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Abstract

Background: Pleurodesis is defined as symphysis between two layers of pleura to prevent recurrence of effusion,
and it is the best available treatment for recurrent effusions of incurable malignancies. An ideal agent must be
highly effective, safe, inexpensive, and readily available which is yet to be identified.
The aim of this study was to assess our results of medical pleurodesis, using 3 different chemical agents: bleomycin
ampoules, doxycycline capsules, povidone–iodine solution, through two different routes, chest tube and small bore
indwelling catheter.
Over a period of 5 years, 104 patients with malignant recurrent pleural effusion underwent pleurodesis at our university
hospital, using 3 different agents and two routes of delivery.

Results: Fifty patients were male, patients’ age ranged from 22 to 74 years (57.55 ± 9.02). Fifty-nine patients (56.7%)
had right-sided effusion, 61 patients (58.7%) had massive effusion. All patients were dyspneic. The rout of effusion
drainage and sclerosing agent instillation was chest tube in 64 patients (61.5%) and small indwelling catheter in 40
patients. Forty-three patients received bleomycin, 36 patients received doxycycline, and 25 patients received
povidone–iodine. The total success rate was 78.8%.

Conclusion: Pleurodesis is a safe acceptable palliative procedure for malignant pleural effusion with not yet definite
ideal agent or rout. Hence, the availability and the expense of agent are important.
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Background
The mainstream of malignant pleural effusion (MPE) is
produced by metastatic disease: typically, bronchogenic
carcinoma in men and breast cancer in females. These
two cancers combined account for 50–65% of all MPE
[1]. Mesothelioma is the most common type of primary
pleural tumor and is associated with MPE in more than
90% of cases. Even with the advancement in cancer
treatment, the management of MPE is palliative, with
median survival ranging from 3 to 12 months [1]. Pa-
tients’ prognosis is extremely variable and rests on sev-
eral influences (primary cancer, stage, performance

status, and pleural fluid proteins). The LENT (pleural
fluid lactate dehydrogenase, Eastern Cooperative Oncol-
ogy Group performance score (ECOG), neutrophil-to-
lymphocyte ratio and tumor type) prognostic score was
recently proposed as a tool for the accurate prediction of
survival [2].
The foremost target of management of MPE is prompt

and effective relief of symptoms with minimal discom-
fort, negligible affection of everyday activity, and cost-ef-
fectiveness. Treatment options comprise repeated
thoracentesis, chest tube, or catheter drainage with
pleurodesis, pleuroperitoneal shunt, pleurectomy, and
thoracoscopy.
Pleurodesis is defined as the induction of symphysis

between the two layers of pleura to prevent recurrence
of effusion. Chemical pleurodesis is the best palliative
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treatment for recurrent effusions of end stage malignan-
cies [3].
The ideal agent has to be highly effective, easy to ad-

minister, safe with minimal side effects, cheap, and read-
ily available. Such agent is still a target to be identified
[4].
Most of the agents used for pleurodesis cause pleural

injury and inflammatory reaction with subsequent acti-
vation of the coagulation system and production of
fibrogenic cytokines. All of these lead to the production
of collagen that can result in a pleurodesis [5]..
The aim of this study is to assess our results of med-

ical pleurodesis for MPE, using three different chemical
agents; bleomycin ampoules, doxycycline capsules, povi-
done–iodine solution, through two different routes,
chest tube and small bore indwelling catheter.

Methods
This retrospective cohort study started in January 2011
till January 2016. We retrospectively reviewed all cases
of malignant pleural effusion who were managed pallia-
tively in our cardiothoracic surgery department at our
university hospitals by pleurodesis. We compared our
techniques with various agents. We did not extend the
study beyond this date because pleurodesis was then
performed by chest medicine department.
Approval of the institutional research board of our

university was obtained. We followed the Declaration of
Helsinki as regards trials on humans [6].
Our cohort study included 104 consecutive patients,

50 males and 54 females. Their ages ranged from 22–74
years (57.55 ± 9.02).
Three sclerosing agents were used: 43 patients re-

ceived bleomycin, 36 patients received doxycycline, and
25 patients received povidone–iodine.
Two routes of delivery applied were either chest tube

(64 patients (61.5%)), or indwelling small catheter (40
patients (38.5%)).

