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In interstitial lung disease, active inflanunation in the 
lower respiratory tract results in lung injury and fibrosis; 
logically, the detection of persistent inflanunation should 
identify patients at greater risk of deterioration. Clear
ance of inhaled technetium-labelled diethylene-triarnine
pentacetate ~c-DTP A) from the lung is a measure of 
epithelial permeability [1] and is abnormal in several in
terstitial lung diseases; it has been used as a marker of 
alveolar inflammation in sarcoidosis [2] and extrinsic al
lergic alveolitis [3]. 99m'fc-DTPA clearance is also ab
normal in fibrosing alveolitis associated with systemic 
sclerosis [4], a condition in which the histological appear
ances of lung disease are identical to those of lone cryp
togenic fibrosing alveolitis (CFA) [5]. 

The prevalence of CFA is increasing; in the United 
Kingdom, current mortality rates are likely to exceed 
1400 per year [6]. There is evidence that treatment 
prolongs survival in patients with less extensive fibrosing 
alveolitis [7]. However conventional therapies have 
a high incidence of side effects; for this reason, treat
ment is often delayed until symptoms have increased, 
by which time considerable irreversible lung damage 
has often occurred. A diagnostic technique which cor
rectly predicts progressive disease, thereby justifying treat
ment before the patient has become disabled, would be 
a significant advance in the management of fibrosing 
alveolitis. 

In this study, we evaluated the predictive value of 
measurements of 99mTc-DTPA clearance in identifying 
subsequent trends in respiratory function tests (RFI) in 
CFA and fibrosing alveolitis associated with systemic 
sclerosis. Normal 99m'fc-DTPA clearance was indicative 
of stable disease; persistently abnormal 99m'fc-DTPA clear
ance identified patients at risk of deterioration. 

Material and methods 

Patients 

82 patients who had undergone 99m'fc-DTPA clearance 
measurement were studied. Hospital case records of all 
patients and death certificates of the 10 patients who died 
were examined. 29 had lone CFA (age 54±15 years, 18 
males), diagnosed on clinical criteria used in a previous study 
[7], with the addition of physiological criteria, as follows: 1) 
no history of exposure to a fibrogenetic agent; 2) the 
presence of persistent bilateral crackles; 3) the presence 
of bilateral abnormalities compatible with pulmonary 
fibrosis, on chest radiography; 4) restriction in lung vol
umes or an isolated defect in carbon-monoxide diffusing 
capacity. The diagnosis was confumed by open lung 
biopsy in 22 out of 29 cases; in the remaining seven 
cases, abnormalities typical of fibrosing alveolitis were 
seen on thin section computed tomography (Cl) [8]. 



798 A.U. WEU.S ET AL. 

Fifty three patients fulfilled the American Rheumatism 
Association (ARA) preliminary criteria for systemic scle
rosis [9] (age 49±12 years, 14 males) and had evidence 
of fibrosing alveolitis either on open lung biopsy (n=35) 
or on CT of the lungs (n=l8). Patients with systemic 
sclerosis were referred to our unit with established or sus
pected lung involvement from systemic sclerosis. 

er scans of the lungs were reviewed by a single ob
server. In all cases, appearances were considered to be 
typical of fibrosing alveolitis [10, 11], a disease in which 
er has a high diagnostic accuracy [12, 13]. 

Exclusion criteria consisted of: 1) connective tissue dis
eases other than systemic sclerosis, including mixed con
nective tissue diseases; 2) malignancy involving the lungs; 
3) current smoking (within 6 months of the measurement 
of clearance). Bronchoalveolar lavage fluid was routinely 
examined for appearances typical of smoking; 4) Dura
tion of follow-up from first 99m'fc-DTPA scan less than 
six months. 

The study was approved by the local Ethics Committee. 

