
he 1988National Heart, Lung and
Blood Institute (NHLBI) Workshop
on Techniques to Evaluate Lung Al
veolar-Microvascular Injury con
cluded that the rate of lung clearance
of @Fc-DTPAaerosol (DTPA) was
an index of lung epitheial permeabil
ity (1). Increased pulmonary epitheial
permeability, resulting from lung in
flammation of interstitial lung disease,
pneumoconioses and other causes, in
creases the rate of DTPA clearance.
Thickening of the alveolar epitheium
on the other hand reduces diffusion
and therefore decreases DTPA clear
ance. The NHLBI Workshop con
cluded that DTPA clearance is a
highly sensitive marker of a wide
spectrum oflung insults, even those of
mild degree.

A normalclearance certifies the ab
sence of inflammationin the lungfrom
any cause. Similarly, the rate of clear
ance of DTPA may be a sensitive in
dicator of ongoing damage in intersti
tial lung disease and other pathology.
Assessment of DTPA clearance is a
simple procedure that is exquisitely
suited for the early detection of lung
injuryâ€”an objective at the very core
of nuclear medicine practice. Our
challenge is to correlate and document
alterations in DTPA clearance with
specific diagnostic indices in a variety
of lung diseases and, where possible,
to show significant changes from the
range of clearance times seen in nor
mal control subjects. The NHLBI
Workshop concluded that the infor
mation already available can be ap
plied clinically, even though the pro
cedure is not disease-specific.

The measurement of DTPA lung
clearance for the early diagnosis of
disease and for the prognosis and
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treatment of disease provides us with
a procedure that is very sensitive,
noninvasive, produces regional and
global data, utilizes a readily available
and relatively inexpensive tracer, is
rapidto performusing standardequip
ment available in all clinical nuclear
medicine departments and results in
very low patient exposure to radiation
(2). In comparison with 67Ga imaging
for pulmonary studies, measurement
of DTPA clearance is faster to analyze
and can be repeated at frequent inter
vals. However, DTPA clearance mea
surement is no panacea and its effi
cacy and limitations must be carefully
determined.

In this issue of the Journal, Caner
et al., report on the lung clearance of
DTPA aerosol in diabetic patients
with and without vascular complica
tions and find that DTPA clearance of
diabetics with vascular complications
is significantlyslower than that of di
abetics without complications. DTPA
clearance of the latter group was in
distinguishable from that of their con
trols.

They suggest that the slower DTPA
clearancewas due to thickeningof the
alveolar tissue, which reduced mem
brane permeability. Caner et al. high
light two points: (1) the lungs may be
more frequentlysubjected to a variety
ofinsults ultimately causing functional
impairment and pathology than previ
ously suspected; and (2) the DTPA
clearance procedure is very sensitive,
demonstrating changes in pulmonary
epitheial permeability that precede
clinical symptoms. None of their pa
tients had any respiratorysymptoms.
Caner et al.'s study should be cx
pandedto measure the effects of med
ication and exercise-induced changes

in DTPA clearance.
This study joins the growing list of

puhnonaiy diseases studied by this
method, since Taplin and colleagues
(3) first successfullyusedinhaled

aerosols for pulmonary diagnostics in
the 1970s. Changes in DTPA clear
ance have been used to study avariety
of diseases, including ARDS (4) and
noncardiogenic pulmonary edema (5);
asbestosis (6), coal workers' pneumo
coniosis (7) and other pneumoconio
ses (8); HIV (9); interstitial lung dis
eases such as sarcoidosis (8),
idiopathic pulmonary fibrosis (8), hy
aline membrane disease (10), fibrosing
alveolitis associated with systemic
sclerosis (11) and cryptogenic fibros
ing alveolitis (11); cigarette smoke
(12);crackcocaine(13);andradiation
pneumomtis (14). Despite these broad

applications, this modality has not yet
gained wide clinical acceptance.

The sensitivity of the DTPA clear
ance method is such that acute as well
as chronic changes in lung permeabil
ity can be measured. For example, the
reversibility of the effect of cigarette
smoke has been well documented
(15,16).Evidenceofthereversibility
of the acute inflammationin crack co
caine users has been obtained more
recently (17). At the same time, the
rate of DTPA clearance is a very sen
sitive indicator of ongoing damage in
the lungs (18), as evidenced by the
increased DTPA clearance of chronic
users of crack cocaine (13). The in
flammatoiy response in chronic crack
cocaine users' lungs has also been ob
served in another study (19); all tissue
specimens showed intraepithelial and
submucosal inflammation. The princi
pal uncertaintylimiting its clinical use
fulness is the inability to differentiate
between changes in DTPA clearance
due to lunginjuryand the contribution
of other factors such as increased lung
volume in noninjuredlungregions and
the stretchingof epitheialjunctions in
the alveolar wall as a result of fibrotic
traction (3) or gravity (8).

