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1. Introduction
Pleural effusions can form basing on the disease of the pleural membranes themselves or
thoracic or abdominal organs [1]. The pleura is also important to maintain local fluid homeo‐
stasis. The exact mechanisms of pleural fluid production and absorption are complex and not
fully understood [2, 3].
The normal pleural space is approximately 18 to 20 μm in width, although it widens at its most
dependent areas. It has been shown that the pleural membranes do not touch each other and
that the pleural space is a real gap, not a potential space [1].
Classically described; pleural effusion is the accumulation of fluid in the pleural gap that may
be caused by any reason [4]. If there is an evidence of invasion by the tumor or any malignant
cells detected in this fluid, it is described as malignant pleural effusion. Although there has
been no epidemiologic study with respect to pleural effusion yet, it is a common clinic problem
which is estimated to be a million cases in the United States of America every year. Malignant
diseases account for over 22% of all cases that means; approximately 220 000 new patients in
the United States and 40 000 in the United Kingdom [5].
Primary tumours of the pleural space are less common [6]. Pleural metastasis may be caused
by any organ. Malignant pleural effusions (MPE) are most frequently produced by carcinomas
of the lung (37%), breast (25%), and ovary (10%). Other reasons include malignancies of the
genitourinary (7%) or gastrointestinal tract (9%) and lymphoma (10%) [7]. Even today, in up
to 10% of the malignant pleural effusions, the origin of tumour is not identified [8].
The incidence and prevalence of mesothelioma may vary from region to region. Interestingly,
despite its grim reputation, mesothelioma whose curative treatments are not yet available,
offers better survival than does metastatic pleural disease, with a median survival of less than
12 months [6].
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Asymptomatic patients with either a malignant or a paramalignant effusion need not be treated
initially [9]. Malignant pleural effusion will eventually develop into cancer in the majority of
patients. It often recurs challenging the physicians, patients and the patient’s family in
balancing the benefits of symptomatic improvement with the risk and inconvenience of
therapy [10, 11].

2. Pathogenesis
Pathophysiology of MPE has not been fully understood yet and is still on debate. There are
many hypotheses on the pathogenesis of MPE in cancer. It commonly results from disruption
of normal starling forces regulating pleural fluid absorption by obstruction of mediastinal
lymphatics, which drain the pleural space [9]. There is a strong relationship between media‐
stinal metastasis and development of MPE [12, 13]. Other causes of MPE include direct invasion
(e.g. lung cancer, breast cancer, chest wall neoplasms), hematogenous spread of tumor to the
pleura (eg, metastasis, non-Hodgkin’s lymphoma), or increased capillary permeability caused
by tumor invasion-related local inflammatory changes or vascular endothelial growth factor
production [14]. Just the presence of metastasis does not seem sufficient to explain the
pathogenesis of pleural effusions. In fact, only about 60% of patients with proven pleural
metastases develop pleural effusions [15, 16].
Indeed, the accumulation of excess pleural fluid associated with cancer may be the result of a
number of separate factors in an individual patient [16]. Postmortem studies have demon‐
strated a strong relationship between carcinomatous infiltration of the mediastinal lymph
nodes and the occurrence of pleural effusion [11,15]. This finding suggests an important role
of the impaired lymphatic drainage in the pathogenesis of MPE. However, if this was to be the
only mechanism, one would expect MPEs to be transudative, but instead, the majority of these
effusions are exudates [16].
Local effects of tumor

Systemic effects of tumor

Lymphatic

Pulmonary embolism

Bronchial obstruction with pneumonia

Hypoalbuminemia

Bronchial obstruction with atelectasis
Trapped lung
Chylothorax
Superior vena cava syndrome

Complications of therapy
Radiation therapy (Early or late)
Chemotherapy

Table 1. The Causes of paramalignant Effusion [17]

All fluids of pleura may not be malignant in patients with malignancy. The effusion caused
by a neoplasm without the evidence of malignant cells in the pleural effusion as well as sur‐
rounding tissues is called as “paramalignant” effusion. Presence of paramalignant effusion
is not a contraindication for the surgery. Obstructive pneumonia or atelectasia, lymphatic
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obstruction, cheilothorax caused by the invasion of thoracic duct, trapped lung, pulmonary
embolism, hypoalbuminemia, cachexia, radiotherapy and, chemotherapeutics such as bleo‐
mycin, methotrexate and cyclophosphamide are the well known causes of para-malignant
effusion [17].

3. Clinical presentations
The first and most common presenting symptom is dyspnea (96%) [12, 18]. The pathogenesis
of dyspnea caused by a large pleural effusion has not been clearly elucidated, but several
factors may be involved including a decrease in the compliance of the chest wall, contralateral
shifting of the mediastinum, a decrease in the ipsilateral lung volume, and reflex stimulation
from the lungs and chest wall [19]. After other causes of dyspnea have been excluded; detailed
anamnesis, physical examination and radiological monitoring are required. As many as a third
of patients with malignant pleural effusions present with weight loss and cachexia and appear
debilitated by chronic illness [20]. Malignant causes should be excluded firstly in the list of
differential diagnosis in patients diagnosed as exudates. A complete medical history and
physical examination should be done considering any potential causes or risk factors of
malignancy.
Other bothersome symptoms are cough [44%) and chest pain (56%) [18]. The majority of
patients with MPE are symptomatic while less than 25% have no respiratory complaints [12].
Other symptoms include sharp pleuritic pain, dull ache with a feeling of pressure, and
heaviness in the chest. A physical examination can reveal decreased breath sounds, and
dullness to percussion [12].

4. Imaging techniques
Although standard chest radiographs can detect as little as 50 mL of PF on a lateral view,[21]
it provides only suggestive findings for the diagnosis of MPE. A massive effusion increases
the probability of a malignant aetiology and commonly produces a meniscus sign with fluid
tracking up the lateral chest wall, a shift of the mediastinum to the contralateral side, and an
inversion of the diaphragm. Radiographic signs of an MPE include circumferential lobulated
pleural thickening, crowding of ribs, and elevation of the hemidiaphragm or ipsilateral
mediastinal shift consistent with lung atelectasis due to airway obstruction by a tumor [22].
Due to resembling the other causes of pleural effusion other imaging studies may be necessary
such as ultrasound and computed tomography (CT) scan [23].
Ultrasound is an important device during evaluating the presence of an effusion and may be
used as a guide during thoracentesis. Ultrasound also may aid in distinguishing an exudates
(echogenic) from a transudate (anechoic) although this finding is not definitive [24]. Ultra‐
sound is, in fact, more sensitive than radiography and can detect as little as 5 mL of pleural
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fluid and is superior to CT for characterization of collections for the presence of septations and
loculations [25].
Computed tomography (CT) scanning is even more accurate in detecting small effusions,
including as little as 2 mL of fluid. The volume of the fluid presence can be best determined
radiographically by using three-dimensional reconstruction [26]. Currently, the most useful
radiographic study is a chest CT scan. CT scans help to establish the presence of a loculated
pleural effusion, allow the evaluation of the pulmonary parenchyma if there is not complete
lung compression, and distinguish pleural thickening from effusion. It also provides an
excellent way to evaluate the mediastinum for the presence of masses or lymphadenopathy
and permits detection of pleural-based nodules [27].
The role of magnetic resonance imaging (MRI) in the evaluation of pleural effusions is limited;
however, it may be beneficial in better characterizing possible tumour involvement of the chest
wall or diaphragm [28]. Neither MRI nor CT scan can distinguish transudates from exudates
accurately although both can be helpful in evaluating the pleural contents for masses, nodules,
and pleural based thickening once the fluid is removed [29].
Positron emission tomography (PET scan) with 18F-fluorodeoxyglucose provides less ana‐
tomic information but has the potential advantage of providing diagnostic information about
the effusion. This information may prove useful [30]. The true value of a PET scan would be
to provide additional information about disease elsewhere, not to give a diagnosis of malig‐
nancy. In addition, diagnosis or treatment of a malignant effusion will depend on the type of
cancer, and this cannot be determined with a PET scan [31].

5. Pleura and fluid characteristics
Once a pleural effusion is documented, diagnostic or therapeutic thoracentesis should be
performed to establish the nature of the effusion. For adequate separation of transudates and
exudates in pleural fluid, protein and LDH levels are determined and also the following tests
on pleural fluid are recommended: description of the fluid; cell count and differential; glucose;
pH particularly if the patient has a parapneumonic effusion; cytology; smears and cultures for
bacteria, mycobacteria, and fungi; and adenosine deaminase (ADA) if tuberculous pleuritis is
in the differential [32].
Effusions are classified as either exudative or transudative basing on established criteria and
now commonly known as Light's criteria: [33]
1.