For all patients with symptomatic malignant pleural ef-
fusion, initial pleurocentesis was applied first. Many pa-
tients did not develop recurrence or died before being in
need for further pleurocentesis. Other benefited from re-
current pleurocentesis as the rate of accumulation was
very gradual. So, symptomatic patients with recurrent
malignant pleural effusion whose general condition was
reasonable and whose lungs showed no entrapment were
our targets for pleurodesis. All our patients had either
grade 3 or grade 4 dyspnea.
For all patients, chest X-ray (CXR) was done. Com-

puted tomography (CT) chest was not mandatory except
in cases of wide mediastinum and cases of total opacity
without mediastinal shift to exclude hilar mass.
The grading of pleural effusion was conducted accord-

ing to the standard grading system of free-flowing effu-
sion proposed by Smargiassi A. et al. [7] and published
in the European respiratory journal as mentioned in
Table 1.
We used either chest tube 28–32 French gauge, or

a 12 Fr. Pig tail catheter inserted under complete
aseptic conditions using local anesthesia. We followed
up the patient for evacuation of all fluid with fully in-
flated lung proved by CXR. The sclerosing agent of
choice (500 mg of vibramycin capsules, bleomycin 60
mg ampoules, or 20 mL of 10% povidone–iodine) was
then added to a solution of 50cm3 of sterile saline
0.9% and 10 ml of 2% xylocaine. The chest tube or
the catheter was then clamped for 4 h, with rotation
of the patient in all possible positions for 1 h to en-
sure uniform distribution of the agent. The drain was
then opened. The patient was followed up over the
next few days for the success of the maneuver in
achieving drainage less than 100 cc per day and an
expanded lung on CXR which enabled us to remove
the tube or pig-tail catheter. For all cases with pig-
tail and all stable cases of chest tube, the maneuver
was performed at outpatient bases.

Table 1. Radiological description of free-flowing pleural effusions as proposed by Smargiassi A. et al. [7]

Grading Description Landmarks Intercostal spaces

Grade 1
Minimum

Limited to the costophrenic sinus Diaphragmatic dome partially evident Limited to costophrenic
sinus

Grade 2
Small

Lower lung lobe partially involved Diaphragmatic dome completely evident 1 intercostal space

Grade 3
Small to
medium

Lower lung lobe partially collapsed Lower lung lobe partially atelectatic, pulmonary hilum not
visible

2–3 intercostal spaces

Grade 4
Medium

Lower lung lobe completely
collapsed

Atelectasis of the lower lung lobe, pulmonary hilum visible. 3–4 intercostal spaces

Grade 5
Large

Upper lung lobe partially collapsed Atelectasis of the lower lobe, upper lung lobe partially
atelectatic

4 intercostal spaces or more

Grade 6
Massive

Lung fully collapsed Atelectasis of the whole lung, Hilum completely visible
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The choice of the agent was dependent upon operator
preference and the availability of the agent. Patients
transferred from Oncology Department were usually
prescribed bleomycin. Patients with known thyroid mal-
function were not subjected to betadine. Most operators
preferred chest tube thoracostomy for rapid evacuation
of the effusion and better delivery of the sclerosing
agent. Some preferred catheter for less pain. In case of
wide mediastinum on radiographs, central bronchogenic
carcinoma, trapped lung, low pressure of the effusion at
time of pleurocentesis, or absent mediastinal shift des-
pite total or near total opacity, we used catheter as from
our previous experience in many of these mentioned
conditions, we were unable to remove the tube and
many patients developed air-fluid level and subsequent
empyema.
We considered success either the ability to prevent