99mTc-DTPA clearance 

Clearance of aerosolised 99m'fc-DTPA from lungs to 
blood was measured as previously described [14]. An 
aerosol of 99m'fc-DTPA was produced using an Acorn 
nebuliser and administered for 4 minutes; the particle size 
was limited to less than 2 ~m. One-minute frames were 
acquired by a gamma camera for 45 min; background 
subtraction was employed, using activity in the central 
abdomen (not including the kidneys). An exponential fit 
was derived from the first 15 rnin of the curve (starting 
from peak activity) and the half-time of clearance was 
obtained; slow and fast components were not delineated 
by curve-stripping. The normal range for 99m'fc-DTPA 
clearance was defined in 22 nonsmoking volunteers 
(values lying within two standard deviations of the mean 
figure) [4]; on this basis, a clearance half-time of less than 
4Q min was regarded as abnormal. A clearance half-time 
of less than 20 min (50% of normal) was categorised as very 
rapid. Patients were divided into those with abnormal 
clearance (Group A) and those with normal clearance 
(Group N) at initial measurement. A further subdivision 
was made, in patients undergoing a second measurement 
of clearance, on the basis of trends in clearance, into the 
following categories: persistently abnormal clearance 
(subgroup AA), abnormal clearance which reverted to 
normal (subgroup AN), persistently normal clearance 
(subgroup NN) and normal clearance reverting to abnor
mal (NA). 

Respiratory function tests 

In all patients, RFf (expressed as percentages of pre
dicted values based on age, sex, height and ethnic ori
gin) [15] had been performed within 4 weeks of initial 
and, where applicable, repeat 99m'fc-DTPA clearance mea
surement. RFf were repeated at regular intervals until 
the end of follow-up (a minimum of 6 months after the 

first 99mTc-DTPA scan in all patients and 6 months after 
the second scan in patients in whom clearance measure
ment was repeated). 

Treatment 

Details of treatment of fibrosing alveolitis were obtained 
from the hospital case records. Treatment was defined as 
corticosteroid therapy with or without an immunosuppressive 
agent (cyclophosphamide, azathioprine or cyclosporin A). 

Statistical analysis 

The data were collected prospectively and analyzed ret
rospectively; the decision as to the method of analysis 
was taken prior to the examination of lung function 
trends. Changes in total gas transfer (DLCo) and forced 
vital capacity (FVC) were evaluated; a significant change 
was defmed as an increase or decrease of 15% of the ab
solute values at initial measurement. RFT trends between 
first measurement of clearance and the end of follow-up 
were tabulated; the frequency of increase and decrease of 
DLco and/or FVC was compared for group A versus 
group N and in subgroups AA, AN and NN. Differences 
in RFf trends between groups were assessed using the 
chi-squared test, or the Fisher exact test when the sam
ple size was too small for the chi-squared approximation 
to hold. Differences in mean data between subgroups 
was evaluated using Student's t test. Results are expressed 
as mean±so. 

Results 

Initial clearance was abnormal (rapid) in 59 out of 82 
patients (group A, 72%: systemic sclerosis, n=37: CFA, 
n=22) and normal in 23 out of 82 patients (group N, 
28%: systemic sclerosis, n=16: CFA, n=7). Mean follow
up, from initial measurement of clearance to the last mea
surement of RFT, was 26.2±11.9 months; follow-up did 
not differ significantly between patients with rapid clear
ance (25.6±12.3 months) and those with normal clearance 
(27.3±10.9 months), or between CFA (23.2±12.4 months) 
and systemic sclerosis (27.8±11.3 months). 

Rates of 99mTc-DTPA clearance are shown in Fig. 1. 
The range of findings was similar in the two diseases. How
ever, clearance half-time was very rapid (i.e. <20 min) more 
frequently in CFA (12129, 41%) than in systemic sclerosis 
(8/53, 15%), p<O.OOl. A similar percentage of patients 
with CFA (7/29, 24%) and systemic sclerosis (15/53, 
30%) had normal clearance at frrst measurement. 