Ratio of pleural fluid protein to serum protein concentration is greater than 0.5

2.

Ratio of pleural fluid lactate dehydrogenase (LDH) to its serum concentration is greater
than 0.6

3.

LDH concentration in pleural effusion is greater than two thirds of the upper normal value
for the serum LDH
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This defines an exudate if any one of three criteria are met. The overall accuracy of these criteria
is 93% to 95% [34, 35]. Light criteria have commonly misclassify effusions when any one of
three criteria has a value close to its cutoff point [36]. Although the majority of malignant
pleural effusions are exudates, it is important to keep in mind that a few are transudates [37,
38]. These circumstances result from the defective implementation of diagnostic rules that
classify pleural effusions or coexisting conditions with transudates, such as hypoalbuminemia,
cirrhosis with ascites, or chronic heart failure [39]. This does not suggest that every individual
with a transudative pleural effusion should have pleural fluid cytological examination.
However, in the appropriate clinical setting and the absence of congestive heart failure or a
pleural fluid LDH level close to the exudative range, determination of pleural fluid cytology
is suggested [17].
The primary problem with the Light criteria is that they identify 15% to 20% of transudative
effusions as exudative effusions [40]. A re-evaluation of Light’s criteria demonstrates that
Light’s criteria have an overall sensitivity for an exudate of near 100%, but a specificity of only
approximately 80% [41]. In the search for the ideal test or improvement of Light's criteria; from
the first day of Light criteria that were published the most widely accepted and so far have
stood the test of time. Based on a meta-analysis of study in order to find the ideal diagnostic
criteria, including 1448 patients, an updated version of Light’s criteria, the original light studies
a slightly modified by the addition of cholesterol as a marker, recommended as the best way
to determine exudate. Judged by these criteria, a patient with any of the following criteria is
provided, said to be exudates [42]:
• Pleural fluid protein greater than 2.9 g/dL
• Pleural fluid cholesterol greater than 45 mg/dL
• Ratio of pleural fluid LDH to serum LDH greater than 0.6
The appearance of the pleural fluid obtained by thoracentesis, its consistency and color should
be noted. In patients with a known underlying malignancy, it is daily practice not only to obtain
the usual tests to differentiate a transudate from an exudate (total protein and lactate dehy‐
drogenase both in the fluid and in the serum) but also to obtain total and differential cell count,
pH, glucose level, cholesterol and triglycerides, cytological analysis, hematocrit (if fluid is
grossly bloody), and cultures. [37, 38].
Malignant pleural effusions may be serous, serosanguineous, or bloody, and usually are
exudative in nature [21]. There are four characteristics features of pleural effusion; suggesting
malignancy in patients with undiagnosed pleural effusion: that is to say, [1] a symptomatic
period of more than a month, [2] absence of fever, [3] blood-tinged or bloody pleural fluid, or
[4] CT findings suggestive of malignancy (pulmonary or pleural masses, pulmonary atelecta‐
sis, or lymphadenopathy) [43].
Despite all the progress in the imaging of the chest, for the diagnosis of MPE cytologic or tissue
biopsy is required for approval. Cytology is the simplest definitive and most accurate method
to diagnose malignant pleural effusion. Recent data suggests that at least 50 mL of pleural fluid
should be studied in order to provide optimal cytological analysis [44, 45].
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Diagnostic success of cytology can improve with repeated thoracentesis [46]. Fluids should be
concentrated first for optimal detection of malignancy. There is a large variation in diagnostic
yields of pleural fluid cytology ranging from 62 to 90% [47, 48]. The sensitivity depends on the
type of malignancy, extent of disease, and experience of the cytopathologist [49].
Cytology of MPE in breast cancer has a sensitivity of 47% [50]. The diagnosis of adenocarci‐
nomas can be established in nearly all patients whereas patients with pleural effusions
secondary to Hodgkin’s disease, have a positive cytologic examination in less than 25% of cases
[51, 52]. Cytology is superior to blind percutaneous pleural biopsy in the diagnosis of malig‐
nant pleural effusion. Blind percutaneous pleural biopsy carries an 8% risk of pneumothorax,
and has limited contribution to the diagnosis of patient with suspected malignancy. In a series
of 118 patients with pleural effusions and negative cytology, closed pleural biopsy established
the diagnosis of malignant pleural effusion in only 17% of the cases [53].
Low diagnostic value of pleural biopsy depends on costal pleural involvement of cancer cells
in only half of patients with MPE since initial metastatic disease most commonly occurs on the
visceral, mediastinal, and diaphragmatic pleurae [54].
After thoracentesis, pleural biopsy might be indicated in cases with cytological examination
undiagnosed or suspected. Diagnostic value of conventional closed pleural biopsy with Abrams
or Cope needles is lower when compared with image-guided and thoracoscopic biopsy techni‐
ques. The specificity of closed needle biopsy for MPE is high, but case series report sensitivities
that range from 7% to 72% [53, 55-57]. However, closed pleural biopsy adds little to the cytolog‐
ical diagnosis in most cases and this is related to the scarce and irregular distribution of the tumour
lesions in the pleural cavity when cytology is negative [54]. The yield of blind needle biopsy is
higher when the pleural lesions are diffuse, as in tuberculosis and advanced neoplastic disease.
In contrast, thoracoscopy has a very high yield in malignant effusions. It can be performed with
local anesthesia and a single port of entry, and it has a little more complications than needle biopsy
[47]. Contraindications to pleural biopsy include bleeding diathesis, anticoagulation, chest wall
infection, and lack of patient cooperation. Important complications include pneumothorax,
haemothorax, and vasovagal reactions. A rapid clinical deterioration or increased postproce‐
dure effusion should alert the clinician to a possible haemothorax [58]. Nevertheless, pleural
needle biopsy can be performed on outpatient basis [59] whereas thoracoscopy is much more
complex and always requires hospitalization.
Normal pleural fluid pH ranges from 7.60 to 7.64. When a diagnostic thoracentesis is per‐
formed, pleural fluid pH is measured at any time. Analysis should be via a blood gas machine,
not on litmus paper, because the latter is unreliable and not an acceptable alternative [60].
Approximately one-third of malignant effusions have a pleural fluid pH of <7.30 at presenta‐
tion [61, 62]; this low pH is associated with glucose values of <60 mg/dL [63]. The cause of these
low-glucose, low-pH malignant effusion appears to be an increased tumour mass within the
pleural space compared with those with a higher pH effusion, resulting in decreased glucose
transfer into the pleural space and decreased efflux of the acidic by-products of glucose
metabolism, carbon dioxide (CO2], and lactic acid, due to an abnormal pleural membrane [64,
65]. Clinicians should keep in mind that parapneumonic effusions have pH less than 7.3 or
puslike looking.
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In general, cell counts obtained from the pleural fluid is rarely useful or pathognomonic.
Because most cells are normally neutrophils or monocytes, a predominance of lymphocytes
(>50%) should make one more seriously entertain the idea of a carcinomatous pleural effusion,
and greater than 85% lymphocytes should make one entertain the diagnosis of lymphoma,
sarcoidosis, chylothorax, rheumatoid pleurisy, or yellow nail syndrome [66, 67]. An increase
in pleural fluid eosinophilia (>10% of nucleated cells) might be associated with benign disease
(hemo- or pneumothorax), but also can be associated with all types of malignancy [68]. The
presence of mesothelial cells is not helpful in terms of diagnosis [67, 69]
Several tumor markers have been used in diagnosing of MPE, but their clinical role has not
been firmly established [70]. Higher levels of CEA are seen in squamous cell cancer and
adenocarcinoma of lung while higher levels of CA 15-3 are observed in breast cancer [71]. The
addition of any tumor marker assay would improve the diagnostic value of cytology [70].
Chromosome analysis has low sensitivity and specificity in diagnosing of MPE [71]. It may be
helpful particularly with MPE secondary to lymphoma and leukaemia [72]
The molecular biology of pleural effusions has begun to be understood, with vascular
endothelial growth factor (VEGF) emerging as a major role player [73]. Because it induces
endothelial vasodilatation and enhances the permeability of the mesothelium 50,000 times
more potently than histamine, VEGF is thought to be a major, if not the most important,
cytokine in the etiology of effusions [74]. VEGF may be a part of the diagnosis of effusion in
the future.