further re-accumulation of more fluid (< 100 cc/day)
and elimination of effusion related extra dyspnea with
absence of fluid reaccumulating on chest radiographs
until death or loss of follow-up. The partial response
entailed diminution of dyspnea related to the effusion
and asymptomatic fluid re-accumulation (less than 50%
of the initial radiographic evidence of fluid) that needs
no further therapy. Failure is considered when patient
recurred with pleural effusion in need for intervention
with the lack of success as defined above [8, 9].
We followed up all patients for at least 1 month; ex-

tended follow up for all these patients was problematic.
Usually cases of malignant pleural effusion are end stage
with expected survival for few months, and patients have
other morbidities. Patients with failed pleurodesis or re-
current effusion were obliged to follow up for further
management. So, lack of further follow-up signified ei-
ther successful pleurodesis or patient’s death.

Results
Our study included 104 patients with recurrent malig-
nant pleural effusion, all of them were dyspneic. Fifty pa-
tients were male (48.1%) and the remainder 54 patients
were female (51.9%). Patients’ age ranged from 22 to 74
years (mean 57.55 ± 9.02).
Fifty-nine patients had a New-York heat association

(NYHA) IV class of dyspnea (56.7%), 36 patients had
NYHA III class of dyspnea (34.6%), and 9 patients (8.6%)
had only NYHA II class of dyspnea. As regards other
symptoms, 32 patients had chest pain, 39 patients had
cough, and 24 patients had both. The rate of pleural ef-
fusion re-accumulation was rapid in 55 patients and
gradual in 49 patients.
Chest X-ray showed right side effusion in 59 patients

(56.7%) and 45 had left-sided pleural effusion. Sixty-one
patients (58.7%) had massive effusion and 72 patients
(69.2%) had mediastinal shift to the opposite side. The

Table 2. Baseline demographic data, presentation of 104
patients with malignant pleural effusion
Characteristic Mean ± SD

n
Range
%

Age (mean ± SD, range), years 57.55 ± 9.02 22–74

Male, n (%) 50 48.1

Diabetes mellitus 24 23.7

Hypertension 57 54.8

Congestive heart failure 13 12.5

Hepatic dysfunction 8 7.7

Smoker 28 26.9

Side of intervention, right, n (%) 59 56.7

ECOG score, n (%)

0–2 80 76.9

3–4 21 20.2

Unknown 3 2.9

Effusion grade

Small (1–2) 0 0

Moderate (3–4) 6 5.8

Large (5) 26 25

Massive (6) 72 69.2

Presenting symptom*

Dyspnea 104 100

Chest pain 32 30.7

Cough 39 37.5

Chest pain and cough 24 23.1

Dyspnea score (NYHA)

NYHA II 9 8.7

NYHA III 36 34.6

NYHA IV 59 56.7

Pleural fluid chemistry

Exudate 104 100

Mean PH 7.14 ± 0.22 6.87–7.48

PH < 7.3 93 89.4

PH ≥ 7.3 11 10.6

Glucose (mg/dl) 73.3 ± 25.1 24–119

LDH (IU/L) 1493 ± 294 586–2862

Pleural fluid cytology

WBC (/μl) 624.2 ± 58 300–2216

Mono (%) 73.4 ± 3.6 65–87

Malignant (%) 12.3 ± 5.2 4–28

RBC (/μl) 19560 ± 58.7 1400–4800

Eastern Cooperative Oncology Group (ECOG) performance status score runs
from 0 to 5, where 0 is fully active, 1 is restricted in physical strenuous activity,
2 is unable to carry out any work activities, 3 is only able to carry out limited
self-care activities, 4 is completely disabled, and 5 is dead
Baseline effusion size was graded on chest radiograph immediately prior to
trial intervention, using a validated grading system whereby grade 0 referred
to no radiographic evidence of pleural fluid; grade 1, blunting of the
costophrenic angle; grade 2 to 5, fluid occupying less than 25%, 25% to 50%,
51% to 75%, and more than 75% of the hemithorax, respectively
*The presenting symptoms are non-mutually exclusive
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demographic and clinical data of the patients are pre-
sented in Table 2. The primary tumor pathology of 104
patients is shown in Table 3.
We used three sclerosing agents. Their distribution

