Copyright ©ERS Journals Ltd 1998
European Respiratory Journal
ISSN 0903 - 1936

Eur Respir J 1998; 12: 1419–1423
DOI: 10.1183/09031936.98.12061419
Printed in UK - all rights reserved

Talc-induced inflammation in the pleural cavity
M.M. van den Heuvel*, H.J.M. Smit†, S.B. Barbierato*, C.E.G. Havenith*,
R.H.J. Beelen*, P.E. Postmus†
aa

Talc-induced inflammation in the pleural cavity. M.M. van den Heuvel, H.J.M. Smit, S.B.
Barbierato, C.E.G. Havenith, R.H.J. Beelen, P.E. Postmus. ERS Journals Ltd 1998.
ABSTRACT: Talc administration into the pleural cavity induces pleurodesis. To
obtain further insight into the inflammatory process that causes pleurodesis, the cellular kinetics in the pleural space after the administration of talc was studied, along
with its relation to chemokine concentrations in the pleural fluid.
Thirteen consecutive patients with idiopathic spontaneous pneumothorax and
eight patients with malignant pleural effusions received talc pleurodesis. The first
group was treated with talc poudrage, whereas the second group was treated with talc
slurry. Pleural fluids were isolated before talc administration as well as 3, 6, 24, 48
and 72 h afterwards.
The talc induced a rapid polymorphonuclear neutrophil (PMN) influx followed by
an accumulation of macrophages. In addition, increased production of interleukin
(IL)-8 and monocyte chemotactic protein (MCP)-1 was observed. The talc-induced
PMN influx reached its maximum after 3–24 h, and was related to the IL-8 concentration. In contrast, the MCP-1 was not related to the macrophage accumulation.
Talc-induced inflammation in patients with idiopathic spontaneous pneumothorax
and malignant pleural effusion is characterized by an influx of polymorphonuclear
neutrophils related to interleukin-8, followed by an accumulation of monocytes.
Eur Respir J 1998; 12: 1419–1423.

Chemical pleurodesis is a therapeutic method often used
to prevent pleural fluid accumulation in patients with malignant pleural effusion (MPE). Chemical pleurodesis can
also be indicated in patients with idiopathic spontaneous
pneumothorax (ISP) [1]. Pleurodesis can be induced by
chemical irritation with agents such as bleomycin, tetracycline and talc. A variety of other agents have been used
with different success rates [2]. In many clinics, talc has
become the preferred agent for the treatment of MPE [3].
Talc can be applied as dry powder by insufflation or dissolved in saline (talc slurry). To administer dry talc powder, thoracoscopy is required, while tale slurry can be applied
via a chest tube. Both methods appear to be effective in
creating pleurodesis [4, 5].
Discussion of the choice of sclerosating agent is hampered by the lack of knowledge of the inflammatory process. It is assumed that the sclerosating agents induce an
inflammatory response that results in a rapid adhesion
of the parietal and visceral pleura. In the literature, only
scarce information is available on the inflammatory mechanism itself. In a rabbit model, talc administration induced
an influx of polymorphonuclear neutrophils (PMN) followed by an accumulation of mononuclear cells [6]. Several
chemokines have been implicated in leukocyte chemotaxis during the inflammatory response [7, 8]. The most
studied chemokines for PMN and monocytes are interleukin (IL)-8 and monocyte chemotactic protein (MCP)-1,
respectively. In malignant pleural effusions, the concentrations of these chemokines were found to be related to cell
indices [9].
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To obtain a better understanding of the process of pleurodesis, it is necessary to study the preceding induced inflammation in the pleural cavity [10]. Therefore, a study
was designed in which cellular changes in the pleural fluid
of patients undergoing talc pleurodesis could be monitored over time, and the cellular kinetics related to the concentrations of IL-8 and MCP-1.
Materials and methods
Study subjects
The pleural fluids of 13 consecutive patients with an
ISP and eight patients with an MPE were analysed during
the period September 1996 to April 1997. All patients gave
informed consent. None of the patients had been previously treated for pleural disease or had undergone invasive
diagnostic procedures for pleural disease, other than pleurocentesis.
The 13 ISP patients (aged 35±8 yrs, 12 males) underwent video-assisted thoracoscopy (VAT), under local anaesthesia, with the administration of 3 g of dry talc powder as
soon as possible after admittance to the hospital, as is the
routine treatment. The mean time between the first complaints and the pleurodesis was 5.5±2.9 days for ISP. Four
patients received a chest tube for 1.4±1.0 days before the
VAT procedure.
Of the eight MPE patients (aged 56±9 yrs, 3 males),
two had breast cancer, four nonsmall cell lung cancer and
two ovarian cancer. Pleurodesis was performed by injecting 50 mL of slurry containing 3 g of talc into the chest
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tube. Drain production had to be <100 mL·day-1 before
pleurodesis was performed. The mean drainage time prior
to pleurodesis was 7.2±5.2 days.