Predictive value of a single measurement of 99mTc-DTPA 
clearance 

To determine whether a single measurement of 
clearance was predictive of change in physiological 
measures, RFf trends from initial measurement of 
clearance until the end of follow-up were related to 
clearance speed; these trends are depicted in Fig. 2. 
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Fig. l. - The speed of -fc.DTPA clearance, expressed as the half
time of clearance, in patients with systemic sclerosis (SSc), compared 
with patients with cryptogenic fibrosing alveolitis (CFA) (median val
ues indicated by bar). Values above the broken line lie within the 
normal range (>40 min); values below the dotted line were charac
terised as "very rapid". Clearance half-time was very rapid in 41% 
of patients with CFA, but in only 15% of patients with systemic scle
rosis, p<O.OOI. 
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Fig. 2. - The percentage of patients with improvements (!Zl) or 
declines (.-> in respiratory function tests (RFI') from initial meas
urement of 99arfc-DTPA clearance related to clearance speeds. Dete
rioration in RFT was confined to group A, p<O.OOI. Group A: ab
normal clearance at first measurement; group N: normal clearance at 
fust measurement). 

In 40/82 there was a significant change (either decline or 
improvement) in RFT; change was seen more frequently 
in DLCO (33/82) than in FVC (24/82). 

In patients with rapid clearance (group A), a decline 
in RFT was seen in 25/59 (43%; CFA, n=l3; systemic 
sclerosis, n=12). In marked contrast, deterioration in 
RFT was not observed in any of the 23 patients with nor
mal clearance (group N), p<O.OOl; this difference was 
significant both in systemic sclerosis (p<0.002) and in 

CFA (p<0.005). In patients with rapid clearance, a 
decline in RFT occurred more frequently in CFA (13/22, 
59%) than in systemic sclerosis (12/37, 32%), p<0.05 . 

The frequency of significant improvement in RFT dur
ing follow-up did not differ significantly between group 
A (20%; CFA, n=4, systemic sclerosis, n=8) and group 
N (13%; CFA, n=l, systemic sclerosis, n=2) at initial 
measurement. 

Baseline RFl', initial 99mTc-DTPA clearance and changes 
in RFr 

Baseline RFT in relation to concurrent 99mTc-DTPA 
clearance is shown in Table 1. Mean DLCO and FVC 
were more severely depressed in group A th.an in group 
N. in both CFA and systemic sclerosis. However, there 
was a considerable overlap; abnormal clearance was seen 
in 20/35 patients with normal FVC values and In pa
tients with normal DLCO values, whereas normal clearance 
was seen in 8/47 patients with abnormal FVC values and 
in 17n5 patients with abnormal Du::o values. 

Baseline RFT were not consistently predictive of pro
gression of disease. In patients who deteriorated, the 
initial FVC level ranged from 27 to 116% predicted and 
was within normal limits in four instances; the DLCO 
at flfSt presentation ranged from 25 to 73% predicted. 
Furthermore, many patients with moderate or severe de
pression of RFT remained stable or improved during 
follow-up. 

Table 1. - Forced vital capacity (FVC) and carbon
monoxide diffusing capacity (OLeo) level in association 
with normal (Group N; n=23) and abnormal (Group A; 
n=59) 99mTc-DTPA clearance in patients with lone cryp
togenic fibrosing alveolitis (CFA) and fibrosing alveolitis 
associated with systemic sclerosis (SSc). 