and rate of success is shown in Tables 3 and 4.
Bleomycin, doxycycline, and betadine showed success

rates of 79.1%, 80.6%, and 76%, respectively.
The route of instillation of the sclerosing agent into

the pleural space was chest tube in 64 patients and small
indwelling catheter in 40 patients.
Considering complications, 48.8% of bleomycin group

patients suffered from pain in 9 patients (20.9%), fever in
8 patients (18.6%), encystation in 2 patients (4.7%), em-
pyema in 1 patient (2.3%), and chest wall sinus in 1 pa-
tient (2.3%). In doxycycline group, 23 patients had
complications (63.9%) in the form of: pain in 10 patients
(27.8%), fever in 11 patients (30.6%), encystation in 1
(2.8%), empyema in 1 patient (2.8%), and chest wall
sinus in 1 patient (2.8%).

All cases in betadine group had complications as 21 pa-
tients (84%) had pain, 10 patients had fever (40%), 2 pa-
tients (8%) developed hypotension, and 1 patient
developed encystation. There were no great differences
between the 3 groups apart from the highly significant
post maneuver pain related to betadine (P value < 0.001).
The degree of such betadine-related pain was mild to
moderate and responded well to non-steroidal anti-
inflammatory drugs (NSAID). So, such pain was non-
limiting factor for betadine use (Table 5). The complica-
tions related to the route of delivery are mentioned in
Table 6.

Discussion
In our study, the number of female patients is 54
(51.9%) which is slightly more than males (50 patients),
but excluding 20 cases of cancer breast all of them are
female plus 8 cases of ovarian tumors, male gender ap-
pears to predominate.
Most malignances predominate in old age; the mean

age of our patients is 57.55 ± 9.02 years. Dye et al. [10]
reported mean age 55.8 ± 7.7 years.
Johnston [11] conducted a mega study on 584 speci-

mens from 472 patients found that nearly all neoplasms
had been involved the pleura. However, bronchogenic
carcinoma had been the most common neoplasm, ac-
counting for approximately one-third of all malignant ef-
fusions followed by breast carcinoma and lymphomas.
Tumors less commonly associated with malignant

Table 3 Pathology of the primary tumor and different routes of delivery of 3 sclerosing agents for 104 cases with malignant pleural
effusion

Pathology of the
primary tumor

Bleomycin
(n = 43)

Doxycycline
(n = 36)

Betadine
(n = 25)

Total

Chest tube and
bleomycin

Pig-tail and
bleomycin

Chest tube and
doxycycline

Pig-tail and
doxycycline

Chest tube and
betadine

Pig-tail and
betadine

Total
n (%)

Bronchogenic
carcinoma

6 5 2 4 5 0 22
(21.2)

Hepatoma 4 2 1 3 2 0 12
(11.5)

Cancer breast 4 4 4 2 6 0 20
(19.2)

Osteosarcoma 3 0 0 3 0 0 6 (5.8)

Colorectal 3 0 0 3 3 0 9 (8.7)

Mesothelioma 3 0 0 2 1 0 6 (5.8)

Ovarian 3 0 1 2 2 0 8 (7.7)

Lymphoma 2 1 2 2 1 2 10
(9.6)

Kidney 1 0 0 2 0 0 3 (2.9)

Thymoma 1 0 1 0 0 1 3 (2.9)

Esophageal 0 0 1 0 1 0 2 (1.9)

Unknown primary 0 1 0 1 1 0 3 (2.9)

Total n(%) 30 (28.8) 13 (12.5) 12 (11.5) 24 (23.1) 22 (21.1) 3 (2.9) 104

Table 4. Distribution of the sclerosing agents among our
patients

Result Agent χ2 P

Bleomycin
(n = 43)

