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Previous studies have shown that pulmonary
function in sarcoidosis may be impaired in various
ways. The vital capacity and lung volume may be
reduced (Bruce and Wassen, 1940; Austrian,
McClement, Renzetti, Donald, Riley, and
Cournand, 1951), an emphysema pattern with
increased residual volume and impaired mixing
may be demonstrated (Stone, Schwartz, Feltman,
and Lovelock, 1953 ; Coates and Comroe, 1951), or

the diffusing capacity of the lungs may be impaired
(Riley, Riley, and Hill, 1952; Marshall, Smellie,
Baylis, Hoyle, and Bates, 1958). Now that the
effectiveness of corticosteroids in the treatment of
sarcoidosis is established, their effect on impaired
pulmonary function in this disease becomes of
interest, especially as considerable radiographic
clearing usually follows this form of treatment.
Previous investigations of this problem have been
made by Riley et al. (1952) in three patients, and
by McClement, Renzetti, Himmelstein, and
Cournand (1953) in five patients. In the present
study 11 patients with pulmonary sarcoidosis have
been studied before and during treatment, with
special reference to their pulmonary function,
chest radiographs, and symptoms.

MATERIAL AND METHODS
The 11 patients studied were all admitted to hospital

initially for full clinical investigation along lines
reported elsewhere (Smellie and Hoyle, 1957). All
were found to have typical clinical and radiographic
features of sarcoidosis. Ten had diffuse shadows in
the lungs, the eleventh having clear lung fields with
clinical evidence of extrapulmonary sarcoidosis: a
lung biopsy, however, showed pulmonary fibrosis and
non-caseating tubercle follicles. There were typical
histological appearances in all biopsies except one,
where the liver and conjunctival biopsies were
negative, although his disease was typical in all other
respects. Pulmonary function tests were performed
before and during treatment. The first tests were
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made in the month before the start of treatment in
nine patients, one year before in one and in the
remaining patient 10 months after the start of long-
term treatment. The second series of tests was made
at the time of maximum radiographic improvement;
this varied from two to 27 months after treatment
began (Table I). The lung volume and its subdivisions
were measured, also the mixing efficiency (ME), one
second forced expiratory volume (FEV1), the diffusing
capacity for carbon monoxide (Dco), the compliance
and the non-elastic resistance (NER) of the lungs.
The techniques were mainly those previously described
(Marshall et al., 1958). The diffusing capacity was

TABLE I
CLINICAL DATA ON 11 PATIENTS WITH SARCOIDOSIS

Interval
Known between
Dura- Start of Dys- Radiographic

Patient S Age tion Bi- Treat- pnoea Appearances
No. Sx (yr.) of opsy mentand Treate before

Disease Repeat met Treatment
(Years) Tests ment

(mth.)

1 M 22 1 _ 15 0 Enlarged hilar
nodes with
nodular
infiltration

2 M 39 10 + 5 0 .. ..
3 F 37 9 + 2 2 Diffuse fine

stippling
4 M 57 2 + 3 1 I

5 F 51 17 + 27 1 Fine stippling
with fibrotic
streaks

6 M 49 3 + 3 1 Nodular infiltra-
tion

7 F 26 2 + 4 1 Nodular infil-
tration with
fibrotic streaks

8 M 31 6 + 7 1 Enlarged hilar
nodes with
nodular
infiltration

9 F 51 1 + 19 0 Nodular infil-
tration and
advanced
fibrosis

10 F 58 5 + 3 2 Clear
11 F 42 5 + 21 1 Nodular infil-

tration and
fibrotic
streaks

Dyspnoea grading: 0, Normal exercise tolerance. 1, Dyspnoea on
moderate effort, e.g., running for a bus, or inability to climb hills or
stairs quickly. 2, Can walk on level without dyspnoea but additional
tasks not possible. Can climb one flight of stairs without distress.
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CORTICOSTEROIDS AND PULMONARY FUNCTION IN SARCOIDOSIS

measured both by the " steady state " (Bates, Boucot,
and Dormer, 1955) and by the single breath (Ogilvie,
Forster, Blakemore, and Morton, 1957) techniques.
Nine patients were treated with prednisone in doses
of 20 to 30 mg. daily, and this was maintained at least
until the pulmonary function tests had been repeated.
Two others had cortisone. Dyspnoea was assessed
clinically according to the patients' accounts of their
exercise tolerance (Marshall et al., 1958), irrespective
of the result of the pulmonary function tests.