Table 1. – Influence of the chest tube on the leukocyte
count and cell indices in the pleural fluid of patients with
idiopathic spontaneous pneumothorax

Study design and methods
Pleural fluid samples were collected immediately before
pleurodesis and after 3, 6, 24, 48 and 72 h. In most ISP
patients and some MPE patients, the sampling was performed by a pleural lavage with <40 mL of saline during
VAT or through the chest tube.
To gain insight into the influence of the chest tube on
the cellular composition and the cell number in the pleural
fluid, a pilot experiment was designed in which pleural
fluid samples of six ISP patients were collected immediately after chest installation and just before talc administration, during the VAT procedure. The mean time between
chest tube installation and VAT was 34±9 h. Of the six
patients, two were included in further experiments on the
characterization of talc-induced inflammation.
The pleural fluids were stored immediately in plastic
containers at 4°C and processed within 2 h after collection. Cells were counted and collected via centrifugation,
and cytospin slides were made. The supernatants of the
pleural fluids were stored in portions at -80°C. To assess
dilution with saline caused by the pleural washing or by
the installation of talc slurry, urea was determined in the
pleural fluids and in blood plasma. The chemokine concentrations and the measured concentrations and cell indices of total cell counts were corrected by the dilution
factor (plasma urea/pleural fluid urea) [11].
Cell staining was performed with May-Grünwald Giemsa
and cell differentiation was conducted by counting 200
cells per slide. MCP-1 and IL-8 concentrations were measured by sandwich enzyme-linked immunosorbent assay
(ELISA). The MCP-1 ELISA was developed in the authors'
laboratory and showed no crossreaction with other chemokines (detection level 30 pg·mL-1) [12]. The commercial
IL-8 ELISA had a detection level of 40 pg·mL-1 (Pharmingen, San Diego, CA, USA).
Statistical analysis
All data are expressed as the mean±SEM. The median is
given when appropriate. Multiple linear regression analysis was used to study the relationship between the continuous variables "time after talc administration", cell kinetics
and chemokine concentrations (logarithmic values). Differences between the patient groups were evaluated using the
Student's t-test. A p-value <0.05 was considered to indicate statistical significance.
Results
In total, 53 samples were collected in the ISP group and
28 in the MPE group. In the MPE group, the inflammation
in the pleural cavity could be monitored up to 24–48 h
prior to halting the drain production and chest tube removal. In the ISP patients, fluid was collected for up to 72
h following talc administration.

Leukocytes*
PMN
Macrophages
Lymphocytes
Eosinophils

After installation of
chest tube
Leukocyte Median
%

During VAT
procedure
Leukocyte Median
%

4.5±1.0
47.1±15.4
26.1±9.7
3.5±1.8
22.8±12.8

8.2±3.0
35.2±11.1
42.4±10.9
5.0±2.4
16.4±9.0

3.8
59.0
20.3
2.0
9.2

7.9
26.5
44.0
3.5
10.5

Values are expressed as mean±SEM. *: absolute number ×106. The
cell counts are corrected for dilution. The percentage of other
cell types such as mesothelial cells and basophils was always
<1%. VAT: video-assisted thoracoscopy; PMN: polymorphonuclear neutrophils. None of the differences were statistically significant (Student's t-test; n=6.)

