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Effects of inflammation and fibrosis on pulmonary
function in diffuse lung fibrosis

Thierry Chinet, Francis Jaubert, Daniel Dusser, Claire Danel, Jacques Chretien,
Gerard J Huchon

Abstract
To investigate the relation between lung
function and inflammation and fibrosis
in patients with diffuse lung fibrosis, a
study was made of untreated patients
without appreciable airway obstruction
(14 patients with cryptogenic fibrosing
alveolitis and seven with pneumo-
coniosis). Quantitative assessment of
inflammatory infiltration and fibrosis
was carried out on open lung biopsy
specimens and compared with lung
volumes, carbon monoxide transfer fac-
tor (TLCO), TLCO corrected for alveolar
volume (TLCO/VA), and arterial blood
gases at rest and during exercise. The
degree of fibrosis and the degree of
cellular infiltration were positively
correlated. Lung volumes and TLCO were
correlated with the grades of fibrosis and
cellular infiltration of alveoli; arterial
blood gases during exercise tended to
correlate with both fibrosis and infiltra-
tion (p < 006). In contrast, morpho-
logical data were not correlated with gas
exchange at rest or with TLCO/VA. It is
concluded that, in untreated patients
with diffuse lung fibrosis, lung volumes,
TLCO, and arterial blood gases during
exercise reflect the lung lesions, and that
the pulmonary function tests used can-
not discriminate between fibrosis and
infiltration of the lung by inflammatory
cells.

Universit6 Ren6
Descartes, Paris,
France
T Chinet
F Jaubert
D Dusser
C Danel
J Chr6iden
G J Huchon
Address for reprint requests:
Dr Gerard J Huchon,
H6pital Ambroise Pare,
9 avenue Charles de Gaulle,
F-92104, Boulogne Cedex,
France.
Accepted 21 May 1990

Diffuse lung fibrosis begins with an infiltra-
tion of alveoli by inflammatory cells, and
progresses to fibrosis."3 Cellular infiltration
may reverse spontaneously or as a result of
treatment, whereas no studies have shown
reversal of lung fibrosis.24 It is important for
the management of patients with diffuse lung
fibrosis to assess the relative extent of inflam-
mation and fibrosis because inflammation is
potentially reversible but fibrosis appears not
to be.' Their extent may be determined by
open lung biopsy,467 but this can usually be
carried out only once. Pulmonary function
tests allow serial evaluations of the conse-

quences of diffuse lung fibrosis on lung func-
tion. Few studies, however, have evaluated
structure-function correlates in diffuse lung
fibrosis, and their findings do not agree."'
The effects of cellular infiltration and fibrosis
on lung function are not known, and there are
no data to determine whether pulmonary
function tests can predict the relative contri-

butions of cellular infiltration and fibrosis to
functional impairment of the lung.
We have therefore studied patients with

lung fibrosis, without airflow limitation, who
were not receiving corticosteroid or immuno-
suppressive treatment. We attempted to
determine whether pulmonary function tests
might predict the relative contributions of
fibrosis and cellular infiltration to lung
damage.

Methods
PATIENTS
We studied 21 patients with a diagnosis of
diffuse lung fibrosis confirmed by open
biopsy. The age of the patients (14 male,
seven female) ranged from 24 to 75 (mean
50 8 (SI) 13-2)) years. The lung disease was
classified according to clinical, biological,
radiographic, and histological criteria712 as
cryptogenic fibrosing alveolitis in 14 patients
(including one with multiple sclerosis and one
with mixed connective tissue disease) and
pneumoconiosis in seven (including two
patients with silicosis). There were six
smokers, 10 non-smokers, and five ex-smokers
(table 1). To be considered an ex-smoker a
patient must have given up smoking at least
one year before. No patient was receiving
anti-inflammatory or immunosuppressive
treatment at the time of pulmonary function
tests or lung biopsy, and none had airway
obstruction, defined as a ratio of forced
expiratory volume in one second (FEVI) to
forced vital capacity (FVC) below 86% of the
predicted value.

