
(5). The investigationhasassumeda majordiagnosticrole
in this common disease.

Most studies of pulmonary radioaerosol clearance have
employed 99mTcDTPA aerosol, since it is a common agent
for ventilation studies. However, since its introduction by
Burch et al. (6) there has been increasing interest in the
alternative use of â€œTechnegas,â€•an ultra-fine dispersion of
99mTclabeled carbon particles that are produced by com
bustion of [99mTc@pertechnetate in a graphite crucible in
an atmosphere of 100% argon. Its major advantage lies in
the fact that the particle size allows good peripheral pene
tration with little central deposition after only 2â€”5breaths.
The agent has prolonged pulmonary retention, clearing
from the lungs with the half-life of the radionuclide. How
ever, lung clearance can be markedly altered by the com
bustion of the crucible in an atmosphere of 97% argon
and 3% oxygen. With this modification, the subsequent
half-clearance time of the radioactivity from the lungs in
normal subjects is markedly shortened. This study has
therefore been undertaken to ascertain whether this â€œmod
ifiedâ€•aerosol can be routinely utilized to identify altered
pulmonary permeability, permitting it to be substituted
for 99mTc@DTPA.

Technegas, an ultra-fine dry aerosol with prolonged retention
in the lungs, can be modified by altering the atmosphere in
which the carbon particles are generated. The modified Tech
negas has much faster clearance from the lung. The half-time
pulmonary clearances with modified Technegas were corn
pared to those obtained with conventional @â€œTcDTPA aero
sol in 50 patients.Interstitiallungdiseasewas suspectedin
12 while 38 were infected with the human immunodeficiency
virus and suspected of having opportunistic lung infection. In
22 nonsmokers in whom no evidence of active pulmonary
pathologywas demonstrable,the meanhalf-timewith DTPA
was 52.5 mm whereas the mean half-time with modified
aerosol was 10.1 mm. The mean half-time in 14 smokers in
whom there was also no evidence of active pulmonarydisease
was 28.3 mm with DTPA and 7.0 mm with the modified
method. Inthe 14 patients inwhom altered pulmonaryperme
ability was demonstrated by a short DTPA half-time (mean
4.8 mm)there was also an accelerated half-timewith modified
Technegas (mean 2.5 mm). It is concluded that the modified
Technegasprocedureoffersa simplebut accuratemethodof
identifying individuals having opportunistic infection or other
diffuse lung pathology.

J NucIMed 1991;32:1945-1949

MATERIALS AND METHODS
Thirty-eight patients infected with the human immunodefi

ciency virus (HIV) and suspected of having opportunistic lung
infection, and 12 patients with suspected idiopathic interstitial
lung disease were prospectively studied. The mean age was 4 1 yr
with a range of 23â€”76yr. There were 42 males and 8 females.

All patients were studied in the Department of Nuclear Med
icine using a standardized protocol after informed consent was
obtained. An initial study was obtained utilizing â€œmodifiedâ€•
Technegas (T-gas) and a further study with 99mTc@diethylene
triamine penta acetic acid (DTPA) was performed 45â€”60mm
later. Chest radiography, arterial blood gases, lactate dehydrogen
ase (LDH) levels, and sputum analysis were performed in the

majority of patients thought to have opportunistic infection.
The modified T-gas was produced in the generator manufac

tured by Tetley Technologies, Sydney, essentially according to
the method used to prepare standard Technegas. The graphite
crucible was rinsed with ethyl alcohol, then loaded with 370-
455MBq of [99mTc]pertechnetate in 0. 1 ml. It was preheated in

the sealed lead-lined chamber for 6 mm to evaporate the liquid
prior to combustion at 2,500 C in an atmosphere of 97% argon

terations in the pulmonary clearance of soluble ra
dioaerosols was first shown by Chopra et al. (1) to be
capable ofdifferentiating normal from abnormal lungs. As
reviewed by Coates and O'Brodovich (2), the technique
has subsequently been widely utilized since the rate at
which the aerosol leaves the lungs by diffusion into the
vascular space has been shown to be altered in many
pulmonary disorders. The role of Technetium-99m-DTPA
clearance has been evaluated in the detection of opportun
istic infection in patients with the acquired immunodefl
ciency syndrome, in view of the effect on the integrity of
the alveolar membrane. Abnormal clearance rates were
demonstrated by Mason et al. (3), confirmed by a number
of workers, including O'Doherty et al. (4) and ourselves
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NormalSmokersAbnormalsNo.

