals n :7
o a d  n : 9
normals  n :7

50

l13
140

140
270
380
700

750

16.1
9.3
5.2b
g.gb
g.0b

5.7b
23.8
9.0

14.8
20.4
20.9
14.4

Vidgren et al. (1987)
Hardy et al. (1991)
Dolorich (1989)
Dolovich et al. (1983)

Fuller et al. (1990)
Newman et d. (1991)
Hupert and Matthp (191)
Newman et al. (1986)
Vidgren et al. (1987)
Newman et d. (1984)
Vidgren et al. (1987)

Abbrwiations: SD, spray dried particles; TAd triamcinolone acetonide.'Mean (7o of metered dosc).
oM,rltiply by 1.91 to correct for tissuc absorption.
"Both lung deposition and responsc were mèasured in this study only.

drug metered or placed in the nebulizer
reservoir is delivered to the lower respira-
tory tract. Three systems currently used to
deliver pentamidine aerosol illustrate this
variability in delivery (Table 5). The rate
of production of aerosol from these sys-
tems is different and the particle size
characteristics range from approximately
1 to 6 g,m. Unless starting doses are ad-
justed, different amounts of respirable
drug ( < S pamVo) are available to the pa-
tient and clinical outcomes may be af-
fected. Thus, these properties of the neb-
ulizer system should be obtained to en-
sure adequate delivery of drug (O'Cal-
laghan, 1990).

Aerosol Particle Size

The dose or mass of drug delivered to the
lower respiratory tract is primarily a func-
tion of the size of the aerosol produced
and subsequently inhaled. The size also
partly determines the distribution of the
aerosolized drug in the lung. Finer
aerosols distribute to more peripÉeral air-
ways but carry less drug (mass), and there-
fore inhalation of greater amounts of drug

may be required to produce the desired
response (Ruffin et à1., L978a). In con-
trast, large particle aerosols containing
more drug deposit in proximal, central
alrways.

A number of studies of aerosols have
related lung responses to particle size. In
general, those aerosols with mass medium
aerodynamic diameter (MMAD) < 5 pm
produce optimal response, whether the
aerosol is inhaled from a MDI (Rees et
al., 1982) or jet nebulizer (Johnson et al.,
1989; Patel et al., 1990). However, it is
evident from the studies shown in Table 6
that inhalation of equal drug doses gener-
ated as different sized aerosols, can pro-
duce equivalent responses despite differ-
ences in particle size and initial distribu-
tion of the aerosol within the lung (Dolo-
vich et al., 1981a; Mitchell et al., 1987;
Wollmer et al., 1987). A factor affecting
outcome may be the change in distribu-
tion of aerosol occurring during bron-
chodilator treatment. As bronchodilata-
tion increases, drug distribution becomes
more uniform and targeted to the periph-
eral airways (Dolovich et al., 1981a) (nig-
ure 1). A sufficient amount of large parti-
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TABLE 5. Characteristics of Three Nebulizers
Used to Deliver Pentamidine*
(5 mL of 60 pg/mL)

Respigard II PortaSonic Fisoneb
@ l0L/min @ 50Vo max

Output
pentamidine
(mglmin)

MMAD ( rrm)
Percentage

( 5 p m
Time to nebulize

dose (min)

'Data from Dolovich er al. (1990).
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Ryan et al. (1981) for inhalation of an
aerosolized bronchoconstrictor challenge
substance using high inspiratory flow rates.
However, inhalation from some dry pow-
der inhalation devices requires a high in-
spiratory flow rate in order to obtain the
ma;dmum dose of drug (Auty et al., 1986).
With an increased breath holding time at
end-inspiration, particles have more time
to sediment to airway walls, thereby in-
creasing the dose delivered and the result-
ing bronchodilatation (Newman et al.,
1979; Heyder et al., 1980). Careful moni-
toring to control inspiratory flow rates
during inhalation of a test substance will
reduce the variability in the outcome
measures.