Doxycycline
(n = 36)

Betadine
(n = 25)

No % No % No %

Failure 9 20.9 7 19.4 6 24.0 0.186 0.911

Success 34 79.1 29 80.6 19 76.0
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pleural effusions included ovarian and gastrointestinal
carcinomas. In 5–10% of malignant effusions, no pri-
mary tumor was detected [12].
In our study bronchogenic carcinoma was the most

encountered pathology (22 patients), followed by cancer
breast in 20 patients (19.2%). Hepatocellular carcinoma
is a major encounter in cases of malignant pleural effu-
sion in Egypt as it is the end result of the endemic viral
hepatitis [12].
The total success rate was 78.8% (82 patients) distrib-

uted as follows: 34 patients in the bleomycin group
(79.1%), 29 patients in the doxycycline group (80.6%), and
19 patients in the betadine group (76%). There is no statis-
tically significant difference between the three groups.
A study performed by Patz et al. [13] comparing doxy-

cycline with bleomycin pleurodesis utilizing a small-bore
catheter, demonstrated a success rate of 72% with bleo-
mycin versus 79% with doxycycline.
Elayouty et al. [12] mentioned in their comparative

study that bleomycin resulted in effective pleurodesis in
23/26 (89%). Povidone–iodine lead to effective pleurod-
esis in 22/25 (88%). As regards pain, 68% of povidone

group developed pain versus 53% for bleomycin group.
The incidence for fever was comparable being nearly
one-third for each group.
Referring the success rate to the type of the primary

tumor, there was no statistical difference between the
various types, but 3 out of 6 patients with mesothelioma
showed failure.
Shouman and colleagues [14] hypothesized that the

lower rate of pleurodesis in patients with positive cy-
tology is due to the fact that they have a larger tumor
burden which covers a higher percentage of the pleural
surfaces. Accordingly, the mesothelial cells are covered
with the tumor and cannot respond to the pleurodesis
agents in the usual manner.
Comparing the results between patients with either

chest tube or small catheter, there was no significant
statistical difference in success rate and occurrence of
complications. But the four patients who developed ei-
ther chest wall sinus (2) or empyema (2) were confined
to chest tube cases.
As regards post maneuver pain, there was no signifi-

cant difference between patients with either chest tube
or catheter, but as regards quality of pain, patients with
chest tube suffered extra pain related to the tube itself.
This is not proved statistically as we did not perform the
pain score analysis.
Kahrom et al. [15] from Iran in evaluated the efficacy

of povidone–iodine, reported success rate 82.2% and oc-
currence of pain in 26.9% of their cases.
Shouman et al. [14] demonstrated that tetracycline,

talc slurry, iodopovidone, and bleomycin, all resulted in
comparable success rates of 80%, 80%, 66.6%, and 73.3%
at 30 days.
Clementsen et al. [16] studied the effect of route size,

either chest tube or small catheter, on the results of
pleurodesis success and recurrence of effusion. No sig-
nificant difference was found. But the larger tubes
caused more discomfort.
This study showed insignificant complication rates

among both routes as shown in Table 4.
Mager et al. [17] studied the effect of rolling after in-

stillation of the agent, they found no significant effect.
They recommended discontinuing this maneuver to sim-
plify the practice.
Boland et al. [18] described the trapped lung after

drainage by an air/fluid level and a lung that would not
fully expand. It can cause failure simply due to the
mechanical difficulty of getting the pleural surfaces ap-
position. Options for management this condition include
pleurectomy, surgical decortication, a pleuroperitoneal
shunt, and obligatory long-term drainage.
A recent Cochrane database systematic review and

network meta-analysis [19] compared the results of 62
randomized trials and 3428 patients who underwent

Table 5 Complications related to the sclerosing agent

Complications Agent χ2 P

Bleomycin
(n = 43)