Pilot experiment: influence of chest tube on the inflammatory process in the pleural cavity
To study the influence of the chest tube on the inflammatory process in pleural fluids from six ISP patients,
samples were taken immediately after the installation of
the tube and during the VAT procedure just before talc administration. Table 1 shows the cellular differentiation
and the cell count. While the tube was present, the cell
number showed a minor but nonsignificant increase over a
period of 34±9 h (p=0.33). Only small differences in cellular differentiation were noted. It was concluded that the
chest tube did not have a major influence on the inflammatory process in the pleural cavity.
Cell differentiation in the pleural fluid after talc administration
Talc administration induced a short fall in the leukocyte
concentration, maximal after 3–6 h. This was followed by
a marked increase after 6–48 h (table 2). Maximal cell
counts were reached 1–2 days following talc administration, after which the number slowly declined (data not
available for MPE). A large interindividual variation was
found in the total cell numbers in the pleural fluids, especially in the ISP group. The absolute cell numbers were
almost always higher in the ISP group. The cell indices,
directly proceeding from the start of the treatment, differed between both patient groups (fig. 1). Pleural fluid of
Table 2. – Leukocyte influx in pleural fluids in response to
talc administration
Idiopathic spontaneous
pneumothorax
Time
n Leukocyte Median
after
number
talcage h
×106·mL-1

Malignant pleural
effusion
n Leukocyte Median
number
×106·mL-1

0
3
6
24
48
72

6
5
6
6
5

13
10
7
9
6
8

14.2±11.4
1.8±0.7
5.9±4.2
14.1±8.8
14.5±12.8
3.7±1.7

1.4
0.6
0.3
4.2
2.1
1.4

0.4±0.2
0.2±0.1
0.6±0.2
1.4±0.5
11.4±5.9
ND

0.2
0.1
0.5
1.2
11.1
ND

Values are presented as mean±SEM. The cell counts are corrected
for dilution. ND: no data.
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The chemokine concentration was calculated by multiplying the measured chemokine concentration by the ureaderived dilution factor. Both the chemokine concentrations
as measured by ELISA and the urea dilution factor are
given in table 3. The dilution factor was significantly
higher in ISP patients, as could be expected because of the
lower spontaneous drain production, but showed no time
relation (p=0.04, Student's t-test).
In both ISP and MPE patients, the IL-8 and MCP-1
concentrations, corrected for the dilution factor increased
with time (fig. 2). On comparing the patient groups, the
IL-8 concentration was always higher in pleural fluids
from MPE patients, except 3 h after talcage (fig. 2, table
3) (p<0.05, Student's t-test). No difference in MCP-1 concentration was detected.

72

Fig. 1. – Cell kinetics in the pleural fluids after talc administration.
Percentages are mean±SEM. a) Idiopathic spontaneous pneumothorax; b)
malignant pleural effusion.
: neutrophils;
: macrophages;
:
lymphocytes. Numbers above bars represent numbers of patients.

MPE patients contained a considerably higher percentage
of lymphocytes, but fewer macrophages, PMN and eosinophils. The percentage of mesothelial cells and tumour
cells was always <1%.
Talc administration induced an inflammatory process
characterized by a rapid accumulation of PMNs reaching
its maximum after 3–24 h, depending on the patient group,
followed by a mononuclear influx after 24 h depending on
the patient group (fig. 1, table 2). In ISP, the PMN percentage peaked very early, after only 3 h. In MPE, it
peaked later, at day 1–2.

