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1 INTRODUCTION
The discovery of malignant cells in pleural fluid

and/or parietal pleura signifies disseminated or

advanced disease and a reduced life expectancy in

cancer patients.1 Median survival following diag-

nosis ranges from 3 to 12 months and is depend-

ent on the stage and type of the underlying

malignancy. The shortest survival time is ob-

served in malignant effusions secondary to lung

cancer and the longest in ovarian cancer, while

malignant effusions due to an unknown primary

have an intermediate survival time.2–5

Currently, lung cancer is the most common

metastatic tumour to the pleura in men and

breast cancer in women.6 Together, both malig-

nancies account for approximately 50–65% of all

malignant effusions (table 1). Lymphomas, tu-

mours of the genitourinary tract and gastro-

intestinal tract as a group account for a further

25%.5 7–9 Pleural effusions from an unknown

primary are responsible for 7–15% of all malig-

nant pleural effusions.3 7 8

An algorithm for the management of malig-

nant pleural effusions is shown in fig 1.

2 PATHOPHYSIOLOGY
The pleura consists of five main anatomical com-

partments (fig 2): the parietal systemic circula-

tion (branches of the intercostal and internal

mammary arteries), the parietal interstitial space,

the pleural space lined on either side by mesothe-

lial cells, the pulmonary interstitium, and the vis-

ceral circulation (bronchial and pulmonary arte-

rioles).

Pleural fluid is filtered in the parietal pleural

compartment from the systemic capillaries down

a small pressure gradient into the pleural space.

Under normal conditions the visceral pleura plays

an insignificant role in pleural fluid turnover.10

Experiments using radioactive albumin and

other labelled proteins have shown that pleural

fluid secretion is greatest at the apex and absorp-

tion is increased towards the diaphragm and

mediastinum.11 12 Pleural fluid is drained out of

the pleural space predominantly through the sto-

mata of the parietal lymphatics lying between the

parietal mesothelial cells. The number of parietal

lymphatics is greatest at the diaphragm and

mediastinum. These stomata merge into small

lymphatic channels which, in turn, form larger

vessels ultimately draining into the mediastinal

lymph nodes.

Any disruption or obstruction by tumour cells

along this intricate lymphatic network may result

in a pleural effusion. This mechanism for pleural

fluid accumulation has been confirmed by necro-

scopic studies which reveal that involvement of

the regional lymph nodes is usually associated

with the presence of a pleural effusion.1 13

Typically, adenocarcinoma of the lung spreads to

the parietal pleura from the visceral pleura along

existing pleural adhesions. This is preceded by

migration of tumour cells to the visceral pleura

from underlying pulmonary capillaries—that is,

haematogenous spread.14 Pleural metastases from

a primary site other than the lung result from

haematogenous or lymphatic spread. Malignant

effusions secondary to breast cancer arise either

through chest wall lymphatics or via hepatic

metastases resulting in either contralateral or

bilateral effusions.15

Haemorrhagic malignant effusions usually re-

sult from invasion of blood vessels directly and/or

tumour induced angiogenesis.13 Vascular en-

dothelial growth factor (VEGF), a cytokine

possessing potent angiogenic activity and pro-

moting endothelial permeability, may play a

significant role in the formation of malignant

effusions and local tumour growth.16 17

3 CLINICAL PRESENTATION
• Massive pleural effusions are most com-

monly due to malignancy. [B]

• The majority of malignant effusions are
symptomatic. [C]

Massive pleural effusions, defined as complete or

almost complete opacification of a hemithorax on

Table 1 Primary tumour site in patients with malignant pleural effusion

Primary
tumour site

Salyer7

(n=95)
Chernow1

(n=96)
Johnston8

(n=472)
Sears2

(n=592)
Hsu9

(n=785) Total (%)

Lung 42 32 168 112 410 764 (37.5)
Breast 11 20 70 141 101 343 (16.8)
Lymphoma 11 – 75 92 56 234 (11.5)
GI tract – 13 28 32 68 141 (6.9)
GU tract – 13 57 51 70 191 (9.4)
Other 14 5 26 88 15 148 (7.3)
Unknown primary 17 13 48 76 65 219 (10.7)

GI=gastrointestinal; GU=genitourinary.
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Figure 1 Algorithm for the management of malignant pleural effusions.

Proven

malignant

effusion

Recurrence/

symptomatic?

Seek specialist opinion from a member

of the thoracic malignancy

multidisciplinary team

Intercostal tube

insertion and

drainage

Chest radiograph:

complete lung

re-expansion?

Chemical

pleurodesis

Recurrence of

effusion?

NO

NO

STOP

YES

YES

NO

YES

Observe

Consider:

1.

2.

3.

