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Radioaerosol Lung Imaging — History and Pharmaceuticals

Toyoharu Isawa, M.D.

1. History of Radioaerosol Inhalation Lung Imaging

The first use of a radioactive tracer to study lung function was made by Knipping
and others in 1955 [1]. They used radioactive 133Xe (xenon) gas as an inhalation
agent in a patient with lung cancer and found that distal to a tumor no radioactivity
was detected indicating no ventilation although chest x-rays appeared as if there
was active ventilation. Subsequently with advance in technology a number of radi-
oactive gases such as 81mKr (krypton) and cyclotron produced 15Ch (oxygen), "C
(carbon) and I3N2 (nitrogen) became available to assess regional lung function. The
advantages of these gases are manifold, but their utility is mostly limited due to
high cost. An alternative to the use of radioactive gases to study regional ventilation
is the use of particulate radioactive aerosol.

Radioaerosol inhalation lung imaging technique was developed in 1965 almost
simultaneously by Taplin and others and Pircher and others [2-4] just 2 years fol-
lowing Taplin's invention of I31I-MAA for perfusion lung imaging [5]. Their main
aim was to use l31I-human serum albumin (HSA), and ""Tc-HSA, l31I-rose ben-
gal, l97Hg-chlormerodrin and colloidal l98Au as agents for radioaerosol generation,
and Taplin himself preferred 198Au colloids for serial studies from economical rea-
sons. Already in 1965, however, Taplin said that the best agent would be ""Tc-
HSA [2]. Pircher used 13II-HSA aerosol. Taplin already noted at that time that the
inhaled aerosol was removed from the lungs mainly by ciliary action and that it
was not absorbed either from the lungs or the intestine. Anyway it is noteworthy
that the idea of radioaerosol inhalation lung imaging was proposed soon after the
advent of perfusion lung imaging. Besides 131I-HSA and colloidal 198Au, the fol-
lowing agents have been or are currently being used. The superiority of ""Tc over
other radioisotopes used in the past is beyond dispute;

1) To-Sulfur Colloid

""Tc-sulfur colloid, a liver scanning agent, is used as an agent for radioaerosol
lung imaging. It is cumbersome, however, to make good aerosol from sulfur col-
loid, probably because this agent is in the form of colloid from the beginning.
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2) "Tc-Phytate

""Tc-phytate, another liver scanning agent, is also usable as an aerosol inhala-
tion lung imaging agent. ""Tc-phytate is a low molecular substance (m.w. 1671)
and can make as good aerosols for inhalation lung imaging as human serum albu-
min. Neither ""Tc-sulfur colloid nor ""Tc-phytate is not absorbed from the pul-
monary epithelium. It should be borne in mind that both of them are not biodegradable
as is human serum albumin.

3) """Tc-DTPA (Diethylene triamine pentaacetate)

""Tc-DTPA aerosol was used for inhalation lung imaging for the first time in
1968 aiming at exploring the possibility of using this aerosol as an agent to measure
diffusing capacity of the alveolar surface [6]. Computers were not as widely availa-
ble at that time as today and we could not quantify the disappearance rate of "mTc-
DTPA from the lungs after inhalation of ""Tc-DTPA aerosol. Later on Taplin has
shown its utility in studying permeability of the pulmonary epithelial surface in-
stead of diffusing capacity [7]. "mTc-DTPA aerosol is now widely used to study
pulmonary epithelial permeability [8-10]. Here the pulmonary epithelium means the
epithelium of the conductive airways including the trachea, the bronchi, and the
bronchioli. The former covers most of the surface of the total lung volume and
the latter its remainder [11]. Thus as long as the pulmonary epithelial permeability
is concerned, the majority of its function takes place in the alveolar epithelium.

4) 99mTc-Human Serum Albumin (HSA)

Radioactive albumin aerosol (formerly 13lI-tagged but at present exclusively ""Tc-
tagged) is used as an inhalation agent for lung imaging. It is not permeable to the
pulmonary epithelium and has been widely used as an agent for estimating the ven-
tilatory space of the lung and for mucociliary clearance of the ciliated airways of
the lungs [12-14]. The differences between ""Tc-albumin and ""Tc-phytate aer-
osols are; 1. biodegradable organic substance vs. inorganic, 2. large molecular
(m.w.: >60,000) vs. low molecular (m.w.: 1671), and 3. more viscous vs. less vis-
cous aerosol.