Doxycycline
(n = 36)

Betadine
(n = 25)

No % No % No %

Negative 22 51.2 13 36.1 0 0.0 53.057 <0.001

Fever and pain 0 0.0 1 2.8 9 36.0

Sinus 1 2.3 1 2.8 0 0.0

Pain 9 20.9 9 25.0 12 48.0

Fever 8 18.6 10 27.8 1 4.0

Empyema 1 2.3 1 2.8 0 0.0

Loculation 2 4.7 1 2.8 1 4.0

Hypotension 0 0.0 0 0.0 2 8.0

Table 6 Complications related to the route of delivery

Complications Route χ2 P

Pig-tail catheter
(n = 40)

Chest tube
(n = 64)

No % No %

Negative 16 40.0 19 29.7 5.106 0.647

Fever and pain 2 5.0 8 12.5

Sinus 0 0.0 2 3.1

Pain 12 30.0 18 28.1

Fever 7 17.5 12 18.8

Empyema 0 0.0 2 3.1

Loculation 2 5.0 2 3.1

Hypotension 1 2.5 1 1.6
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pleurodesis using different agents. They concluded that
talc poudrage was a highly effective technique (ranked
second of 16 (95% credible interval (Cr-I) 1 to 5)) and
provided evidence that it caused fewer pleurodesis fail-
ures than eight other approaches. The projected ranks of
other commonly used agents were: talc slurry (fourth;
95% Cr-I 2 to 8), mepacrine (fourth; 95% Cr-I 1 to 10),
iodine (fifth; 95% Cr-I 1 to 12), bleomycin (eighth; 95%
Cr-I 5 to 11), and doxycyline (tenth; 95% Cr-I 4 to 15).
Most of the secondary outcomes, including adverse

events, were incoherently described by the involved
studies. The reported adverse events were pain, fever,
and mortality. The fever network was imprecise and
showed considerable heterogeneity, but suggested pla-
cebo caused the least fever (ranked first of 11 (95%
Cr-I 1 to 7)) and mepacrine and Corynebacterium
parvum (C. parvum) seemed to be connected with the
most fever (ranked tenth (95% Cr-I 6 to 11) and elev-
enth (95% Cr-I 7 to 11), respectively). No differences
between interventions were revealed by the network
meta-analysis of the pain data. The only potential dif-
ference in mortality was recognized in the mortality
network was that those receiving tetracycline ap-
peared to have a longer survival than those receiving
mitoxantrone (OR 0.16 (95% confidence interval (CI)
0.03 to 0.72)). Indwelling pleural catheters were ex-
amined in two randomized studies, both of which re-
ported improved breathlessness when compared to
talc slurry pleurodesis, despite lower pleurodesis suc-
cess rates.
The shortcomings and limitations of our study were

a smaller sample that was unable to detect a signifi-
cant difference between the different routes of deliv-
ery and the sclerosing agents and the lack of talc
powder. There is agreement that Talc powder is the
most effective agent but its side effects are dangerous
as pneumonitis and acute respiratory distress syn-
drome, plus its unavailability in many countries in-
cluding Egypt. Apart from talc powder, no one agent
proved to be more efficient or less toxic up till now.
The three agents we used showed similar results but
doxycycline and betadine are more economic and
available. We did not compare the visual analogue
scores of patients due to unavailability of the pain
charts in the records of these patients. A larger sam-
ple, longer study period, and larger fund are needed
to determine if any statistical significance is present
as regards effectiveness of different agents. This study
does not stress on the association between pH and
glucose levels in pleural fluid. Often in clinical situa-
tions, other disease-specific biomarkers would have
better been used and contributed to the diagnostic
procedure and may be an interesting issue for forth-
coming studies.

Conclusions
Pleurodesis for recurrent malignant pleural effusion as a
good palliative procedure with acceptable manageable
complications. No significant differences between our
agents and route used but one can consider price, avail-
ability, and patient's tolerance.
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