Ainmy Disease

Reduction in airway calibre due to disease
increases deposition in the central air-
ways. The extent of airway narrowing cor-
relates with pulmonary function. In gen-
eral, the more severe the airway narrow-
ing, the lower the FEV, and measure-
ments of airflow capacities of the smaller,
peripheral airways (Dolovich et al., 1976;
Kim et 81., 1988). Patients with greater

0.37
1.93

85

0.34
0.97

0.58
6.13

39

7

98

t2

cle drug aerosol may thus reach the ap-
propriate receptors to produce the dè-
sired effect.

Inspiratory Parameters

At high inspiratory flow rates ( > t
L/min), Iess aerosol is inhaled into the
lung; the fraction that is inhaled deposits
mainly on central airways (Dolovich and
Newhouse, 1988). This can result in a
reduced clinical response as shown by
Newman et al. (1980) for an MDI bron-
chodilator aerosol inhaled at 80 L/min
compared to 25 L/min and similarly by

TABLE 6. Effect of Aerosol particle size on Bronchodilator Response

Study
Asthmatic
population Drug

Aerosol particle
size ( p.m) Outcome

Dolovich et al.
(1981a)
Clay et al.
(1e86)

mild to moderate

mild,
5/8 smokers

fenoterol

salbutamol

salbutamol

ipratropium
bromide
salbutamol

terbutaline

0.55
2.4
1.8
4.6

10.3

Equal response for equivalent lung
doses
Lung dose greater for 4.6y,m
aerosol, distribution more central
for larger aerosol; no difference in
response
Equal lung doses with equivalent
response
Equivalent respons€ for unequal
doses, probable receptor effect
Greater lung dose from 3.3 pm
with greater response
Equivalent response for equal
doses inhaled whether drug
deposited centrally or peripherally

Mitchell et al. chronic, severe
(1987) stable
Johnson et al. moderate
(le8e)

moderate

Wollmer et al. moderate
(1987)

1.4
5.5
3.3
7.7
3.3
7.7
0.?5"
4.20

'Data from C-orkery et al. 1988. Respir. Care 33:676-6g5.



236

impairment due to chronic disease or an
acute exacerbation (Svedmyr, 1991) may
require more d*g to achieve an optimal
clinical response (Jenkins et &1., 1987;
Tarala et al., 1980). Thus it may be advan-
tageous to titrate the dose to achieve the
maximum response for an individual pa-
tient. Stratiffing patients according to the
severity of their disease thus becomes im-
portant when testing a drug in a clinical
trial.

Aerosol Dose

One method of measuring topical lung
dose is by external detection of an inhaled
radiotracer. Values for lung doses are
about LÙVo for metered dose inhaler taken
by the optimal technique (Table 3) and
between lVo and L5Vo for aerosol admin-
istered from a jet or ultrasonic nebulizer.
Variability in these measured values may
reflect differences in methodology.

One method of increasing the mass of
d*g deposited in the lung from an MDI
aerosol is to attach a valved holding
chamber (add-on device) to the MDI (Ta-
ble 4). The patient then inhales the
aerosolized drug dose from the device
rather than directly from the MDI. Valved
holding chambers such as the Aerocham-
ber (140 mL) were designed to select only
the respirable fraction (contained in parti-
cles < 2.8 pm) of the MDI aerosol for
inhalation (Corr et al., 1982). The larger
particles, which otherwise deposit in the

M. Dolovich

mouth and throat, are lost in the device
owing to impaction on the chamber walls
and the one-way valve positioned between
the mouth and chamber, but distal to the
exhalation ports (Dolovich et à1., 1983;
Dolovich, 1989). Additional evaporation
of the chlorofluorocarbons in the brief
time between MDI actuation and inhala-
tion results in an increased number of
particles < 3 pm in diameter and particu-
larly, in particles < L pcm. The benefit
resulting from the increased mass of drug
contained in particles < 1 pm in diame-
ter (Table 7) may be offset by their lower
deposition efficiency in the lung, and this
may partially explain why the lung deposi-
tion (and also clinical response) with the
Aerochamber is the same as that for a
properly used MDI.