Thoracoscopy (section 4.4)

Long term indwelling

catheter (section 4.5)

Pleuroperitoneal shunt

(section 4.6)

Consider:

1.

2.

3.

4.

5.

Repeated pleurodesis

(section 4.3)

Thoracoscopy (section 4.4)

Long term indwelling

catheter (section 4.5)

Pleuroperitoneal shunt

(section 4.6)

Palliative repeated

thoracentesis (section 4.2)

ii30 Antunes, Neville, Duffy, et al

www.thoraxjnl.com

 group.bmj.com on March 14, 2010 - Published by thorax.bmj.comDownloaded from 

http://thorax.bmj.com/
http://group.bmj.com/


the chest radiograph, are more commonly associated with a

malignant aetiology.18 However, a modest number of patients

(up to 25%) are asymptomatic at presentation—that is, they

are found incidentally with physical examination or by chest

radiography.1 Dyspnoea is the most common presenting

symptom and is occasionally accompanied by chest pain and

cough. Dyspnoea is due to a combination of reduced

compliance of the chest wall, depression of the ipsilateral dia-

phragm, mediastinal shift, and reduction in lung volume

stimulating neurogenic reflexes. Chest pain is usually related

to involvement of the parietal pleura, ribs, and other intercos-

tal structures.19 Constitutional symptoms including weight

loss, malaise, and anorexia also generally accompany respira-

tory symptoms. The diagnosis of a malignant pleural effusion

is discussed in the section on the investigation of a unilateral

pleural effusion (page ii8).

4 MANAGEMENT OPTIONS
Treatment options for malignant pleural effusions are

determined by several factors: symptoms and performance

status of the patient, the primary tumour and its response to

systemic therapy, and lung re-expansion following pleural

fluid evacuation (table 2). Although small cell lung cancer,

lymphoma, and breast cancer usually respond to chemo-

therapy, associated secondary pleural effusions may require

intervention during the course of treatment. Common and

less common management options will be discussed below.

4.1 Observation
• Observation is recommended if the patient is asymp-

tomatic or there is no recurrence of symptoms after
initial thoracentesis. [C]

• Advice should be sought from the thoracic malig-
nancy multidisciplinary team for symptomatic or
recurrent malignant effusions. [C]

The majority of these patients will become symptomatic in

due course and require further intervention. There is no

evidence that initial thoracentesis carried out according to

standard technique will reduce the chances of subsequent

effective pleurodesis.

4.2 Therapeutic pleural aspiration
• Repeat pleural aspiration is recommended for the

palliation of breathlessness in patients with a very
short life expectancy. [C]

• Caution should be taken if removing more than 1.5 l
on a single occasion. [C]

• The recurrence rate at 1 month after pleural
aspiration alone is close to 100%. [B]

• Intercostal tube drainage without pleurodesis is not
recommended because of a high recurrence rate. [B]

Repeated therapeutic pleural aspiration provides transient

relief of symptoms and avoids hospitalisation for patients with

limited survival expectancy and poor performance status. This

option is appropriate for frail or terminally ill patients but

individual patient preference may also dictate its use in

patients who have had a previous failed intercostal tube and

pleurodesis.20 The amount of fluid evacuated will be guided by

patient symptoms (cough, chest discomfort) and should be

limited to 1–1.5 l (see section 4.3.2). Pleural aspiration alone

and intercostal tube drainage without instillation of a sclero-

sant are associated with a high recurrence rate and a small risk

of iatrogenic pneumothorax and empyema.21–26

4.3 Intercostal tube drainage and intrapleural
instillation of sclerosant
Pleurodesis requires a diffuse inflammatory reaction and local

activation of the coagulation system with fibrin deposition.27

Antony and colleagues have demonstrated increased growth

factor-like activity in mesothelial cells exposed to tetracycline

leading to fibroblast proliferation. This activity gradually

decays once the tetracycline is removed.28 Increased pleural

fibrinolytic activity is associated with failure of pleurodesis.

Rodriguez-Panadero showed that rapid reduction in fibrino-

lytic activity within 24 hours using pleural D-dimer levels was

Figure 2 Schematic diagram of pleural anatomy; s.c.=systemic
capillary; p.c.=pulmonary capillary. Modified from Miserocchi10 with
permission.
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Table 2 Treatment options for malignant pleural effusions

Management approach Advantages Disadvantages

Commonly used
options

Observation Indicated for small and asymptomatic effusions Effusions will usually increase in size and need
intervention

Therapeutic thoracentesis Transient and rapid relief of dyspnoea; minimally
invasive; suitable for outpatient setting

High recurrence rate; risk of iatrogenic empyema
and pneumothorax

Chest tube insertion with
intrapleural sclerosant

Success rate >60%; low incidence of
complications

Side effects of sclerosants (see text)