6. Diagnosis
MPE has a wide variety of diagnostic methods. Diagnostic methods are often chosen according
to health care provider's medical facilities, the clinician's ability and most importantly the
patient. In spite of all the advances in today's thoracic imaging confirmation of suspected
malignant pleural effusion done by cytological methods or a pleural biopsy, a diagnostic
thoracentesis is recommended for any unilateral effusion or bilateral effusion in an individual
without obvious evidence of congestive heart failure [75]. Diagnostic thoracentesis is a useful
initial approach for patients with MPEs. Thoracentesis takes place in diagnosis of MPE as well
as reducing the symptoms. Thoracentesis also helps us in evaluation of the expansion capacity
of the lung and relieving acute symptoms.
Traditionally, land selection for thoracentesis is determined by radiographic and physical
examination findings [76]. There is no absolute contraindication for thoracentesis. Relative
contraindications include a minimal effusion < 1 cm in thickness from the fluid level to the
chest wall on a lateral decubitus view, bleeding diathesis, anticoagulation, and mechanical
ventilation. There is no increased bleeding in patients with mild-to moderate coagulopathy or
thrombocytopenia (prothrombin time or partial thromboplastin time >1.8 times normal,
platelets <25,000/mm3, or creatinine >6 mg/dL) [77]. Although it does not seem to increase the
risk of pneumothorax in patients undergoing mechanical ventilation; if a pneumothorax
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occurs, the development of tension pneumothorax may be higher. Although the risk of
pneumothorax rate is 10% in experienced hands, this risk increases in novices.
Important complications of thoracentesis include pneumothorax, bleeding, infection, and
spleen or liver laceration. The amount of fluid drained during thoracentesis should be
sufficient to obtain a diagnosis, relieve symptoms of dyspnea, and to avoid re-expansion
pulmonary oedema or pneumothorax. The general belief and the guidelines proposed removal
of more than 1500 ml in one hemithorax during a single transaction. However, this random
number does not consider each patient's height and weight. As a general rule, the amount of
fluid discharged from thoracentesis is 20 ml per kilogram of body weight [78]. On the other
hand in recent studies, the risk of re-expansion pulmonary oedema was shown to be unrelated
to the amount of drained fluid and it has been suggested that no upper limit is required [79].
Diagnostic thoracentesis is also useful in determining a patient's respiratory complaints that
can be connected with effusion: Improvement in the patient's symptoms after thoracentesis
indicates that the patient can take advantage of more invasive procedures and improve the
quality of life. Persistence of respiratory symptoms in patients after thoracentesis, other causes
should be investigated and before proceeding, more invasive diagnostic options should be
considered twice.
The use of ultrasound guidance is preferred in thoracentesis. Ultrasound guidance, at the time
of determining the location of the pleural fluids reduces accidental injury, and this technique
to remove the liquid used to assess the degree of lung reexpansion [80].
Thoracoscopy should only be done in patients not diagnosed by less invasive procedures.
Actual thoracoscopic techniques include video-assisted thoracoscopic surgery (VATS) [81] and
medical thoracoscopy with either a rigid thoracoscope [82] or a semirigid pleuroscope [83,
84]. The advantages of thoracoscopy include visually directed and selective biopsies of parietal,
mediastinal, and visceral pleura, direct visualization and examination of the entire hemithorax,
and simultaneous lung or lymph node biopsy if required. The procedure is well tolerated with
less than 1% mortality [85, 86].
Medical thoracoscopy when compared with surgical thoracoscopy (which is more precisely
known as video-assisted thoracic surgery (VATS) has the advantage that it can be performed
under local anaesthesia or conscious sedation, in an endoscopy suite, using nondisposable
rigid instruments. Physicians skilled in bronchoscopy should find the semirigid pleuroscope
easy to use because it has the same light source, video equipment, and manual controls as the
fiberoptic bronchoscope [83, 84].Thus, it is considerably less invasive and less expensive than
VATS. As an exception: VATS that allows huge biopsy samples can be taken, is preferred to
medical thoracoscopy in patients with suspected mesothelioma. For diagnosis of mesothelio‐
ma and classification of its subtype, a large pleural biopsy specimen is often necessary.
Immunohistochemical staining provides essential information in the diagnostic evaluation [6].
Medical thoracoscopy is primarily a diagnostic procedure [47, 87, 88]. In cases of undiagnosed
exudative effusions with a high clinical suspicion for malignancy, some clinicians may proceed
directly to thoracoscopy if the facilities for medical thoracoscopy are available. The procedure
should be performed for diagnosis and possible talc poudrage [47].
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The sensitivity of medical thoracoscopy was higher than that of cytology and closed pleural
biopsy combined (96 versus 74%, pv0.001). Similar results have been reported by other
investigators [89-92]. The reasons for false-negative thoracoscopy include insufficient and
nonrepresentative biopsies that depend largely on the experience of the thoracoscopist [89,
92] and the presence of adhesions that prevent access to neoplastic tissue [87, 89].
The diagnostic yield of bronchoscopy is low in patients with undiagnosed pleural effusions
and should not be undertaken routinely [93-95]. However, it is indicated when endobronchial
lesions are suspected because of haemoptysis, atelectasis, or large effusions without contrala‐
teral mediastinal shift. Thoracotomy for diagnostic purposes is almost never indicated, because
less invasive methods can provide diagnosis in up to 97% of cases [89, 96, 97].

7. Prognostic factors
Despite all the recent advances in cancer treatment management, MPE is suggestive of end stage
disease with poor prognosis [51]. The mean survival is 3-6 months after diagnosis of malignant
pleural effusion. Whereas, this period can take up to 4-12 months depending upon the histolog‐
ical subtype of the primary tumor such as in breast cancer, Hodgkin’s disease, or lymphoma [98,
99]. The International Association for the Study of Lung Cancer reclassified MPE to the M1a
descriptor, recognizing its prediction for poor long-term survival with an overall 5-year survival
rate of 7% [100]. In addition, patients with malignant effusions, and a pH of less than 7:30 with
wicked prognosis, shorter median survival, and poorer response to tetracycline pleurodesis and
have a high rate of first finding of malignant cells in fluid cytology [61, 101]
On the other hand, malignant pleural effusion significantly affects the quality of life and
reduced mobility of patients with malignant disease.The main goals of treatment for pleural
effusion are to decrease symptoms and improve the quality of life [11].

