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Relationship between cells obtained by
bronchoalveolar lavage and survival in
idiopathic pulmonary fibrosis
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Abstract
Background - The relationship between
cell types in bronchoalveolar lavage (BAL)
fluid and the clinical course of patients
with idiopathic pulmonary fibrosis (IPF)
has been the subject of several studies.
However, the results of these studies are
not conclusive. The aim of this study was
to investigate the relationship between the
absolute and relative cell numbers in BAL
fluid from patients with IPF and their sur-
vival.
Methods - Results obtained from the
initial BAL fluid analyses of all histolog-
ically proven cases of IPF (n = 49) were
selected retrospectively. Cox's propor-
tional hazards survival analysis was used
for estimating the relationship between
absolute and relative cell numbers and
survival.
Results - A negative relationship was
found between both the absolute numbers
and percentages of eosinophils in BAL
fluid samples and survival. No such
relationship was demonstrated for the
absolute numbers or the percentages of
any other cell type.
Conclusions - Although this study has re-
strictions, these findings suggest a neg-
ative relationship between the absolute
numbers and percentages ofeosinophils in
BAL fluid samples and survival in patients
with IPF.
(Thorax 1995;50:1087-1092)

Keywords: idiopathic pulmonary fibrosis, broncho-
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Idiopathic pulmonary fibrosis (IPF) is a
chronic, often progressive, interstitial lung dis-
ease. Although experimental studies have partly
clarified several signalling mechanisms leading
to the interstitial fibrotic process, an underlying
cause for the accumulation of fibrous tissue has
not been established. In lung biopsy specimens
several cell types have been found in the
interstitium as well as in the alveolar spaces.
These cells are able to release various cell
products including cytokines and toxic proteins
which play a part in the inflammatory process,
as well as in the proliferation of fibroblasts
and collagen synthesis. Despite a difference in
quality and quantity of the mediated cellular
and extracellular components, the result of this
ongoing reparative response, which originates
in the interstitium, is often non-functioning

tissue. The original architecture of pulmonary
parenchyma is lost and replaced by fibrotic
tissue with deformation of bronchioli.

In previous studies ofbronchoalveolar lavage
(BAL) fluid samples from patients with IPF,
the total cell count was found to be increased
compared with control subjects when the smok-
ing status of both patients and controls was
taken into account.' Additionally, the per-
centages of polymorphonuclear neutrophils
and eosinophils were also raised compared with
control subjects.'2 Results concerning the mast
cell count in BAL fluid of patients with IPF
compared with controls were not conclusive.3`6
No significant difference was demonstrated
in the percentages of lymphocytes between
patients with IPF and controls.'2
To our knowledge, the relationship between

BAL fluid analysis and survival in patients with
IPF has been investigated in only one study.7
In this study no relationship was found between
the BAL cell concentration, BAL cell per-
centages and survival. Several groups have in-
vestigated a possible relationship between
absolute and relative numbers of various cell
types in BAL fluid samples obtained from
patients with IPF and the clinical course. Gen-
erally, BAL fluid lymphocytosis is associated
with responsiveness to corticosteroid therapy
and clinical improvement.8-" Increased eosino-
phil and neutrophil counts without increased
lymphocyte counts have been associated with
failure to respond to treatment,8"1 however,
this was not confirmed by all investigators.'2
Increased histamine levels in BAL fluid cor-
related with more pronounced fibrosis in lung
biopsy specimens of IPF patients,"' and results
of experimental studies'4 5 suggest that mast
cells may play a part in pulmonary fibrosis.
The aim of this study was to investigate the
relationship between the relative as well as the
absolute cell numbers in BAL fluid samples
obtained from patients with IPF and survival.

Methods
PATIENTS
The initial BAL fluid samples obtained from
all patients with histologically proven IPF (n=
49) were selected retrospectively from BAL
fluid analyses (n = 2008) performed over a
10 year period between 1980 and 1990. All
patients presented with dyspnoea, cough, or
malaise. The mean age of the patients at which
symptoms started was 56 years (range 30-73).
The diagnosis of IPF was based on com-

patible clinical information, evidence of diffuse
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Table 1 Characteristics of patients with idiopathic pulmonary fibrosis (IPF) and control
subjects

