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ABSTRACT

In this review, the causes of pleural effusion were discussed. Pleural reactions and tumors were explained 

in the tables. Subsequently, radiographic findings and their role of guidance in the interventional 

procedures were briefly mentioned. Surgical diagnosis and treatment methods were explained. 

Malignant mesothelioma was discussed under a separate title. In the end, pleurodesis, a commonly used 

method in patients with malignant pleural effusion, was discussed.
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Introduction and Etiology

The characteristic of malignant pleural effusion (MPE) 
is the presence of cancerous cells in pleural fluid or 
pleural tissue obtained at percutaneous needle biopsy or 
thoracoscopy, thoracotomy, or autopsy. Malignant pleu-
ral effusion is a highly morbid disease [1,2]. 80% of 
MPEs are caused by lung, breast, over, gastrointestinal 
cancers, and lymphomas. Primary malignancy may not 
be detected in about up to 10% of MPEs. 95% is uni-
lateral. Lung cancer is the leading causes of MPE [1,2]. 

Almost all tumor types may cause a malignant pleu-
ral effusion. The prognosis is based on tolerability of 
the patients to systemic treatment; however, the pres-
ence of malignant effusion is not associated with patho-
logic diagnosis or indication for poor prognosis. There 
is no specific guideline for the treatment of malignant 
pleural effusion and evidence to dope out the survival of 

these patients [3]. The development of pleural effusion 
in a cancer patient does not indicate that this fluid is ma-
lignant. This may be due to atelectasis and pneumonia, 
due to bronchial constriction, or as a side effect of se-
vere malnutrition, cardiac failure, chemotherapy drugs, 
or radiotherapy.

Table 1. List of the conditions that lead to pleural effusion 
via causing a pleural reaction [4].
Pleural infection
Radiation
Surgery
Trauma
Intracavitary therapies
Collagen vascular diseases
Systemic rheumatic diseases
Subpleural parenchymal diseases
Pneumothorax
Drug reactions
Pancreatitis
Uremia
Pneumoconiosis

Rare pleural malignant tumors may also cause ma-
lign pleural effusion besides malignant mesothelioma 
and other common pleural tumors (Table 3).
Table 3. Malign tumors of pleura other than mesothelioma [6].
Localized malignant mesothelioma
Epithelioid hemangioendothelioma
Pleural angiosarcoma
Synovial sarcoma
Hemangiopericytomas
Primary smooth muscle tumor of pleura
Pseudomesotheliomatous angiosarcoma 
Primary pleural liposarcoma
Non-skeletal primary myxoid chondrosarcoma of the 
pleura 
Primary pleural thymoma
Primary pleural squamous cell carcinoma
Pleural primary melanoma
Malignant peripheral nerve sheath tumor
Pluronic chondroblastic osteosarcoma
Pleural mucoepidermoid tumor
Carcinosarcoma of Pleura
Pleural adenosquamous carcinoma

Radiological Findings

Posterior-Anterior Lung Graph;

The mediastinum is shifted to the rightward. 200-300 
cc fluid is sufficient for blunting the costodiaphragmatic 
recess. Lateral chest graph, lateral decubitus graph or 
USG are crucial at the differential diagnosis of fluid, 
atelectasis, pneumonia, and pleural thickening. On PA 
roentgenogram the affected hemithorax shows com-
pletely homogeneous density.

When the collection was too much, the entire hemi-
thorax is covered with homogeneous density and me-
diastinum was pushed to the opposite side. Chest x-ray 
appearance in intrapulmonary pleurisy mimics a dia-
phragm elevation [7].

Table 2. World Health Organization classification of pleural cancers [5].
A-Mesothelial Tumors B-Lymphoproliferative Diseases C-Mesenchymal Tumors
1-Diffuse malignant mesothelioma
     Epithelioid mesothelioma
     Sarcomatoid mesothelioma
     Desmoplastic mesothelioma
     Biphasic mesothelioma
2-Localized malignant mesothelioma
3-Other tumors of mesothelial origin
     Well-differentiated papillary mesothelioma
     Adenomatoid tumor

1.Primary effusion lymphoma
2. Lymphoma with pyothorax

1-Epitheloid   hemangioendothelioma
     angiosarcoma
2-Synovial sarcoma
    Biphasic
    Monophasic
3-Solitary fibrous tumor
4-Calcifying tumor of pleura
5-Desmoplastic small round cell tumor
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Figure 1. Chest x-rays showing pleural effusion.