Thoracoscopy with talc poudrage High success rate (90%) Invasive procedure and may be unavailable

Less commonly
used options

Long term indwelling catheter
drainage

Suitable for outpatient setting; modest success
rate

Local infection; risk of tumour seeding in
mesothelioma

Pleuroperitoneal shunt Useful for intractable effusions and trapped lung Good performance status required to manage
shunt (WHO 0,1); occlusion; infection

Pleurectomy Very low recurrence rate Invasive procedure; significant morbidity and
mortality
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associated with good outcome of talc pleurodesis. In contrast,

the group in whom the D-dimer level took longer to return to

baseline (>24 hours) had a greater number of treatment

failures.29

In animals the effectiveness of pleurodesis may be reduced

by concomitant use of corticosteroids. Recent evidence in rab-

bits has shown reduced pleural inflammatory reaction and, in

some cases, prevention of pleurodesis with administration of

corticosteroids at the time of talc pleurodesis.30 The adminis-

tration of non-steroidal anti-inflammatory agents at the time

of pleurodesis is more contentious and, at present, evidence

against their use is lacking.

Belani and colleagues, using a simulation model, compared

the cost effectiveness of intercostal tube insertion and chemical

pleurodesis (tetracycline, doxycyline and bleomycin) with

operative talc poudrage. The cost of symptom free days was used

to determine cost effectiveness. Intercostal tube insertion and

chemical pleurodesis was found to be more cost effective than

talc poudrage where theatre time and personnel contributed

significantly to the extra cost.31 The method of chemical

pleurodesis will be discussed below and is summarised in box 1.

4.3.1 Size of intercostal tube
• Small bore (10–14 F) intercostal catheters should be

the initial choice for effusion drainage and pleuro-
desis. [B]

Conventional large bore intercostal tubes (24–32 F) have been

employed in most studies involving sclerosing agents.32 They

have traditionally been used because they are thought to be

less prone to obstruction by clots, but there is little published

evidence to confirm this. The placement of large bore tubes is

perceived to be associated with significant discomfort33 and

this has led to the assessment of smaller bore tubes (10–14 F)

for the drainage and administration of sclerosing agents.

Studies using small bore intercostal tubes with commonly

used sclerosants have reported similar success rates to large

bore tubes.34–38 The small bore tubes in these studies were

inserted either at the patient’s bedside by a physician or under

radiological guidance.

Comparison between small bore and large bore intercostal

tubes has been considered in two studies. Clementsen et al,38 in

a randomised study using tetracycline as a sclerosing agent,

compared a small bore tube (10 F) placed at bedside with a

large bore tube (24 F). Although no significant difference in

success rate was observed between the two groups, the small

bore catheter was associated with less discomfort. Small bore

tubes (10 F) were also considered more successful than large

bore tubes (32–38 F) in a non-randomised study .34 Both stud-

ies recruited only a small number of patients and larger

randomised studies are necessary to support these findings.

Small bore tubes have been used for ambulatory or

outpatient pleurodesis. Patz et al39 used a fluoroscopically

placed tube (10 F) connected to a closed gravity drainage bag

system for this purpose. Bleomycin was the preferred scleros-
ing agent and the pleurodesis success rate approached 80%.
Six patients complained of mild chest pain during insertion of
the intercostal tube. Two of the intercostal tubes became
blocked but were successfully cleared with a guidewire.

In view of the potential advantages (reduced patient
discomfort, ease of placement, and comparable pleurodesis
success rates), small bore tubes (10–14 F) should be consid-
ered initially for the drainage of malignant effusions.

4.3.2 Lung re-expansion, fluid drainage, and suction
• Large pleural effusions should be drained in a

controlled fashion to reduce the risk of re-expansion
pulmonary oedema (RPO). [C]

• Suction to aid pleural drainage before and after pleu-
rodesis is usually unnecessary but, if applied, a high
volume, low pressure system is recommended. [C]

• In patients where only partial pleural apposition can
be achieved, chemical pleurodesis should still be
attempted and may provide symptomatic relief. [B]

• Once effusion drainage and lung re-expansion have
been radiographically confirmed, pleurodesis should
not be delayed while the cessation of pleural fluid
drainage is awaited. [B]