Group n Mean age Women Men Non- Smokers Prednisone
(range) smokers

IPF 49 56 (30-73) 21 28 31 18 22
Controls 30 33 (21-55) 15 15 15 15 0

parenchymal infiltrates on chest radiography
and, in most patients, restrictive lung function
tests. Patients with significant environmental
or occupational exposure, a history of ingestion
of fibrogenic drugs, extrinsic allergic alveolitis,
left ventricular failure, or collagen vascular dis-
eases were excluded. Lung tissue for histo-
logical confirmation of the diagnosis of IPF
was obtained by open lung biopsy.
BAL is routinely used in our unit in all

patients who are suspected of interstitial lung
disease. Twenty two patients were receiving
corticosteroid therapy at the time BAL was

performed (mean 9 1 mg daily). These patients
had either been referred to our clinic after being
treated in another centre, or IPF had been
diagnosed before BAL was performed in our

hospital. None of the patients was treated with
cytotoxic drugs at the time BALwas performed.
Only one patient received cyclophosphamide
therapy, which was ended four months prior
to BAL. The median time between start of
symptoms and BAL was 3 0 years (mean 4-4
years).

In order to evaluate differences in the cellular
analysis ofBAL fluid samples between the IPF
patients and healthy individuals, data obtained
from BAL fluid analysis of control subjects
were used. The control group consisted of 30
healthy normal volunteers. In both groups the
smoking history was taken into account.
Smokers were current smokers at the time BAL
was performed. Non-smokers were subjects
who did not smoke at the time of lavage or

within at least six months before BAL; 15 of
the 31 non-smoking patients were lifelong non-
smokers, and 16 were former smokers (the
mean time between giving up smoking and
BAL was 8 3 years, the median time 6 0 years).
The characteristics of the patients and control
subjects are listed in table 1. This study was

approved by the ethics committee of our hos-
pital.

BRONCHOALVEOLAR LAVAGE
Bronchoalveolar lavage was performed as pre-
viously reported during fibreoptic bron-
choscopy.' Blood samples were taken at the
time of lavage. In brief, the lavage procedure
was as follows. After premedication with at-
ropine and sometimes diazepam or codeine,
and local anaesthesia of the larynx and bron-
chial tree with 0 5% tetracaine, BAL was per-
formed by standardised washing of the middle
lobe with four 50 ml aliquots of sterile saline
solution (0 9% NaCl) at room temperature.
Lavage fluid samples, kept on ice in a siliconised
specimen trap, were centrifuged (10 min,
350 g) and separated into cells and supernatant.
Cells from the last three aliquots were pooled,

washed twice, counted, and suspended in min-
imal essential medium (Gibco, Grand Island,
New York, USA) supplemented with 1%
bovine serum albumin (Organon, Teknika,
Boxtel, The Netherlands). Preparations of the
cell suspensions were made in a cytocentrifuge
(Shandon). Cytospin slides of BAL cells were
stained with May-Grunwald-Giemsa (Merck,
Darmstadt, Germany) for cell differential
counts. At least 1000 cells were counted.

STATISTICAL ANALYSIS
Cox's proportional hazards model was used for
analysing the dependency of mortality on the
risk factors.'6 As entry time we used the time
at which BAL was performed. The end point
was death due to all causes. The follow up
ended in September 1992. As explanatory vari-
ables the following were considered: the per-
centages and absolute cell numbers of alveolar
macrophages, lymphocytes, neutrophils, eos-
inophils, and mast cells in BAL fluid samples
and their quadratic terms. Additionally, we also
considered the effects of age, sex, smoking, and
corticosteroid therapy at the time BAL was
performed. The contribution of these variables
to the model was tested by means of the likeli-
hood ratio test.
The Mann-Whitney U test was used to eval-

uate differences in the cellular analysis of BAL
fluid samples between patients with IPF and
the control subjects. The same test was used
to evaluate the results between different cate-
gories of patients with IPF, constituted by
smoking and corticosteroid therapy at the time
BAL was performed. A p value less than 0 05
was considered to be significant.

Results
FOLLOW UP
During the follow up period 24 patients died,
their mean survival being 3-7 years (range
0 1-12-2 years). Fourteen patients died from
respiratory insufficiency due to pulmonary fib-
rosis, five died from causes associated with
pulmonary fibrosis (three from pulmonary in-
fection, one from pulmonary embolism, one
from lung cancer). Three patients died due to
cardiovascular diseases and two from other
causes. At the end of the follow up period
(September 1992) 25 patients were still alive.
Their follow up period ranged from 2-6 to 1 2- 1
years (mean 8 9). No patients were lost to
follow up.