8. Treatment
The aims of the treatment include drainage of pleural space, apposition of the visceral and
pleural surfaces with complete expansion of the lung, and obliteration of the pleural surface
with dispersion of a sclerosing agent throughout the pleural space [78]. Treatment options for
malignant pleural effusion (MPE) are varied and often tailored to the clinician’s specialty and
expertise, the patient’s physical performance status, hospitalization status, and individual
desires [78].
Selection of optimal treatment for each individual patient requires a careful assessment of the
benefits and the risks of the treatment. Primary treatment targets should involve palliation or
elimination of dyspnea, improvement of a patient’s overall quality of life in order to restore
daily activities, and implementation of oncological therapies [102]. Treatment options include
repeat thoracentesis, tube thoracostomy with drainage and sclerosis with chemical sclerosant
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agents, chronic indwelling pleural catheter, pleuroperitoneal shunt, intrapleural or systemic
chemotherapy, thoracoscopy with drainage and talc insufflation, and pleurectomy [78].
8.1. Therapeutic thoracentesis
Therapeutic thoracentesis must be performed in all symptomatic patients with MPE. Up to
50% of patients may not have significant symptom relief due to comorbid conditions, gener‐
alized deconditioning from their malignancy, or incomplete re-expansion of the lung. Trapped
lung may result from pleural-based malignancy or metastasis, pleural loculations, or bronchial
obstruction with post-obstruction collapse [15]. A total of 98%–100% of patients will have
reaccumulation of pleural fluid and recurrence of associated symptoms within 30 days of
thoracentesis [103,104]. Therefore, recurrent thoracentesis may be a viable therapeutic
approach for patients who have limited life expectancy or who are poor candidates for more
definitive but invasive interventions [14].
Massive pleural effusions should be drained in a controlled fashion, avoiding evacuation of
more than 1.5 l at one time or should be slowed down to about 500 ml/h. A massive evacuation
of pleural fluid and rapid re-expansion of the lung can cause discomfort, bothersome cough,
and hypotension. Reexpansion pulmonary oedema is a rare complication after rapid drainage
of pleural effusion [105]. The mechanism of oedema progression is not fully clarified, but it is
believed that it is mostly related to mechanical forces causing vascular stretching or injury,
and increasing capillary permeability rather than the absolute level of negative pleural
pressure [106].
8.2. Tube thoracostomy and pleurodesis
The aim of tube thoracostomy in MPE is primarily to drainage of the pleural cavity and
demonstration of lung re-expansion before instillation of a chemical sclerosant. Typically a
large bore chest tube is used though smaller bore tubes [10-14F) have been used for chemical
pleurodesis [107-109]. Large bore chest tubes are associated with greater patient discomfort
but have traditionally been used because of the concern of obstruction of smaller bore tubes
by fibrin plugs. However, several randomized trials have compared small versus large bore
chest tubes without significant difference in pleurodesis outcome [107, 110, 111].
Simple small bore drainage catheters have been used effectively. Gravity drainage of the pleural
fluid can be accomplished and pleurodesis can be achieved with several agents. In one study,
small-bore catheters yielded outcomes equivalent to patients receiving chest tube after diagnos‐
tic thoracoscopy, and in addition, they were more comfortable [107]. Additional small studies
have been performed with early success using bleomycin or talc sclerotherapy [110, 112, 113].
An earlier randomized trial noted that pleurodesis following rapid drainage (median chest
tube duration, 2 days) was equivalent to pleurodesis performed after drainage was less than
150 mL/day (median chest tube duration, 7 days). In summary, drainage of MPE using small
bore catheter drainage and rapid pleurodesis achieves results similar to prolonged drainage
prior to pleurodesis [78].
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Lung re-expansion is necessary for a successful pleurodesis. A failure of the lung to expand
completely after removal of fluid is suggestive of a trapped lung [114]. Radiographic appear‐
ance of lung re-expansion can determine an adequate timing for pleurodesis; the amount of
pleural fluid drainage is not particularly significant in the timing and outcome of pleurodesis.
After pleurodesis, the chest tube can be removed once the pleural fluid drainage is less than 150
ml/day [115, 116]. Failure of pleurodesis may be due to incomplete drainage of the effusion,
unequal distribution of a sclerosing agent within the pleural cavity, or trapped lung syndrome
[17].
Pleurodesis is performed by mixing the sclerosing agent of choice with 50–100 mL of sterile
saline and then instilling it into the pleural cavity through the chest tube or small-bore catheter.
The chest tube is clamped for 1–2 h and then reconnected to suction. No benefit in distribution
of sclerosant or outcome or has been shown from rotating the patient [118, 119].
A number of antineoplastic and non-antineoplastic agents are used for pleurodesis. Sterilized
asbestos-free talc consistently produces the highest success rates regardless of how it is
implemented. Talc can be applied as poudrage or slurry. Poudrage is insufflation of talc
powder after evacuation of fluid, while slurry is instillation of talc solution through the chest
tube after tube thoracostomy and evacuation of an effusion [120]. Walker et al. reported success
with the use of talc in 93% (153/165) of patients with MPE [120] Viallat et al. reported a 79%
success rate in patients with malignant mesothelioma and an 89% success rate in patients with
other malignancies underlying pleural metastasis [121]. Kılıc et al. reported that the success
rates with talc insufflation by VATS were 81% in patients with pleural malignant mesothelioma
and 91% in those with other malignancies, defined by a reacculumation ratio in 90 days of 19%
(6/31) and 9% (2/24), respectively [122].
The video-assisted thoracoscopic talc poudrage with talc slurry via chest tube in patients with
MPE has shown similar efficacy [30-day outcome: 78% for poudrage and 71% for slurry).
Respiratory complications seem to be slightly higher after talc insufflations (i.e., insufflation
14% vs slurry 6%) [123]. Talc is usually well tolerated, and its most common side effects are
pleuritic chest pain and fever. Acute respiratory distress syndrome has been reported with talc
pleurodesis, which correlates with higher doses [124-126].
Tetracycline was commonly used in the past in association with tube thoracostomy. Instillation
of the tetracycline solution provides a faster pleurodesis and pleural symphysis than chest tube
drainage alone; however, it may cause significant pain. Doxycycline is an available alternative
to tetracycline and is felt to have roughly equal effectiveness [127].
Bleomycin, an antineoplastic agent, is used in pleurodesis as a sclerosing agent. The precise
mechanism of action of bleomycin and other antineoplastic agents is not fully understood, but
the optimal dose is 1IU/kg (average 60 IU). In a study on 199 patients with malignant pleural
effusion, bleomycin achieved a 54% (108 patients) complete response rate [120]. In the same
study, 24% of patients had chest pain, 24% had fever, and 11% suffered from nausea. He‐
moptysis, rashes, and diarrhea were also reported. Other rare side effects of bleomycin include
alopecia and pulmonary fibrosis. Diacon et al. compared bleomycin with talc poudrage. The
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response to bleomycin was 59% whereas it was 87% for talc poudrage [128]. The disadvantages
of bleomycin are its lower success rate and higher cost compared with tetracycline and talc.
Other agents tested for use for pleurodesis include cisplatin, cytarabine, doxorubicin, 5-FU, binterferon, mitomycin C, and Corynebacterium parvum; however, these agents are not
commonly used because of their high cost, adverse effects, and low efficacy [129].
8.3. Chronic indwelling pleural catheter
In patients not suitable for pleurodesis, or with recurrent MPE after pleurodesis, chronic
intermittent drainage via a subcutaneous tunneled pleural catheter on an outpatient basis has
been shown to relieve dyspnea effectively without serious complications [78,130]. A limited
number of studies focused on the use of a chronic indwelling pleural catheter in patients with
MPE. Putnam et al. summarized their experience with 100 consecutive patients with MPE
treated with a chronic indwelling pleural catheter [78]. They concluded that placement of an
indwelling pleural catheter was safe, effective and cost-effective. Hospitalization was only one
day for patients treated with the pleural catheter, in contrast to 7 days with tube thoracostomy
and sclerosis with doxycycline [12].
In a study by Pollak et al., the effectiveness of tunneled pleural catheter’s in the treatment of
malignant pleural effusions was assessed in 28 patients [130]. Dyspnea improved in 94% at
48th h and 91% on 30th day. Control of the MPE was achieved in 90% of patients. They
concluded that the pleural catheter requires a shorter hospitalization and can be placed and
managed on an outpatient basis. Other authors concluded that placement of an indwelling
catheter was the right procedure in subjects with evidence of a trapped lung [131]. With respect
to potential complications of pleural catheters, infections and dislocations of the catheter are
seen most often. However, serious complications are uncommon.
8.4. Pleuroperitoneal shunt
The pleuroperitoneal shunt was introduced in 1982 for the management of pleural effusions.
Pleuroperitoneal shunts transfer fluid from the pleural space to the peritoneal cavity actively
when manually pumped (Denver shunt) or passively (LeVeen shunt). Several series have
shown that effective palliation can be achieved in up to 90% of cases [132, 133]. It is used for
patients who have failed pleurodesis or systemic chemotherapy, are not surgical candidates,
or have trapped lung. The major disadvantage of the pleuroperitoneal shunt is the length of
time required to drain the pleural space. The volume of pumping chamber is only 1.5 to 2mL,
which translates into the necessity for frequent and protracted pumping sessions, a major
inconvenience for patients. Infection and shunt occlusion are the most significant complica‐
tions, occurring in up to 15% of cases [134].
8.5. Systemic or intrapleural chemotherapy
For the patients with chemosensitive tumors, including small cell lung cancer, lymphomas, and
tumors of the breast, prostate, ovary, or thyroid, or those which have arisen from germ cells,
systemic therapy can prove to be equally or more effective than local therapy for relieving
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malignant effusions. After the initial therapeutic thoracentesis, chemotherapy must be adminis‐
tered and pleurodesis, can be delayed until systemic treatment becomes ineffective [135].
Administration of chemotherapeutic agents directly into the pleural space has the potential to
control the underlying malignancy and/or the MPE by producing high drug concentrations
localized at the malignancy site while minimizing systemic toxicity [138]. Ideal agents would
have a slow clearance rate from the intrapleural cavity, allowing greater exposure of cancer
cells to the cytotoxic agent. Doxorubicin hydrochloride, cisplatin, cytarabine, mitomycin C,
and 5-FU are some of the agents used.
Several studies have investigated the intrapleural use of several active cytokines. Interleukin-2
and interferon-β have been used. Their success varies but, in general, the results were poorer
than that of talc [137, 138]. Staphylococcus aureus superantigen (SSAg) is one of the newer
agents. Given current indwelling methods allowing chronic access to the pleural cavity,
intrapleural chemotherapy remains a potential mechanism of drug administration, however,
further studies are required.
8.6. Thoracoscopy
Tube thoracostomy and drainage with instillation of sclerosing agents is the most common
treatment used for malignant pleural effusion. Chest tube drainage and pleurodesis does not
allow lysis of adhesions to drain loculated effusions, which are often the reason for failure. The
video-thoracoscopic approach allows for breaking of fibrin bridges and consequent locula‐
tions, insufflating talc uniformly on pleural surfaces, and full re-expansion of the lung [139].
The video-assisted thoracoscopy (VATS) should replace conventional instillation of talc slurry
through tube thoracostomy as a procedure of choice to achieve pleurodesis. VATS pleurodesis
offers reasonable palliation of MPE with low morbidity and rapid recovery. It is a safe and
effective approach with an efficacy ranging from 88 to 97.5% [139, 140]. The VATS seems to be
superior to simple chest tube drainage in management of MPE (92.3% vs 59.3%), with remission
rates of 88.5 and 44.4% respectively [42,43]. In a series of 148 patients (VATS pleurodesis in 82
patients and tube thoracostomy with pleurodesis in 66 patients), VATS demonstrated longer
recurrence-free survival and improved quality of life [142].
Thoracoscopic mechanical pleurodesis is a parietal pleura abrasion causing inflammation and
adhesion of the parietal and visceral pleurae as a result of the healing process. Abrasion of the
parietal pleura is initiated to yield uniform oozing. An injury to the visceral pleura should be
avoided to reduce the risk of parenchymal injury, which would cause long-lasting postoper‐
ative air leak. Its efficacy was re-evaluated in a series of breast cancer patients (n=87) with MPE.
Thoracoscopic mechanical pleurodesis and talc pleurodesis demonstrated similar success rates
(92 and 91%, respectively) [143].
A VATS pleurectomy can provide excellent pleurodesis with less postoperative discomfort
and pulmonary dysfunction compared to thoracotomy. Another benefit of VATS pleurectomy
is a reduction of chest pain in patients with malignant tumors of the pleura and lung disease.
In addition, it carries a lower risk of postoperative morbidity, less discomfort, and a better
quality of life in terminally ill patients [144].
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8.7. Pleurectomy
Pleurectomy, which is a palliative debulking procedure, is used to reduce the size of the tumor.
However, it can also be done to relieve the lung and provide pleurodesis as a result of severe
adhesions between the lung and the chest cavity. A posterolateral thoracotomy provides
adequate access to the pleura. The pleura is stripped from the apex to the diaphragm. Dissec‐
tion is continued in anterior, posterior, and apical aspects of the chest wall [144].
The procedure has a low mortality rate (1.5 to 5%), and it is well tolerated in patients with
multiple morbidities [145]. Most authors concluded that thoracotomy was not indicated in
patients with malignant effusion because of the high complication rate and prolonged
hospitalization [146]. Most authors now agree that VATS is the only surgical approach that
can be used in these patients [135, 147].