Other limitations include our poor
understanding ofthe reproducibility of
DTPA clearance in healthy controls
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and in patients (20). Well-designed
systematic studies are needed in the

same patient and control populations
to determine the effect on DTPA
clearance of such physiological fac
tors as respiratoryrate, tidal volume,
FRC, and body position, so that a
clinically acceptable standardized pro
tocol can be developed. Meaningful
results can be obtained from serial
DTPA studies by repeating the same
breathing patterns and other condi
tions and using each subject as his
own control.

Further investigation and study of
those lung diseases that result in biex
ponential DTPA clearance may prove
fruitful. Biexponential DTPA clear
ance has been found in several
groups, including patients with edema
from ARDS (4), HIV infection (9),
hyaline membrane disease (10) and
patientswithout edema afterexposure
to coal dust (7) and crack cocaine
(13). Biexponentialclearanceis al
ways abnormal and indicative of
greater lung injury than monoexpo
nential clearance (18). This cone
sponds to evidence from pathologic
studies of the lungs of dogs following
intravenous injection of oleic acid
(21). Biexponential clearance curves
were found in studies of most smoking
and ex-smoking coal miners (7) and
crack cocaine users (13). In the case
of neonates with hyaline membrane
disease, DTPA clearance curves were
biexponential shortly after birth and
then changed to monoexponential
curves several days later when the
surfactant system became more devel
oped.

Assessment of asymptomatic pa
tients, which requires the use of pro
cedures sufficiently sensitive to detect
early disease, becomes very impor
tant in treating disorders like systemic
sclerosis with fibrosing alveolitis (22).
Early diagnosis results in a better re
sponse to immunosuppressive drugs,
while patients with already well-estab
lished disease may fail to respond to
current treatment. Harrison et al. (22)
assessed the relative efficacy of DTPA
clearance, bronchoalveolar lavage,
pulmonary function measurements,
chest radiographs,and histology of bi

opsy specimens in a group of patients.
Their results indicated that CF scans,
bronchoalveolar lavage, and DTPA
clearancewere frequentlyabnormalin
asymptomatic patients who had nor
mal chest radiographs.When the CT
scans were normal, increased DTPA
clearance and abnormal bronchoalve
olar lavage had indicated lung disease
in a still earlier stage. The clearance
curves of all patients with abnormal
chest radiographswere biexponential
with fast and slow components. In
47%of thepatientswith normalchest
radiographs, the clearance curves
were also biexponential.

When conventional therapies have
a high incidence of side effects, such
as in fibrosing alveolitis associated
with systemic sclerosis (11,22) and in
ciyptogemc fibrosing alveolitis (11),
treatment is often delayed until symp

toms have increased. By this time,
considerable irreversible lung damage
has often occurred.

Wells et at. (ii) have measured
DTPA clearance in a large group of
patients to correctly predict progres
sive disease and thereby justify treat
ment before the patient becomes dis
abled. They concluded that normal
DTPA clearance was indicative of sta
ble disease, while persistently abnor
mal clearance identified patients at
risk of deterioration.

Reduced values of pulmonaryfunc
tion were an inconsistent guide to
prognosis and inferiorto the measure
ment of DTPA clearance. Similarly,
serial studies (14) are currently under
way to evaluate the effects of radia
tion-induced lung damage on DTPA
clearance in patients being treated for
lung and breast carcinoma. Prelimi
nary results show that significant
changes in DTPA clearance had al
ready occurred during the radiation
treatment cycle and continued for pe
nods up to a year. In the caseof two
patients who developed radiation
pneumonitis, the onset of increased
DTPA clearance occurred as much as
six weeks before the onset of symp
toms and abnormalchest radiographs.
These measurements may predict
trends thatjustify treatmentof the pa

tient while still asymptomatic and be
fore radiographsbecome abnormal.

Ross et al. (9) used DTPA clear
ance to diagnosepnewnocystis carinii
pneumonia in patients with HW.
They found that the measurement of
DTPA clearance was the most sensi
tive (92%) imaging procedure in de

tecting lung injury with infectious
complications related to the HIV in
fection, especially in patients with
normal chest radiographs and arterial
blood gases. Imagingof 67Galung up
take was less sensitive (74%).

Much clinical information is already
available that verifies the high sensi
tivity of the DTPA clearance proce
dure in the early detection of an in
flammatory lung process. Long-term
studies of specific lung diseases with
large patient populations are needed
to compare the efficacy of DTPA
clearance with other diagnostic mo
dalities such as bronchoalveolar la
vage, 67Galung uptake and examina
tion of biopsy specimens. The study
by Caner et al. indicates that DTPA
clearance also measures impairment
in lung permeability that precedes
clinical symptoms and other func
tional measurements.

Herbert Susskind
Brookhaven National Laborato,y

Upton, New York
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