PULMONARY FUNCTION TESTING
Pulmonary function tests were performed in
all patients not more than one month before
open lung biopsy. FEV, and FVC were
measured by spirometer with the patient in a
sitting position. Total lung capacity (TLC)
was derived from functional residual capacity
(FRC) determined by multiple breath helium
dilution. Results were expressed as a percen-
tage of the predicted values from the
European Coal and Steel Community
survey.'3 Transfer factor for carbon monoxide
(TLCO) was measured by the breath holding
technique and was expressed as a percentage
of the predicted values based on age and
height. The simultaneous measurement of
alveolar volume (VA) using the helium dilu-
tion technique allowed calculation of the
transfer coefficient (TLCO/VA), which was
expressed as a percentage of the predicted
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Table I
disease

Individual clinical and pathological data in patients with fibrosing lung

Grade of
Patient Age Grade of cellular
No (y) Sex Aetiology Smoking fibrosis infiltration

1 40 M CFA Smoker 1 1
2 64 F CFA Non-smoker 1 1
3 37 M PNM Non-smoker 1 1
4 60 M PNM Smoker 1 1
5 44 M PNM Non-smoker 2 2
6 50 M PNM Non-smoker 1 1
7 41 M PNM Non-smoker 2 2
8 44 M PNM Ex-smoker 2 2
9 40 M PNM Ex-smoker 1 1
10 59 F CFA Non-smoker 1 1
11 54 F CFA Ex-smoker 3 2
12 75 M CFA Ex-smoker 2 2
13 71 M CFA Ex-smoker 3 2
14 37 M CFA Smoker 1 3
15 57 F CFA Non-smoker 3 1
16 56 F CFA Smoker 3 3
17 60 M CFA Smoker 2 2
18 55 F CFA Non-smoker 2 1
19 34 F CFA Non-smoker 2 2
20 65 M CFA Non-smoker 3 2
21 24 M CFA Smoker 1 1

CFA-cryptogenic fibrosing alveolitis; PNM-pneumoconiosis.

Table 2 Mean (SD) and range ofpulmonary function values in patients with diffuse
lungfibrosis

Mean (SD) Range n

TLC (0o pred) 75-7 (22 9) 40 -127 21
FVC (o pred) 66-4 (23-9) 42 -135 21
FEV,1 pred) 66-2 (18-2) 41 -108 21
TLCO( pred) 53-5 (26 8) 21 - 97 13
TLCO/VA (° pred) 66-8 (20 1) 31 - 91 13
Resting Pao2 (mm Hg) 78-4 (12 0) 52 - 99 21
ExercisePao2 (mmHg) 66-4 (16 1) 42 - 95 17
Resting A-aDo2 (mm Hg) 20 4 (13 3) -3-3- 43-8 21
Exercise A-aDo2 (mm Hg) 32 8 (15 0) -3 0- 53-8 17

TLC-total lung capacity; FVC-forced vital capacity; FEV,-forced expiratory volume in one
second; TLco-transfer factor for carbon monoxide; VA-alveolar volume; A-aDo,-alveolar-
arterial oxygen difference.
1 mm Hg _ 0 133 kPa.

Table 3 Correlations of transfer factor and gas exchange data with the grades of
fibrosis and cellular infiltration in patients with diffuse lungfibrosis

Fibrosis Cellular infiltration
Pulmonary
function test rs p rs p

TLCO -0-811 <0-001 -0622 <001
TLCO/VA -0 466 NS -0-434 NS
Resting Pao, -0-135 NS +0 037 NS
Exercise Pao2 -0-486 0 052 -0 472 0 059
Resting A-aDo2 +0-096 NS -0-125 NS
Exercise A-aDo2 +0 525 < 0-05 +0-408 NS

r5-Spearman's rank coefficient. Other abbreviations as in table 2.

value based on age and alveolar volume. Blood
gases were determined in samples obtained
from a radial artery, at rest and during exer-

cise on a cycle ergometer (50-100 watts for 3-
5 minutes). The work load was progressively
increased until the patient complained of con-

siderable breathlessness. Arterial oxygen

(Pao2) and carbon dioxide tensions (Paco2)
were measured, and the alveolar-arterial
oxygen tension difference (A-aDo2) was cal-
culated by means of the alveolar equation
during steady state conditions, on the assump-

tion of a respiratory gas exchange ratio of 0 8.