9. Conclusion
In conclusion, almost any cancer can produce an MPE which is a common clinical problem in
thoracic surgery. MPE is prevalent disease and its therapy is essential. The presence of a
malignant pleural effusion usually indicates advanced disease that is incurable with surgery
alone. At all events, control of malignant pleural effusions is often difficult and inadequate.
The risks of the therapy options should be considered meticulously. The survival time is short
and expressed with months in patients with MPE. The goal of the treatment is to decrease the
symptoms and the duration of hospitalization as well as to improve the quality of life of the
patient. Also we aimed to return the patients and their families to daily life as earliest as
possible. In order to achieve these targets, the therapy should be established for each patient
according to the type, severity, localization and prognosis

Author details
Hidir Esme and Mustafa Calik
Konya Education and Research Hospital, Konya, Turkey

References
[1] Albertine KH, Wiener-Kronish JP, Bastacky J, et al: No evidence for mesothelial cell
contact across the costal pleural space of sheep. J Appl Physiol 1999;170:123–134.
[2] Staub NC. Lung liquid and protein exchange: the four inhomogeneities. Ann Biomed
Eng 1987;15(2):115–126.

Management of Malignant Pleural Effusion
http://dx.doi.org/10.5772/54441

[3] Miserocchi G. Physiology and pathophysiology of pleural fluid turnover. Eur Respir
J 1997;10(1):219–225
[4] Cheng D, Rodriguez RM, Perkett EA, Rogers J, Bienvenu G, Lappalainen U, Light
RW Vascular endothelial growth factor in pleural fluid. Chest 1999;116:760–765
[5] Bennett R, Maskell N Management of malignant pleural effusions. Curr Opin Pulm
Med 2005;11:296–300.
[6] Robinson BWS, Lake RA: Advances in malignant mesothelioma. N Engl J Med
2005;353:1591–1603.
[7] Lombardi G, Zustovich F, Nicoletto MO, Donach M, Artioli G, Pastorelli D Diagnosis
and treatment of malignant pleural effusion: a systematic literature review and new
approaches. Am J Clin Oncol 2010;33:420–423.
[8] Johnston WW: The malignant pleural effusion. A review of cytopathologic diagnoses
of 584 specimens from 472 consecutive patients. Cancer 1985;56:905–909
[9] Khaleeq G, Musani AI. Emerging paradigms in the management of malignant Respir
Med. 2008 Jul;102(7):939-48.
[10] Putnam JB Jr, Light RW, Rodriguez RM, et al. A randomized comparison of indwel‐
ling pleural catheter and doxycycline pleurodesis in the management of malignant
pleural effusions. Cancer 1999;86:1992–1999.
[11] Van den Toorn LM, Schaap E, Surmont VF, Pouw EM, van der Rijt KC, van Klaveren
RJ. Management of recurrent malignant pleural effusions with a chronic indwelling
pleural catheter. Lung Cancer. 2005 Oct;50(1):123-7.
[12] Chernow B, Sahn SA. Carcinomatous involvement of the pleura:an analysis of 96 pa‐
tients. Am J Med. 1977;63:695–702.
[13] Musani AI, Haas AR, Seijo L, et al. Outpatient management of malignant pleural ef‐
fusions with small-bore, tunneled pleural catheters. Respiration. 2004;71:559–66.
[14] Hsia David, Musani Ali I. Management of malignant pleural effusions Curr Respir
Care Rep 2012;1:73–81
[15] Meyer PC. Metastatic carcinoma of the pleura.Thorax. 1966;21;437-443.
[16] Light RW, Hamm H. Malignant pleural effusion: would the real cause please stand
up? Eur Respir J.1997;10:1701-1702.
[17] Antony VB, Loddenkemper R, Astoul P, Boutin C, Goldstraw P, Hott J, Rodriguez
Panadero F, Sahn SA. Management of malignant pleural effusions. Eur Respir J. 2001
Aug;18(2):402-19.
[18] Martinez-Moragon E, Aparicio J, Sanchis J, Menendez R, Cruz Rogado M, Sanchis F.
Malignant pleural effusion: prognostic factors for survival and response to chemical
pleurodesis in a series of 120 cases. Respiration 1998;65:108—13

