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Prognostic value of bronchoalveolar lavage in
sarcoidosis: the critical influence of disease
presentation
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ABSTRACT There has been considerable disagreement about the prognostic value of broncho-
alveolar lavage lymphocyte measurements in patients with sarcoidosis. This study looks at the
influence of the type of disease presentation and the time since onset of symptoms on lavage fluid
lymphocyte profiles in 99 patients studied at the time of their initial diagnosis. Patients who had an
acute inflammatory onset of disease with erythema nodosum (n = 32) or acute uveitis (n = 17)
almost invariably had high T lymphocyte helper: suppressor (TH: TS) ratios (mean 10-1, 95%
confidence interval 7T7-12 5) and had a higher proportion ofT lymphocytes in cells obtained at lavage
(40%, 35-46%) than patients with a pulmonary presentation (n = 38) (TH: TS 2-9, 0 2-5-7; T
lymphocytes 21%, 15-27%) or those studied after resolution of erythema nodosum (n = 12). The
patients with recent erythema nodosum had the highest TH : TS ratios ofany group (I0 4, 8 l1-127).
Thus lavage T lymphocyte percentage and TH : TS are highest in patients with sarcoidosis studied
soon after an acute onset with an inflammatory condition such as erythema nodosum or uveitis.
Patients with an acute onset of sarcoidosis have a better prognosis than those with a more insidious
presentation. The major influence of type of disease presentation and, in the case of patients with
erythema nodosum, of time since onset of symptoms may in part explain why different centres have
reported such diverse results regarding the value of brochoalveolar lavage in predicting outcome in
sarcoidosis. Studies where the case mix of patients includes a high proportion of patients with acute
onset will not find a highTH : TS ratio or increased numbers or proportions oflavage lymphocytes to
be indicators of a poor prognosis.

Introduction

Widely conflicting results have been reported from
studies evaluating the utility of bronchoalveolar
lavage in assessing the prognosis of patients with
pulmonary sarcoidosis. Protagonists of the value of
studies on lavage fluid have asserted that the intensity
of the T lymphocyte response at the time of initial
lavage in sarcoidosis has a prognostic significance.
Thus in assessing the degree of alveolitis based on the
proportion ofT lymphocytes recovered by lavage and
gallium-67 scanning Keogh et al' found that "the
high intensity state is almost always followed by
functional deterioration." Hollinger et al2 suggested
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that responsiveness to steroid treatment can be predic-
ted by analysis of the percentage of lymphocytes
recovered by bronchoalveolar lavage before treat-
ment. Others have suggested that the ratio of lym-
phocyte subtypes, specifically a high helper-inducer T
lymphocyte: suppressor-cytotoxic T lymphocyte
(TH : TS) ratio, is the best lavage fluid indicator of
poor prognosis.34 In direct contrast to these con-
clusions are the findings of several studies that show a
lack of any prognostic value of either lavage T
lymphocyte percentage-7 or theTH : TS ratio.89 In the
more recent publications a consensus seems to have
emerged that "isolated" bronchoalveolar lavage
results are not of prognostic significance.
The disparity between the conclusions from

different centres is striking. Methodological variations
between studies might account for some of these
differences. Given the great heterogeneity of sar-
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Prognostic value ofbronchoalveolar lavage in sarcoidosis

coidosis, however, the conflicting conclusions would
seem more likely to arise, at least in part, from
differences in the study populations. Such differences
between study populations might include (1) the point
in the natural history of the disease at which the study
was carried out, (2) the type of disease presentation,
and (3) racial and genetic differences.
The manner of presentation of pulmonary sar-

coidosis may range from acute onset with erythema
nodosum and bilateral hilar lymphadenopathy to
chronic infiltrative pulmonary disease, where the exact
time of onset may be diffcult to assess. As the time of
onset of erythema nodosum is accurately known,
patients with sarcoidosis presenting with erythema
nodosum represent a privileged model in which to
study the earliest immunological events of the disease.
Valeyre et al have previously shown that the per-
centage of lymphocytes in lavage fluid is raised in
patients with sarcoidosis and recent erythema
nodosum.'°
Our study set out to examine further the influence of

the type and mode of presentation of sarcoidosis on
lavage fluid lymphocyte numbers and subtypes. Our
hypothesis was that differences in presentation and
time since onset of symptoms are important factors in
explaining the disagreements between investigators
about the prognostic implications of lavage fluid
cellular indices such as the T lymphocyte percentage
and the TH: TS ratio.

