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Abstraet. Although the clearance of an inhaled nebuli- 
sed radioaerosol has long been employed as a measure 
of lung function, this test has not found favour in nuclear 
medicine units to the extent that might originally have 
been anticipated. In this review the theoretical basis of 
solute transfer is considered and the measurement of ra- 
dioaerosol clearance discussed. Thereafter the various 
clinical applications of alveolar permeability measure- 
ment are outlined. Finally, possible reasons for the re- 
stricted clinical use of the diethylene triamine penta-ace- 
tic acid clearance technique are considered. It is con- 
cluded that the technique should provide a rapid screen- 
ing evaluation of the HIV+ve patient presenting predom- 
inantly with chest symptoms. 
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Introduction 

The clearance from the lung of an inhaled nebulised ra- 
dioaerosol has been in use now for many years as a mea- 
sure of lung function. The test has not only generated 
considerable physiological interest but has also been 
proposed as a sensitive and valuable means of detecting 
and quantifying a wide spectrum of subtle to clinically 
obvious degrees of lung injury. The test, however, has 
perhaps not been adopted by nuclear medicine units as 
much as its early promise seemed to justify. This review, 
after discussing the physiology of the test and its poten- 
tial clinical applications, identifies some possible rea- 
sons for this. 

Correspondence to: A.M. Peters, Department of Radiology, Ham- 
mersmith Hospital, Du Cane Road, London W12 0HS, UK 

Theoretical basis of solute transfer 

The pulmonary blood-gas barier 

The barrier separating pulmonary capillary blood from 
alveolar air in a lung unit consists of vascular endotheli- 
um, alveolar epithelium and the intervening pulmonary 
interstitium. It also includes a film of fluid lining the air- 
space within which inhaled solutes are dissolved. Be- 
cause they can penetrate cells directly, small lipophilic 
molecules, such as hexamethylpropylene amine oxime, 
rapidly penetrate the barrier [1] and the capacity for 
transfer from alveolus to blood is dependent on how rap- 
idly they can be carried away from the barrier by pulmo- 
nary venous blood; i.e. their transfer rate is blood flow 
or perfusion-dependent. Transfer of hydrophilic solutes 
across the blood-gas barrier, on the other hand, is much 
slower as it depends on passive diffusion through the in- 
tercellular junctions of the epithelium and endothelium 
[2-4]; the cross-sectional area of these spaces is minisc- 
ule compared with the total surface area of the barrier. 
Blood flow exerts a negligible influence on the transfer 
rate of a hydrophilic solute, which is said, therefore, to 
be perfusion-independent, or alternatively diffusion-de- 
pendent. Nevertheless, as blood flow decreases to low 
levels, diffusion-dependent transfer gradually becomes 
perfusion-dependent. 

Restricted and unrestricted diffusion 

The diffusion rate of a hydrophilic solute in aqueous so- 
lution (free diffusion) is approximately inversely propor- 
tional to the cube root of molecular size. If a solute is 
small compared with the diameter of a pore in an epithe- 
lial or endothelial membrane through which it diffuses, 
then the transfer rate across the membrane is similar to 
the rate of free diffusion and can be described as unre- 
stricted. If, on the other hand, the size of the molecule 
begins to approach that of the diameter of the pore, then 
diffusion is slowed to a rate less than the rate of free dif- 
fusion in solution, and diffusion across the membrane 
can be described as restricted. "Molecular sieving" is an 
apt term to describe this aspect of barrier function. 
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Pulmonary alveolar epithelial permeability 
as an index of lung damage 

Epithelial permeability is about l0 times lower than en- 
dothelial permeability. It is therefore the rate-limiting 
variable in the diffusion of solutes across the barrier [5] 
and can be quantified by measuring the rate of transfer 
of a hydrophilic solute from alveolus to blood. As the al- 
veolar permeability to a hydrophilic solute is readily in- 
fluenced by lung damage [6, 7], the rate of clearance of 
an inhaled nebulised solute has become established as a 
means of detecting and quantifying the severity of dif- 
fuse interstitial pulmonary disease [2, 3, 6-8]. Because 
of its availability and convenience, technetium-99m di- 
ethylene triamine penta-acetic acid (99mTc-DTPA) has 
become established as the solute for this approach. Fol- 
lowing inhalation, 99mTc-DTPA is cleared from the distal 
airway into pulmonary capillary blood and ultimately 
excreted in the urine. The rate of disappearance can be 
monitored by continuous scintigraphic detection using a 
gamma camera or scintillation probe and expressed as a 
t m or rate constant of clearance. 

Aerosol generation and delivery 

The penetration into distal lung by an aerosol is depen- 
dent on nebulised particle size. Although the movement 
of gas in the airways beyond the 16th generation of 
bronchi is by molecular diffusion in air rather than con- 
vection [9], there is evidence that aerosol particles pene- 
trate to the distal airways and alveoli. Thus, whilst the 
half-time of 99mTc-DTPA pulmonary clearance in nor- 
mal dogs is about 20 min, it is increased by ligation of 
the pulmonary artery but not of the bronchial arteries 
[10]. Occlusion of both pulmonary and bronchial flows 
greatly increases the half-time because collateral bron- 
chial flow is responsible for the clearance after pulmona- 
ry arterial occlusion. 