PATHOLOGICAL EVALUATION

Pathological examinations were carried out

without knowledge of the functional data.
Biopsy samples were taken from a represen-

tative diseased area as judged by the chest
radiograph and the macroscopic appearance of
the lung at surgery. Biopsy specimens were

inflated, fixed in 10% neutral formalin, and
embedded in paraffin. For each case 5 um

sections obtained from three or four blocks of
2 x 1 x 0 5 cm were stained with haematein-
eosin-safran and studied at a magnification of
200. The degrees of fibrosis and infiltration of
terminal respiratory units in each tissue sec-

tion were evaluated independently; grade 0
was defined as fibrosis or inflammation of less
than 10% of the surface of the lung section,
grade 1 as 10-30%, grade 2 as 3060o/o and
grade 3 as more than 60%. The predominant
cell types within the inflammatory infiltration
were identified (macrophage, lymphocyte, or

neutrophil). Bronchiolar and vascular disease
was recorded as absent or present.

STATISTICAL ANALYSIS
Relationships between histological and func-
tional data were analysed by Spearman's rank
correlation coefficient and comparison be-
tween groups and relation to predominant cell
type by the Mann-Whitney U test. Values of
p below 0 05 were considered significant.'4

Results
Individual clinical and pathological data are

presented in table 1 and mean pulmonary
function data in table 2. The grade of fibrosis
correlated with the grade of cellular infiltra-
tion (r, = + 0 573, p < 0 02).
There was no difference between the

patients with pneumoconiosis and those with

Table 4 Correlations between lung volumes and the grades offibrosis and cellular infiltration in patients with
cryptogenicfibrosing alveolitis (CFA) and patients with pneumoconiosis (PNM)

Fibrosis Cellular infiltration
Pulmonary
function test Disease rs p rS p

TLC CFA -0-735 <0 01 -0 705 <0-02
PNM -0-866 < 0-05 -0-866 < 0-05

FVC CFA -0-598 <0 05 -0-201 NS
PNM -0-866 < 0-05 -0-866 < 0-05

FEV, CFA -0-231 NS -0-364 NS
PNM -0-577 NS -0-577 NS

TLC-total lung capacity; FVC-forced vital capacity; FEV,-forced expiratory volume in one second; rg-Spearman's
rank coefficient.
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cryptogenic fibrosing alveolitis in terms of
age, histological gradings, or lung function,
except that FVC and FEV, were reduced to a
greater extent in the patients with cryptogenic
fibrosing alveolitis than in those with
pneumoconiosis (p < 0 05 for both). Except
for lung volumes therefore we considered the
patients as a single group for the purpose of
analysis.

Correlations between the grades of cellular
infiltration and of fibrosis and the transfer
factor and gas exchange data are shown in
table 3. Pathological grade was correlated with
TLco but not with TLCO/VA. This might be
related to the volume dependence of TLCO
because, as expected, total lung capacity was
correlated with TLCO (rS = 0 707, p < 0 01)
but not with TLCO/VA (rS = 0 419, NS). The
pathological changes showed a closer correla-
tion with exercise Po2 and A-aDo2 than with
resting oxygen values.
The pathological data were correlated with

total lung capacity and FVC in both groups of
patients except that FVC was not correlated
with cellular infiltration in the patients with
fibrosing alveolitis (table 4).
There was no relation between lung func-

tion and the predominant cell type observed
in the cellular infiltration of the lung. Inflam-
matory changes were seen to affect bron-
chioles (12 patients) and pulmonary vas-
culature (13 patients), but these changes did
not show an association with lung function.

Discussion
In our study of patients with diffuse lung
fibrosis, firstly, cellular infiltration and fibrosis
were positively correlated; secondly, lung
volumes and TLCO were correlated with both
cellular infiltration and fibrosis; and, thirdly,
arterial blood gas tensions during exercise
tended to correlate with both infiltration and
fibrosis whereas TLCO/VA and arterial blood
gases at rest did not.
Our finding that both fibrosis and cellular