Methods

SUBJECTS
The study group comprised 99 patients, all white, with
recently diagnosed sarcoidosis. All investigations and
follow up examinations were carried out at one centre,
St Vincent's Hospital. No patient received systemic
corticosteroid treatment before bronchoalveolar
lavage.
The diagnosis of sarcoidosis was based on a combi-

nation of (1) the clinical history and the radiological
findings, (2) the presence of non-caseating epithelioid
cell granulomas in biopsy material, and (3) the
exclusion of infectious disease, extrinsic allergic
alveolitis, and exposure to inorganic material that
could induce granulomas. In most cases the biopsy
material was obtained at mediastinoscopy (n = 57);
20 patients had a positive Kveim test response and in
the remainder the histological appearance of tissue
obtained from palpable lymph nodes, skin, or trans-
bronchial lung biopsy specimens was consistent with
sarcoidosis. Radiological evaluation included the
Siltzbach staging procedure" (stage 0-normal chest
radiograph; stage 1-bilateral hilar lymphadeno-
pathy; stage 2-lymphadenopathy and pulmonary
infiltration; stage 3-pulmonary infiltration without
adenopathy.
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The control group consisted of 14 subjects-eight
healthy volunteers and six patients with normal chest
radiographs who had undergone diagnostic broncho-
scopy and who had had a normal chest radiograph and
lung function for one year.

Patients with sarcoidosis were divided into the
following groups on the basis of their clinical presenta-
tion:
Acute erythema nodosum (n = 32): patients who
presented with acute erythema nodosum and who had
bronchoalveolar lavage performed within two months
of the development of acute lesions (stage 0-one
patient, stage 1-17 patients, stage 2-13 patients,
stage 3-one patient; 21 non-smokers and 11
smokers).
Old erythema nodosum (n = 12): patients who had

presented initially with erythema nodosum and who
had lavage from two to six months from resolution of
the skin lesions (stage 0-one patient, stage 1-nine
patients, stage 2-two patients; eight non-smokers
and four smokers).

Uveitis (n = 17): patients presenting with acute
uveitis (stage 1-four patients, stage 2-10 patients,
stage 3-three patients; 11 non-smokers and six
smokers).

Respiratory symptoms (n = 24): patients presenting
primarily with respiratory symptoms and having
bronchoalveolar lavage at the time of this initial
diagnosis of sarcoidosis (stage 1-three patients, stage
2-eight patients, stage 3-13 patients; 14 non-smok-
ers and 10 smokers).

Asymptomatic disease with abnormal chest
radiograph (n = 14): patients who were entirely
symptomless and who were diagnosed when a routine
chest radiograph was found to be abnormal, lavage
again being performed at the time of diagnosis; 14
patients; stage 1-four patients, stage 2-six patients,
stage 3-four patients; nine non-smokers and five
smokers.
BRONCHOALVEOLAR LAVAGE
Bronchoalveolar lavage was performed during
fibreoptic bronchoscopy under local anaesthesia.
Premedication with atropine and pethidine was
routinely used. Patients were further sedated with 5-
10 mg of parenterally administered diazepam as
required. The lavage was performed in a segmental or
subsegmental right middle lobe bronchus. Before the
lavage the bronchus was anaesthetised with 2 ml of
1% lignocaine hydrochloride. The bronchoscope was
wedged in a subsegment and 180 ml of normal saline
was instilled in three 60 ml aliquots. The mean volume
of fluid recovered was 94 (SD 27) ml after it had been
filtered to remove mucus. The lavage fluid was centri-
fuged at 500 g for five minutes to recover cells.