The overall effect of the Aerochamber
is the production of an aerosol with a
smaller MMAD than the original aerosol
and reduced total output, reflecting loss
of large non-respirable particles in the
chamber. In addition, the particles decel-
erate in the chamber, making the aerosol
easier to inhale. The advantages to the
patient using an add-on device are that (a)
coordination of actuation with inhalation
is unnecessary, unless the add-on device
does not contain a one-way valve, and (b)
a reduction in deposition in the mouth
and throat of large particles is achieved.
This latter benefit results in a lower inci-
dence of side effects, particularly with the
use of steroid aerosols (Salzman and

TABLE 7. Berotec MDI vs. Berotec MDI + Aerochamber (AC): Aerosol Size Characteristics
and Dose Output to Filter

MDI MDI + AC
MDI vs. AC + MDI:

percent change

MMAD ( pm)
GSD
percen tmass<5pm
percen tmass<3pm
p e r c e n t m a s s < l p m
Filter ( pg fenoterol)

3.49 + 0.25
1.66 + 0.06
75.5 t5.24
39.6 + 3.78
16.7 + 2.r7

106.7 + 13.8

2.65 + 0.t7
1.90 t 0.12
83.8 t 0.67
56.4 x2.r9
26.0 + 2.24
33.6 + t4.4

-24
+ 1 4
+ 1 1
+42
+56
-69
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\szczynski, 1988). Values of lung deposi-
tion with a number of add-on devices have
been measured and found to range, as a
percentage of the metered dose, from
5.2Vo to 23.8Vo (Table 4). As mentioned
earlier, this variability may be the result
of differences in labeling techniques, cali-
bration procedures, and subjects studied.

The dimensions of the Aerochamber
were determined based upon measure-
ments of the MMAD of the aerosol exit-
ing tubes of various lengths and diameters
(Figure 2) as well as from dose output
measurements (Figure 3). It can be seen

237

that, although the MMAD approached
that of the original aerosol with increasing
chamber volume, there appeared to be no
advantage to increasing the length beyond
11 cm at a fixed diameter of 3.2 cm.
Measurements of drug output, both in
terms of absolute levels and as a percent-
age of the original MDI dose, showed a
plateauin g at a volume of approximately
140 mL. Although the percentage of res-
pirable particles in the 1-5-pm size inter-
val continued to increase with increasing
chamber volume, the advantages in terms
of portability of the 140-mL device out-

Effect of Holding Chamber Geometry on MDI Aerosol Characterist ics
(MDl: Fluorescein solut ion placebo)

3 . O
2 . 8
2 . 6
2 . 4
2 . 2
2 . O

I
;  1 . 8

;  1 . 6

f . o
o .8
o .6
o .4
o .2

OOOor"o""o"rr^@

MDI

AMAD vs Dlamotor
( longthr11.2 cm)

AMAD vs Volumr (cm3)

AMAD vs Longth
(dlamotorr=3.2 cm)

r | r  |  |  '  '

" o - - 2  4 6 8 1 0 1 4
Length/Diameter (cm)

o 40 80 120 160 200 24o 280
Volume (cm3)

FIGURE 2. Effect of the dimensions (diameter, length, and
volume) of a valved holding chamber (HC) on the particle size

characteristics of a MDI aerosol. The values for the Aerocham-
ber (volume 140 mL) are denoted by the circle symbols. Orving
to geometry, the influence of the diameter of the holding

chamber on the activity median aerodynamic diameter (AMAD)

of the aerosol exiting the HC is greater than that of its length.
By extrapolation, a HC with a volume of approximately 400 mL

will deliver an aerosol with the same AMAD as the original
aerosol (closed circle on the vertical axis).

1 2



Effect of Holding Chamber Geometry on MDI Aerosol Characteristícs
(MDl: Fluorcsccln solutlon placebo)
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1 4 0
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weighed this gain and, indeed, the clinical
data support this.