infiltration are related to lung volumes, TLCO,
and probably arterial blood gas tensions during
exercise contrasts with the results of previous
studies. In 23 patients with diffuse lung fibrosis
Fulmer et al8 found no relation between
either the severity of fibrosis or the degree of
cellular infiltration and lung volumes, diffusing
capacity, or Pao2 at rest or during maximal
exercise. Green et al studied 25 patients with
interstitial pulmonary disease and found that
the intensity offibrosis-but not that of cellular
infiltration-was related to lung volumes and to
gas exchange at rest and during exercise; no
relationship was found between histological
changes and diffusing capacity.9 In patients
who had an open lung biopsy for various types
of chronic diffuse infiltrative lung disease
Gaensler and Carrington found a correlation
between an index of pathological severity and
lung volumes as well as diffusing capacity and
A-aDo2 during exercise." In view of the
previous studies, Keogh and Crystal proposed
that in idiopathic pulmonary fibrosis lung
volumes roughly parallel the severity of

fibrosis, but bear no relation to the extent of
alveolitis.' They suggested that measurement
of gas exchange during exercise is the most
sensitive test of functional impairment,
whereas TLCO and arterial blood gas tensions at
rest bear little or no relation to the extent of the
disease.'
The selection of patients may explain the

discrepancy between our findings and those of
others. In previous studies a large proportion of
patients had been given corticosteroids by the
time of biopsy,8 pulmonary function tests were
performed after open lung biopsy,'0 or patients
had unrelated associated pulmonary diseases
such as chronic airflow limitation.8 '0 We
excluded patients with central airway obstruc-
tive disease and patients receiving cortico-
steroid or immunosuppressive treatment at the
time of assessment because central airway ob-
struction is not a feature of diffuse lung fibrosis
(in contrast to small airway obstruction'5) and
corticosteroid and immunosuppressive treat-
ments are likely to reduce inflammation but
have little or no effect on fibrosis. If patients
undergoing such treatment had been included,
the number of patients with severe functional
impairment and increased cellular infiltration
may have been artificially reduced and the
relation between cellular infiltration and the
results of pulmonary function tests difficult to
establish.
We found a positive correlation between the

intensity of cellular infiltration and that of
fibrosis. Fulmer et al did not specifically
address this point but, using their data, we
computed the Spearman's correlation co-
efficient between the degrees of cellular infiltra-
tion and of fibrosis, and found that they did
correlate (rs = 0 439, p < 0 05). Haslam et al
found that in most of their patients with
idiopathic fibrosing pneumonitis cellular infil-
tration and fibrosis were present simulta-
neously and were severe.'6 Our finding that the
intensity of fibrosis correlates with that of
cellular infiltration may seem surprising as,
according to current concepts of the pathogen-
esis of diffuse lung fibrosis, the fibrosis
progresses during the course of the disease
whereas inflammation predominates in the
early stages. In practice, diagnosis and assess-
ment usually occur when patients are some-
where between the early stage of the disease
(when cellular infiltration is predominant) and
the end stage, when fibrosis is advanced
("honeycomb lung") and functional impair-
ment does not allow open lung biopsy. Our
patients (and patients in other studies) had mid
stage disease and had both inflammation and
fibrosis. As fibrosis is induced by inflammation
mediated damage of alveolar structures,2
intense cellular infiltration of the alveolar
structures results in more extensive alveolar
injury and more intense fibrotic lesions.7 18

Clinical data, as well as structure-function
studies in animal models, suggest that inflam-
mation impairs lung volumes and gas ex-
change.2"" In 120 patients with idiopathic
fibrosis, Rudd et al found that patients improv-
ing with corticosteroids or immunosuppressive
drugs had more severe impairment of FVC; as
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fibrotic lesions are not reversible, cellular infil-
tration of lung parenchyma was likely to be
responsible for the initial reduction in lung
volumes.'9 Animal studies have shown that
during the initial inflammatory stage the extent
of histological change is reflected in functional
studies by a decrease in lung volumes and in
carbon monoxide transfer factor and by impair-
ment of arterial blood gases.2"22

In conclusion, our study shows that lung
volumes, TLCO, and probably arterial blood
gases during exercise are related to cellular
infiltration and to fibrosis. Pulmonary function
tests do not appear to discriminate between the
relative contributions of cellular infiltration
and fibrosis to functional impairment.

This work was supported by a grant from the Association pour
l'Etude de la Respiration et de l'Environnement.
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