The logarithmic value of the IL-8 concentration was
related to the percentage of PMNs (r=0.32, p=0.006) (fig.
3) and this was mainly due to the MPE group, which
showed a strong correlation between the IL-8 concentration and the PMN percentage (r=0.52, p=0.007). In the
ISP group the relationship did not reach statistical significance (r=0.25, p=0.08). The MCP-1 concentration showed
a weak and negative relationship with the percentage of
macrophages (r=-0.27, p=0.024) (fig. 3b). This association was lost when the two patient groups were analysed
separately (ISP: r=-0.17, p=0.24; MPE: r=-0.094, p=0.66).
Even when data from the first 6 h were excluded, no positive relation was detected (r=-0.052, p=0.78).
Other cell types were not linked to chemokine concentrations. Furthermore, when absolute cell numbers were
calculated any associations with the chemokine concentrations were lost.
Discussion
To the authors' knowledge this is the first study to correlate the cellular kinetics with the concentration of chemokines in the pleural cavity during an acute inflammatory
response. The data show that this talc-induced inflammation is characterized by an influx of PMN, followed by an
accumulation of macrophages. A similar inflammatory
pattern was found in talc-induced pleurodesis in several

Table 3. – Measured interleukin (IL)-8 and monocyte chemotactic factor (MCP)-1 concentrations and dilution factors in
pleural fluids
Time after
talcage h
0
3
6
24
48
72

n
13
10
7
9
6
8

Idiopathic spontaneous pneumothorax
Dilution
MCP-1
IL-8
factor
ng·mL-1
ng·mL-1
4.1
3.4
18.2
3.1
9.4
1.6

0.26
3.7
0.45
1.0
0.37
0.81

0.01
0.20
0.11
0.11
0.08
0.13

n
6
5
6
6
5
0

Malignant pleural effusion
Dilution
MCP-1
factor
ng·mL-1
1.7
1.3
1.3
1.2
2.7

3.1
5.5
22.3
7.7
7.6

ND

ND

IL-8
ng·mL-1
0.15
0.55
42.5
57.4
20.1
ND

Values represent median concentrations measured by enzyme-linked immunosorbent assay (ELISA). The chemokine concentrations
can be obtained by multiplying the measured concentration by the corresponding dilution factors. ND: no data.
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Fig. 2. – Chemokine concentrations in the pleural fluid of idiopathic
spontaneous pneumothorax (ISP, ❍) and malignant pleural effusion
(MPE,
) patients related to time after talc administration. a) Interleukin-8 (IL-8) (MPE: r=0.62, p<0.001; ISP: r=0.27, p=0.06); b) monocyte chemotactic protein-1 (MCP-1) (MPE: r=0.40, p<0.05; ISP:
r=0.19, p=0.17). The chemokine concentration in the pleural fluids was
corrected for dilution.

animal models [13–15]. It has been suggested that IL-8
and MCP-1 are involved in the chemoattraction of the
PMN and monocytes in the pleural cavity [9]. The present
data on IL-8 are in concordance with this hypothesis. In
the MPE group, IL-8 production preceded the PMN
influx
and the IL-8 concentration was strongly correlated to the
PMN percentage in the pleural fluid. In the ISP group,
however, the relation was much weaker. Several explanations can be given for this difference. Firstly, in the ISP
group a plateau was reached in the percentage of PMN in
the pleural fluid after only 3 h. To study the relation between IL-8 and such a rapid PMN influx more fluid samples would need to have been collected in the first hours
after talc administration. In the MPE group, the PMN accumulation followed a slower course and therefore sampling
was adequate. Secondly, the absolute IL-8 concentrations
were much lower in the ISP group, sometimes close to the
detection level of the ELISA. This might have influenced
the accuracy of the test. Thirdly, it cannot be excluded that
other chemokines are also involved in the PMN attraction.
For MCP-1 the relation with macrophages was much
weaker. Macrophage influx is normally a late event in the

*

0
-1

*
*
*
** * *
*
*
* *
* ** * * * ** *

0
1
2
Log concentration MCP-1 ng·mL-1

3

Fig. 3. – Correlation of the cell percentages with the chemokine concentrations in pleural fluid. The concentration of a) interleukin-8 (IL-8)
in relation to the percentage of polymorphonuclear neutrophils (PMNs)
and b) monocyte chemotactic protein-1 (MCP-1) in relation to the per: idiopathic spontaneous pneucentage of macrophages are given. ❍,
mothorax patients; *,
: malignant pleural effusion patients.