Patients were treated by a team ofpulmonary
physicians. All patients were initially treated
with high doses of corticosteroids for several
weeks. The maintenance of treatment de-
pended on the clinical course. Patients with
rapid progression of disease (decline in lung
function, shortness of breath at rest and/or
hypoxia within three months after corti-
costeroid therapy was started, or within three
months after the dose of corticosteroids was
increased to 50 mg daily) were additionally
treated with azathioprine or cyclophos-
phamide. In patients who were stable the corti-
costeroid treatment was reduced to a main-
tenance level of between 5 and 10 mg
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Table 2 Absolute numbers of cells in bronchoalveolar lavage fluid samples obtained from patients with idiopathic
pulmonary fibrosis (IPF) (n = 49) and control subjects (n = 30)

Non-smokers Smokers

IPF Controls IPF Controls

n 31 15 18 15
Total cell count 18-6 (10-6-31-0) 8-7 (7-9-11-0) 40 5 (29 7-59-9) 23-1 (12-4-31-0)
Alveolar mcarophages 11 9 (7-7-17-0) 7-9 (6-7-9 3) 31-6 (128-49-8) 22-5 (11-4-28-5)
Lymphocytes 1.0 (0-5-2-7) 1-0 (0-5-1-2) 0-7 (0 3-2 3) 0 9 (0-5-1-2)
Neutrophils 1-4 (04-2-8) 0-1 (0-0-02) 1-9 (077-73) 0-1 (0-0-0{3)
Eosinophils 0-8 (0-1-2-9) 0-0 (00-0-0) 1-2 (033-32) 0-1 (0-0-0-1)
Mast cells 0 03 (0 00-0 08) 0 00 (0-00-0 04) 0-03 (0-00-0 08) 0 00 (0 00-000)

Data are expressed as median absolute numbers of cells x 104/ml with the interquartile ranges in parentheses.

prednisone daily. In patients whose clinical
condition improved, further effort was made
to minimise the steroid dose. Fourteen of the
19 patients who died from causes associated
with pulmonary fibrosis were treated with cyto-
toxic drugs. Only three of the 25 patients still
alive at the end of the follow up were treated
with cytotoxic drugs.

CELLULAR ANALYSIS
The absolute numbers of neutrophils, eos-
inophils, and mast cells in BAL fluid samples of
the patients with IPF were significantly higher
than the control subjects (p<0001, p<0001
and p<002, respectively) when the smoking
history was taken into account. The absolute
numbers of alveolar macrophages were in-
creased only in non-smoking IPF patients
(p<005), whereas the absolute numbers of
lymphocytes did not differ significantly be-
tween IPF patients and controls. The per-
centages of neutrophils, eosinophils, and mast
cells of patients with IPF were significantly
higher (p<0Q001, p<0 001 and p<0 02) than
controls, whereas the percentage of alveolar
macrophages was significantly lower (p<005).
The percentage of lymphocytes of the IPF
patients did not differ significantly from the
control subjects. Because of a skewed dis-
tribution, the absolute cell numbers in BAL
fluid of the patients with IPF are expressed as
median values, which are listed in table 2,

together with the data obtained from the con-
trol subjects. The percentages ofthe differential
cell count in BAL fluid samples of the IPF
patients and the control subjects are shown in
table 3.

SURVIVAL ANALYSIS (COX'S PROPORTIONAL
HAZARDS MODEL)
A negative relationship was found between sur-
vival and the absolute numbers as well as the
percentages ofeosinophils in BAL fluid samples
obtained from IPF patients. Both models, one
containing the absolute number of eosinophils
and their quadratic terms, the other the per-
centages of eosinophils and their quadratic
terms, were significant. Figure 1A shows the
graph which expresses the mortality rate ratio
as a function of the absolute numbers of eos-
inophils. The graph expressing the mortality
rate ratio as a function of the percentage of
eosinophils is shown in fig 1 B. The cor-
responding coefficients, standard errors, and p
values of both models are listed in table 4.
The absolute numbers and the percentages

of alveolar macrophages, lymphocytes, neu-
trophils, and mast cells did not show a sig-
nificant relationship with survival.
No significant relationship was found be-

tween sex and survival in patients with IPF,
between smoking and survival, nor for corti-
costeroid therapy at the time BAL was per-
formed. The effect of age on mortality was
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Figure IA (A) Function f(x) which expresses the mortality rate ratio as a function of absolute numbers of eosinophils
in bronchoalveolar lavage fluid samples obtained from patients with idiopathic pulmonary fibrosis (x = absolute number of
eosinophils expressed as 1 04 cellslml; x=0 is taken as the reference value where the rate equals 1). f(x) = e-0009 2+O5366x.
(B) Function g(x) which expresses the mortality rate ratio as a function of the percentage of eosinophils of the total cell
count in bronchoalveolar lavage fluid samples obtainedfrom patients with idiopathic pulmonary fibrosis (x =percentage
of eosinophils, x=O is taken as the reference value where the rate equals 1). g(x)=e (-05833x1o-2)X2+0l499x..
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Table 3 Percentages of cells in bronchoalveolar lavage fluid samples obtained from
patients with idiopathic pulmonary fibrosis (IPF) (n = 49) and control subjects (n= 30)