Quantitative basis of epithelial transfer 

In the lung, the transfer rate, J, of solute per unit of lung 
tissue can be defined in terms of the permeability-sur- 
face area (PS) product of the blood-gas barrier and the 
solute concentration, C, in alveolar fluid: 

J=PS.C. (1) 

Dividing both sides of the above equation by M, the 
amount of solute present, gives: 

J C 
--~-=PS. M" 

J/M is the fractional clearance rate, k, of solute and C/M 
is equal to UV, where Vis alveolar fluid volume, so: 

k=PS/~. (2) 

It can be seen from this that the rate constant of clear- 
ance is directly dependent on the permeability coeffi- 

cient and surface area for exchange, and inversely de- 
pendent on the volume of alveolar fluid in which the sol- 
ute is dispersed. The permeability coefficient itself can 
be expressed thus: 

V.k 
P -  S (3) 

Factors determining clearance rate 

The clearance rate of a solute from distal airway is depen- 
dent on several factors related to the properties of both the 
solute and the lung. As already mentioned, lipophilic sol- 
utes are cleared very rapidly as a result of their ability to 
cross the epithelium by direct cellular penetration. Since 
their removal rate is perfusion-dependent, they have no 
value for the determination of epithelial integrity in the 
setting of radiolabelled solute clearance studies. Hydro- 
philic solutes, in contrast, exchange across the alveolar 
epithelium rauch more slowly at rates which depend on 
molecular charge and size. At normal levels of pulmonary 
blood flow, their transfer rates are diffusion-dependent 
and unaffected by changes in blood flow. The pores in the 
alveolar epithelium through which hydrophilic solutes dif- 
fuse are electrically charged and this explains why the 
transfer rate of a solute is dependent to some extent on its 
charge as well as its size. This was demonstrated by Bar- 
rowcliffe et al. [11], who showed that neutral dextran has 
a shorter clearance half-time than similarly sized anionic 
or cationic dextran. The difference disappeared, however, 
following injury to the blood gas barrier induced by i.v. 
oleic acid, suggesting that the pore size and/or number in- 
creased and, additionally, lost charge. 

The pulmonary factors of potential importance in de- 
termining the rate of solute transfer, apart from disease 
itself, include regional surface area available for ex- 
change, regional lung volume, intra-alveolar pressure, 
the composition and volume of the fluid in the alveoli, 
surfactant, and back-diffusion of solute from blood to 
lung interstitium. 

Surface area, lung volume and intra-alveolar pressure 
are closely related in their effects on solute clearance 
rate. Marks et al. [12] addressed surface area and lung 
volume by measuring half-time of 99mTc-DTPA clear- 
ance at resting and elevated lung volumes. They were 
unable to distinguish between lung volume itself and the 
increase in surface area that accompanies an increase in 
lung volume, whether it was during or after inhalation of 
the solute. Expansion of the lung might be expected to 
stretch epithelial cells and pull them apart, thereby en- 
larging the diameter of the pores. Because of the ar- 
rangement of the alveolar septa in pleats, however, ex- 
pansion in lung volume may not necessarily be associat- 
ed with stretching of the alveolar walls [12, 13]. 

Surfactant seems to play a role in determining epithe- 
lial permeability to hydrophilic solutes but the mecha- 
nism is unclear [14]. Alveolar fluid volume and diffu- 
sion distances within the alveolus are difficult to study. 
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Although it is evident from Eq. 2 that an increase in flu- 
id volume would, by itself, be expected to decrease sol- 
ute transfer rate as a result of a lower intra-alveolar fluid 
solute concentration, cardiogenic pulmonary oedema is 
not associated with reduced solute clearance [15]. Pul- 
monay oedema due to lung injury, on the other hand, re- 
sults in a greatly increased transfer rate by virtue of an 
increase in permeability. 

The bi-exponential clearance 

An interesting feature of the severely injured lung is that 
the clearance curve may bëcome bi-exponential [16]. It 
has been suggested that this is the result of two popula- 
tions of lung units with different degrees of damage and 
correspondingly different clearance rates. The evidence 
for this is that lung damage produced by i.v. oleic acid is 
not homogeneous. However, a biexponential curve is of- 
ten seen when the clearance rate is markedly increased 
from any cause, raising the possibility of other explana- 
tions for the bi-exponential shape. These include firstly, 
deposition of aerosol more proximally in the airway, 
with slower clearance, and secondly, back-diffusion of 
tracer from blood to interstitium. It is easy to see how 
the latter could contribute towards a slower exponential, 
especially if alveolar flnid volume was increased as a di- 
rect consequence of an increase in permeability. 