LAVAGE FLUID CELLULAR ANALYSIS
The recovered cells were washed twice in Hanks's
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balanced salt solution and resuspended in RPMI 1640.
The total cell count and the number of cells/ml of
lavage fluid were obtained by using an Improved
Neubauer counting chamber. Differential counts were
made by using a modified Giesma stain (Diff-Quik,
American Hospital Supply Company, Didcot). The
cells were then adjusted to a concentration of 2 x 106
cells/ml and analysed in terms of type. Analyses of T
lymphocytes and T lymphocyte subsets were per-
formed with monoclonal antibodies of the Leu series
(Becton Dickinson, Mechelen, Belgium),"2 as follows:
total lymphocyte count-anti-Leu 1; suppressor-
cytotoxic T cells-anti-Leu 2a; helper-inducer T
cells-anti-Leu 3a. In each case at least 300 cells were
counted to obtain an accurate count. The correlation
coefficient (r) between the Diff-Quik lymphocyte
count and the cells identified with the anti-Leu 1

antibody was 0-77. Cell viability was measured by the
ethidium bromide-acridine orange fluorescence
method (Becton Dickinson, Mechelen, Belgium).'3

STATISTICAL ANALYSES
Statistical analyses were performed with Statgraphics
(Statistical Graphics Corporation, Rockville,
Maryland, USA), a statistical software package for
use with IBM personal computers. Between group
comparisons were performed by analysis of variance.
Within group comparisons were made by means ofthe
two sample t test with Bonferroni's modification for
multiple t tests. As six groups were being compared a
two sample t test p value of < 0 0033 was considered
significant at the 5% level and a p value of < 0 0007 at
the 1% level. Comparisons between the pooled results
of the patients with acute and with non-acute presen-
tations were made with the two sample t test.

Results

GENERAL FEATURES OF THE LAVAGE FLUID
Table 1 shows age, volume of lavage fluid recovered,
total number of cells recovered, and cell viability for
each group of patients. The mean ages and the age
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ranges of the different groups were broadly the same
with one exception: the patients in the group with
acute erythema nodosum (mean age 28 years) were
younger than the patients in the group with res-
piratory symptoms (mean age 37 years; p < 0-01) and
the symptomless patients with abnormal chest
radiographs (mean age 36; p < 0-05). The largest
lavage fluid recovery was from the group with acute
uveitis (mean 105 ml) and the lowest for the group
with respiratory symptoms (mean 83 ml), but there
were no significant intergroup differences. The total
number of cells recovered did not differ significantly
between the groups of patients. The cell viability was
significantly lower in the group with respiratory
symptoms than in either of the erythema nodosum
groups or the symptomless group (p < 0 05).

DISEASE PRESENTATION AND LAVAGE
LYMPHOCYTE PROFILES
The most notable differences in lavage cellular profiles
between the various groups are summarised in table 2
and detailed diagrammatically in figures 1 and 2. The
striking finding is that the two groups presenting with
acute inflammatory events-acute erythema nodosum
or uveitis had higher lavage T lymphocyte per-

centages (fig 1), TH cell percentages and TH : TS
ratios (fig 2) than the other groups with sarcoidosis
and the controls (p < 0 01). There was no significant
difference between the control group and the other
three sarcoid groups in respect of T lymphocytes %,
TH cells %, or TH : TS ratio. Although these groups

of patients showed no significant differences from the
control group some patients initially presenting with
respiratory symptoms or with an asymptomatic
radiological abnormality had a high percentage of T
lymphocytes and TH cells and high TH : TS ratios;
this phenomenon was not observed in any subjects in
the control group. There was no difference between
any of the six groups in the percentages ofTS cells.

Table 2 also shows the results ofcomparing an acute
inflammatory onset group (acute erythema nodosum
and uveitis groups combined) with a non-acute inflam-

Table 1 Age, lavagefluid volume, total number ofcells, and cell viabilityfor patients in each disease presentation category
(means with 95% confidence limits)

Age BAL volume Total No of Cell viability
(y) (ml) cells ( x 10) (%)