Thorax ultrasonography

Using the B-Mode technique, the echo waves reflected 
from intra-thoracic structures are evaluated with the 
guidance of intercostal windows. The application pro-
cess is easy, and sonographer can get results after the 
evaluation (Figure 2). Initial indications: Ultrasonogra-
phy is essential in the diagnosis of localized fluids. It is 
critical to distinguish effusion locations to see pleural 
fluid without pleural thickening, before pleural biopsy 
or thoracic tube placement. It is used to determine the 
amount and localization of pleural effusion, to separate 
the pleural thickening from minimal pleural effusion 
and to obtain a parietal pleura biopsy. The preferences 
to use USG rather than computerized tomography in the 
pleural fluid could be summarised as follows: USG is 
easy and quick to handle, the patient does not take the 
radiation, it is cheap, and USG can be used as a guid-
ance to locate the thoracentesis. USG detects pleural 
fluid septations with higher sensitivity than CT [7].

Figure 2. Thorax ultrasonography showing pleural effusion.

Computerized Thorax Tomography

CT is important for the diagnosis of local fluids. Since 
computerized tomography (CT) has become widespread 
and accessible, it is generally the first choice after the 
chest x-ray. Computerized tomography is crucial in ev-
ery undiagnosed exudate fluid (Figure 3). In addition to 
exudate fluid, it is more useful at recognition and iden-
tification of the parenchymal pathology, pleural mass, 
and nodules [7].

Figure 3. Computerized thorax tomography showing pleural effu-

sion and thickening.

Surgical Diagnosis and Treatment Methods 

After the physical examination of the patient with pleu-
ral effusion, the above-mentioned radiological examina-
tions should be performed. If the patient has exposure to 
asbestos and there is a radiological suspicion of meso-
thelioma, these patients should also be assessed as de-
scribed in the section of the malignant pleural mesothe-
lioma. Transudate/exudate fluid differentiation should 
be made from the fluid collected via thoracentesis. Also, 
cytological, other biochemical, and microbiological ex-
aminations should be done. In doubt of malignancy, the 
patient should undergo bronchoscopy and interventional 
diagnostic procedures, according to results of tomogra-
phy [8]. The methods are as shown in table 4.

Table 4. Surgical diagnosis and treatment methods.
1. Thoracentesis
2. Closed Pleural Biopsy
3. Biopsy with Imaging (CT, USG, MR)
4. Thoracoscopy with local anesthesia 
5. VATS
6. Open Pleural Biopsy
7. Major Resection
8. Permanent Pleural Catheter / Pleuroperitoneal Shunt

1. Thoracentesis

The first procedure to perform in a patient with malignant 
pleural effusion is thoracentesis. Thoracentesis can be use-
ful for both diagnosis and elimination of the most common 
complaint, the dyspnea. Also, lung expansion capacity can 
be evaluated during the procedure. If the patient’s life ex-
pectancy is short (especially less than a month), then the 
treatment can be continued with evacuation thoracente-
sis. The ideal treatment choice should be tube thoracos-
tomy and pleurodesis. In many patients, fluid is drained 
via repeated thoracentesis to provide symptomatic relief. 
But there are some disadvantages of this implementation. 
First, the fluid is recollected shortly after thoracentesis. In 
addition, the risk of infection is high, and inoculations may 
develop in the pleural fluid (Figure 4). 
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Figure 4. Thoracentesis procedure.