Effects of cigarette smoking 

Cigarette smokers with normal lung function have an in- 
creased clearance rate [3, 17, 18] which effectively dis- 
qualifies them from the test. An approach which might 
be applicable to smokers is the simultaneous use of two 
tracers [19, 20]. By inhaling two solutes of different size 
and measuring k for both, V/S in Eq. 2 cancels out be- 
cause it is identical for the two solutes and 

kl/k2=P1/P2. (4) 

If PffP2 is greater than the ratio of free diffusion coeffi- 
cients of the two solutes then restricted diffusion to at 
least the larger of the two taust be present [21-23]. If 
smoking failed to influence restriction to diffusion, kl/k 2 
would be unaffected and consequently transparent to the 
possible effects of disease. 

Restriction to diffusion is closely related to the radius 
of the solute in relation to the radius of the pore; if pore 
radius were to increase, tben restriction to diffusion of a 
given solute may be lost. If the increased clearance rate 
of a solute in smokers is not the result of an increäse in 
pore radius then restriction to diffusion of a critical sized 
solute may be retained. Based on pore theory, the rate 
constant of clearance of solute across the epithelium can 
be described by: 

A/Ax 
k = D .  V F '  (5) 

where D is the free diffusion coefficient, A is the total 
cross-sectional area of pores and Ax is path length. F is a 
constant which is a function of the ratio of the molecular 
radius (a) of the solute to pore radius (r); it ranges from 
0 for a completely non-permeable solute to 1 for a freely 
diffusing solute (i.e. no restriction) and incorporates the 
effect of electrical charge [21, 22]. Smoking could in- 
crease clearance by increasing A (i.e. increasing pore 
number), increasing r, changing the electrical charge of 
the pores, or decreasing alveolar fluid volume. A failure 
of smoking to induce any change in the ratio of clearanc- 
es would argue against the predominant effect being on 
F, and therefore on pore radius. 

Measurement of radioaerosol clearance 

99rnTc-DTPA aerosol can be nebulised and delivered us- 
ing conventional systems designed for routine ventilation 
imaging as apart of a V/Q scan. Immediately following 
the inhalation of aerosol, the count rate over the lung is 
continuously monitored with a scintillation probe or a 
gamma camera. Scintillation probes are more suited to 
the ICU, but a gamma camera is preferable if logistically 
possible. The curve recorded during the first 7-10 min in 
a normal subject is generally a straight line on a semi- 
logarithmic plot but it then "flattens off', partly because 
of recirculating intravascular tracer. When using a probe, 
the estimation of this blood background activity has con- 
ventionally been based on the count rate recorded from 
the thigh with a separate scintillation probe. The relation- 
ship between the thigh count rate and the pulmonary 
background signal is determined by giving an i.v. injec- 
tion of a small dose of 99mTc-DTPA after the aerosol 
clearance rate has been measured. This approach assumes 
that the distribution of solute between intravascular and 
extravascular spaces is the same in the two regions. Since 
after i.v. 99mTc-DTPA, the pulmonay signal is predomi- 
nantly an intravascular orte, while the thigh signal is an 
extravascular orte, this assumption is erroneous for the 
thigh. Use of a gamma camera to monitor pulmonary ac- 
tivity widens the scope of background correction since 
regions of interest can be placed over extrapulmonary tis- 
sues other than a limb. A useful background tissue is the 
liver since its extracellular space consists of intravascular 
and extravascular spaces of similar relative volumes as in 
the lung [24]. It is, furthermore, included in the field of 
view of the camera and projects a reasonably large area 
over which to place a region of interest. Conventionally, 
the i.v. dose of 99mTc-DTPA for calibration of back- 
ground is given after the inhalation dose, but it is prefera- 
ble to give it before because, as a smaller signal, it is 
more accurate to subtract it from the succeeding larger 
inhalation signal than the other way round. Indeed, it is 
not necessary to subtract the i.v. signal from the subse- 
quent inhalation signal because since the liver curve has a 
shape identical to the intravascular background curve in 
the lung [24] it can be used for background subtraction at 
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any stage of the lung curve, before or after inhalation. In- 
deed, it can be imagined that the i.v. dose has essentially 
the same effect as an early rapid transfer of 99mTc-DTPA 
from alveolus to blood. 

Irrational approaches to background correction may 
be the main reason why several authorities have con- 
cluded that background subtraction causes more error 
than it corrects. In any event background correction is 
probably unnecessary for routine measurements, provid- 
ed the rate constant is based on no more than the first 10 
min of data recorded after inhalation. In normal individ- 
uals, the clearance rate of 99mTc-DTPA is about 0.01 
min -1, or 1% per min. It is, however, about 4% per min 
in normal cigarette smokers. 