of patients221414DTPAMean52.528.34.8s.d.29.515.65.7Range1

9.8â€”132.410.0â€”42.02.0â€”25.51-GasMean10.17.02.5s.d.2.41.10.7Range6.8â€”16.75.7â€”9.01.2â€”3.8

and 3% oxygen, rather than the usual atmosphere of 100% argon.
Our measurementsto date indicate that, immediatelyafter gen
eration, 80% of the particles have a mass median aerodynamic
diameter (MMAD) ofless than 0.1 @sm.The modified Technegas
was administered through a mouthpiece, with a nose clip in situ,
to the patients. The patients slowlyinhaled and then held their
breath for S sec at the maximal point of inspiration. They
subsequently exhaled through the mouthpiece, the sequence
being repeated till the desired count rate was achieved. In the
majority of patients a satisfactory count rate of 3,000 cps was
achieved following 2â€”Sinspiratory efforts. This is equivalent to
approximately 80 MBq of aerosol in the lungs. The aerosol was
delivered from the sealed chamber by disposable teflon tubing
with a trap for exhaled gas.

Technetium-99m-DTPA (1.5 GBq) was nebulized, using a
commercially available Bennett twin nebulizer, through a cus
tomized filter to ensure uniform droplet size,allowingadequate
penetration to the distal airways. The nebulized aerosol was then
collected in a standard 3-litre reservoir bag for further settling out
of large droplets, according to the technique described by Hayes
et al. (7). The resultant aerosol has a MMAD of 0.7 @mand
geometric standard deviation (GSD) 1.2. A one-way valve adja
cent to the mouthpiece enabled the conduction ofexhaled aerosol
to a trap. The patient then undertook normal tidal volume
respiration until a count rate of3,000 cps was established or until
3 mm had elapsed.

The modified Technegas and the aerosolized DTPA were
administered in the supine position and the patients remained in
this position throughout the imaging which was performed over
the posterior lung fields using a large field ofview gamma camera
(GE 400AT) fitted with a LEAP collimator and interfaced to a
computer. Counts were acquired into a 64 x 64 matrix at 30 sec.
intervals for 15 mm for the T-gas study and 30 mm for the DTPA
study. There was a 45-mm delay between the two studies and the
second study was commenced 10 mm prior to DTPA adminis
tration to allow correction for residual T-gas activity.

Time-activity curves were obtained for each whole lung. The
lung-activity curves were then corrected for area normalized
background activity using a region drawn over the shoulders. The
contribution to each DTPA study arising from residual pulmo
nary activity due to a prior T-gas study was estimated by extrap
olation of a single exponential fitted to the 10-mm of data
acquired over each lung before DTPA administration. DTPA
lung activity curves were then corrected by subtraction of this
estimate.

The corrected whole lung curves were then inspected for
evidence ofan initial rapid phase, with cursors placed at the peak
and the 7-mm mark. A least squares single exponential fit was
appliedto data betweenthe cursors.A time to halfclearancewas
obtained for this initial phase.

If the corrected whole lung curve data appeared curved when
displayed on a semi-log plot, it was assumed to be a sum of two
exponentials. A fit to the final S mm of data was thus applied to
estimate the slower exponential, which was then subtracted away,
leaving data on which a fit for the fast exponential was performed
and a time to half-clearance similarly calculated.

RESULTS

Times to half-clearance (T,,2) were obtained in 22 non
smokers with no evidence of active pulmonary pathology
(Table 1). These values ranged from 19.8 to 132.4 mm.