The most important requirement for successful pleurodesis is

satisfactory apposition of the parietal and visceral pleura, con-

firmed radiologically.32 40 41 Incomplete lung re-expansion may

be due to a thick visceral peel (“trapped lung”), pleural locu-

lations, proximal large airway obstruction, or a persistent air

leak. Most studies indicate that the lack of a response follow-

ing instillation of a sclerosant is predominantly due to incom-

plete lung expansion.41 42 Where complete lung re-expansion

or pleural apposition is not achieved and the patient is unsuit-

able for surgical intervention, pleurodesis should still be

attempted. Robinson and colleagues,43 in a study using doxy-

cycline as a sclerosing agent, reported a favourable response in

nine out of 10 patients with partial re-expansion of the lung.
The amount of pleural fluid drained per day before the

instillation of a sclerosant (<150 ml/day) is less relevant for
successful pleurodesis than radiographic confirmation of fluid
evacuation and lung re-expansion. In a randomised study, a
shorter period of intercostal tube drainage and hospital stay
was seen in the group in whom sclerotherapy was undertaken
as soon as complete lung re-expansion was documented
(majority <24 hours) than in the group in whom pleurodesis
was attempted only when the fluid drainage was <150 ml/
day. The success rate in both groups approached 80%.41

Large pleural effusions should be drained in a controlled
fashion avoiding evacuation of more than 1–1.5 l at one time
or slowed to about 500 ml/hour, and aspiration discontinued if
the patient develops chest discomfort, persistent cough, or
vasovagal symptoms. Re-expansion pulmonary oedema (RPO)
is a well described but rare complication following rapid
expansion of a collapsed lung through evacuation of large
amounts of pleural fluid at a single time and the use of early
and excessive pleural suction.44 45 Putative pathophysiological
mechanisms include reperfusion injury of the underlying
hypoxic lung, increased capillary permeability, and local
production of neutrophil chemotactic factors such as inter-
leukin (IL)-8.46 Suction may be required for incomplete lung
expansion and a persistent air leak. When suction is applied,
the use of high volume, low pressure systems is recommended
with a gradual increment in pressure to about –20 cm H2O.

4.3.3 Analgesia and premedication
• Lignocaine (3 mg/kg; maximum 250 mg) should be

administered intrapleurally just prior to sclerosant
administration. [B]

Box 1 Chemical pleurodesis

(1) Insert small bore intercostal tube (10–14 F).
(2) Controlled evacuation of pleural fluid.
(3) Confirm full lung re-expansion and position of intercostal

tube with chest radiograph.
(4) Administer premedication prior to pleurodesis.
(5) Instill lignocaine solution (3 mg/kg; maximum 250 mg)

into pleural space followed by sclerosant of choice (for
sclerosants, see text).

(6) Clamp tube for 1 hour and consider patient rotation for
talc slurry.

(7) Remove intercostal tube within 12–72 hours if lung
remains fully re-expanded and there is satisfactory evacu-
ation of pleural fluid.
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• Premedication should be considered to alleviate
anxiety and pain associated with pleurodesis. [C]

Intrapleural administration of sclerosing agents is associated

with chest pain and the incidence varies from 7% in the case

of talc to 40% with doxycycline.43 47 Lignocaine is the best

studied local anaesthetic for intrapleural administration. The

onset of action of lignocaine is almost immediate and it should

therefore be administered just before the sclerosant. The issue

of safety has been highlighted in two studies. Wooten et al48

showed that the mean peak serum concentration of lignocaine

following 150 mg of intrapleural lignocaine was 1.3 µg/ml,

well below the serum concentration associated with central

nervous system side effects (that is >3 µg/ml). In an earlier

study of 20 patients larger doses of lignocaine were necessary

to achieve acceptable levels of local anaesthesia. The patients

receiving 250 mg lignocaine had more frequent pain-free epi-

sodes than those given 200 mg, while serum levels remained

within the therapeutic range. Side effects were limited to

transient paraesthesia in a single patient.49 The reason for the

significant difference in analgesia between the two groups

with only a small increment in the lignocaine dose was

unclear.
In the context of pleurodesis, premedication and sedation is

poorly studied and no evidence based guidelines exist.
Pleurodesis is an uncomfortable procedure and is associated
with anxiety for the patient. The use of sedation may be help-
ful to allay such fears and induce amnesia. The level of seda-
tion using either an opioid (with a suitable anti-emetic) or
benzodiazepine should be appropriate—that is, maintenance
of verbal communication and cooperation. Sedation employed
before pleurodesis should be conducted with continuous
monitoring with pulse oximetry and in a setting where resus-
citation equipment is available.50

4.3.4 Selecting a sclerosing agent
• Talc is the most effective sclerosant available for

pleurodesis. [B]

• A small number of patients (<1%) may develop acute
respiratory failure following talc administration. [B]

• Tetracycline is modestly effective, has few severe side
effects, and is the preferred sclerosant to minimise
adverse event rates. [B]

• Bleomycin is an alternative sclerosant with a modest
efficacy rate but is expensive. [B]

• Pleuritic chest pain and fever are the most common
side effects of sclerosant administration. [B]