99

100

Principles and Practice of Cardiothoracic Surgery

[19] Estenne M, Yernault JC, DeTroyer A. Mechanism of relief of dyspnoea after thora‐
centesis in patients with large pleural effusions. Am J Med 1983; 74: 813–819.
[20] Sahn SA. Malignancy metastatic to the pleura. Clin Chest Med 1998;19(2):351–361.
[21] Blackmore CC, Black WC, Dallas RV, Crow HC. Pleural fluid volume estimation: a
chest radiograph prediction rule. Acad Radiol. 1996;3(2):103-109.
[22] Qureshi NR, Gleeson FV. Imaging of pleural disease. Clin Chest Med. 2006;27(2):
193-213.
[23] Shannon VR, Eapen GA, Jimenez CA, et al. Respiratory complications. In: Kufe DW,
Blast Jr RC, Hait WN, et al., eds. Cancer Medicine 7. 7th edition. Philadelphia, PA,
USA: BC Decker Inc;2006:2150-2173.
[24] Koh DM, Burke S, Davies N, Padley SP: Transthoracic US of the chest: clinical uses
and applications. Radiographics 2002; Jan-Feb;22(1):e1.
[25] Heffner JE, Klein JS, Hampson C. Diagnostic utility and clinical application of imag‐
ing for pleural space infections. Chest. 2010;137:467-479.
[26] Mergo PJ, Helmberger T, Didovic J, et al: New formula for quantifi cation of pleural
effusions from computed tomography. J Thorac Imaging 1999; 14:122–125.
[27] Mori K, Hirose T, Machida S, et al. Helical computed tomography diagnosis of pleu‐
ral dissemination in lung cancer: comparison of thick-section and thin-section helical
computed tomography. J Thorac Imaging 1998;13(3):211–218.
[28] Marom EM, Erasmus JJ, Pass HI, Patz EF Jr. The role of imaging in malignant pleural
mesothelioma. Semin Oncol 2002;29(1): 26–35.
[29] Davis SD, Henschke CI, Yankelevitz DF, et al: MR imaging of pleural effusions. J
Comput Assist Tomogr 1990;14:192–198.
[30] Gupta NC, Rogers JS, Graeber GM, et al. Clinical role of F-18 fluorodeoxyglucose
positron emission tomography imaging in patients with lung cancer and suspected
malignant pleural effusion. Chest 2002;122(6):1918–1924.
[31] Shamus R. Carr and Joseph S. Friedberg Malignant Effusions Oncology: An Evi‐
dence-Based Approach Editors Alfred E. Chang,Patricia A. Ganz,Daniel F.
Hayes,Timothy Kinsella,Harvey I. Pass,Joan H. Schiller,Richard M. Stone,Victor Stre‐
che ;2006, Section seven, 1527-1534,
[32] Light RW. Pleural effusion. N Engl J Med 2002;346:1971–7.
[33] Light RW, MacGregor MI, Luchsinger PC, Ball WC Jr. Pleural effusions: the diagnos‐
tic separation of transudates and exudates. Ann Intern Med 1972;77(4):507–513.
[34] Burgess LJ, Maritz FJ, Taljaard JJ. Comparative analysis of the biochemical parame‐
ters used to distinguish between pleural transudates and exudates. Chest 1995;107(6):
1604–1609.

Management of Malignant Pleural Effusion
http://dx.doi.org/10.5772/54441

[35] Romero S, Candela A, Martin C, Hernandez L, Trigo C, Gil J. Evaluation of different
criteria for the separation of pleural transudates from exudates. Chest 1993;104(2):
399–404.
[36] Heffner JE, Highland K, Brown LK. A meta-analysis derivation of continuous likeli‐
hood ratios for diagnosing pleural fluid exudates. Am J Respir Crit Care Med.
2003;167(12):1591-1599.
[37] Porcel JM, Alvarez M, Salud A, Vives M. Should a cytologic study be ordered in tran‐
sudative pleural effusions? Chest. 1999;116:1836-1837.
[38] Ashchi M, Golish J, Eng P, O’Donovan P. Transudative malignant pleural effusions:
prevalence and mechanisms. South Med J. 1998;91:23-26.
[39] Heffner JE, Klein JS.Recent advances in the diagnosis and management of malignant
pleural effusions. Mayo Clin Proc. 2008 Feb;83(2):235-50
[40] Romero-Candeira S, Fernandez C, Martin C, et al. Influence of diuretics on the con‐
centration of proteins and other components of pleural transudates in patients with
heart failure. Am J Med 2001;110:681–6.
[41] Keller RR: Once more: Light’s criteria revisited. Respiration 2000;67:11–12.
[42] Heffner JE, Brown LK, Barbieri CA: Diagnostic value of tests that discriminate be‐
tween exudative and transudative pleural effusions. Chest 1997;111:970–980.
[43] Ferrer J, Roldan J, Teixidor J, et al. Predictors of pleural malignancy in patients with
pleural effusion undergoing thoracoscopy. Chest 2005; 127:1017–22.
[44] Abouzgheib W, Bartter T, Dagher H, Pratter M, Klump W. A prospective study of the
volume of pleural fluid required for accurate diagnosis of malignant pleural effusion.
Chest. 2009;135:999-1001.
[45] Swiderek J, Morcos S, Donthireddy V, et al. Prospective study to determine the vol‐
ume of pleural fluid required to diagnose malignancy. Chest. 2010;137:68-73.
[46] Ong KC, Indumathi V, Poh WT, Ong YY. The diagnostic yield of pleural fluid cytolo‐
gy in malignant pleural effusions. Singapore Med J. 2000; 41(1):19-23.
[47] Loddenkemper R. Thoracoscopy—–state of the art. Eur Respir J 1998;11:213—21.
[48] Prakash UB, Reiman HM. Comparison of needle biopsy with cytologic analysis for
the evaluation of pleural effusion: analysis of 414 cases. Mayo Clin Proc 1985;60:158
—64.
[49] Starr RL, Sherman ME: The value of multiple preparations in the diagnosis of malig‐
nant pleural effusions. A cost-benefi t analysis. Acta Cytol 1991;35:533–537.
[50] Ruckdeschel JC. Management of malignant pleural effusions. Semin Oncol 1995;22:
58—63.

101

102

Principles and Practice of Cardiothoracic Surgery

[51] Light RW. Management of pleural effusions. J Formos Med Assoc 2000;99(7):523–531.
[52] Celikoglu F, Teirstein AS, Krellenstein DJ, Strauchen JA. Pleural effusion in nonHodgkin’s lymphoma. Chest 1992;101(5):1357–1360.
[53] Prakash UB, Reiman HM. Comparison of needle biopsy with cytologic analysis for
the evaluation of pleural effusion: analysis of 414 cases. Mayo Clin Proc 1985;60(3):
158–164.
[54] Canto A, Rivas J, Saumench J, Morera R, Moya J. Points to consider when choosing a
biopsy method in cases of pleurisy of unknown origin. Chest 1983;84(2):176–179.
[55] Chakrabarti B, Ryland I, Sheard J, Warburton CJ, Earis JE. The role of Abrams percu‐
taneous pleural biopsy in the investigation of exudative pleural effusions. Chest.
2006;129(6):1549-1555.
[56] McLean AN, Bicknell SR, McAlpine LG, Peacock AJ. Investigation of pleural effu‐
sion: an evaluation of the new Olympus LTF semiflexible thoracofiberscope and
comparison with Abram’s needle biopsy. Chest. 1998;114(1):150-153.
[57] Maskell NA, Gleeson FV, Davies RJ. Standard pleural biopsy versus CT-guided cut‐
ting-needle biopsy for diagnosis of malignant disease in pleural effusions: a rando‐
mised controlled trial. Lancet. 2003;361(9366):1326-1330.
[58] Sahn SA. Thoracentesis and pleural biopsy. In: Shelhamer J, Pizzo PA, Parillo JE, Ma‐
sur H, eds Respiratory disease in the immunosuppressed host. Philadelphia, J.B. Lip‐
pincott, 1991; p. 129.
[59] Villena V, Lopez Encuentra A, De Pablo A, et al. Ambulatory diagnosis of the pa‐
tients requiring a pleural biopsy. Study of 100 consecutive cases Arch Bronconeumol
1997; 33: 395–8.
[60] Lesho EP, Roth BJ: Is pH paper an acceptable, low-cost alternative to the blood gas
analyzer for determining pleural fl uid pH? Chest 1997;112:1291–1292.
[61] Sahn SA, Good JT Jr. Pleural fluid pH in malignant effusions: diagnostic, prognostic,
and therapeutic implications. Ann Intern Med 1988; 108: 345–349.
[62] Sanchez-Armengol A, Rodriguez-Panadero F. Survival and talc pleurodesis in meta‐
static pleural carcinoma, revisited. Chest 1993; 104: 1482–1485.
[63] Rodriguez-Panadero F, Lopez-Mejias L. Low glucose and pH levels in malignant ef‐
fusions; diagnostic significance and prognostic value in respect to pleurodesis. Am
Rev Respir Dis 1989; 139: 663–667.
[64] Good JT, Taryle DA, Sahn SA. The pathogenesis of low glucose, low pH malignant
effusions. Am Rev Respir Dis 1985; 131: 737–741.
[65] Rodriguez-Panadero F, Lopez-Majias L. Survival time of patients with pleural meta‐
static carcinoma predicted by glucose and pH studies. Chest 1989; 95:320–324.