(mean = 52.5, s.d. = 29.5) for 99mTc@DTPAand in the
corresponding T-gas studies from 6.8 to 16.7 mm (mean
= 10.1, s.d. = 2.4). The range in 14 smokers, in whom

there was also no evidence of active pulmonary disease,
was 10.0 to 42.0 mm (mean = 28.3, s.d. = 15.6) for 99mTc..
DTPA and in the T-gas studies 5.7 to 9.0 mm (mean =
7.0, s.d. = 1.1). All clearance curves in both the normal
smokers and nonsmokers were monophasic.

Lung clearance was judged to be abnormal dependent
on the DTPA aerosol lung clearance curve shape and the
value ofthe half-clearance time. In 14 patients, 7 of whom
were smokers, there were markedly accelerated half-clear
ance times with biexponential clearance curves. Pneumo
cystis carinii pneumonia (PCP) was diagnosed in 8 pa
tients, 4 of whom had a sputum positive diagnosis and 2
patients fulfilled the Center for Disease Control (CDC)
criteria for a presumptive diagnosis. Five patients clinically
improved on empiric therapy for PCP but did not fulfill
the criteria for the diagnosis of PCP according to CDC
guidelines. The three remaining patients had clinical, ra
diographic, and/or histologic evidence of active alveolitis.
In the abnormal group, the T,,2 ranged from 2.0 to 25.5
mm(mean= 4.8,s.d.= 5.7)forthe99mTc@DTPAandin
the T-gas studies from 1.2 to 3.8 mm (mean = 2.5, s.d. =
0.7). The clearance curves of all patients with abnormal
studies were biexponential, enabling curve stripping of the
slower late phase. As seen in Figure 1, the T,,2 values in
all these patients were clearly differentiated from those
obtained in the normal individuals.

In the 22 nonsmoking patients who had normal lung
clearance, there were 6 patients who were evaluated for
the possibility of active alveolitis in whom other primary
diagnoses were made. In this group, three patients had
evidence ofa connective tissue disorder, while two patients
had evidence of airflow limitation on clinical and spiro
metric grounds. The remaining 16 patients were infected
with the human immunodeficiency virus and ofthis group
13 had no clinical, radiographic or pathological evidence
of active opportunistic lung infection. One patient had a
postmortem diagnosis of miliary pulmonary tuberculosis
while the remaining two patients had a presumptive diag
nosis of PCP clinically but did not fulfill the CDC criteria

TABLE 1
Aesults: Lung Clearances (mm)
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FIGURE 1. Distributionof lung clear
ance half-times using modifiedTechnegas,
showingclearseparationofabnormalfrom
nonsmokingnormalsandsmokers.

for this diagnosis. The latter two patients clinically im
proved on empiric therapy for presumed PCP infection.

Eight patients had a second 99mTc@DTPAstudy 24 hr
later to validate the results obtained by subtracting residual
T-gas activity from the initial 99mTc@DTPA study. Six
patients with no evidence of pulmonary pathology and
normal initial 99mTcDTPA lung clearances had a mean
half-life of 55. 1 mm for the initial study and 53.2 mm for
the study obtained 24 hr later. There was no significant
difference between the two mean values by the Students t
Test (p > 0.1). Similarly, studies obtained in two patients
with interstitial pneumonitis, provided an initial mean
half-life of 6.7 mm and 24 hr later a mean half-life of 6.9
mm. The difference was not significant by the Students t
Test (p > 0.1).

An aerosolized [99mTc]pertechnetate study was per
formed in four patients 24 hr later, for comparison with
the earlier T-gas study, using the same equipment and
procedure employed for the administration of DTPA aer
osol and yielding the same size particles. The clearance
values obtained for T-gas and [@mTc]pertechnetate are
very similar (Table 2).