Non-smokers Smokers

IPF Controls IPF Controls

n 31 15 18 15
Alveolar 66-7 (3.2)* 87-0 (1-4) 73-5 (3-2)t 91-6 (2 3)
macrophages
Lymphocytes 12-4 (2 8) 110 (1-4) 3-7 (1-1) 6-8 (2-2)
Neutrophils 12-0 (1-8)* 1-6 (0-4) 14 5 (5-3)# 1-2 (0 4)
Eosinophils 8-9 (2.2)* 0-3 (0-1) 8-1 (3-2)# 0-4 (0-1)
Mast cells 0-28 (006)* 0 07 (0 03) 0 22 (0 1)t 0 02 (0 01)

Data are expressed as mean (SE). * p<001 IPF non-smokers v control non-smokers (Mann-
Whitney U test). #p<001 IPF smokers v control smokers (Mann-Whitney U test). tp<0 05
IPF smokers v control smokers (Mann-Whitney U test).

Table 4 Estimated coefficients, standard errors (SE) and p values belonging to the
mortality hazard function of the absolute number of eosinophils (function f(x); model 1A)
and of the percentage of eosinophils (function g(x); model IB) using Cox's proportional
hazard survival analysis, concerning patients with idiopathic pulmonary fibrosis (n= 49)

Coefficient SE p value

Model 1A Eosinophils 0-5366 0-352
(cells x 104/ml) Eosinophils' _0 1009 0-674 x 10- 0025
Model 1B Eosinophils 0-1499 0-804 x 10- 0 037
(percentage) Eosinophils' -0-5833 x 10' 0-332 x 10 0037

f(x) =e IOO9A+O5366X
g(x)-=e (0 5833 x 10-2)A2+O01499x

significant in a univariate model (p<0 05). In
a model which includes age together with the
absolute numbers of eosinophils and their
quadratic terms, both variables lost their sig-
nificant effect. When age was included in a

model with the percentage of eosinophils and
their quadratic terms, both variables also lost
their significant effect. No relationship was

found between eosinophils and survival.

Discussion
In this study a negative relationship was found
between the absolute numbers as well as the
percentage of eosinophils in BAL fluid samples
obtained from patients with IPF and survival.
No relationship was demonstrated between
survival and the absolute numbers or the per-
centages of any other cell type in BAL fluid.

In previous studies by other groups BAL
eosinophilia has been associated with a poor
response to therapy and clinical deterior-
ation." 1 A possible role for the eosinophil in
IPF has therefore been suggested.'7'8 More-
over, increased levels of eosinophil-derived eos-
inophilic cationic protein (ECP) have been
found in BAL fluid from patients with IPF.'9
ECP is a very toxic protein, capable of dam-
aging the lung tissue.'0" Eosinophils may also
be involved in the proliferation of fibroblasts,
as in vitro fibroblast DNA synthesis induced
by eosinophil-derived factors has been de-
scribed." In one study, however, no re-
lationship was found between initial BAL
eosinophilia and response to treatment but a

higher BAL eosinophil content was correlated
with more severe initial clinical impairment."
As not all patients in our study had pulmonary
function tests shortly before BAL, we were not
able to incorporate the results of indices such
as TLC or TLCO as a covariate in the survival
analysis to adjust for the severity of the disease.
In a separate study we investigated lung biopsy

material from 29 IPF patients, comparing the
cellularity and the degree and the extent of
fibrosis with the BAL cell profile. No re-
lationship was found between any of the cell
types (including eosinophils) and the histo-
logical picture (data not shown). This is con-
sistent with the study by Watters et alwho found
no correlation between BAL fluid eosinophil
content and histopathological abnormalities,
although a possible relationship between BAL
eosinophilia and the presence ofhoneycombing
was suggested.'2 In patients with fibrosing al-
veolitis in systemic sclerosis, which is histo-
logically identical to lone idiopathic pulmonary
fibrosis, Wells and coworkers studied the re-
lationship between BAL findings and the pat-
tern and extent of the disease, judged by thin
section computed tomographic (CT) scan-
ning." Significantly increased BAL eosinophil
counts were found in early as well as in ad-
vanced disease, with a relationship between the
percentage of eosinophils and the extent of a
ground glass pattern on CT, suggesting in-
flammatory histological appearances. However,
survival was better in fibrosing alveolitis as-
sociated with systemic sclerosis than in idio-
pathic pulmonary fibrosis.24 Fibrosing alveolitis
may have different pathogenic mechanisms in
the two diseases, causing the difference in sur-
vival. Whether eosinophils are (partly) re-
sponsible for the damage to the alveoli in IPF
or BAL eosinophilia reflects advanced disease
remains to be established.

