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Introduction 

Malignant pleural effusion (MPE) is a very disabling 
condition and markedly a sign of advanced disease. 
About 50% of patients with metastatic cancer develop 
MPE. In 2012 it was related to 126,825 admissions in the 
United States (1). The management of MPE is palliative 
and pleurodesis is one of the most common methods 
used to prevent a recurrence. Talc is the most used and 
studied agent but many other agents such as silver nitrate, 

tetracycline and iodopovidone have been tested over the 
years (2-4).

P leura l  adhes ions  occur  due  to  an  important 
inflammatory response in the pleural space triggered by 
the presence of the sclerosing agent (5). Acute respiratory 
distress, fever, empyema, wound infections are described as 
frequent adverse events related to pleurodesis (5-7). Acute 
respiratory distress syndrome (ARDS) and Acute Lung 
Injury (ALI) related to pleurodesis are critical adverse events 
especially in this group of very ill patients already weakened 
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by cancer. Some studies described incidences of ARDS and 
ALI as high as 9% and others suggest that the occurrence 
of ARDS may be rare and more associated with the particle 
size than with the pleurodesis effect itself (8-11).

Considering the importance of adverse events in the 
setting of frail patients with advanced cancer disease, we 
aimed at analyzing the occurrence of adverse events in 
subjects submitted to pleurodesis and the behavior of 
inflammatory markers after the procedure. 

Methods 

Retrospective analysis of the pleural diseases database of 
the University of São Paulo Thoracic Surgery Division. 
The database was set up in May 2009 and data collected 
in the current study are related to patients registered from 
its inception until June 2013. This study was approved by 
the institutional review board (Cappesq protocol number 
3767/12).

We included patients with recurrent malignant pleural 
effusion confirmed by pleural fluid cytology or pleural 
biopsy, which underwent pleurodesis for the first time 
during the period of the study. Patients with no clinical 
information in their records were excluded. In our 
institution we used three different sclerosing agents, 
talc (3 g), silver nitrate (0.5%, 30 mL), and iodine (2%,  
30 mL), all instilled through a 24 Fr chest tube or 14 Fr 
pigtail catheter. Before the procedure, the patients were 
pre-medicated with opioids and intrapleural lidocaine. After 
pleurodesis patients received dipyrone and the tube was 
removed in 3 to 4 days in the absence of a large volume of 
drainage. We do not usually perform pleurodesis in patients 
with severe coagulation disorder, thrombocytopenia, kidney 
failure, pleural or systemic infection, and massive neoplastic 
infiltration on the skin.

To evaluate the systemic inflammatory reaction, serum 
tests were performed before pleurodesis, 2, 5, and 10 days 
after pleurodesis. The exams collected were: complete 
blood count, serum dosage of C-reactive protein (CRP), 
serum glutamic oxaloacetic transaminase (AST), serum 
glutamic pyruvic transaminase (ALT), alkaline phosphatase, 
γ-glutamyltranspeptidase (GGT), and renal function (urea 
and creatinine). 

The adverse events (AEs) were quantified by the 
CTCAEV v.4.0 (12) questionnaire (Common Terminology 
Criteria for Adverse Events). This questionnaire classifies the 
AEs in degree: Degree 1: mild AR; Degree 2: Moderate 
AE; Degree 3: Severe AE; Degree 4: life-threatening or 

disabling AE; Degree 5: death related to the AE. AEs were 
recorded over the first 30 days after pleurodesis by trained 
researchers.

Categorical variables was expressed in frequencies and 
percentages. The continuous variables distribution were 
analyzed through graphical methods and the Shapiro-Wilk 
test and expressed as mean and standard deviation or median 
and interquartile range depending on their distribution. 
The Freidman’s ANOVA test was used to evaluate repeated 
measures of serum markers before pleurodesis, 2, 5, and  
10 days after pleurodesis. All inference analyses were two-
tailed and we considered statistical significance for those 
with P values <0.05. Box Plot was used to graphically 
represent the changes in laboratory findings after 
pleurodesis. Major statistics analysis and were performed 
using the software STATA version 13.0 (Stata Corp) and 
Friedman’s ANOVA was calculated using SPSS (IBM Corp) 
version 25.

Results 

A total of 114 patients with MPE who have undergone 
pleurodesis were included in this study. The mean age was 
of 59±12 years with a predominance of women (85.9%) 
and the most common primary tumor type was breast 
cancer (64.9%), followed by lung cancer (16.6%). The 
demographic characteristics and results of pleural fluid are 
summarized in Table 1. The most used sclerosing agent 
was iodine (51.7%) followed by silver nitrate (46.4%) and 
talc (1.7%). Four patients had a recurrence (3.5%) and two 
had to be submitted to another pleurodesis procedure due 
to permanent high volume of drainage. Twelve patients 
(10.5%) died before completing 30 days of treatment. 
After pleurodesis, 78 (68.4%) patients presented adverse 
events and, of those, 31 (27.1%) presented adverse events of 
degree 3 or higher. Table 2 describes the number of patients 
impacted by adverse events, and how frequent were events 
with grade 3 or more. 