For thoracentesis, preferred application location is 
intercostal space under the fluid level. In order not to 
damage the intercostal vein and nerve pack, the punch 
is applied from the upper part of the costa. Major com-
plications are cough, pneumothorax, chest pain, infec-
tion at the pleural cavity, hemothorax, vasovagal reflex 
stimulation (bradycardia, hypotension), and rarely dia-
phragm, liver or splenic injury [9].

2. Closed pleural biopsy

This technique can be applied with Abrams, Cope, Vim-
Silverman needles (Figure 5). This procedure, like tho-
racentesis, is performed via inserting the notched end 
of the pleural biopsy needle into the pleura and by per-
forming a biopsy with the drill inside. Diagnostic value 
of closed tubal pleura biopsy is 50-80%. If pleural fluid 
cytology is negative for malignant pleural fluid, a closed 
pleural needle biopsy may be performed, but in this case, 
the diagnosis rate is decreasing. A thoracoscopic biopsy 
is more commonly used in exudative pleural fluids that 
cannot be diagnosed instead of pleural needle biopsy. 
Thoracentesis and closed pleural biopsy can be done in 
outpatient clinics, but there are complication risks such 
as hemoptysis and hemothorax. Closed pleural biopsies 
are less preferred because of their low diagnostic yield 
and relatively high complications. This method can be 
preferable for the patients with tuberculous pleurisy [10].

Figure 5. Abrahams needle set.

3. Biopsy with imaging modalities

In the context of imaging modalities, especially with 
the guidance of thoracic tomography and thorax ultra-
sonography, a tru-cut biopsy is the preferred method 
with high diagnostic and low complication rate. MR 
and PET/CT guidance has begun to become the current 
method for biopsies [10].

4. Thoracoscopy with local anesthesia

Pleuroscopy method, thoracoscopy with local anesthesia, 
can be useful to take biopsies from pathological areas. 
Cryobiopsy, as a novel sampling method, which freezes 
the samples during flexible or rigid thoracoscopy, can be 
a new option in the undiagnosed effusions [10,11].

5. VATS

Video-Assisted Thoracoscopy (VATS) is frequently 
used due to its development in today’s state-of-art tech-
nology, which is the procedure performed under the 
preference sedoanalgesia or general anesthesia accord-
ing to the patient’s choice (Figure 6). 

With VATS, the hemithorax can be visualized in the 
best way, and the biopsies can be obtained with the high-
est diagnostic value. In selected eligible patients, partial 
pleurectomy can also be performed to provide lung ex-
pansions. The entire pleural field exploration is the proce-
dure which allows complete pleurodesis, including com-
plete confirmation of the lung expansion and application 
of talc with visual-assistance for the removal of the entire 
fluid. Thoracoscopy is a safe procedure and mortality is 
reported to be 0.1% in 1350 cases [3,12].

Figure 6. VATS procedure.

6. Open Pleural Biopsy

An open pleural biopsy may be performed in patients with 
pleural adhesions that are not appropriate for VATS. This 
procedure can also be performed under sedation, and local 
anesthesia where the general condition of the patient is not 
good and general anesthesia cannot be obtained [3]. 
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7. Major Resections 

Surgical options are VATS pleurodesis, VATS partial 
pleurectomy, pleurectomy / decortication, extended 
pleurectomy/decortication, and extrapleural pneumo-
nectomy. In some studies, mortality and survival advan-
tage has been shown to be comparable to the others in 
Extended Pleurectomy / Decortication surgery. How-
ever, there are prospective, randomized controlled tri-
als studies which show the comparison between these 
surgical options (3). In the past, these procedures were 
performed with open thoracotomy and also with VATS 
since the early 1990s. Pleurectomy is performed in two 
conditions. First one is the thoracotomy for pleural ef-
fusion that is not diagnosed. If malignancy is detected, 
immediate parietal pleurectomy is performed to prevent 
fluid accumulation. The second condition is persisting 
pleural effusion, and sclerosing agent cannot be applied 
due to the restricted lung. Parietal pleurectomy is per-
formed with decortication. Technically, dissection is 
advanced according to the location of the parietal pleu-
ral tumor. After reaching to the mediastinal surface, the 
primary aim should be not to damage the phrenic nerve, 
the recurrent laryngeal nerve, the sympathetic nerves 
or the stellate ganglia or vascular structures (Figure 7). 
Diagnosticians should care not to remove the diaphrag-
matic connection parts of the chest wall in the costo-
phrenic sinus, because the application is unnecessary 
and often impossible, and decortication should be added 
only if the visceral lung pleura is not expansive depend-
ing on the fibrin texture. Another major resection is ex-
trapleural pneumonectomy. Additional intra-operative 
or post-operative treatments should be performed when 
major resection is planned. These are hyperthermic in-
traoperative chemotherapy and photodynamic therapy. 
In addition, radiotherapy could be added [13,14]. 

