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1. INTRODUCTION 

Lung imaging with a radioactive tracer is a noninvasive 
technique and is performed to show distribution of ventilation 
(air) and perfusion (blood) in the lungs. This technique is 
widely used in the diagnosis of pulmonary embolism by mismatch 
(Ref. 1). Different radioactive gases, for example Xenon-133 
(t. 5.28d, E 81 Kev) and Krypton-81m (t, 13S, E 191 Kev) have 
been used for ventilation studies to complement perfusion 
studies with technetium-99m labelled macro-aggregated albumin 
( Tc-MAA). Xenon-133 has a long physical half-life and low 
energy gamma emission, whereas krypton-81m has a short parent 
half-life and is expensive. mTc based system has, therefore, 
received considerable attention due to ideal decay characte
ristics of this radionuclide. Radioaerosol particles of about 
1 urn (micrometer) diameter are reported to produce a similar 
distribution as compared to radioactive gases.(Ref 2 and 3). 

A simple reusable radioaerosol generator and delivery 
system named "Radio Vent" has been designed in the Radioisotope 
production Group at PINSTECH and is being supplied to all 
Atomic Energy Medical Establishments of Pakistan Atomic Energy 
Commission (PAEC) for lung ventilation studies. This system 

* ** provides aerosols of particle size 0.9 umil.5 ( AMAD ±,og) 
having 96% of the particles with aerodynamic diameter less 
than 2 um. 

The working principle of the "Radio "ent" is that the 
radioaerosol particles are produced by a high velocity air 
jet impinging directly on the surface of liquid ( mTc-DTPA 
Soln.). This is different from other airblast nebulizers where 
particles are produced by compressed air forced past one end 
of a narrow tube, up which the liquid is drawn (Bernoulli 
Effect). 

Activity Median Aerodynamic Diameter 
Geometric Standard Deviation 
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2. TECHNICAL INFORMATIONS 

i) Particle Size Distribution 

The aerosol particle size distribution is measured 
using a calibrated six stagve cascade impactor Delron 
Model DCI-6 with silicone fluid coated collecting 
slides. Several jet sizes (nipples) were introduced 
in the generator to produce particles of various 
dimensions. A compressed air cylinder was used to 
supply air at a flowrate of 8 litres/min and the 
particle stream was drawn through the impactor by 
means of a vacuum pump at a constant flowrate of 
12.5 litres/min for a period of 1.5 min. The particle 
size distribution of the aerosol is expressed in 
terms of the percentage of the total radioactivity 
measured on each of glass slides and the filter. 
The AMAD and a which describe the distribution of 

g 
aerosol were estimated as 0.9 jim + 1.5. These results 
are shown in Fig.l which indicate that 96% particles 
of aerodynamic diameter of less that 2 ym can be 
produced with jet size of 0.38 mm. 
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Fig.l. Particle size distribution for different jet 
sizes. 
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ii) Patient Study 

A number of normal and abnormal subjects have been 
studied by "Radio Vent" with 0.38mn> jet size. The 
generator was loaded with 925 MBq of 9 9 m Tc-DTPA 
solution in 2.5 ml and radioaerosols were produced 
at a flowrate of 8 litres/min. A large field of 
view camera (IGE 535) fitted with a LEGP collimator 
was used to record the build up of radioactivity in 
the lungs and breathe-in process was continued until 
a count rate of approximately 2.5 k/s (2500 cps) 
was obtained. A count rate of this magnitude was 
found satisfactory to take four ventilation images 
each 200K (2,00,000) counts within 20 minutes from 
the end of the breathe-in period. 
Typical posterior lung ventilation images obtained 
with Tc-DTPA and Kr gas are shown in Fig.2. 
The Fig.3 shown a case of normal ventilation and 
abnormal perfusion (mismatch) which is an example 
of pulmonary embolism. 

'v>i'/.' {, 

Fif. 2. a) A typical posterior lung ventilation 
image (200 k courts obtained with 
g'jJrc-DTPA aerosol and b) that with 
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Pig. 3. A typical example of mismatch. 