RESULTS

Table I contains some clinical data on the 11
patients. The results of the pulmonary function
tests made before and during treatment, and the
percentage difference between these measurements,
are recorded in Tables II and III. The percentage
differences which we considered significant were
(a) greater than 10% for functional residual
capacity (FRC), vital capacity (VC), and FEV1;
(b) greater than 25% for compliance and NER ; and
(c) greater than 25% for Dco. These estimates of
significance are approximate and are based on the
degree of variation found in repeat tests on normal
subjects. The significant changes are recorded in
Table IV, together with the changes in the chest
radiographic appearances and dyspnoea. A check
of the significance of a change is provided when two
or more tests measure the same function: thus an
increased vital capacity should be accompanied by
an increased compliance, the single breath and
steady state Dco results should be altered to
approximately the same extent, and a change in
FEV should be accompanied by an inverse change
in NER.
Pulmonary function was initially normal in five

of the 11 patients (Cases 1, 2, 4, 7, and 11). Case
11 has been included because the only abnormal
tests were a high NER in the presence of a normal
FEVy. During treatment the vital capacity

TABLE IV
SIGNIFICANT CHANGES IN PULMONARY FUNCTION
TESTS, IN RADIOGRAPHIC APPEARANCES, AND IN

DYSPNOEA

Sub- Com- ~~~~~~Radio DsSub- FRC VC Corn- NER FEV Dco aphic -noeaject pliance ~~~~~~Clearingpne
+ ++

2 Reduced +
3 ± 0 +
4 + + ++ 0
5 ,.± + 0 0
6 + ± ++ ±
7 + - - + + +
8 + ±±+
9 + +

10 + ± ± 0Ill1 + II+ ±

-=Worse. +=Improved. + + =Considerably improved.
0 =No change.

increased significantly in three of these five but
without an accompanying increase in lung
compliance. Six patients had abnormal function
before treatment and an impaired diffusing
capacity, and three had changes in the mechanical
properties of the lungs. After treatment the
diffusing capacity improved significantly in three
of the six, although not enough to give a normal
result. The mechanical properties of the lungs
likewise remained abnormal although improved in
isolated tests.
The changes in the main subdivisions of

pulmonary function may be summarized as
follows:
FUNCTIONAL RESIDUAL CAPACITY.-Four patients

had reduced FRC, which was not increased by
treatment. Three patients had an increased FRC,
and in only one was it reduced by treatment and
even then not to normal.
VITAL CAPACITY.-Three patients had a low vital

capacity initially. In all three there was an increase
with treatment though in no case to normal.
Another three patients had an increase in their
VC, the initial result being in the normal range.
FORCED EXPIRATORY VOLUME.-Six patients had

a reduced FEV, and this was increased in three with
treatment, two of these reaching a normal result.
COMPLIANCE.-This was reduced in three

patients, in whom it did not increase with
treatment.
NON-ELASTIC RESISTANCE.-This was increased

in five patients, of whom three improved with
treatment, one to normal limits.
DIFFUSING CAPACITY FOR CARBON MONOXIDE.

Five patients had a reduced Dco, and in three of
them it was increased with treatment, but not to
normal levels.

Reduction of the radiological shadows in the
lung fields occurred in nine of the ten patients
with initial changes. The tenth had improvement
in dyspnoea and diffusing capacity, despite no
radiographic improvement, and it is of interest that
the other two patients with a significant increase
in the Dco during treatment showed only slight
clearing. In the whole group of patients, improve-
ment in dyspnoea occurred in five, two of whom
had normal function initially. Four of the five
had moderate or considerable radiographic
clearing with treatment, together with an increase
in vital capacity, but no improvement in diffusing
capacity.

DISCUSSION
Riley et al. (1952) found the vital capacity to be

inversely related to the amount of pulmonary

89
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infiltration and considered it to be a sensitive guide
to the progress of the pulmonary lesions.
Shulman, Schoenrich, and Harvey (1952) observed
an increase in vital capacity in all of seven patients
treated with corticosteroids. In the present series
four of the five patients who showed an improve-
ment in dyspnoea also had an increased vital
capacity. In only one of these patients, however,
was the compliance increased. This suggests that
their improvement in vital capacity and dyspnoea
may not be due to improvement in the function of
the lungs, but to some other factor such as an
increased sense of well-being produced by the
corticosteroids.
There was no relationship between improvement

in dyspnoea and increased diffusing capacity in our
series. Riley et al. (1952) and McClement et al.
(1953) found, as we did, that treatment usually
failed to increase the diffusing capacity to normal.
This finding supports the view that impaired
diffusion in sarcoidosis is due to irreversible
changes in the lungs, presumably fibrotic in nature.
We conclude that, in pulmonary sarcoidosis,

striking improvement in chest radiographic
appearances with corticosteroid therapy may be
unaccompanied by improvement in either
pulmonary function or dyspnoea.

SUMMARY
Pulmonary function tests were done before and

during corticosteroid treatment in 11 patients with

pulmonary sarcoidosis. The main disturbance of
pulmonary function was an impaired diffusing
capacity in six patients which improved partially
after treatment in three though without corre-
sponding improvement in dyspnoea. The vital
capacity increased with treatment in six patients,
but its significance was lessened by the absence of
accompanying increase in compliance. These
minimal changes in lung function with treatment
contrasted with the striking improvement often
seen radiographically.

We are grateful to Dr. Clifford Hoyle for access to
his patients, and for encouragement and advice. We
also thank Miss Jane Howard for skilled technical
assistance.
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