Despite the evaluation of a wide variety of agents, to date no

ideal sclerosing agent exists. Comparison of sclerosing agents

is hampered by the lack of comparative randomised trials, dif-

ferent eligibility criteria, and disparate criteria for measuring

response and end points. A complete response is usually

defined as no re-accumulation of pleural fluid after pleurod-

esis until death, and a partial response as partial re-

accumulation of fluid radiographically but not requiring

further pleural intervention such as aspiration. An ideal scle-

rosing agent must possess several essential qualities: a high

molecular weight and chemical polarity, low regional clear-

ance, rapid systemic clearance, a steep dose-response curve,

and be well tolerated with minimal or no side effects. The

choice of a sclerosing agent will be determined by the efficacy

or success rate of the agent, accessibility, safety, ease of

administration, number of administrations to achieve a com-

plete response, and cost (table 3). Sclerosing agents available

for routine use will be discussed first.

Tetracycline
Until recently, tetracycline had been the most popular and

widely used sclerosing agent in the UK.51 The manufacturer of

parenteral tetracycline discontinued production and distribu-

tion of the agent in the US in 1993 and a similar fate may fol-

low in the UK.52 However, currently the parenteral preparation

is available in Germany and may be imported via international

wholesalers. These suppliers state that supplies are expected to

remain available for the foreseeable future. The advantages of

tetracycline are its reasonable efficacy, excellent safety profile,

ease of administration, and low cost. Success rates (complete

and partial response rates) from the larger studies have varied

from 50% to 92% with a mean of 65%.41 49 53–55 Side effects

include fever (10%) and pleuritic chest pain (30%), which are

usually transient and respond readily to antipyretics and

analgesia. The optimal dose for intrapleural administration is

1.0–1.5 g or 20 mg/kg. Studies using smaller doses such as

500 mg have reported lower response rates, while there is no

evidence to support the use of larger doses of tetracycline.56 57

Thoracoscopic instillation of tetracycline has been studied

in two randomised trials for malignant effusions in breast

cancer. Evans et al compared thoracoscopic instillation of

500 mg tetracycline with 1.5 g via chest tube. The complete

response rate at 1 month for both groups was 76%.58 Fentiman

et al,59 on the other hand, compared talc poudrage with thora-

coscopically administered tetracycline (500 mg). The talc

group was found to be superior with a successful palliation at

1 month of 92% compared with 48% for the tetracycline group.

Tetracycline pleurodesis may also be attempted using a needle

aspiration technique where the agent is administered after

draining an effusion to dryness. A recent randomised study

employing this method reported a disappointingly low

pleurodesis success rate of 29% at 6 weeks compared with 80%

with intercostal tube drainage.60

Sterile talc
Talc (Mg3Si4O10(OH)2) is a trilayered magnesium silicate sheet

that is inert and was first used as a sclerosing agent in 1935.61

Talc used for intrapleural administration is asbestos-free and

sterilised effectively by dry heat exposure, ethylene oxide, and

Table 3 Sclerosing agents available in UK

Sclerosing agent
Recommended
dose

Average
success rate

Common
side effects

Serious
complications

Approx cost
per treatment

Manufactured
in UK

No of
treatments

Tetracycline 1–1.5 g 65%49 53–55 Chest pain,
fever, cough

None 1.5 g: £13.95† No 1

Sterile talc
(slurry or poudrage)

2–5 g 90%42 64 65 68 Chest pain,
fever

Respiratory
failure/ARDS

5 g: £1.60 Yes* 1

Bleomycin 60 units 61%56 67 72–74 Chest pain,
fever, nausea

None 60 units: £68.75 Yes 1

Doxycycline 500 mg 76%43 47 78 79 Chest pain,
fever

None 500 mg: £29.50 No‡ >1

ARDS=adult respiratory distress syndrome.
*Produced in Germany and available via international wholesalers.
†Produced under manufacturer’s licence in UK.
‡Not available or licensed for use in the UK.
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gamma radiation. It may be administered in two ways: at tho-

racoscopy using an atomiser termed “talc poudrage” or via an

intercostal tube in the form of a suspension termed “talc

slurry”.62 63

Success rates (complete and partial response) for talc slurry

range from 88% to 100% with a mean of 90%.24 42 64 65 The

majority of studies have used talc slurry alone and only a lim-

ited number of comparative studies have been published. A

truncated randomised study by Lynch and colleagues66

compared talc slurry (5 g) with bleomycin (60 units) and tet-

racycline (750 mg). Although the study was terminated early

because of the removal of tetracycline from the US market,

analysis of the data to that point revealed no differences

between the three treatment groups 1 month after pleurod-

esis. In a recent randomised trial between talc slurry (5 g) and

bleomycin (60 units), 90% of the talc group achieved a

complete response at 2 weeks compared with 79% of the bleo-

mycin group, which was statistically insignificant.67 Yim et al68

compared talc slurry (5 g) with talc poudrage (5 g) and found

no significant difference between the two groups with respect

to complete response rate (both over 90%), chest drainage

duration, length of hospital stay, and complication rate.