DISCUSSION

The nature of Technegas, an ultra-fine dispersion of
99mTclabeled carbon particles, clearly is critical in achiev
ing peripheral penetration and distribution throughout the
lungs, leading to ventilation images which have been
shown to be diagnostically equal to, or even superior to
â€˜33Xe(8,9, 10) or to 8@m}(j@(JJ ) Much ofthis clinical utility,
however, results from the feasibility of obtaining multiple
views in a variety of projections. This is possible since,
after inhalation into the lungs, a fraction of the particles
lodge in the alveoli, but there is little or no washout from
the lungs, the clearance rate declining with a half-life equal
to that of@mTc.However, as we have shown, the relatively
minor modification ofthe method ofgenerating the Tech
negas has a profound effect on the nature of the agent.
Thus, in normal individuals, the mean half-clearance time
from the lungs was 10.1 mm. As expected, the values
obtained in normal individuals who were smokers were
faster, their mean half-clearance time being 7.0 mm. This
accelerated clearance in this group was also found in the
same individuals when studied with 99mTc@DTPAaerosol.

It seems justifiable to postulate that the clearance being
demonstrated using â€œmodifiedâ€•Technegas is that of per
technetate. The reasons why Technegas should be modi
fled by combustion in an altered atmosphere are still being
investigated, as are the nature of the particles. However,
the half-clearance times obtained in four patients with
both modified Technegas and pertechnetate are remarka
bly similar and the whole-body distribution of radioactiv
ity following pulmonary clearance of Technegas is that of
the preferential uptake into those organs that specifically
trap pertechnetate (Fig. 2). The half-clearance time values
obtained with Technegas are of the same order as those
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as readily identified by the nature ofthe computer-derived
clearance curves as by the actual numerical value of the
calculated half-clearance time.

The general use of 99mTcDTPA for the measurement
of pulmonary clearance has probably reflected the use of
this radiopharmaceutical in radioaerosol ventilation un
dertaken routinely with lung perfusion in the investigation
ofsuspected pulmonary embolism. Thus it is readily avail
able for both purposes using the same apparatus. However,
DTPA radioaerosol is not the ideal agent for such venti
lation studies. In addition to superior peripheral penetra
tion and decreased central deposition in comparison to
DTPA radioaerosol, the administration of Technegas is
simple and more rapid. These factors permit a marked
improvement in counting statistics, therefore permitting
images of high quality. These attributes of the technique
are retained with â€œmodifiedâ€•Technegas. The ease of ad
ministration is certainly of importance, in view of the
degree of illness usually encountered in the patients re
quiring investigation, whether, as in our series, those with
interstitial pneumonitis, or those with acute lung injury in
whom Barrowcliffe and Jones (14) found DTPA pulmo
nary clearance to be of value. Further confidence in the
accuracy of the Technegas clearance value reflects the
excellent counting statistics. This factor almost certainly
ensured the identification ofthe markedly accelerated half
clearance time of 2.5 mm in a patient in whom there was
both radiological and pathological evidence of severe pul
monary fibrosis, but in whom, because of her difficulty in
complying with the DTPA aerosol procedure and obtain
ing suboptimal counting statistics, the latter technique
yielded a false-negative result with a normal value of 25.5
mm. This reflected the difficulties inherent in the aerosol
method when patients are severely dyspnoeic leading to
an inability to inspire sufficient radioactivity to achieve
optimal counting statistics.

Our experience does therefore indicate that, using this
method to modify Technegas, it is possible to obtain
accurate quantitation of the clearance from the lungs of
the administered activity. This confident identification of
the changes reflecting alterations in pulmonary epithelial
permeability is of practical value since it can be obtained
using the same equipment as is employed for routine
radionuclide studies with standard Technegas, merely re
quiring the use of an alternative gas supply. The @mTc@
DTPA aerosol lung clearance studies contributed to pa
tient management by enabling the early introduction of
appropriate therapy, particularly in the HIV-infected pa
tients in whom PCP infection is the most common cause
for diffuse interstitial pneumonitis. The advantage of the
lung clearance study is such that it provides a rapid answer
regarding the possibility of interstitial pneumonitis and
thus obviates the requirement for pulmonary radiogallium
imaging. In view of the increasing realization of the di@ig
nostic utility of lung clearance studies, both in adults and
children (5), and the advantages of the standard Techne