Normal DTP A Rapid DTP A p value 
clearance clearance 

CFA 
FVC % 91±22.3 72±25.6 p=O.l (NS) 
Dt...eo% 65±15.5 40±13.2 p<0.001 

SSc 
FVC% 86±16.9 70±20.4 p<O.Ol 
DLCO % 76±25.6 49±15.8 p<O.OOl 

Predictive value of serial measurement of 99mTc-DTPA 
clearance 

The clinical utility of serial measurement of clearance 
was evaluated in 54 patients (systemic sclerosis, n=42; 
CFA, n=l2) undergoing measurement of clearance on at 
least two occasions. There were 33 patients in subgroup 
AA (persistently abnormal clearance), 8 patients in sub
group AN (abnormal clearance which reverted to normal), 
12 patients in subgroup NN (persistently normal clear
ance) and one patient in subgroup NA (normal clearance 
which became abnormal). In all eight patients in sub
group AN, the clearance half-time increased by at least 
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10 min. The mean interval between measurements of 
99mTc-DTPA was 13.1±4.2 months (minimum interval 6 
months); the interval between measurements of clearance 
did not differ significantly between CFA (13.4±4.7 
months) and systemic sclerosis (13.0±4.0 months), or 
between subg~:oup AA (12.8±4.3 months), subgroup AN 
(14.4±3.6 months) and subgroup NN (13.0±4.1 months). 
Mean follow-up for the whole population was 33.0±7.9 
months; follow-up did not differ significantly between 
CFA (32.3±6.6 months) and systemic sclerosis (33.2±8.2 
months), or between subgroup AA (32.0±7.2 months), 
subgroup AN (32.9±8.0 months) and subgroup NN 
(36.1±8.9 months). 

The relationship between changes in respiratory func
tion tests and trends in 99mTc-DTPA clearance are shown 
in Fig. 3. Deterioration in RFr was confined to subgroup 
AA; declines in RFT occurred in 14/33 patients, com
pared to 0/8 in subgroup AN (p<0.025), and 0/12 in sub
group NN (p<O.Ol). Decline in RFT within subgroup 
AA was more frequent in CFA (6/8) than in systemic 
sclerosis (8125), p<O.OS. 

Declines in RFr, from the time of the second scan un
til the end of follow-up, were also more frequent in sub
group AA (10/33) than in subgroup AN (0/8), p=0.08, 
or subgroup NN (0/12), p<O.OS. 

Significant improvements in RFT occurred more fre
quently in subgroup AN (6/8) than in subgroup AA (8/ 
33), p<0.02, or subgroup NN (2112), p<0.02. Improve
ments in RFT in subgroup AN occurred in 213 patients 
with CFA and 4/5 patients with systemic sclerosis and 
had largely occurred by the time of the second measure
ment of clearance; however in 3/8 patients, significant 
further improvements in RFT occurred during follow-up 
after the second scan. 
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Fig. 3. - The percentage of patients with improvements ozn or 
declines <•> in RFf from initial measurement of 99aYfc-DTPA clear
ance in relation to clearance trends. Improved RFf were seen most 
commonly in the AN group. AA: persistently rapid/abnormal clear
ance; AN: abnormal clearance reverts to normal; NN: persistently 
normal clearance. 

The effect of treatment on 99mTc-DTPA clearance and RFT 

The association between clearance findings and sub
sequent RFT trends was not attributable to differences in 
treatment regimens between subgroups. Decisions regard
ing treatment were based upon symptoms, radiological 
findings (including er appearances) and physiological ab
normalities and not upon clearance findings; in general, 
treatment was undertaken unless the patient declined 
therapy or the disease was limited in extent. Corticos
teroid therapy and/or an immunosuppressive agent (cyclo
phosphamide or azathioprine) had been instituted before 
the first scan in 37/82 patients and was continued or 
started after the first scan in 64/82. The proportion of 
patients treated before the first scan did not differ sig
nificantly between groups A (49%) and N (52%); there 
was no significant difference in the proportion treated af
ter the first scan between groups A (81%) and N (70%) 
or between subgroups AA (82%), AN (63%) or NN 
(67%). Therefore, the increased frequence of RFT dete
rioration in group A and in subgroup AA could not be 
attributed to relative lack of therapy. 