Talc slurry is usually well tolerated and pleuritic chest pain

and mild fever are the most common side effects observed. A

serious complication associated with the use of talc is adult

respiratory distress syndrome (ARDS) or acute pneumonitis

leading to acute respiratory failure. The mechanism of acute

talc pneumonitis is unclear and has been reported with both

talc poudrage and slurry.42 69 The dose of talc and the physical

characteristics (size and type) appear to be the most

important determinants for the development of this

complication.70 In a case series reported by Kennedy et al42 five

patients developed respiratory failure with talc slurry pleuro-

desis (10 g). Three patients required mechanical ventilation

but were later successfully extubated. Studies using lower

doses (2–5 g) have reported excellent complete response rates

with a lower incidence of serious adverse effects including

acute respiratory failure.64 65 The diagnosis of talc pneumonitis

is made after exclusion of other possible mechanisms for pul-

monary infiltrates and respiratory failure—that is, re-

expansion pulmonary oedema and lymphangitis carcinoma-

tosa.

Bleomycin
Bleomycin is the most widely used antineoplastic agent for the

management of malignant pleural effusions. Its mechanism of

action is predominantly as a chemical sclerosant similar to talc

and tetracycline. Although 45% of the administered bleomycin

is absorbed systemically, it has been shown to cause minimal

or no myelosuppression.71 Bleomycin is an effective sclerosant

with success rates after a single administration ranging from

58% to 85% with a mean of 61%.56 67 72–74 Large comparative

trials have found it to be superior to tetracycline.56 74 75 It has an

acceptable side effect profile with fever, chest pain, and nausea

the most common adverse effects. The recommended dose is

60 units mixed in normal saline. Bleomycin has also been used

in studies evaluating small bore intercostal tubes placed under

radiological guidance with similar efficacy rates.37 39 76 77 The

major disadvantages of bleomycin are the cost per treatment

compared with other sclerosants and that it needs to be

performed by trained personnel familiar with the administra-

tion of cytotoxic drugs (table 3).

Rarely used and historical agents
(1) Doxycyline: Although doxycycline is widely used in the US

and is available in Continental Europe, it is not available or

licensed for intrapleural administration in the UK. It has been

evaluated in several small trials with success rates varying

from 65% to 100% with a mean of 76%.43 47 78 79 All but one of

the trials used a dose of 500 mg mixed in normal saline.

Prevost et al80 used doses in excess of 2 g with a reported suc-

cess rate of 82%. Side effects are similar to those with

tetracycline—that is, fever (30%) and mild to moderate pleu-

ritic chest pain (up to 60%). Doxycycline has been used with

small bore tubes in two studies. Patz et al37 in a large

randomised study compared bleomycin with doxycycline

(500 mg) in 106 patients. The complete response rate at 1

month for doxycycline was 79%. In a similar study, Seaton et
al36 reported a complete response rate of 81% with a low inci-

dence of side effects. The major disadvantage of doxycycline is

the need for repeated instillations to obtain a satisfactory suc-

cess rate. This may lead to prolonged catheter or intercostal

tube indwelling times with a potential increase in infection,

patient discomfort, and overall cost in treatment.
(2) Minocycline: Minocycline has been used as a sclerosing

agent but experience in humans is limited to a single small
and uncontrolled study.81 A recent study in rabbits suggests
that it may be as effective as tetracycline at inducing
pleurodesis.82 Minocycline is not available or licensed for
intrapleural administration in the UK.

(3) Other sclerosants: Corynebacterium parvum extract,83–89

interferons (interferon-α and -β),90–94 interleukins (IL-2),95 96

and several chemotherapeutic drugs (cisplatin, cytosine
arabinoside, and mitoxantrone)97–99 have been used for
pleurodesis with variable and usually disappointing efficacy
rates. Most of the trials have been uncontrolled and recruited
small numbers of patients. Corynebacterium parvum, interfer-
ons, and interleukins require multiple administrations, while
significant toxicity is encountered with the use of the chemo-
therapeutic drugs.

4.3.5 Rotation following pleurodesis
• Patient rotation is not necessary after intrapleural

instillation of tetracycline class agents. [A]

Rotation of the patient following intrapleural administration

of a sclerosing agent is described in most pleurodesis studies

in order to achieve adequate distribution of the agent over the

pleura. However, patient rotation is time consuming and may

cause further discomfort for these patients. A study using

radiolabelled tetracycline has shown that tetracycline is

dispersed throughout the pleural space within seconds and

rotation of the patient did not influence the distribution of the

agent.100 A subsequent randomised trial using tetracycline,

minocycline, and doxycycline revealed no significant differ-

ence in the success rate of the procedure or duration of fluid

drainage between the rotation and non-rotation groups.101

Patient rotation is still required when using talc slurry until

further evidence is available.