Clinical applications 
of alveolar permeability measurement 

Although measurements of pulmonary epithelial perme- 
ability are simple to perform and allow insight into sev- 
eral pathological processes in the lung, they have made 
little clinical impact. Why is this? Before considering 
this question, it is necessary to briefly review the disease 
processes where the technique may make a useful clini- 
cal contribution. Although varied, these are largely con- 
fined to diseases which would be expected to cause an 
abnormality of the lung parenchyma. A knowledge of 
the physiological processes that result in changes of per- 
meability, defined by either the half-time of clearance or 
a modified rate, is essential and outlined above. 

Diseases causing pulmonary epithelial abnormalities 
are numerous. Pulmonary inflammatory diseases may be 
due to a variety of allergens or infective agents or may 
be iatrogenic. Pointers to the disease process may be ob- 
tained from the clinical history, for example the patient's 
occupation, hobbies and medication, or from a history of 
immunosuppression related to the immunodeficiency vi- 
rus (HIV) or drug therapy. Progressive deterioration in 
lung function may initially occur in the presence of a 
normal chest radiograph or more commonly with one 
showing infiltrates. 

Alveolitis 

Extrinsic allergic alveolitis and cryptogenic fibrosing al- 
veolitis may lead to oedema, and thickening and disrup- 
tion of the alveolar walls and basement membrane. In pi- 
geon fancier's lung, 99mTc-DTPA transfer is abnormal 
[25], and shows an increased clearance rate which is 
proportional to circulating antibody titre. Patients with- 
out circulating antibody but with a history of antigen ex- 
posure have clearance times faster than normal controls 
hut not as fast as those with detectable antibody. Pulmo- 
nary function tests are often normal in the presence of 
accelerated clearance rates. Similarly, cryptogenic fi- 
brosing alveolitis or alveolitis associated with connective 

tissue diseases [26] is associated with an increase in the 
transfer rate of 99mTc-DTPA. In cryptogenic fibrosing al- 
veolitis, serial measurements of 99mTc-DTPA clearance 
have been used to monitor therapeutic response [27, 28]. 
Labrune et al. [27] demonstrated that the clearance rate 
decreased following a positive clinical response to cor- 
ticosteroids but not down to normal levels. This persis- 
tent increase in the clearance rate may be the result of ir- 
reversible stretching of lung units by fibrosis. Uh et al. 
[29] found that in patients with diffuse infiltrative lung 
disease, clearance rates were significantly fastet in all 
lobes compared with normal controls hut that, compared 
with late disease, early stage disease was associated with 
slower clearance in the upper and middle lobes. There 
was, however, overlap between the ranges in normals 
and those with disease such that it was difficult to use 
the test to identify patients with disease but with normal 
carbon monoxide transfer values. Thus, although the 
cleärance rate is unlikely to be a diagnostic test, it may 
be used to monitor therapy and relapse. 

Connective tissue disorders affècting the lung 

Most connective tissue diseases can potentially affect the 
lung. The inflammatory process usually affects the bases 
more than the apices. Chopra et al. [2] studied a group of 
patients with systemic sclerosis and found that the 
DTPA clearance was rauch faster in the affected lower 
zones. Similarly increased clearance rates would be an- 
ticipated in association with the acute changes of rheu- 
matoid arthritis and polyarthritis nodosa. 

Sarcoidosis 

Sarcoidosis is a multi-system inflammatory granuloma- 
tosis disease which preominantly presents with pulmo- 
nary involvement but can affect almost any organ. Pre- 
senting features in relation to the lung are pulmonary in- 
filtrates and/or hilar or mediastinal lymphadenopathy. 
The chest radiograph however, is, highly insensitive and 
up to 60% of patients with parenchymal granulomata 
may have a normal chest radiograph. An increase in pul- 
monary alveolar permeability has been observed in all 
grades of pulmonary sarcoidosis [30-32]. The DTPA 
transfer rate increases with deterioration in pulmonary 
function and decreases in response to treatment with cor- 
ticosteroids [30]. Clearance rates appear to be related to 
the degree of inflammation but have no definite relation- 
ship to serum angiotensin converting enzyme levels or 
the lymphocyte content of bronchoalveolar lavage fluid. 

Drug- and radiation-induced pneumonitis 

Several drugs, including bleomycin and amiodarone, can 
cause a pneumonitis. A clinical difficulty with such drug 
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toxicity is in the distinction of alveolitis from interstitial 
pulmonary oedema due to heart failure, since the drug 
may be used in pafients with cardiac disease or alterna- 
fively cardiac disease may be associäted with therapy. 
Cardiac failure does not significantly alter alveolar capil- 
lary permeability and so the clearance rate of DTPA in 
these conditions is normal [15] and should be able to 
separate cärdiogenic ffom an alveolific cause of breath- 
lessness. Terra-Filho et al. [33] demonstrated thät clear- 
ance rates were faster than in normal smokers and in pa- 
tients receiving amiodarone but with no respiratory 
problems. DTPA clearance was more sensitive than spi- 
rometry in the detection of this condition. The test would 
not have been able, however, to identify pneumonitis in 
smokers. Further abnormalifies have been reported in the 
inflammatory response associated with "crack" use, in 
which increased clearance rates have been reported 
[34]. 