inflammatory response, only starting after day 1–2, and in
this study an increase in macrophage number was only seen
after 48 h. The fluid production, however, stopped after 2–
3 days and additional samples were not obtained. Therefore, macrophage influx could not be monitored further.
Another reason for the lack of association is the high
background concentration of MCP-1, which makes statistical analysis more difficult. Furthermore, it has been
shown in other studies that despite the lacking of an in
vivo correlation between macrophage number and MCP-1
concentration, in vitro blocking experiments have shown
MCP-1 to be the chemoattractant agent responsible [12].
Several cells can be held responsible for the chemokine
production. IL-8 can be produced in large quantities by
macrophages, but PMNs can also produce small amounts
[16, 17]. Another candidate is the mesothelial cell. Recent
studies have shown that mesothelial cells are fairly good
producers of IL-8 after in vitro talc and bacteria phagocytosis [18, 19]. It is likely that both the mesothelial cell and
the macrophage are responsible for the talc-induced chemokine production, whereas in MPE patients malignant cells
may also play a role in MCP-1 production [9].

TALC-INDUCED INFLAMMATION

In both patient groups the leukocyte traffic followed a
similar sequence. An initial decrease in cell number was
followed by a restoration after 6 h, after which the number
increased steeply. The initial decrease might be explained
by either toxic effects of the talc on the leukocytes or
adherence of the activated leukocytes to the inner layer of
the pleural cavity. It is unknown whether certain types of
leukocytes are more sensitive to talc or other pleurodesisinducing agents in vivo. Preferential adhesion or cell death
of certain cell types might obscure the total number of leukocytes present in the pleural cavity. For this reason one
must be extra critical in interpreting data on leukocyte
number and cell indices in the pleural fluid.
Even though the patient groups showed many distinctions, the differences in the response to talc administration
deserve extra attention. As the percentage of PMNs had
already reached its maximum in ISP patients after 3–6 h,
the process of chemoattraction had to begin almost immediately after talc insufflation. In the pleural fluids of MPE
patients, the cell kinetics followed a less dramatic course,
but the percentage of PMNs reached almost 100% after 24
h. Several explanations can be postulated for the slower
cellular reaction to talc in the pleural cavity of MPE patients. Firstly, the larger number of phagocytes in the pleural cavity of ISP patients, just before talcage, could induce
a more rapid inflammatory response. Activation of macrophages and PMNs by phagocytosis induces rapid secretion
of several mediators such as pro-inflammatory cytokines
along with chemokines that can accelerate the inflammatory response. A second explanation lies in the obvious
distinctions between patient groups (e.g. pleural disease,
age and immune status). Thirdly, the talc administration
procedure may play a role. Administration of dry talc
powder directly to the whole "dry" pleural surface may induce more rapid chemokine production than talc slurry via
a chest tube on a "wet" pleural surface. Further studies are
required to compare the efficacy of both these talc procedures and to correlate it with the inflammatory indices in
an otherwise comparable patient group.
The data presented shows that talcage induces a dramatic inflammatory response, whereas drainage alone causes
only minor differences in the pleural fluid. This might
explain why talcage is more effective than drainage in inducing pleurodesis. Similar studies on the cellular and chemokine composition of pleural fluids can be used to assess
the effectivity of pleurodesis by other agents. It can be
hypothesized that agents which induce chemoattraction and
activation of monocytes and PMNs can also cause an
effective pleurodesis. A more detailed insight in the mechanism could help in the design of a less painful, yet
equally effective treatment.
In conclusion, this study describes the inflammatory
reaction in the pleural cavity after talcage in two different
patient groups. It clearly shows the time-related accumulation of polymorphonuclear neutrophils and macrophages.
The concentration of interleukin-8 increases with time and
is correlated with the influx of polymorphonuclear neutrophils. The data suggest that either the underlying disease or the method of talc administration may influence
the inflammatory process.
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