Management of Malignant Pleural Effusion
http://dx.doi.org/10.5772/54441

[66] Sahn SA: State of the art. The pleura. Am RevRespir Dis 1988;138:184–234.
[67] Yam LT: Diagnostic signifi cance of lymphocytes in pleural effusions. Ann Intern
Med 1967;66:972–982.
[68] Martinez-Garcia MA, Cases-Viedma E, Cordero-Rodriguez PJ, et al: Diagnostic utili‐
ty of eosinophils in the pleural fluid. Eur Respir J 2000;15:166–169.
[69] Light RW, Erozan YS, Ball WC Jr: Cells in pleural fluid. Their value in differential di‐
agnosis. Arch Intern Med 1973;132:854–860.
[70] Siyamek Neragi-Miandoab Malignant pleural effusion, current and evolving ap‐
proaches for its diagnosis and management Lung Cancer 2006; 54, 1—9
[71] Terracciano D, Di Carlo A, Papa P, et al. New approaches in the diagnostic proce‐
dure of malignant pleural effusions. Oncol Rep 2004;12:79—83.
[72] Metintas M, Ozdemir N, Solak M, et al. Chromosome analysis in pleural effusions.
Efficiency of this method in the differential diagnosis of pleural effusions. Respira‐
tion 1994;61:330—5.
[73] Grove CS, Lee YC: Vascular endothelial growth factor: the key mediator in pleural
effusion formation. Curr Opin Pulm Med 2002;8:294–301.
[74] Cheng D, Lee YC, Rogers JT, et al: Vascular endothelial growth factor level correlates
with transforming growth factor-beta isoform levels in pleural effusions. Chest
2000;118:1747–1753.
[75] Grogan DR, Irwin RS, Channick R, et al. Complications associated with thoracentesis.
A prospective, randomized study comparing three different methods. Arch Intern
Med 1990;150:873—7.
[76] Thomsen TW, DeLaPena J, Setnik GS. Videos in clinical medicine: thoracentesis. N
Engl J Med. 2006;355(15):e16.
[77] McVay PA, Toy PTCY. Lack of increased bleeding after paracentesis and thoracente‐
sis in patients with mild coagulation abnormalities. Transfusion 1991; 31:164–717.
[78] Putnam JB. Management of malignant pleural effusion: Sclerosis or chronic tube
drainage. In: Ferguson MK. (ed.) Difficult Decisions in Thoracic Surgery. London:
Springer; 2007. p 414-422
[79] Feller-Kopman D, Berkowitz D, Boiselle P, Ernst A. Large-volume thoracentesis and
the risk of reexpansion pulmonary edema. Ann Thorac Surg.2007;84:1656-1661.
[80] Aaron M. Cheng, Douglas E. Wood Surgical and Endoscopic Palliation of Advanced
Lung Cancer Surg Oncol Clin N Am 20 (2011) 779–790
[81] Tassi GF, Davies RJ, Noppen M. Advanced techniques in medical thoracoscopy. Eur
Respir J. 2006;28(5):1051-1059.

103

104

Principles and Practice of Cardiothoracic Surgery

[82] Mathur PN, Astoul P, Boutin C. Medical thoracoscopy: technical details. Clin Chest
Med. 1995;16(3):479-486.
[83] Ernst A, Hersh CP, Herth F, et al. A novel instrument for the evaluation of the pleu‐
ral space: an experience in 34 patients. Chest. 2002;122(5):1530-1534.
[84] Munavvar M, Khan MA, Edwards J, Waqaruddin Z, Mills J. The autoclavable semi‐
rigid thoracoscope: the way forward in pleural disease? Eur Respir J. 2007;29(3):
571-574
[85] Lewis RJ, Caccavale RJ, Sisler GE, MacKenzie JW. Video-assisted thoracic surgical re‐
section of malignant lung tumors. J Thorac Cardiovasc Surg 1992;104(6):1679–1685;
discussion 1685–1687.
[86] Cardillo G, Facciolo F, Carbone L, et al. Long-term follow-up ofvideo-assisted talc
pleurodesis in malignant recurrent pleural effusions. Eur J Cardiothorac Surg
2002;21(2):302–305; discussion 305–306. ).
[87] Loddenkemper R, Boutin C. Thoracoscopy: diagnostic and therapeutic indications.
Eur Respir J 1993; 6:1544-1555
[88] Harris RJ, Kavuru MS, Rice TW, Kirby TJ. The diagnostic and therapeutic utility of
thoracoscopy: a review. Chest 1995; 108: 828–841.
[89] Boutin C, Viallat JR, Cargnino P, Farisse P. Thoracoscopy in malignant pleural effu‐
sions. Am Rev Respir Dis 1981; 124: 588–592.
[90] Oldenburg FA Jr, Newhouse MT. Thoracoscopy: a safe accurate diagnostic proce‐
dure using the rigid thoracoscope and local anesthesia. Chest 1979; 75: 45–50.
[91] Menzies R, Charbonneau M. Thoracoscopy for thediagnosis of pleural disease. Ann
Intern Med 1991;114: 271–276.
[92] Canto A, Blasco E, Casillas M, et al. Thoracoscopy in the diagnosis of pleural effu‐
sions. Thorax 1977; 32: 550–554.
[93] Kelly P, Fallouh M, O9Brien A, Clancy L. Fibreoptic bronchoscopy in the manage‐
ment of lone pleural effusion: a negative study. Eur Respir J 1990; 3: 397–398.
[94] Feinsilver SH, Barrows AA, Braman SS. Fiberoptic bronchoscopy and pleural effu‐
sion of unknown origin. Chest 1986; 90: 516–519.
[95] Poe RH, Levy PC, Israel RH, Ortiz CR, Kally MC. Use of fiberoptic bronchoscopy in
the diagnosis of bronchogenic carcinoma: a study in patients with idiopathic pleural
effusions. Chest 1994; 105: 1663–1667.
[96] Rusch VW, Mountain C. Thoracoscopy under regional anesthesia for the diagnosis
and management of pleural disease. Am J Surg 1987;154(3):274–278.

Management of Malignant Pleural Effusion
http://dx.doi.org/10.5772/54441

[97] Hucker J, Bhatnagar NK, al-Jilaihawi AN, Forrester-Wood CP. Thoracoscopy in the
diagnosis and management of recurrent pleural effusions. Ann Thorac Surg
1991;52(5):1145–1147.
[98] Bielsa S, Martin-Juan J, Porcel JM, Rodriguez-Panadero F. Diagnostic and prognostic
implications of pleural adhesions in malignant effusions. J Thorac Oncol.
2008;3:1251-1256
[99] Fentiman IS, Millis R, Sexton S, Hayward JL. Pleural effusion in breast cancer: a re‐
view of 105 cases. Cancer 1981;47:2087—92.
[100] Detterbeck FC, Boffa DJ, Tanoue LT. The new lung cancer staging system. Chest
2009;136(1):260–71
[101] Heffner JE, Nietert PJ, Barbieri C. Pleural fluid pH as a predictor of survival for pa‐
tients with malignant pleural effusions. Chest 2000;117:79–86.).
[102] Charpidou A., Harrington KJ, Syrigos KN. Management of Malignant Pleural Effu‐
sions. In: Syrigos KS., Nutting CM, Roussos C. (eds.) Tumors of the Chest Biology,
Diagnosis and Management. Berlin: Springer; 2006. P563-573.
[103] Sorenson PG., Svendsen TL, Enk B. Treatment of malignant pleural effusion with
drainage, with and without instillation of talc. Eur J Respir Dis. 1984;65:131–5.
[104] Groth G., Gatzemeier U, Haussingen K, et al. Intrapleural palliative treatment of ma‐
lignant pleural effusions with mitoxantrone versus placebo (pleural tube alone). Ann
Oncol. 1991; 2: 213–5.
[105] Tarver RD., Broderick LS, Conces DJ Jr. Reexpansion pulmonary edema. J Thorac
Imaging 1996; 11: 198–209
[106] Sprung CL., Loewenherz JW, Baier H, Hauser JM. Evidence for increased permeabil‐
ty in re-expansion pulmonary edema. Am J Med 1981; 71: 497
[107] Clementsen P., Evald T, Grode G, et al. Treatment of malignant pleural effusion:
pleurodesis using a small percutaneous catheter. A prospective randomized study.
Respir Med. 1998; 92: 593–6.
[108] Goff BA., Mueller PR, Muntz HG, et al. Small chest-tube drainage followed by bleo‐
mycin sclerosis for malignant pleural effusions. Obstet Gynecol. 1993; 81: 993–6.
[109] Chen YM., Shih JF, Yang KY, et al. Usefulness of pig-tail catheter for palliative drain‐
age of malignant pleural effusions in cancer patients. Support Care Canc. 2000; 8:
423–6.
[110] Parulekar W., Di Primio G, Matzinger F, et al. Use of small-bore vs. large-bore chest
tubes for treatment of malignant pleural effusions. Chest. 2001; 120: 19–25.