The most frequent adverse event of any grade was the 
decrease in the hemoglobin level with 37 events, followed 
by pain, an increase in creatinine level, and hypoxia. All the 
adverse events and the grades are described in Table 3.

All laboratory parameters presented important changes 
after pleurodesis. Only ALT didn’t show statistical 
significance in repeated measures analysis. CRP was one 
of the most altered parameters and peaked at the 5Th day. 
Figure 1 shows the laboratory findings on the day of the 
intervention (before pleurodesis), 2, 5, and 10 days after 
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the procedure. The variation in the CRP values changed 
depending on the agent used with higher levels associated 
with talc and silver nitrate. Figure 2 shows the curve for 
CRP categorized by the agent used. 

Discussion

Our data showed that pleurodesis triggered an important 
systemic inflammatory reaction and led to a significant 
rate of adverse events. In our setting 68.4% of the subjects 
presented with at least 1 adverse effect of any grade and in 

28.1% of the patients at least of on these AE was classified 
as severe (graded 3 or higher). Among the patients that 
presented with AE grade 3 or higher, there were significant 
incidences of hypoxia (17 events), severe pain (12 events), 
and the occurrence of 4 deaths clearly related to the 
procedure. There were 12 deaths within 30 days after the 
procedure what evince the critical condition of these sets 
of patients with metastatic disease. Although the elevation 
of leukocytes account and other inflammatory markers, 
the occurrence of infection was very low with only two 
cases including one case of pneumonia and one case of skin 
infection related to the insertion site (Table 3).These low 
number infection events match with recent studies that 
evaluate pleurodesis in comparison with Indwelling pleural 
catheters and early studies of pleurodesis (13-15). 

Laboratory findings confirmed the relevance of the 
inflammatory response after pleurodesis as the C-reactive 
protein (an important inflammatory marker) levels and 
Leukocytes account increased meaningfully. Platelet counts 
also have an important increase, especially in the 10th after 
pleurodesis. This rise in the platelet count also emphasizes 
the magnitude of the systemic inflammatory response as 
platelets has been described as important responders to 
the inflammatory process (16). Other laboratory findings 
depicted that, besides the inflammatory stress, pleurodesis 
may also interfere with metabolic markers as ALT, AST, 
and Alkaline Phosphatase that peaked at 10th day after 
pleurodesis with a statistically significant change in all but 
the ALT. The fall of the hemoglobin level after pleurodesis 
could be justified in part due to the drainage procedure 
albeit there was no record of important bleeding after the 
insertion of chest tubes that could justify this change.

The occurrence of adverse events after pleurodesis is 

Table 1 Demographics and pleural fluid characteristics

Data

Age 59.11±12.71

Gender 

Male 16 (14%)

Female 98 (85.9%)

Primary tumor

Breast 74 (64.9%)

Lung 19 (16.6%)

Ovary 6 (5.2%)

Unknown primary site 4 (0.5%)

Lymphoma 3 (2.6%)

GIT 3 (2.6%)

Womb 2 (1.7%)

Head and neck 1 (0.8%)

Pancreas 1 (0.8%)

Prostate 1 (0.8%)

Pleural fluid characteristics  

LDH (U/L) 381.5 (246–819)*

Glucose (g/dL) 100.8±46.2

Protein (g/dL) 4.3±0.95

Nucleated cells (mm³) 880 (370–1,450)*

Lymphocytes (%) 90 (75–95)*

Oncotic cytology, n (%)  

Positive 58 (55.2%)

Negative 47 (44.7%)

± standard deviation; LDH, lactic dehydrogenase; GIT, 
gastrointestinal tract. *Median (interquartile range).

Table 2 Number of patients with recurrence and adverse events

n (%)

Recurrence 4 (3.5%)

Death less than 30 days 12 (10.5%)

Adverse event 78 (68.4%)

Adverse event grade ≥3 31 (28.1%)

1 event 22 (70.9%)*

2 events 7 (22.5%)*

3 or more 2( 6.4%)*

*, percentages considering the number of patients with events 
grade ≥3.
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described in the literature with different approaches. Xia  
et al. in a meta-analysis involving 1,525 patients reported pain, 
fever, and wound infection as the main adverse events (6).  
In an important prospective cohort of 558 patients 
submitted to thoracoscopic talc poundage pleurodesis 
Jansen and colleagues did not have an episode of acute 
distress syndrome, 7 patients had serious adverse effects 

and the mortality within 30 days was about 2% (10). The 
discussion of the safety of pleurodesis was driven in its 
majority by data from the decade of 1990 and early 2000s 
when important concern was raised about the occurrence of 
ARDS after pleurodesis (11,17). Studies showed high rate 
of ARDS, Rehse et al. found 9% of ARDS and other studies 
demonstrated the dissemination of talc to other organs 