In fact any radiopharmaceuticals used for the clinical study in nuclear medicine
can be used for generation of aerosol for inhalation. By studying its behavior in
the lungs following inhalation a new lung function might potentially be elucidated.
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2. Generation of Aerosol

All particles suspended in air can be called aerosols. The particles may be solid,
liquid or with a solid core with a liquid surface layer. Aerosols generated from
radioactive solution is called radioaerosol. Further they can be categorized on the
basis of its variation in particle size. Aerosols with geometric standard deviation
(GSD or ffg) of 1.1 or less are termed monodisperse aerosols, while those with
values greater than the above are called polydisperse aerosols.

Aerosols used in nuclear medicine are generated by various nebulizers or atomizers;
namely, jet nebulizers, ultrasonic nebulizers, and spinning disc atomizers.

1) Jet Nebulizer

This type of nebulizer is widely used not only for inhalation lung imaging but
also for therapeutic purposes and our BARC (Bhabha Atomic Research Centre, Bom-
bay, India) nebulizer originally belongs to this category [15]. It operates physically
by Venturi effect. A stream of compressed air is used to atomize a fluid into small
fragments; when compressed air passes through a small tube, the other end of the
branching narrow tube being immersed in the liquid, the liquid is drawn up into
the tube so that the drawn up liquid is fragmented by the high velocity gas. Most
of the large particles are removed by some barriers (baffles) to which they impinge
and returned to the liquid reservoir to be re-nebulized. Usual jet nebulizers general-
ly produce larger particles than 1 micron or so in mass median aerodynamic di-
ameter and called hygrotic aerosol. Aerosols produced by jet nebulizers are
polydisperse.

In case of the BARC nebulizer, however, because of addition of two needle out-
puts of compressed air (3.1 1/min, each) to the nebulizing chamber following aer-
osol generation by Venturi principle, aerosol are "dried up" in a sense on the way
to the reservoir or even inside the chamber [15]. Even after heating the "dry aer-
osol" particles cannot be made smaller any further [16].

2) Ultrasonic Nebulizer

Nebulizers of this category are also widely used in clinical medicine. Energy to
atomize a liquid is derived from a piezoelectric crystal by vibration. The vibration
is transmitted through the intervening fluid to the test solution so that the solution
is transformed into droplets. Only the smaller droplets are carried to a tube for in-
halation whereas larger ones are impacted on baffle. By introducing a reservoir be-
tween the ultrasonic nebulizer and the mouth piece, the droplet size can be reduced
due to sedimentation of large droplets as shown in Table 1 [16, 17].
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Table 1. The Size of Commonly Used Aerosols

Jet Nebulizer
Ultra Vent
with reservoir
without reservoir

BARC
with reservoir
without reservoir
and drying air

Ultrasonic Nebulizer
Mistogen EN-142

with reservoir
without reservoir

DeVilbiss model 65
without reservoir

Omuron NE-U 11
without reservoir

Tc-HSA

AMAD
(urn)

0.94
1.04

0.84

1.39

1.64
1.93

1 *7 0
1. / o

1.62

GSD

1.72
1.71

1.73

2.02

1.39
1.52

1 6L(\

1 ,tyo

1.50

"•"Tc-Phytate

AMAD

0.84

1.20

1.40
1.75

GSD

1.75

2.0

1.65
1.53

"•"TC-DTPA

AMAD

1.00

0.84

1.20

1.44
1.73

GSD

1.78

1.75

2.00

1.65
1.55

""TcOi"

AMAD

0.99

0.80

1.10

1.60

GSD

1.71

1.75

2.00

1.53

AMAD: Activity median aerodynamic diameter. GSD: Geometric standard deviation (og)
BARC: Bhabha Atomic Research Centre, Bombay, India

3) Spinning Disc Atomizer

If a drop of liquid is put at the center of a rapidly revolving disc, a spray of
droplets is formed. This is actually the principle of spinning disc atomizer. Uni-
form size (monodisperse) aerosols are made by using this instrument.

Spinning disc generators are most frequently used to produce aerosol of solid
inert materials like polystyrenes [18,19], teflon [20], iron oxide [21,22], or lucite
labelled with ""Hx or 51Cr, [23]. Droplet size decreases as the angular velocity of
the disc increases. The geometric standard deviation is characteristically 1.1 in case
of monodisperse aerosols.

4) Other Inhalers

Pressurized aerosol canisters such as ones used for continuous spray like insecti-
cides spray or hair spray or metered dose inhalers for bronchodilators or steroid
and dry powder aerosols such as ones used for inhaling sodium cromoglycate (spin-
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haler) can be potentially useful for clinical inhalation lung imaging or mucociliary
studies. How to maintain production of a fairly uniform sized aerosol would be
a problem, even if radioactivity could be loaded inside the canister or in a capsule.
Several authors have measured the size of aerosol produced by these simple gadg-
ets [23,25].