Adult respiratory distress syndrome 

Pulmonary alveolar DTPA transfer is accelerated in 
adult respiratory distress syndrome (ARDS) [4, 5, 15, 
35, 36], in which the severity of endothelial damage has 
also been quantified with indium-113m transferrin accu- 
mulation within the lung interstitial space. Braude et al. 
[5, 36] found a correlation between alveolar permeabili- 
ty to DTPA and endothelial permeability to transferrin in 
patients with ARDS, illustrating that the diffusion of 
molecules from the vasculature to the interstitium can 
give results comparable with diffusion from airspace to 
vasculature. 

Detection of inflammation/infection 
in the lungs of immunosuppressed patients 

The lung is offen damaged by infection or inflammation 
in the immunocompromised host, with a resulting high 
mortality. There are many potential causes of fever in 
this group, which tends to prompt empirical therapy. Pa- 
tients are offen debilitated from their underlying disease 
and so invasive investigations are hazardous. The fre- 
quency of certain infections varies between HIV+ve pa- 
tients and those with other causes of immunosuppres- 
sion; for example, transplanted patients have a higher in- 
cidence of cytomegalovirus (CMV) infection [37], 
whilst HIV+ve patients have a higher incidence of Pneu- 
mocystis carinii pneumonia (PCP) and bacterial infec- 
tions such as Streptococcus pneumoniae, Pseudomonas 
aeruginosa and mycobacteria. Fungal infections may oc- 
cur in either group. 

In the patient who is neutropenic as a result of che- 
motherapy, the investigating clinician needs an instant 
test to demonstrate the type and distribution of abnor- 
mality in order to direct further investigation. DTPA 
clearance can demonstrate the location of the main ven- 

tilatory abnormality before changes in the chest radio- 
graph if there is a focal problem such as lobar pneumo- 
nia, segmental infection or pneumonitis. Thus in renal 
transplant recipients, PCP is associated with a rapid 
transfer rate of DTPA [38]. These changes, however, 
would also occur with CMV infection, which is common 
in transplant recipients, whereas fluid overload or a bac- 
teriopneumonia would not cause significant abnormali- 
ties. The clinician can be directed towards a definitive 
invasive test, such as transbronchial biopsy, or an urgent 
induced-sputum examination. 

Pulmonary DTPA transfer rate can give rapid clear 
guidance as to whether there is pulmonary pathology in 
patients with HIV infection who have cough, breathless- 
ness and fever, and offen the likely nature of that pathol- 
ogy. The technique has been used in PCP and other lung 
infections by a number of groups [39-45], all of whom 
have documented a rapid clearance rate. Studies have 
shown that in alveolitis, the clearance curve is biphasic 
with a rapid first component (half-time less than 4 min; 
12.5% per min). The most likely cause of an alveolitis 
with this biphasic pattern in HIV-ve patients is still PCP 
but other causes include CMV infection, lymphocytic in- 
terstitial pneumonitis and non-specific interstitial pneu- 
monitis. The test has a high sensitivity and specificity 
for PCP in this patient population but false-negative re- 
sults may occur [42]. Occasionally a biphasic curve is 
found in heavy smokers with HIV infection in the ab- 
sence of an alveolitis and it is therefore suggested that 
baseline scans are obtained in all smokers (authors' ex- 
perience). Transfer times are generally not biexponential 
in other bacterial infections with the exception of Legio- 
nella pneumophila [41]. Rosso et al. [40] have demon- 
strated that the DTPA technique has a higher sensitivity 
than gallium-67 scanning (92% compared with the 72%) 
for infectious pulmonary complications. This difference 
is more marked for patients with normal chest radio- 
graphs and normal blood gases. The combination of a 
normal chest radiograph and a normal DTPA clearance 
virtually excludes pulmonary infection/inflammation 
significant enough to require therapy. A recent review of 
DTPA transfer in HIV+ve patients has outlined an algo- 
rithm for its use in HIV infection [45]; this will continue 
to be of use only while PCP is the most common cause 
of alveolitis in HIV+ve patients. 

Heart/lung transplants 

DTPA clearance has been used to identify rejection in pa- 
tients with lung transplants [46-48]. The clearance was 
faster in patients with lung transplants (2.62%+_0.25%/min) 
than in non-smoking controls (1.2%_+0.12%/min) but in- 
creased further during rejection (3.65%__0.41%), giving a 
sensitivity and specificity of 69% and 82% respectively. 
These data suggest that the technique may be a simple 
method for monitoring this patient group, indicating biop- 
sy if the clearance is increasing. Other pathologies such as 
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CMV and PCP would be expected to result in similar 
changes in clearance. 

Why is the DTPA clearance technique 
not in wider clinical use? 