3. SYSTEM DESCRIPTION 

The reusable radioaerosol ventilation system "Radio Vent" 
is composed of fourteen components described in Fig.4 and 
weighs about 30 kg. 

1. Aluminium one way valve 
2. Aluminium T (Three way) 
3. Multistage separator (perspex) 
4. Radioaerosol generator (perspex), details in Fig. 4(b) 
5. Lead container for radioaerosol generator 
6. Lead shielded box (380 x 380 x 300) mm with thickness 

3mm 
7. Collapsible rubber bag (2 litres) 
8. Prespex three way valve 
9. Mouth piece 
10. Expiratory paper filter 
11. Nipple with jet size 0.38 mm 
12. Flexible rubber tubings (length 900 mm, dia 25 mm) 
13. Trolley 
14. Compressed air cylinder with pressure gauge and 

regulating valve. 
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Details of Fourteen Components of Radio Vent. 

Rtploctabte 
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4. WORKING PROCEDURE 

1. Place the radioaerosol box on the trolley and connect 
the various components as shown in Fig. 4(a). 

2. Take 2.0C ml (370 MBq/ml) of 99mTc-DTPA solution in 
a 5ml syringe. 

3. Open top lid of the radioaerosol box and disconnect 
multistage separator from top side of the radioaerosol 
generator (Fig. 4). 

4. Introduce roTc DTPA soln. from the syringe into 
the radioaerosol generator and re-connect multistage 
sepeartor with the generator. 

5. Replace the top lid of the radioaerosol box. 

6. Shift the radioaerosol ventilation system and a 
compressed air cylinder to the patient imaging room 
where the patient is sitting in front of a gamma 
camera (posterior view position). 

7. Fix air inlet pressure tube of the radioaerosol 
generator with the outlet of compressed air cylinder. 

8. Ask the patient to breathe-in and breathe-out normally 
by mouth (nose is closed) through the mouth piece. 
In this position air will be provided through one 
way valve ( Fig.4 (a). This gives breathing experience 
to the patient. 

9. After half a minute of a breathing experience open 
compressed air from the cylinder by its regulator 
and adjust air flow rate in the range between 4-8 
litre/min without disturbing the breathing process. 
In this way radioaerosols are produced and start 
accumulating in the lungs. 
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10. Adjust the height of the detector (gamma camera) so 
that both lungs are viewed. 

11. The breathing process is continued until a count 
rate of 2.5k/s (2500 cps) is achieved in the lungs. 

12. Close the compressed air from the cylinder and remove 
the radioaerosol system and compressed air cylinder 
from the patient imaging room. 

13. Record four or six images (as required) of the 
lungs 200k (200,000) each. 

14. Then give intravenous injection of 1000 MBq of 
A n -

Tc-MAA to the patient for perfusion study and 
record images of the lungs immediately 400k (400,000) 
each. 

15. Compare ventilation and perfusion images. 

5. EBECAUTION 

The following points must be taken into account during 
the study of lungs using radioaerosol ventilation system "Radio 
Vent". 

A) Before the patient study, make sure that: 

1. The pressure tubing line between compressed 
air cylinder and nipple of aerosol generator 
is tight. 

2. The collapsible rubber bag is empty. 

3. Flexible rubber tubings, three way valve and 
mouth piece are clean and free of moisture. 
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4. The patient is asked to have sone breathing 
experience for i-2 minutes which should be normal 
and deep. 

During the patient study, make sure that: 

1. The reading cf tne flow meter of presux^ 
regulator is above 4 1/roin. 

2. The breathing c£ patient is normal and deep. 

3. The breathe-in process is continued for at least 
4 minutes. 

4. The mouth piece is removed at once when com
pressed air is closed at the end of breathe-in 
process. 

5. 2.5 ml of 9 9 mTc-DTPA (20 mCi) is sufficient 
for two patients, if the study of more patients 
is required then add 0.5 ml of Tc-DTPA for 
each patient in the aerosol generator. 
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