Acute erythema nodosum (n=32) 28-1 (24-32) 92 (83-101) 23-5 (155-31-6) 84-9 (79-90)
Old erythema nodosum (n= 12) 30 9 (25-37) 102 (87-118) 25-4 (12.2-38-5) 86-1 (79-93)
Uveitis (n= 17) 31-6(26-37) 105(92-118) 28-2 (17-1-39-2) 80-4 (73-88)
Resirator (n= 24) 37-1(33-41) 83 (72-94) 24-5(15-2-33-8) 71 7(66-78)
Radograp ic symptomless (n= 14) 36-4 (31-42) 92 (78-106) 16-4 (4 7-28 2) 85 8 (79-93)
Control (n= 14) 27-2 (24-32) 105 (93-118) 19-4 (83-30 4) 81-5 (75-88)

Analysis of variance p: 0-025 0-087 0-68 0-014
(sarcoid groups only)

BAL-lavage fluid.
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Prognostic value ofbronchoalveolar lavage in sarcoidosis
Table 2 T lymphocytes and T lymphocyte subpopulations (percentages oftotal cells) for patients in each disease presentation
category (means with 95% confidence limits)

Leu la Leu 3a Leu 2a Leu 3a:Leu 2a
(Tlymphocytes) (Thelpers) (Tsuppressors) (TH:TS
(%) (%) (%) ratio)

Acute erythema nodosum (n= 32) 39 (32-45) 33 (28-39) 5 (3-6) 10-4 (8-1-12-7)
Old erythema nodosum (n = 12) 14 (3-24) 9 (0-18) 6 (3-9) 1-3 (- 25-5-1)
Uveitis (n= 17) 43 (35-52) 37 (29-44) 6 (3-8) 7-3 (4-1-10-5)
Respiratory (n = 24) 19 (11-26) 13 (7-19) 6 (4-8) 2 3 (-0 4-5 0)
Radiographic symptomless (n= 14) 25 (15-35) 18 (10-27) 6 (4-9) 3-9 (0-4-7-4)
Control (n= 14) 10 (1-18) 5 (- 3-12) 6 (4-8) 1-2 (-2-24-5)

Analysis of variance p: 0-0001 0-0001 0-83 0 0001
(sarcoid groups only)

Acute onset 40 (35-46) 34(29-39) 6(5-8) 10-1 (7-7-125)
(acute EN or uveitis)

Other onset 21(15-27) 15 (9-21) 5 (4-6) 2-9 (0-2-5-7)
(respiratory or radiographic
symptomless)

Two sample t test p: 0-0004 0-0001 0-41 0-0001
(acute onset v other)

matory group (respiratory symptoms and symptom-
less groups). The acute onset group had higher
percentages of lavage T lymphocytes (p < 0 001) and
T helper cells (p < 01001) and a higher TH: TS ratio
(p < 0.001).

TIME SINCE ONSET OF SYMPTOMS
The differences in T lymphocyte percentage and
TH: TS ratios as a function oftime since first onset of
erythema nodosum is shown in figures 3 and 4. There
seems to be a progressive diminution over time in
lavage T lymphocyte percentage and TH: TS ratio for
erythema nodosum patients (correlation coefficients
(r): Tlymphocyte % r = -0-38 (p = 0-013); TH: TS
r = -0-31 (p = 0-048). This downward trend from
high to normal lymphocyte counts with time is not

T Lympho-
cytes (%)
60 r

50s-

40-

30

seen with the patients with uveitis or respiratory
symptoms (T lymphocyte % r = -0-13 and r =
-0 03). Unfortunately this type of analysis is con-
founded by the difficulties of assessing the time of
onset of respiratory symptoms and the unpredictable
time course of uveitis in many patients.

RADIOLOGICAL STAGE AND LAVAGE RESULTS
The relation between radiological stage and cellular
profiles in the two acute inflammatory groups (acute
erythema nodosum and uveitis) and the groups
presenting with symptomless radiographic abnor-
mality and with the respiratory symptoms is illustrated
in the cross tabulation tables (tables 3 and 4). There
was no significant difference in T lymphocyte percen-
tage or the TH: TS ratio in patients with the same
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Fig 2 Leu 3a: Leu 2a ratio (TH: TS ratio) in lavagefluid
for each disease presentation category (means with standard
errors).
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Fig 1 Percentage ofT lymphocytes in lavagefluidfor each
disease presentation category (means with standard errors).
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Fig 3 Percentage of Tlymphocytes in lavagefluid in
relation to time (months) since the onset oferythema
nodosum: linear regression line with 95% confidence limits.