As with many other nuclear medicine investigations, the 
technique, although non-specific, is rapid, easy to per- 
form and extremely sensitive in the detection of lung pa- 
thology in certain circumstances. It has been applied on- 
ly to HIV+ve patients in any sizeable numbers and more 
recently to patients with fibrosing alveolitis. The 
strength of the test is its ease of use and sensitivity in the 
detection of a pulmonary abnormality. Its major weak- 
ness is that smokers also have an abnormally fast clear- 
ance half time, although, as mentioned above, this might 
be circumvented by dual isotope studies. The test is re- 
producible and so capable of following individual pa- 
tients before and after therapy. 

Patients in whom the test should be at an advantage 
are those who are HIV+ve with a cough and/or fever. 
The technique should be available on a same-day basis, 
thereby leading to a real improvement in patient man- 
agement. The utility is particularly high in patients with 
a normal chest radiograph in whom urgent further inves- 
tigations may be directed. As an alternative, gallium-67 
imaging takes several days to organize and complete and 
is more expensive than a clearance study. Nevertheless, 
it may give additional useful information on the pres- 
ence or otherwise of disease elsewhere in the body, par- 
ticularly lymph node disease. If  available on the same 
day or within 24 h, a clearance measurement may be 
useful for patient reassurance if normal or to suggest ur- 
gent investigation or empirical therapy if abnormal. 

There a r e a  number of explanations for the unpopu- 
larity of the technique: 

1. Other centres have tried the test and found it to be 
unhelpful. There is no evidence in the literature to sup- 
port this contention. 
2. The technique is cheaper than gallium imaging, with 
less revenue to the department and individuals performing 
the test. Tbis is unlikely in the current financial climate. 
3. The clinician prefers to have definite histological 
proof and therefore opt for an induced sputum examina- 
tion or bronchoscopy. The failure rate of induced sputum 
examination is high, especially in the presence of a nor- 
mal or near-normal chest radiograph. Bronchoscopy is 
expensive, invasive and carries a definite risk. It is too ex- 
pensive to carry out in all patients with a cough and fever, 
in whom there is a suspicion of PCR The DTPA tech- 
nique should allow patient selection but the additional 
cost may not be favoured by the clinician who is capable 
of performing the bronehoscopy on his/her own patients. 
4. Poor education of clinical colleagues by the nuclear 
medicine physicians. This may be true. 
5. Patients with HIV are concentrated in major cities in 
Europe, the United States and Australia and thus limited 

numbers of hospitals see large numbers of such patients. 
Policies will be forged by previous experience and so 
changing from a technique such as gallium scanning, 
with which clinicians have become accustomed during 
the emergence of AIDS in the United States, will be diffi- 
cult, in spite of the demonstration by Rosso et al. [40] of 
a higher sensitivity for the detection of lung pathology. 
6. The technique is limited to the identification of prob- 
lems in the lung parenchyma, particularly alveolitis. 
Certainly, gallium has the advantage that it may demon- 
strate other pathology in the lung and in lymph nodes. 
7. Since the technique has to be made available every 
day at short notice, it is not compatible with the routine 
practice of nuclear medicine departments. Busy depart- 
ments, where the test is likely to be offered, usually 
make provision for urgent investigations. 
8. Clinicians, nurses and technicians are still inherently 
concerned about the potential infection hazard of 
HIV+ve patients and will be resistant to a scanning ser- 
vice in this patient group. Further reassurance may be 
necessary. 

The DTPA clearance technique should provide a rap- 
id screening evaluation of the HIV+ve patient with pre- 
dominantly chest symptoms. Gallium scanning should 
be reserved for patients with pyrexia of unknown origin. 
Neither test will be utilized by the clinician who believes 
bronchoscopy should be used as the first investigation 
after the chest radiograph in all patients with chest 
symptoms. 

References 

1. Arnot RN, Takagi H, Hughes JMB, Royston D, Peters AM, 
Lavender JE Lung studies with a lipophilic aerosol of 99Tcm- 
labelled HMPAO [absträct]. Nucl Med Commun 1988; 9: 166. 

2. Chopra SK, Taplin GV, Tashkin DR Elan D. Lung clearance 
of soluble aerosols of different molecular weights in systemic 
sclerosis. Thorax 1979; 34: 63-67. 

3. Effros RM, Mason GR. Measurements of pulmonary epithelial 
permeability in vivo. Am Rer Respir Dis 1983; 127 (Suppl): S- 
59-S-65. 

4. Jones JG, Royston D, Minty BD. Changes in alveolar-capil- 
lary barrier function in animals and humans. Am Rer Respir 
Dis 1983; 127 (Sppl): S-51-S-59. 

5. Braude S, Nolop KB, Hughes JMB, Barnes PJ, Royston D. 
Comparison of lung vascular and epithelial permeability indi- 
ces in the adult respiratory distress syndrome. Am Rev Respir 
Dis 1986; 133:1002 1005. 