4.3.6 Clamping of intercostal tube
• The intercostal tube should be clamped for 1 hour

after sclerosant administration. [C]

• In the absence of excessive fluid drainage (>250 ml/
day) the intercostal tube should be removed within
12–72 hours of sclerosant administration. [C]

Clamping of the intercostal tube following intrapleural

administration of the sclerosant should be brief (1 hour). This

will prevent the sclerosant from immediately draining back

out of the pleural space, although this may not be

important.100 Intercostal tube removal has been recommended

when fluid drainage reached less than 150 ml/day, but there is

a lack of evidence to support this action.102–104 In the absence of

any evidence that protracted drainage is beneficial, and given

the discomfort associated with prolonged drainage, we

arbitrarily recommend removal of the intercostal tube within

12–72 hours after the instillation of the sclerosant provided

the lung remains fully re-expanded and there is satisfactory

evacuation of pleural fluid on the chest radiograph. Where

excessive fluid drainage persists (>250 ml/day), repeat pleu-

rodesis may be attempted with an alternative sclerosant. In
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the event of incomplete lung expansion any treatable cause for

this should be excluded and the drain may then be removed as

pleurodesis is unlikely to succeed.

4.3.7 Malignant seeding at intercostal tube or port site
• Patients with proven or suspected mesothelioma

should receive prophylactic radiotherapy to the site
of biopsy or chest drain insertion. [A]

Local tumour recurrence or seeding following diagnostic and

therapeutic pleural aspiration, pleural biopsy, intercostal tube

insertion, and thoracoscopy is uncommon in non-

mesothelioma malignant effusions.105–108 However, in mesothe-

lioma 40% of patients may develop malignant seeding at the

site of diagnostic pleural procedures. In a randomised study

Boutin et al109 found that local metastases were prevented in

patients who received radiotherapy to the thoracoscopic tract

site. All the patients received radiotherapy within 2 weeks of

thoracoscopy. It should be noted that further clinical trials of

procedure site radiotherapy in mesothelioma are currently

recruiting. The role of prophylactic radiotherapy following

pleural procedures in non-mesothelioma malignant effusions

has not been established and therefore cannot be recom-

mended.

4.3.8 Intrapleural fibrinolytics
• Intrapleural instillation of fibrinolytic drugs is rec-

ommended for the relief of distressing dyspnoea due
to multiloculated malignant effusion resistant to
simple drainage. [C]

The use of fibrinolytic agents represents an advance in the

management of multiloculated malignant effusions. Immune

mediated or haemorrhagic complications have rarely been

described with the administration of intrapleural fibrinolytics

in contrast to systemic administration of these agents.110 111

Jerjes-Sanchez et al112 administered intrapleural strepto-
kinase (250 000 IU) in an open study to four patients with
multiloculated malignant effusions not considered suitable for
pleurodesis at the time. In three of the four patients
fibrinolytic administration allowed radiographic improvement
and led to successful pleurodesis. A more recent study found
that intrapleural streptokinase increased pleural fluid drain-
age and led to radiographic improvement and amelioration of
symptoms in 10 patients with multiloculated or septated
malignant effusions. Intrapleural streptokinase was well
tolerated and no allergic or haemorrhagic complications were
reported.113 Gilkeson et al114 preferred urokinase in their
prospective but non-randomised study. Twenty two malignant
pleural effusions were treated with urokinase resulting in
substantial increase in pleural fluid output in patients both
with and without radiographic evidence of loculations. The
majority then underwent pleurodesis with doxycycline result-
ing in a complete response rate of 56%. Similarly, no allergic or
haemorrhagic complications were encountered.

None of these studies is large enough to accurately describe
the safety profile of fibrinolytic drugs in this setting. The phy-
sician should therefore use these agents with caution,
carefully considering the risk/benefit balance for the indi-
vidual patient. An appropriately experienced specialist should
be involved in the care of all patients receiving this treatment.

4.4 Thoracoscopy in malignant pleural effusion
• Thoracoscopy should be considered for the diagnosis

of suspected but unproven malignant pleural effu-
sion. [B]

• Thoracoscopy should be considered for the control of
recurrent malignant pleural effusion. [B]

• Thoracoscopy is a safe procedure with low complica-
tion rates. [B]

Thoracoscopy (under sedation or general anaesthesia) has

grown in popularity as a diagnostic and therapeutic tool for

malignant effusions.115–117 The thoracoscopic appearance of

pleural malignancy and a thoracic CT scan from the same

patient are shown in fig 3. The diagnostic yield and accuracy of

thoracoscopy for malignant effusions is greater than

90%.55 117 118 Patients with exudative pleural effusions of

unknown aetiology after pleural fluid cytological and micro-

biological examination should proceed to pleural tissue biopsy

(see guideline on the investigation of pleural effusions, page

ii8).