0

FIGURE 2. Whole-bodyscanshow
ingdistributionofradioactivityfollowing
pulmonaryclearanceof modifiedTech
negas withpreferentialuptake inthose
organs that specificallytrap pertech
netate.

that have been reported in the literature, for example by
Chopra et al. (1). They and others (2,12,13) have shown
with the use of radioaerosols that, in accord with Fick's
laws of diffusion, the rate of diffusion of small molecules
is inversely proportional to the square root oftheir molec
ular weights. In confirming that @mTc04,with a molecular
weight of 163, was cleared from the lungs more rapidly
than 99mTcDTPA (molecular weight 492) by an average
factor of 3.3, Rinderknect et al. (12) actually favored the
former for clinical use. They found that accelerated clear
ance could be identified in interstitial lung disease with
both agents, but pertechnetate was more reliable in dem
onstrating the slow clearance associated with pulmonary
alveolar proteinosis. Nevertheless, @mTc@DTPAaerosol
has subsequently been utilized in most studies of altered
pulmonary clearance. This may in part have reflected
concern regarding accurate quantitation of such a rapid
clearance as occurs with pertechnetate with marked alter
ations of pulmonary permeability. There is no such prob
1cmwith modern detection equipment and the availability
of computers. It is also relevant to note that, because the
clearance ofpertechnetate is so rapid, the values will reflect
only altered diffusion and should not be affected by
changes in pulmonary blood flow. Such changes are, how
ever, not encountered in the majority of patients in whom
pulmonary clearance studies are now of routine clinical
value, for example, those suspected ofhaving opportunistic
infections. Our results demonstrate that accurate differ
entiation of such patients from normal individuals, both
smokers and nonsmokers, is achieved. Indeed, they were
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6. BurchWM,SullivanPJ, McLarenCi. Technegasâ€”anewventilationagent
for lung scanning. Nuc Med Commun 1986;7:865â€”87l.

7. Hayes M. Taplin GV, Chopra 5K, et al. Improved radioaerosol adminis
tration system for routine inhalation lung imaging. Radiology
l979;l3l:256â€”258.

8. Sullivan PJ, Burke WM, Burch WM, Lomas FE. A clinical comparison of
technegasand xenon-133 in 50 patients with suspectedpulmonary em
bolus. Chest 1988;94:300â€”304.

9. Fawdry R, Bush B, King T, Gruenewald S. Initial experience with techne
gasâ€”anew ventilation agent. J NuclMed 1988:29:765.

10. Rimkus DS, Ashburn WL. Lung ventilationscanningwith a new carbon
particle radioaerosol (technegas), preliminary patient studies. C/in Nuc
Med l990;4:222â€”226.

11. Hilson M@, Pavia D, Diamond PD, Agnew JE. An ultrafine @@mTcaerosol
(technegas)for lungventilationscintigraphyâ€”acomparisonwith Kr-81m.
J NuclMed 1989;30:744.

12. Rinderknecht J, Shapiro L, Krauthamer M, et al. Accelerated clearance of
small solutes from the lungs in interstitial lung disease. Am Rev Respir Dis
l980;l2l:l05â€”l17.

13. Mason OR, Uszler JM, Effros RM, Reid E. Rapidly reversible alterations
ofpulmonary epithelial permeability induced by smoking. Chest 1983:1:6â€”
11.

14. Barrowcliffe MP, Jones JO. Pulmonary clearance of @@mTc.DTPAin the
diagnosis ofevolution ofincreased permeability pulmonary oedema. Anaes
miens Care 1989:17:422â€”432.

gas, we believe that this modified technique should find a
major clinical application in the investigation of numerous
pulmonary disorders.
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