A plateau of the dose response cuwe is
readily reached with inhaled beta agonist.
In the recent study by Newman et al.
(1991), both lung doses and FEV, re-
sponses were measured after inhalation of
radiolabeled salbutamol from an MDI and
compared to the MDI with an attached
add-on device, the Rondo (Tables 3 and
4). Mean lung doses measured after the
MDI inhalation were l2.3Vo, increasing to
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200

1 8 0

1 6 0

140^

120^

1 0 0

23.8Vo with the Rondo. The distribution
of the drug dose between the central/pe-
ripheral airways was the same for both
inhalations. However, this doubling of the
dose did not produce an increase in the
FEV, response. A possible explanation is
that these moderate asthmatics achieved
the plateau of their dose-response curve
with I2.3Vo of the drug administered.
Therefore the addition of further drug
would not change the response. This is
similar to findings with other MDI add-on
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FIGURE 3. Effect of holding chamber (HC) volume on the size
characteristics (percentage of particles in 1-5-pm range) and
available drug (percentage of original MDI, absolute dose in
micrograms) from an MDI. The values for the MDI without HC
attached are shown by the closed symbols on the left vertical
axis. The amount of available drug from the holding chamber
increases with increasing volume up to 140 mL. No further
increase in drug output was measured with a larger volume HC
but, as the volume increased further, the percentage of drug
contained in particles in the 1-5-pm range increased and, by
extrapolation, would be l00Vo or all of the aerosol from the
MDI used alone at a HC volume of approximately 400 mL.
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devices. For example, the increased doses
measured with the larger 700-mL In-
spirease have not resulted in an improved
clinical response when compared to the
MDI used with the smaller, 140-mL Ae-
rochamber (Konig et al., 1988; Crimi et
al., 1989).

Drug Formulation

The location of receptors in the lung for
different classes of drug can influencè the
response. A study comparing an anti_
cholinergic agent (ipratropium bromide)
to an adrenergic agent (salbutamol) illus-
trates this point. The response to cumula-
tive doses of ipatropium delivered either
as 3.3- or 7.7-p"m aerosols was identical,
whereas the responses to salbutamol de-
livered from the same two aerosol systems
resulted in a significant difference in clini-
cal outcomes for the finer aerosol (John-
son et al., 1989). This is not surprising, as
the receptors for ipratropium bromide are
located in central ainvays while the recep-
tors for salbutamol are mainly in the pè-
ripheral lung (Barnes et al., 1983).

SUMMARY

There exists some uncertainty as to the
relevance of the topographiód distribu-
tion of the lung dose to the clinical re-
sponse. In general, the greater the dose
inhaled, the greater the response, unless
the plateau of the dose-response curve
has been reached. There are several rea-
sons for measuring the lung dose and
distribution for the aerosolized drugs be-
ing tested (Table 8). It is one'way of
assessing the perforrnance of the delivery
system. Adjustments to the dose of medi-
cation can be made according to findings
in the individual patient. In some ú-
stances, it is appropriate to target therapy
to the peripheral airways (Selroos, 19g6)
and the success of the delivery system in
doing this can be measured. The use of
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TABLE 8. Reasons for Measuring Lung Dose
/Distribution of Inhaled Aerosols

Performance of aerosol delivery qatem
Dose adjustment
Targeting of aerosol therapy
Design of more efficient delivery qystems
Assessment of topical/systemic treatment via aerosol

With new drug formulations
With new (aerosol) formulations of existing drugs

new drug formulations (Farr et al., 1985)
as well as new aerosol formulations of
existing oral or intravenous drugs can be
assessed by direct measurements of depo-
sition. Furthermore, it can be beneficial to
the process of developing efficient deliv-
ery systems for topical and/or systemic
treatment with aerosolized drugs by know-
ing both the dose to the lung as well as
the clinical response.

Many thanks to Bev Onken for typing this manuscript.
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