105

106

Principles and Practice of Cardiothoracic Surgery

[111] Caglayan B., Torun E, Turan D, et al. Efficacy of iodopovidone pleurodesis and com‐
parison of small-bore catheter versus large bore chest tube. Ann Surg Oncol. 2008; 15:
2594–9.
[112] Marom EM., Patz EF Jr, Erasmus JJ, McAdams HP, Goodman PC, Herndon JE. Ma‐
lignant pleural effusions: treatment with small-bore-catheter thoracostomy and talc
pleurodesis. Radiology 1999; 210: 277–281.
[113] Bloom AI., Wilson MW, Kerlan RK Jr, Gordon RL, LaBerge JM. Talc pleurodesis
through small-bore percutaneous tubes. Cardiovasc Intervent Radiol 1999; 22: 433–
436.
[114] Perpina M., Benlloch E, Marco V, Abad F, Nauffal D. Effect of thoracentesis on pul‐
monary gas exchange. Thorax 1983; 38: 747–750.
[115] Sahn SA. Management of malignant pleural effusions. Monaldi Arch Chest Dis 2001;
56: 394–399.
[116] Yim AP., Chung SS, Lee TW, Lam CK, Ho JK. Thoracoscopic management of malig‐
nant pleural effusions. Chest 1996; 109: 1234–1238.
[117] Wong PS., Goldstraw P. Pleuroperitoneal shunts. Br J Hosp Med 1993; 50: 16–21.
[118] Dryzer SR., Allen ML, Strange C, et al. A comparison of rotation and nonrotation in
tetracycline pleurodesis. Chest 1993;104:1763–9.
[119] Mager HJ., Maesen B, Verzijlbergen F, et al. Distribution of talc suspension during
treatment of malignant pleural effusion with talc pleurodesis. Lung Cancer. 2002; 36:
77–81.
[120] Walker-Renard P., Vaughan LM, Sahn SA. Chemical pleurodesis for malignant pleu‐
ral effusions. Ann Intern Med. 1994; 120: 56–64.
[121] Viallat J-R., Rey F, Astoul P, Boutin C. Thoracoscopic talc poudrage pleurodesis for
malignant effusions. A review of 360 cases. Chest 1996; 110: 1387–93.
[122] Kilic D, Akay H, Kavukçu S, Kutlay H, Cangir AK, Enön S, Kadilar C. Management
of Recurrent Malignant Pleural Effusion with Chemical Pleurodesis Surg Today.
2005; 35: 634-8
[123] Dresler CM., Olak J, Herndon JE II, Richards WG, Scalzetti E, Fleishman SB, Ker‐
nstine KH, Demmy T, Jablons DM, Kohman L, Daniel TM, Haasler GB, Sugarbaker
DJ. Phase III intergroup study of talc poudrage vs talc slurry sclerosis for malignant
pleural effusion. Chest 2005; 127: 909–915.
[124] de Campos JR., Vargas FS, de Campos Werebe E, Cardoso P, Teixeira LR, Jatene FB,
Light RW Thoracoscopy talc poudrage: a 15-year experience. Chest 2001; 119: 801–
806.

Management of Malignant Pleural Effusion
http://dx.doi.org/10.5772/54441

[125] Kennedy L., Rusch VW, Strange C, Ginsberg RJ, Sahn SA. Pleurodesis using talc slur‐
ry. Chest 1994; 106: 342–346
[126] Ferrer J., Villarino MA, Tura JM, Traveria A, Light RW. Talc preparations used for
pleurodesis vary markedly from one preparation to another. Chest 2001; 119: 1901–
1905
[127] Herrington JD., Gora-Harper ML, Salley RK. Chemical pleurodesis with doxycycline
1 g. Pharmacotherapy 1996; 16: 280–285.
[128] Diacon AH, Wyser C, Bolliger CT, Tamm M, Pless M, Perruchoud AP, et al. Prospec‐
tive randomized comparison of thoracoscopic talc poudrage under local anesthesia
versus bleomycin instillation for pleurodesis in malignant pleural effusions. Am J Re‐
spir Crit Care Med 2000; 162: 1445–9.
[129] Felletti R, Ravazonni C. Intrapleural Corynebacterium parvum for malignant pleural
effusions. Thorax 1983; 38: 22–4.
[130] Pollak JS. Malignant pleural effusions: treatment with tunneled long-term drainage
catheters. Curr Opin Pulm Med 2002; 83: 2—7.
[131] Pien GW., Gant MJ, Washam CL. Sterman DH. Use of an implantable pleural cathe‐
ter for trapped lung syndrome in patients with malignant pleural effusion. Chest
2001; 119: 1641—6.
[132] Petrou M., Kaplan D, Goldstraw P. Management of recurrent malignant pleural effu‐
sions. The complementary role of talc pleurodesis and pleuroperitoneal shunting.
Cancer (Phila) 1995; 75: 801–805.
[133] Lee KA, Harvey JC, Reich H, Beattie EJ. Management of malignant pleural effusions
with pleuroperitoneal shunting. J Am Coll Surg 1994; 178: 568–586.
[134] Ponn RB., Blancaflor J, D’Agostino RS, Kiernan ME, Toole AL, Stern H. Pleuroperito‐
neal shunting for intractable pleural effusions. Ann Thorac Surg 1991; 51: 605–609
[135] Antony VB., Loddenkemper R, Astoul P, et al. Management of malignant pleural ef‐
fusion. Am J Respir Crit Care Med 2000; 162: 1987.
[136] Perng RP, Chen YM, Wu MF, et al. Phase II trial of intrapleural paclitaxel injection
for non-small-cell lung cancer patients with malignant pleural effusions. Respir Med.
1998; 92: 473–9.
[137] Kvale PA., Simoff M, Prakash UBS. Palliative care. Chest 2003; 123: 284
[138] Rosso R, Rimoldi R, Salvati F. İntrapleural natural beta interferon in the treatment of
malignant pleural effusions. Oncology 1988; 45: 253.
[139] Marrazzo A., Noto A, Casà L, Taormina P, Lo Gerfo D, David M, Mercadante S. Vid‐
eo-Thoracoscopic Surgical Pleurodesis in the Management of Malignant Pleural Effu‐

107

108

Principles and Practice of Cardiothoracic Surgery

sion: The Importance of an Early Intervention J Pain Symptom Manage. 2005 ; 30:
75-9.
[140] Trotter D, Aly A, Siu L, Knight S. Video-assisted thoracoscopic (VATS) pleurodesis
for malignant effusion: an Australian teaching hospital’s experience. Heart Lung and
Circulation 2005; 14: 93–97.
[141] Gu LJ, Wang WJ. Comparative study of video-assisted thoracoscopic surgery vs
thoracic tube drainage in synthetic therapy for malignant pleural effusion secondary
to non-small cell lung cancer. Nan Fang Yi Ke Da Xue Xue Bao 2006; 26: 1023–1026
[142] Luh SP, Chen CY, Tzao CY. Malignant pleural effusion treatment outcomes: pleurod‐
esis via video-assisted thoracic surgery versus tube thoracostomy. Thorac Cardiovasc
Surg 2006; 54: 332–336
[143] Crnjac A. The significance of thoracoscopic mechanical pleurodesis for the treatment
of malignant pleural effusions. Wien Klin Wochenschr 2004; 116: 28–32
[144] Neragi-Miandoab S. Surgical and other invasive approaches to recurrent pleural ef‐
fusion with malignant etiology. Support Care Cancer. 2008 Dec;16(12):1323-31.
[145] Rusch VW. Pleurectomy/decortication in the setting of multimodality treatment for
diffuse malignant pleural mesothelioma. Semin Thorac Cardiovasc Surg 1997; 9: 367–
372.
[146] Bernard A, de Dompsure R, Hagry O, Favre J. Early and late mortality after pleurod‐
esis for malignant pleural effusion. Ann Thorac Surg 2002; 74: 213–217.
[147] Brega-Massone P, Conti B, Magnani B, Ferro F, Lequglie C. Minimally invasive
thoracic surgery for diagnostic assessment and palliative treatment in recurrent neo‐
plastic pleural effusion. Thorac Cardiovasc Surg 2004; 52: 191–195.