Abnormal 99mTc-DTPA clearance was largely unaltered 
by treatment. Thirty two patients with abnormal clear
ance at first measurement received treatment between 
measurements of clearance, including 17 patients who 
were started on standard high dose therapy. Clearance 
reverted to normal in only 5/32 patients (16% ); in a fur
ther three patients, the half-time of clearance slowed by 
more than 10 min but remained abnormally rapid. 

Discussion 

The management of fibrosing alveolitis is governed by 
the reconciliation of two contrasting principles: the need 
for early intervention to prevent irreversible lung damage 
and fibrosis and the avoidance of significant side effects 
from unnecessary treatment. Ideally, patients with sta
ble disease should be identified and observed, rather than 
treated intensively. In lone CFA, lung biopsy appearances 
provide prognostic information; a fibrotic biopsy is pre
dictive of a poor prognosis [16, 17]. Simple noninvasive 
investigations such as chest radiography [7, 18] and res
piratory function tests [19], do not discriminate be
tween inflammatory and fibrotic lung disease; these 
procedures cannot discriminate between stable and pro
gressive disease at first presentation. The aim of this 
study was to determine whether the measurement of 
99mTc-DTPA could make this distinction. Our findings 
indicate that normal 99mTc-DTPA clearance is associated 
with subsequent disease stability whereas rapid clearance 
identifies a risk of deterioration, particularly if clearance 
has not reverted to normal at repeat measurement. 

Mechanisms of 99mTc-DTPA clearance 

Increased alveolar permeability has been attributed to 
inflammation in several interstitial lung diseases [2, 3] 
but this may not be the only explanation for abnormal 
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clearance. 99m'fc-DTPA clearance is abnonnal in smok
ers [20] and rapidly reverts to nonnal after stopping 
smolcing [21] but the mechanism for this is unknown. In 
this study, current smokers and patients who had stopped 
smoking less than six months before the measurement of 
clearance were excluded from analysis. Increased per
meability might also result from stretching of epithelial 
junctions in the alveolar wall as a result of fibrotic trac
tion in interstitial lung disease [22]. The more rapid 
clearance of 99m'fc-DTP A seen in the upper lobes in the 
upright but not the prone position in normal subjects has 
been attributed by some to increases in alveolar volume 
in the upper lobes due to gravity [23]. 

In two sub-groups of our patients, 99m'fc-DTPA abnor
malities were likely to be associated with inflammation: 
those with clearance reverting to nonnal in association 
with improvement in RFT, and those with persistently 
abnonnal clearance and subsequent deterioration in RFT. 
However, in many patients with systemic sclerosis, most 
of them treated, persistently abnonnal clearance did not 
revert to nonnal with therapy but was not associated with 
RFT deterioration. It is possible that, in these patients, 
abnonnal clearance resulted, in part, from fibrotic trac
tion or other non-inflammatory mechanisms, producing in
creased alveolar epithelial penneability. These findings 
contrast with those in sarcoidosis, in which abnormalities 
of 99m'fc-DTPA clearance generally improve with anti
inflammatory therapy [2]. 

The relationship between 99m<fc-DTPA clearance and 
concurrent RFr at first measurement lends further circum
stantial support to the suggestion that both alveolar in
flammation and fibrotic traction might result in increased 
epithelial penneability. Severe depression of RFT was 
usually associated with abnonnally rapid clearance. In 
some of these patients, the subsequent clinical course was 
indicative of inflammatory disease, but was suggestive of 
irreversible fibrotic disease in others. 

Clinical utility of measurements of 99mTc-DTPA clearance 

The initial measurement of clearance identified a large 
subgroup, approximately one third of patients, who had 
nonnal clearance and did not subsequently deteriorate, as 
judged by RFr; nonnal clearance at initial measurement 
was the strongest prognostic indicator in the present study. 
Rapid clearance at first measurement was less precise as 
a prognostic guide; almost half of this subgroup subse
quently deteriorated whilst approximately a quarter im
proved. 