6. Coates G, O'Brodovich H. Measurement of pulmonary epithe- 
lial permeability with Tc-99m DTPA aerosol. Semin NucI Med 
1986; 16: 275-284. 

7. Mason GR, Duane GB, Mena l, Effors RM. Accelerated sol- 
ute clearance in Pneumocystis carinii pneumoniä. Am Rer Re- 
spir Dis 1987; 864-868. 

8. Miller RF, O'Doherty M. Pulmonary nuclear medicine. Eur J 
NuclMed 1992; 19: 355-368. 

9. West JB. Uptake and delivery of the respiratory gases. In: 
West JB, ed. Physiological basis of medical practice. Balti- 
more: Williams & Wilkins; 1985; 546-571. 

European Journal of Nuclear Medicine Vol. 24, No. 1, January 1997 



87 

10. Rizk NW, Luce JM, Hoeffel JM, Price DC, Murray JF. Site of 
deposition and factors affecting clearance of aerosolized sol- 
ute from canine lungs. JAppl Physiol 1984; 56: 723-729. 

11. Barrowcliffe ME Zanelli GD, Jones JG. Pulmonary clearance 
of radiotracers after positive end-expiratory pressure or acute 
lung injury. JAppl Physiol 1989; 66:288-294. 

12. Marks JD, Luce JM, Lazar NM, Ngao-Sun W, Lipavsky A, 
Murray JE Effects of increases of lung volume on clearance 
of aerosolized solute from human lungs. J Appl Physiol 1985; 
59: 1242-1248. 

13. Gil J, Bachofen H, Gehr P, Weibel ER. Alveolar volume - sur- 
face area relation in air- and saline-filled lungs fixed by vascu- 
lar perfusion. JAppl Physiol 1979; 47:990-1001 

14. Evander E, Wollmer P, Jonson B, Lachman B. Pulmonary 
clearance of inhaled Tc-99m-DTPA: effect of surfactant de- 
pletion by lavage. JAppl Physiol 1987; 62:1611-1614 

15. Mason GR, Effros RM, Uszler JM, Mena I. Small solute 
clearance from the lungs of patients with cardiogenic and non- 
cardiogenic edema. Chest 1985; 88: 327-334. 

16. Coates G, O'Brodovich H, Dolovich M. Lung clearance of 
99mTc-DTPA in patients with acute lung injury and pulmonary 
edema. J Thorac Imag 1988; 3: 21-27. 

17. Jones JG, Minty BD, Lawler R Hulands G, Crawley JC, Veall 
N. Increased alveolar epithelial permeability in cigarette 
smokers. Lancet 1980; I. 66-68. 

18. Dusser D J, Minty BD, Collignon M-AG, Hinge D, Barritault 
LG, Huchon GJ. Regional respiratory clearance of aerosolized 
Tc-99m DTPA: posture and smoking effects. J Appl Physiol 
1986; 60: 2000-2006. 

19. Huchon GJ, Montgomery AB, Lipavsky A, Hoeffel JM, Mur- 
ray JE Respiratory clearance of aerosolized radioactive 
solutes of varying molecular weight. J Nucl Med 1987; 28: 
894-902. 

20. Mason GR, Peters AM, Bagdades E, Snook D, Hughes JMB. 
Effect of molecular size on radio-aerosol clearance [abstract]. 
JNuclMed 1992; 33: 1022. 

21. Egan EA, Oliver RE, Strang LB. Changes in the non-electro- 
lyte permeability of alveoli and the absorption of lung liquid 
at the onset of breathing. J Physiol 1975; 244: 161-179. 

22. Egan EA, Nelson RM, Oliver RE. Lung inflation and alveolar 
permeability to non-electrolytes in the adult sheep in vivo. J 
Physiol 1976; 260: 409-424. 

23. Egan EA. Response of alveolar epithelial solute permeability 
to changes in lung inflation. J Appl Physiol 1980; 49: 
1032-1036. 

24. Peters AM, Mason GR, Hughes JMB. Appropriate back- 
ground subtraction for pulmonary radioaerosol clearance [ab- 
stract]. J Nucl Med 1992; 33: 836. 

25. Bourke S J, Banham SW, McKillop JH, Boyd G. Clearance of 
99mTc-DTPA in pigeon fancier's hypersensitivity pneumonitis. 
Am Rev Respir Dis 1990; 142:1168-1171. 

26. Rinderknecht J, Shapiro L, Krauthammer M, et al. Accelerat- 
ed clearance of small solvents from the lungs in interstitial 
lung disease. Am Rev Respir Dis 1980; 121: 105-117. 

27. Labrune S, Chinet TH, Collignon L, Barritault L, Huchon GJ, 
Mechanisms of increased epithelial lung clearance of DTPA in 
diffuse fibrosing alveolitis. Eur Respir J 1994; 7:651-656. 

28. Wells AU, Hansell DM, Harrison NK, et al. Clearance of in- 
haled 99mTc DTPA predicts the clinical course of fibrosing al- 
veolitis. Eur Respir J 1993; 6: 797-802. 