Table 3 Adverse events and grade according to CTCAE v4.0

Adverse event
Grade

Total
1 2 3 4 5

Hemoglobin 25 9 3 37

Pain 5 14 12 31

Creatinine 8 8 1 17

Hypoxia 1 16 17

AST 12 3 1 16

Nausea 12 4 16

GGT 11 11

ALT 8 2 10

Alkaline phosphatase 7 7

Leukocytes (Total WBC) 6 1 7

Fever 6 6

Vomiting 4 1 5

Hypokalemia 4 1 5

Hyponatremia 5 5

Hyperkalemia 3 1 4

Death 4 4

Platelets 2 2

Dyspnea 2 2

Thrombosis/thrombus/embolism 2 2

Infection with normal ANC or Grade 1 or 2 neutrophilis-
-Skin (cellulitis)

1 1

Confusion 1 1

Renal failure 1 1

Infection with normal ANC or Grade 1 or 2 neutrophilis-
-Lung (pneumonia)

1 1

Supraventricular arrhythmia-supraventricular tachycardia 1 1

Total 119 45 39 2 4 209

AST SGOT, serum glutamic oxaloacetic transaminase; ALT, SGPT serum glutamic pyruvic transaminase; GGT, y-Glutamyltranspeptidase; 
ANC, absolute neutrophil count; Platelets, thrombocytopenia; Hemoglobin, anemia.
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Figure 1 BOX plots depicting repeated measures of laboratorial findings at pleurodesis, day 2, day 5 and day 10. Results of Friedman's 
ANOVA in the Upper Right-Hand Corner.

500

400

300

200

100

0

600

400

200

0

80

60

40

20

0

800000

600000

400000

200000

0

16

14

12

10

8

80

60

40

20

0

20,000

15,000

10,000

5,000

0

80

60

40

20

0

1.5

1

0.5

0
0                   2                   5                  10

0                    2                   5                  10

0                  2                  5                 10

0                    2                   5                   10

0                    2                   5                  10

0                   2                  5                 10

0                    2                   5                  10

0                    2                    5                  10

0                    2                   5                  10

P<0.001

P=0.005

P<0.001

P<0.001

P<0.001

P=0.045

P<0.001

P<0.001

P=0.052

C-reactive Protein × Time

Urea × Time

Platelets × Time

Hemoglobin × Time Aspartate Transaminase × Time

Alanine Transaminase × Time

Leukocytes × Time

Alkaline Phosphatase × Time

Creatinine × Time

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

dL
)

U
re

a 
(m

g/
dL

)
P

la
te

le
ts

/m
m

3
H

em
og

lo
bi

n 
(g

/d
L)

A
sp

ar
ta

te
 T

ra
ns

am
in

as
e 

(IU
/L

)

C
re

at
in

in
e 

(m
g/

dL
)

A
lk

al
in

e 
P

ho
sp

ha
ta

se
 (I

U
/L

)
Le

uk
oc

yt
es

/m
m

3
A

la
ni

ne
 T

ra
ns

am
in

as
e 

(IU
/L

)

excludes outside values

excludes outside values

excludes outside values

excludes outside values

excludes outside values

excludes outside values

excludes outside valuesexcludes outside values

excludes outside values



3512 Terra et al. Adverse events after pleurodesis

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(7):3507-3513 | http://dx.doi.org/10.21037/jtd-19-3850

in human necropsy and in experimental studies (9,18). 
Posterior reports revealed the role of the particle size in the 
development of inflammatory response in the lung and the 
safety of pleurodesis with talc (10,19). In this dataset, there 
was no case of ARDS. The most frequent respiratory AE 
was hypoxemia that occurred in 17 cases 16 of which were 
grade as 3 which represents a decrease of O2 saturation at 
rest and need of continuous O2 supplementation. A possible 
explanation for this absence of ARDS in our study could be 
the few cases that used talc, as the size of talc particles may 
influence the occurrence of ARDS. 

In the present study, we used 3 different agents for 
pleurodesis i.e., iodopovidone (50%), silver nitrate 
(48.3%), and Talc (1.3%). Talc is the most studied agent 
and iodopovidone and silver nitrate were both alternatives 
with effectiveness and safety already studied (3,20). This 
discrepancy between our profile of agents and the higher 
prevalence of talc in general practice can be explained by 
the availability of the agent in our hospitals during the 
development of the study what provides more external 
validity to our study considering the broad spectrum of 
agents available worldwide. It also allows us to describe 
the adverse events of agents not so frequently used. On 
the other hand, the use of silver nitrate and iodopovidone 
somehow hinders the comparison with studies that 
analyzed the only pleurodesis with talc. Notwithstanding 
the comparison between agents were not the objective of 
the study, our data showed that the curve of CRP changed 
substantially according to the agent used with a higher 
peak after the use of talc and silver nitrate when compared 

with iodine, as shown in Figure 2. This steadier curve of 
CRP represents a more moderate evolution of the most 
important inflammatory marker of the study. It may provide 
an advantage for iodine in the development of adverse 
events but the design of this study also does not allow us 
to make conclusions about the effectiveness and safety of 
agents separately. 

Conclusions

Our data showed that pleurodesis significantly altered 
important inflammatory and metabolic markers reinforcing 
the hypothesis that pleurodesis leads to a substantive 
systemic inflammatory response and not only a local 
response. The high numbers of adverse events raise a 
concern about the risk-benefit of the procedure, even 
though adverse events graded as 3 or higher represented 
only 21.5% of all adverse events.
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