In this present study there was a negative
relationship between age and survival. When
the absolute number or the percentage of eos-
inophils was included as an explanatory variable
in the model, together with the variable of age,
both variables lost their significant effect. No
relationship was found between eosinophils and
survival. In both models the shape of the re-
lationship of mortality with eosinophils does
not essentially change, either with or without
age as an explanatory variable in the model. It
is likely that the sample size is too small to
reach statistical significance in a model with
more explanatory variables.
One of the limitations of the study is that

approximately 40% of the patients were re-
ceiving corticosteroids at the time BAL was
performed. Although no relationship was dem-
onstrated between corticosteroid treatment at
the time BAL was performed and survival,
therapy may have influenced BAL findings.'0
Survival analysis of the untreated group (27
patients) showed a tendency for a negative
relationship between the absolute numbers of
eosinophils and survival, but the results were
not significant. It is likely that the number
of patients is too small to reach statistically
significant results in this model.

Schwartz et al did not find a relationship
between BAL findings and survival in IPF
patients,7 although a higher concentration of
lymphocytes appeared to be independently as-
sociated with slightly improved survival in a
subgroup of their patients. They studied 74
patients, approximately 40% ofwhom were also
receiving corticosteroid treatment, one third in
combination with cyclophosphamide. In their
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study the male/female ratio was almost similar
to that described here, while the average age
was slightly higher. There were no racial differ-
ences between both groups. They analysed sur-
vival from onset of symptoms and not from the
time BAL was performed. This was done in
order to adjust for the variable length of time
between onset of symptoms and time of diag-
nosis. If we analysed our data with survival
from the time of onset of symptoms, we found
not only a relationship between the absolute
number and percentage of eosinophils and sur-
vival but also a relationship between the ab-
solute number and percentage of neutrophils
and survival. It is plausible that response of
treatment and progression of disease may have
altered BAL findings. Schwartz and coworkers
performed a hierarchical multivariate analysis
on the factors that were found to be significantly
associated with diminished survival in IPF, to
assess the relative independence of these as-
sociated factors. Since the number of patients
in our study was too small, we were not able
to perform such an analysis.

In contrast to our study, Schwartz et al did
not demonstrate a negative relationship be-
tween age and survival, but found male gender
to be predictive of diminished survival. Pre-
viously Turner-Warwick and coworkers dem-
onstrated a negative relationship between age
and survival as well as between male gender
and survival.25 In this last study, however,
patients with fibrosis associated with connective
tissue disorders were also included. No obvious
reasons were found to explain the discrepancies
regarding male gender and age between the
study by Schwartz et al and the present study.
The effect of smoking on survival in this

study was not significant, which is in agreement
with two previous studies.2526 Although we may
expect that smoking had influenced BAL find-
ings, it remains to be established whether smok-
ing contributes to the fibrotic reaction in IPF.
To our knowledge, no study has investigated

the relationship between the absolute number
or the percentage of mast cells in BAL fluid
and the clinical course in pulmonary fibrosis,
although some studies suggest a role for mast
cells in IPF. Increased levels of histamine in
BAL fluid were correlated with more pro-
nounced fibrosis in lung biopsy specimens from
IPF patients in one study.'3 Mast cells have
been found in large numbers, particularly in
thickened, fibrous alveolar septa,27 and are
found closely apposed to fibroblasts as in nor-
mal lung tissue.28 A relationship has recently
been described between the percentage of mast
cells in BAL fluid samples and the gradation of
pulmonary fibrosis in patients with interstitial
lung diseases.29 Although in our study the ab-
solute numbers as well as the percentage of
mast cells were significantly increased in the
IPF patients compared with the control sub-
jects, we did not demonstrate a relationship
between the percentage or the number of mast
cells and survival in IPF patients. It is possible
that the effect of mast cells on the fibrotic
process is too small to affect survival. It has
also been suggested that they play a minor role
since pulmonary fibrosis can also be induced

by bleomycin in mice genetically deficient in
mast cells.30

In summary, this study shows that there is
a negative relationship between the absolute
number as well as the percentage of eosinophils
in BAL fluid samples and survival in IPF
patients. However, we acknowledge that
patients with IPF present at different stages of
the disease process and that treatment may
have influenced BAL findings. For further in-
vestigation prospective studies are necessary
with BAL preferably being performed before
treatment is started.
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