99m'fc-DTP A clearance trends were analysed in order to 
determine whether serial measurements of clearance en
hanced the predictive value of a single measurement. A 
second measurement of clearance a year later, when ini
tial clearance was rapid, allowed the definition of two 
subgroups: patients with persistently abnonnal clearance, 
at higher risk of decline, and patients in whom clearance 
reverted to normal, with a good prognosis. However, 
persistently abnonnal clearance was not associated with 
subsequent decline in all patients and was thus a less 
powerful prognostic indicator than was nonnal clearance 

at initial measurement. This finding suggests that no sin
gle modality should be used in isolation to stage fibrosing 
alveolitis. It is likely that other sensitive non-invasive 
modalities such as cr. which is able to discriminate be
tween inflammatory and fibrotic lung disease [24], will 
enhance the predictive value of the measurement of 99m'fc
DTP A clearance in this subgroup of patients. 

These findings have practical implications in tenns of 
the selection of treatment and frequency of follow-up. In 
patients with normal clearance at first measurement, we 
now adopt a less aggressive therapeutic approach than 
fonnerly and have reduced the frequency of follow-up 
visits, usually to annual review. A second measurement 
of clearance, a year later, added very little information 
when initial clearance was nonnal (only one patient in 
the present study had developed rapid clearance on re
peat testing), and therefore we have increased the inter
val between measurements of clearance to two years in 
these patients. The cost-effectiveness of this approach 
remains to be determined. In patients with abnonnal 
clearance at first measurement, our general approach re
mains one of intervention with frequent follow-up evalu
ation; in this sub-group, we have continued to measure 
clearance at annual intervals, in order to defme more pre
cisely the group at risk of decline. The value of more 
than one repeat measurement of clearance is under pro
spective assessment 

In the present study, the severity of depression of ini
tial RFf was an inconsistent guide to prognosis and in
ferior, in this regard, to measurements of clearance. In 
other series, the relationship between RFT and outcome 
has been highly variable; in studies of lone CFA [7] and 
systemic sclerosis [25], prognosis has been unrelated to 
the severity of depression of RFf at presentation. In no 
series has baseline RFf conferred prognostic infonnation 
of the same precision as that provided by the measure
ment of 99m'fc-DTPA clearance in the present study. 

The relationship between 99mTc-DTPA clearance and treat
ment 

Clearance measurements were of predictive value de
spite the fact that not all the patients in the present study 
were treated. The decision to start therapy was based 
upon assessment of conventional indices (symptoms, chest 
radiography, RFf) and was not influenced by initial 
99m'fc-DTPA fmdings. However there were no significant 
differences in the proportion of patients treated, within the 
subgroups analysed. Thus the predictive value of 99m<fc
DTP A clearance was not a spurious fmding resulting from 
differences in therapy. 

In general, 99m'fc-DTPA clearance remained abnonnal 
despite treatment, a finding which mirrors the lack of 
response generally achieved in fibrosing alveolitis 
with traditional therapies [7]. However many of our 
patients had been referred with extensive disease; the 
predictive value of 99mTc-DTP A clearance and its revers
ibility with treatment in early disease has not been ad
dressed in this study and merits further prospective 
evaluation. 
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Trends in CFA compared with trends in systemic sclerosis 

In CFA, very rapid clearance of 99m'J'c-DTPA was more 
prevalent than in systemic sclerosis, suggesting that al
veolar epithelial abnormalities were more severe in the 
former disease. Moreover, rapid clearance was more fre
quently associated with subsequent deterioration of RFf 
in CFA. These findings are consistent with epidemio
logical observations; CF A has a worse prognosis than 
does the fibrosing alveolitis of systemic sclerosis, even 
when lung function parameters and demographic data are 
matched at fl.fSt hospital presentation [26]. 

In conclusion, measurement of 99m'fc-DTP A clearance 
in fibrosing alveolitis discriminated between patients with 
stable disease and those at risk of deterioration. This fmd
ing has important clinical implications, particularly in 
terms of the selection and timing of follow-up and treat
ment 
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