Figure 7. Application of parietal pleurectomy with VATS.

8. Permanent Pleural Catheter / Pleuroperito-
neal Shunt

Persistent pleural catheters can be applied in cases where 
the pleural effusion cannot be drained, and the lung can-
not be expanded. And patients may be monitored in the 
outpatient clinic [15].  Permanent pleural catheters used 
more frequently in recent years and recommended for pa-
tients with frequent, recurrent, and inoperable pleurodesis 
[16]. The pleuroperitoneal shunt is another option when 
patients are symptomatic, pleurodesis cannot be per-
formed, and lung is not expansive. It is preferred in cases 
where the respiratory parameters are limited, the general 
condition is not very good, and the pleural function is not 
considered. It allows the lung to ventilate, prevents mu-
cous retention, atelectasis, and pneumonia. Tumor cells 
have a risk of spreading to the peritoneal cavity and shunt 
failure due to catheter blockage may happen [17].

Malignant Mesothelioma 

A separate section is needed to approach the patient with 
pleural effusion and doubt of malignant mesothelioma. 
Pleural effusion is usually the first clinical manifestation 
of malignant mesothelioma. The guidelines prepared by 
ERS and ESTS for diagnosis and treatment of malignant 
pleural mesothelioma include the following suggestions. 
Cytological examination in pleural effusions is the first 
choice in diagnosis. However, the cytological examina-
tion is not preferable for patients with doubt of the MPM, 
since the misdiagnosis rate is too high (Grade IB). When 
cytologically suspicious, this condition should be con-
firmed with tissue biopsy (Grade IB). Closed pleural 
biopsies (Abrams or Castelain’s needles) have a higher 
error rate, as in cytologic diagnosis. Thoracoscopy is 
recommended as a diagnostic method (Grade IA). With 
thoracoscopy, the entire pleura could be observed, and 
deep biopsies could be obtained from both normal and 
pathological areas (Figure 8). Fat and muscle invasions 
can also be detected during the procedure [18].

Figure 8. Surgically decorticated epithelioid type malign mesothe-

lioma.
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Pleurodesis
Side effects, cost-effectiveness, and ease of adminis-
tration should be considered in selecting the preferred 
agent for pleurodesis. The success rate of talc pleurode-
sis is high. Large particulate talc pleurodesis should be 
preferred to avoid possible ARDS-like complications.

Before the pleurodesis procedure, a diluted local anes-
thetic is delivered via tube thoracostomy. After that, a scle-
rosing agent dissolved or suspended in 50-100 ml of saline 
should be administered to the pleural cavity. With this meth-
od, the irritation pain of the patient during the procedure can 
be alleviated. After the procedure, the tube is clamped and 
left in this position for 3-4 hours. The tube can be aspirated 
so that it does not exceed 20 cm H2O pressure.

If the patient develops severe pain or shortness of 
breath after the procedure, the tube should be opened 
immediately, and the talc should be drained. If the 
drainage falls below 50-100 ml, the tube thoracostomy 
should be terminated [19].

Pleurodesis can also be done with VATS technique. 
During VATS for diagnostic purposes, in patients suspi-
cious for a pleural tumor or metastasis, frozen examination 
can be done. For those who will not undergo additional 
surgery, the fluid may be drained entirely, and talc may be 
applied after the adhesions have been removed [20].
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