disease presentation but different radiographic stages
of disease, with one exception. Patients with recent
erythema nodosum who had stage 1 disease had a
greater T lymphocyte percentage count than those
who had stage 2 disease (p < 0 05). No relationship
between radiographic stage and cellular profiles was
observed in the respiratory symptoms group or the
symptomless group. Thus disease presentation and the
time between the onset ofsymptoms and study appear
to influence lavage lymphocyte profiles more strongly
than chest radiographic stage.

PULMONARY FUNCTION AND PROGNOSIS
Patients presenting with respiratory symptoms had,
predictably, significantly lower FVC and carbon mon-
oxide transfer (TLCO) values than any other group

Ward, O'Connor, Odlum, FitzGerald
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Fig 4 Leu 3a: Leu 2a ratio (TH: TS ratio) in lavagefluid
in relation to time (months) since the onset oferythema
nodosum: linear regression line with 95% confidence limits.

(p < 0-05). The initial FVC % predicted (mean, 95%/o
confidence limits) for the various groups was as
follows: respiratory 78 (70-84), uveitis 92 (83-100),
symptomless 94 (84-104), and erythema nodosum 98
(91-104). Initial values for gas transfer for each group
were very similar when expressed as % predicted to the
FVC values.
There was a mean improvement in pulmonary

function in all patient groups during follow up (mean
22 months). Only the erythema nodosum group,
however, showed significant spontaneous im-
provement. Untreated patients with erythema
nodosum (n = 29) improved their FVC % predicted
by 7% (3-2-10-2) while untreated respiratory patients
(n = 12) showed no significant improvement
(p < 0-001 for difference between change in FVC in
erythema nodosum group v respiratory group).

Table 3 Cross tabulation of T lymphocyte percentages (mean (95% confidence limits)) for chest radiographic stages and
disease presentation categories (results shownfor groups ofthree or more patients)

Chest radiograph

Presentation Stage I Stage 2 Stage 3 All

Recent erythema nodosum 43 (34:52) 29 (18:40) 39 (32:45)
n=17 n=13

Uveitis 35 (16:54) 50 (38:63) 31 (12:51) 43 (35:53)
n=4 n=10 n=3

Radiographic symptomless 20 (2:39) 32 (16:48) 19 (2:36) 25 (15:35)
n=4 n=6 n=4

Respiratory 23 (1:45) 20 (6:34) 17 (8:26) 19 (11:26)
n=3 n=8 n=13

All 32 (26:37) 32 (26:38) 25 (18:32)

Control group values: mean 10%, 95% confidence limits 1-19%.
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Prognostic value ofbronchoalveolar lavage in sarcoidosis

Table 4 Cross tabulation ofLeu 3a:Leu 2a ratios (TH:TS ratios) in lavagefluid (mean (9S% confidence limits)) for chest
radiographic stages and disease presentation categories (results shownfor groups of three or more patients)

Chest radiograph

Presentation Stage I Stage 2 Stage 3 All

Recent erythema nodosum 10-9 (6-7:15-1) 10-8 (6-6:15-1) 10-4 (8-1:12-7)
n=17 n=13

Uveitis 7-7 (-0-9:16-4) 7-4 (2-6:12 2) 6-3 (10:115) 7-3 (4 1:10 5)
n=4 n=10 n=3

Radiographic symptomless 2-2 (-6-5:10-8) 3-8 (-2-4:10-1) 5 7 (1-1:10-2) 3-9 (0-4:7-4)
n=4 n=6 n=4

Respiratory 2-4 (-7-6:12 5) 4-0 (-1 4:9-4) 1-3 (-1-3:3-8) 2-3 (-0 4:50)
n=3 n=8 n= 13

All 6-3 (3 6:8 9) 6-6 (4 4:8 8) 2-9 (1-0:4-8)

Control group values: mean 1-2, 95% confidence limits - 2-2-45.