29. Uh S, Lee SM, Kim HT, Chung Y, Kim YH, Park CS. The 
clearance rate of alveolar epithelium using 99mTc-DTPA in pa- 
tients with diffuse infiltrating lung disease. Chest 1994; 106: 
161-165. 

30. Chinet T, Jaubert F, Dusser D, Danel C, Chretien J, Huchon 
GJ. Effects of inflammation and fibrosis on pulmonary func- 
tion in diffuse lung fibrosis. Thorax 1990; 45: 675-678. 

31. Dusser DJ, Collignon MA, Stanislas-Leguern G, Barritault 
LG, Chretien J, Huchon GJ. Respiratory clearance of 99mTc 
DTPA and pulmonary involvement in sarcoidosis. Am Rer 
Respir Dis 1986; 134: 493-497. 

32. Watanabe N, Inoue T, Oriuchi H, Suzuki H, Hirano T, Endo 
K. Increased pulmonary clearance of aerosolized 99mTc DTPA 
in patients with a subset of stage I sarcoidosis. 

33. Terra-Filho M, Vargas FS, Meneguetti JC, et al. Pulmonary 
clearance of technetium 99m diethylene triamine penta acetic 
acid aerosol in patients with amiodarone pneumonitis. Eur J 
NuclMed 1990; 17: 334-337. 

34. Susskind H, Weber DA, Volkow ND, et al. Increased lung per- 
meability following long-term use of free-base cocaine 
(crack). Chest 1991; 100: 903-909. 

35. Basran GS, Byrne AJ, Hardy JG. A non-invasive technique for 
monitoring lung vascular permeability in man. Nucl Med 
Commun 1985; 3: 3-10. 

36. Braude S, Apperley J, Krausz T, Goldman JM, Royston D. 
Adult respiratory distress syndrome after allergic bone mar- 
row transplantation: evidence for a neutrophil independent 
mechanism. Lancet 1985; I. 1239-1242. 

37. Murray JF, Garay SM, Hopewell PC, Mills J, Snider GL, 
Stover DE. Pulmonary complications of the acquired immuno- 
deficiency syndrome: an update. Am Rer Respir Dis 1987; 
135:504-509. 

38. O'Doherty MJ, Breen D, Page CJ, Barton I, Nunan TO. Lung 
99mTc DTPA transfer in renal disease and pulmonary infee- 
tion. NephroI Dial Transplant 1991; 6: 582-587. 

39. O'Doherty MJ, Page CJ, Bradbeer CS, et al. Alveolar perme- 
ability in HIV patients with Pneumocystis carinii pneumonia. 
Genitourin Med 1987; 63: 268-270. 

40. Rosso J, Guillon JM; Parrot A, et al. Technetium-99m-DTPA 
aerosol and gallium-67 scanning in pulmonary complications 
of human immunodeficiency virus infection. J Nucl Med 
1992; 33: 81-87. 

41. O'Doherty MJ, Page CJ, Radbeer CS, et al. The place of lung 
99mTc DTPA aerosol transfer in the investigation of lung infec- 
tions in HIV+ve patients. Resp Med 1989; 83: 395-401. 

42. Leach R, Davidson C, O'Doherty MJ, Nayagam M, Tang A, 
Bateman N. Non-invasive management of fever and breath- 
lessness in HIV+ve patients. Eur J Resp Med 1991; 4: 19-25. 

43. Van der Wall H, Murray IPC, Jones PD, Mackey DWJ, Walker 
BM, Monaghan R Optimising technetium-99m diethylene tri- 
amine-penta-acetate lung clearance in patients with the ac- 
quired immunodeficiency syndrome. Eur J Nucl Med 1991; 
18: 235-240. 

44. Robinson PS, Cunningham DA, Dave S, Fleming J, Mitchell 
DM. Diagnostic value of lung clearance of 99mTc DTPA com- 
pared with other non-invasive investigations in Pneumocystis 
carinii pneumonia in AIDS. Thorax 1991; 46: 722-726. 

45. O'Doherty MJ. 99roTe DTPA transfer/permeability in patients 
with HIV disease. Q J Nuel Med 1995; 39:231-242. 

46. Lisbona R, Hakim TS, Dean GW, et äl. Regional pulmonary 
perfusion following heart/lung transplantation. J NucI Med 
1989; 30: 1297-1301, 

47. Skeens JL, Fuhrman CR, Yousem SA. Bronchiolitis obliterans 
in heart-lung transplantation patients. AJR 1989; 153: 253-256. 

48. Herve PA, Silbert D, Mensch J, et al. Increased lung clearance 
of 99mTc DTPA in allograft lung rejection. The Paris-Sud Lung 
Transplant Group. Am Rev Respir Dis 1991; 144: 1333-1336. 

European Journal of Nuclear Medicine Vol. 24, No. 1, January 1997 