The therapeutic role of thoracoscopy has been evaluated

extensively. Talc poudrage is an effective method for control-

ling malignant effusions with a mean pleurodesis success rate

of more than 90%.115 116 119 120 Patient selection for thoracoscopy

and talc poudrage is important in view of the invasive nature

of the procedure and cost. The role of surgical thoracoscopy in

patients with trapped lung is less clear. The procedure can

facilitate breaking up of loculations and release of adhesions

Figure 3 (A) CT scan and (B) thoracoscopic appearance of pleural
malignancy (breast carcinoma metastases).
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and thereby aid lung re-expansion and apposition of the

pleura for talc poudrage.121

Thoracoscopy is a safe and well tolerated procedure with a

low perioperative mortality rate (<0.5%).116 122 The most com-

mon major complications are empyema and acute respiratory

failure secondary to infection or re-expansion pulmonary

oedema.115 123

4.5 Long term indwelling pleural catheter drainage
• Chronic indwelling pleural catheters are effective in

controlling recurrent and symptomatic malignant
effusions in selected patents. [B]

Insertion of a long term tunnelled pleural catheter is an alter-

native method for controlling recurrent and symptomatic

malignant effusions including patients with trapped lung. A

specific catheter has been developed for this purpose and the

published studies employing this catheter have reported

encouraging results.124 125

In the only randomised and controlled study to date,

Putnam and colleagues124 compared a long term indwelling

pleural catheter with doxycycline pleurodesis via a standard

intercostal tube. The length of hospitalisation for the indwell-

ing catheter group was significantly shorter (1 day) than that

of the doxycycline pleurodesis group (6 days). Spontaneous

pleurodesis was achieved in 42 of the 91 patients in the

indwelling catheter group. A late failure rate (defined as reac-

cumulation of pleural fluid after initial successful control) of

13% was reported compared with 21% for the doxycycline

pleurodesis group. There was a modest improvement in the

quality of life and dyspnoea scores in both groups. The

complication rate was higher (14%) in the indwelling catheter

group and included local cellulitis (most common) and, rarely,

tumour seeding of the catheter tract.

An indwelling pleural catheter is therefore an effective

option for controlling recurrent malignant effusions when

length of hospitalisation is to be kept to a minimum (reduced

life expectancy) and expertise and facilities exist for

outpatient management of these catheters.

4.6 Pleuroperitoneal shunting
• Pleuroperitoneal shunts are an alternative and effec-

tive option in patients with a trapped lung or failed
pleurodesis. [B]

In selected patients with trapped lung and large effusions

refractory to chemical pleurodesis, pleuroperitoneal shunting

is an acceptable palliative option. The shunt consists of a

valved chamber (containing two unidirectional valves) with

fenestrated pleural and peritoneal catheters attached at either

end. The device is pressure activated but spontaneous flow will

also occur when the pressure gradient between the pleural

and peritoneal space is more than 1 cm H2O. More often the

pressure gradient is low and requires manual compression of

the pump chamber percutaneously, sometimes over 400 times

per day.126 127 The insertion of the shunt is facilitated by thora-

coscopy or a mini-thoracotomy and the duration of hospital

stay varies between 4 and 6 days. The procedure is usually well

tolerated and postoperative morbidity and mortality are

low.128

Complications include shunt occlusion, infection, and

tumour seeding or implantation into the peritoneal cavity.

Shunt occlusion rates vary from 12% to 25% and normally

requires replacement of the shunt.128 129 The presence of pleural

infection, multiple pleural loculations, and inability to

compress the pump chamber are contraindications to pleuro-

peritoneal shunting.

4.7 Pleurectomy
Pleurectomy is an effective but invasive method for treating

malignant pleural effusions. Complications may include

empyema, haemorrhage, and cardiorespiratory failure (opera-

tive mortality rates of 10–13%). Patient selection is therefore

important and this method should be reserved for those who

have failed to respond to other forms of treatment.130 131 The

advent of video assisted thoracic surgery (VATS) has enabled

parietal pleurectomy to be performed without a formal thora-

cotomy. A study of 19 patients (13 with mesothelioma, six

with metastatic adenocarcinoma) found this thoracoscopic

method to be safe and associated with an effusion recurrence

rate of 10%. The median postoperative stay was 5 days and all

patients were discharged home.132
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