Discussion

The most striking findings in this study are the very
high TH: TS ratio and the high percentage lympho-
cyte count in the lavage fluid of patients with sar-
coidosis presenting with an acute onset such as
erythema nodosum or uveitis. We cannot be certain
whether this intense alveolitis is a reflection of some
factor associated with the clinical presentation or
whether it is related to the early point in time when the
disease was studied. Our data show that the alveolitis
of patients with erythema nodosum is related predict-
ably to the time of presentation. Patients in the other
disease presentation categories showed no time related
differences in the percentage of lymphocytes or the
TH TS ratio in lavage fluid. Direct comparison
between groups of patients is probably invalid as
estimating the exact time of onset of respiratory
symptoms, for example, is much more difficult than
assessing the time of onset of erythema nodosum.
Furthermore, the activity over time ofboth uveitis and
respiratory symptoms, which often pursue a relapsing
course, is much less predictable than that of erythema
nodosum, which usually resolves quickly. For patients
with erythema nodosum the intensity of the lympho-
cyte response is largely dependent on the time since
onset of the disease, although we cannot rule out the
influence ofsome factor specific to the mode of clinical
presentation. Finally, chest radiographic stage, asses-
sed by the Siltzbach classification, was not an indepen-
dent influence on the results of lavage lymphocyte
analyses.

It has been suggested that a "high intensity alveo-
litis," indicated chiefly by a high percentage lympho-
cyte count in the lavage fluid, presages progressive
disease and dictates the necessity for steroid treat-
ment.'14 Erythema nodosum is a presentation of
sarcoidosis generally recognised as heralding the most
benign form of the disease'5; this observation was
confirmed by the very significant spontaneous

improvement in our untreated patients with erythema
nodosum. The apparent contradiction between the
studies that have found lymphocytosis of the lavage
fluid to be a prognostic indicator and this present
report is best explained on the basis of differences in
the case mix of the populations in the various studies.
Clearly any study such as ours that includes a high
proportion of patients with an acute inflammatory
onset will not find that either increased lymphocyte
numbers or an increase in lavage lymphocyte percen-
tage or an increase in theTH: TS ratio correlate with a
poor prognosis.
Our data do not explain all of the conflicting

conclusions of other studies. Methodological differ-
ences in lavage protocols have also been shown to
influence cell yields and differential counts; the site of
lavage, the volume of saline instilled, the choice of
aliquot sampled, and the type of specimen concentra-
tion used may all influence the results obtained.'6'
Furthermore, racial and genetic differences between
study groups will influence the conclusions reached.'8
Even when very similar groups are compared some

differences may still be encountered. The original
observation of a high percentage of lavage lympho-
cytes in patients with sarcoidosis who have erythema
nodosum was made in 14 patients described by
Valeyre et al,' but there are differences between the
results of that study and the present report. Valeyre
and colleagues found that lavage lymphocyte percen-
tage increased during the first eight weeks after onset
oferythema nodosum; in striking contrast, we found a
fairly predictable steady decline in lavage lymphocyte
percentage after the onset of erythema nodosum.
Additionally, there are inexplicable differences in
pulmonary function between their patients and ours;
12 of their patients had a carbon monoxide transfer
factor (TLCO) value of less than 80% predicted; our
patients with erythema nodosum almost invariably
were normal both in TLco and in other pulmonary
function indices.

I1I
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There is now a consensus that while cellular analyses
of lavage fluid have provided valuable information on
the mechanism of disease progression in sarcoidosis
their usefulness as accurate prognostic indicators is
becoming increasingly questionable. Our study clearly
shows that the category of disease presentation and
the time since onset of symptoms are of crucial
importance to the interpretation of individual lavage
results. Any future study designed to assess the
prognostic value of lavage cellular analysis in sar-
coidosis should ideally use a standardised meth-
odological protocol and stratify patients according to
race and both the mode and the time profile of clinical
presentation. This approach would be difficult, but if it
were successful the results of lavage lymphocyte
analyses might have a prognostic significance that they
do not have at present.

We wish to thank DrW McNicholas for permission to
study patients under his care. This study was suppor-
ted by a grant from the Medical Research Council of
Ireland.
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