3. Deposition of Inhaled Aerosol in the Lungs

Inhaled aerosol deposits not only on the ciliated airways but also on the non-
ciliated airways and the alveolar surface. The smaller the particle size, the further
into the lung periphery it reaches. The amount and the site of deposition of inhaled
aerosols in the lungs is important in interpreting pathophysiology of the underlying
diseases. The deposition patterns are often diagnostic of underlying pathology. In
normal subjects the deposition of aerosol is homogeneous throughout the lungs without
showing up the airways, but as obstructive airway disturbances get worse, the depo-
sition patterns become more inhomogeneous with more marked irregular deposi-
tion of inhaled aerosols on the airways [26].

4. Radiation Dose from Aerosol Inhalation Lung Imaging

There are principally two methods to calculate the radiation dose from any iso-
topes administered to the human body in vivo. One is by ICRP Task Group [27]
and the other is by MIRD [28]. As compared with perfusion lung imaging, Table
2 gives a rough estimate of radiation dose to the lungs [29]. For comparison, radia-
tion doses from injected ""Tc-MAA and 99mTc-microsphere for perfusion study
would be about 180 mR/mCi (Tb: 4 hrs) and 450 mR/mCi (Tb: 6 hrs), respec-
tively.

5. Difference between Gas and Aerosol

Either l33Xe (xenon) or 8lmKr (krypton ) gas is usually used for ventilation study
except in the centers where 13N2 (nitrogen) is available. The latter is a positron
emitter produced by cyclotron.

l33Xe gas has a low gamma-energy of 81 kev and its half-life is 5.3 days. Be-
cause of its low gamma energy, radioactivity from only the surface of the lungs
can be measured. On the contrary, 8lmKr has a gamma energy of 190 kev (65%)
and somewhat lesser energies of 176 and 188 kev. The penetration is very good.
The half life is only 13 sec. Biological phenomena occurring over a long period
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of time, for example, wash-out phase of inhaled 8lmKr gas from the lungs is not
well studied using this isotope.

The comparison of radioactive gases with radioaerosols indicates;
i) Radioaerosols are inexpensive to produce as against radioactive gases,
ii) Radioaerosols are produced by generators and radionuclides used for genera-

tion (mainly ""Tc) are more easily available.
iii) Radioaerosols stay in the lungs for longer time so it is possible to take multi-

ple views even with slow rectilinear scanners.
iv) Direct comparison with perfusion views is possible, giving accurate localiza-

tion of ventilatory and pulmonary arterial lung lesions with equally good reso-
lution.

v) Dynamic aspects of lung function can be studied only with radioactive gases
like locating slow spaces in the lungs or determining whether or not a bullous
region is communicated with airway,

vi) Repeated studies can be easily done using a short half-lived gas like 8lmKr
gas or cyclotron produced I3N2.

vii) Breath-holding is necessary with gases, while it is not with aerosols. Only one
view is studied at one time with gases,

viii) Characteristic types of obstructive airways disease can be studied by aerosol
inhalation lung imaging.

ix) By using non-absorbable aerosols like albumin or phytate, mucociliary clear-
ance function is also studied besides ventilatory aspect.

Table 2. Committed Dose Equivalent in Pulmonary (P)
Region from Radioaerosol.

Total dose to T ' Region
Aerosol Tb(h) Teff(h) (mSv/G Bq)

MIRD-11 ICRP model

TcOi"
""Tc-DTPA
""Tc-MDP*
""Tc-Phy*
""Tc-HSA*

0.17
0.70
3.40

>4.00
>4.00

0.162
0.63
2.17
2.4
2.4

3.27
13.35
98.20
99.57
99.57

(121.4)

6.97s

19.7*
84.2
98.4
98.4

(146.2**)
$ Under the assumption that no lymphatic and tracheobronchial (TB) clearance during

this time.
* It is assumed that aerosols are distributed uniformly in the parenchymal 'P ' region

and 30% of total deposited particles are cleared via tracheobronchial (TB) region
with an effective half life (Teff) as given in the table, and 70% are cleared via
alveolar region with an effective half life of physical half life of 99mTc (Tb>Tp)

** In worst situation-if we assume there is no clearance from the lungs at all.
Conversion factor: lmR/mCi=3.7 mSv/GBq
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