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Introduction

Pleura is the serous membrane that lines the thoracic cavity 
and surrounds the lungs. The word “pleura” is derived 
from the Greek word “πλευρά” which defines the side. 
Interestingly, the same word is used in Greek to describe 
not the serosa but the ribs of the thoracic cavity, while the 
word “υπεζωκότας” (i.e., underlayer) more appropriately 
defines the membrane.

This smooth tissue membrane consists of two layers of 
mesothelium, which secrete serous fluid. The inner layer 
that covers the surface of lungs, separating the different 
lobes, is called the “visceral pleura” while the outer layer, 
which is attached to the inner surface of the chest wall and 
separates the pleural cavity from the mediastinum, is called 
the “parietal pleura” (1).

The intrapleural pressure is defined as “negative” because 
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Figure 1 Causes of pleural effusion. (A) Leading causes (2,3); (B) Common causes (4-6). PE, pulmonary embolism; CABG, coronary artery 
bypass graft.
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Figure 2 Comprehensive list of aetiologies of pleural effusions (1). 

it normally measures below the atmospheric pressure. This 
allows air to travel into the lungs during an inspiratory 
effort however it can also act as a vacuum for fluid, air and 
small particles from different parts of the body, allowing 
them to move into the pleural space and be retained in it, 
because of its ability to hold large amounts of liquid or air.

A pleural effusion is the result of fluid collection between 
the parietal and visceral pleural surfaces. Even though a 
thin layer of fluid is physiologically present in this space for 

purposes of lubrication and ease of movement of the lung 
during respiration, in pathophysiological circumstances 
the fluid can accumulate due to an imbalance of its normal 
flow, with either too much fluid produced or not enough 
removed. Pleural effusion can be a manifestation of many 
different conditions; the most common cause of pleural 
effusion in developed countries is congestive heart failure, 
followed by pneumonia and malignancy (2-6) (Figures 1-3).

Prompt diagnosis and management of pleural effusions 
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Figure 3 Pathophysiology of pleural effusion (7,8).

Filtration

The pleural space of each hemithorax normally contains 0.130 ± 06 mLkg−1 of hypo-oncotic fluid (composition of a 

microvascular filtrate with a protein content of approximately 1gdL−1). 

Pleural fluid is produced at the parietal pleural level, mainly in the less dependent regions of the cavity and is 

drained by the lymphatic network in the most dependent part of the cavity, on the diaphragmatic surface and in the 

mediastinal regions.

Its volume is a function of the equilibrium achieved between production and reabsorption rates for which normal 

values have been estimated at 0.01 to 0.02 mlkg−1h−1. 

Pleural fluid may also be generated from the visceral pleural, interstitial spaces of the lung or the peritoneal cavity in 

pathologic states. 

Animal studies have shown that the pleural surfaces are able to increase absorption of fluid from the pleural space 

in the event of increased production. Due to this increased rate of absorption, a 10-fold increase in filtration rate 

results in only 15-20% increase in steady-state pleural fluid volume. 

Extension of these findings to humans suggests that a 70kg adult should normally be able to reabsorb 470 mL of 

pleural fluid from each hemithorax per day.

The rate of reabsorption in further human studies, in patients with pleural effusions, has been estimated as 0.11 and 

0.36 mLkg−1h−1 per hemithorax.Intrapleural fluxes

Lymphatic drainage

will offer the best outcome. A comprehensive medical 
history and careful physical examination can guide the 
clinician to correctly determine the nature of the effusion 
and distinguish between a transudate or exudate. The 
distinction between the two is not only an important first 
step towards obtaining a definitive diagnosis but can also 
direct additional investigations (9) (Table 1).

Further investigations should be undertaken with a 
chest radiograph and transthoracic ultrasound. In the event 
of complicated effusions with pleural thickness and/or 
loculations or when there’s suspicion of embolization or 
malignancy as the cause of the effusion, further imaging 
with contrast enhanced computed tomography should be 
obtained. A CT scan should always be performed prior to 
planned surgical management (9).

When possible, a diagnostic pleural aspiration should be 
performed. Image guidance may be considered, especially 
in more complex effusions, as it not only increases the rate 
of success but it can also reduce unintended complications. 
Samples from the fluid are then sent for further biochemistry, 
cytology and microbiology controls (9) (Figure 4).

It is highly important that a systematic approach is 
undertaken during the investigation of pleural effusions to 
ensure that thorough checks have been performed which 
would lead to accurate diagnosis and appropriate treatment. 

Various algorithms have been proposed to guide clinicians 
navigate through the complex stages and evaluation and 
management (Figure 5), however, even after a complete 
investigation some patients will remain undiagnosed or 
diagnosed with “non-specific pleuritis”. Venekamp et al. 
contacted a retrospective study on 75 patients that had 
been previously diagnosed with “non-specific pleuritis” and 
found that 8.3% of them were eventually diagnosed with 
malignancy, over a 2-year follow-up period (14).

Treatment is based on the nature of the effusion and 
underlying condition while therapeutic thoracocentesis with 
nearly complete removal of the fluid collection alleviates 
symptoms in most circumstances. Patients unfit for invasive 
procedures (such as medical or surgical thoracoscopy) 
who remain undiagnosed, should stay under surveillance. 
A malignant process could be the underlying cause in a 
substantial number of undiagnosed effusions, thus routine 
follow-up is considered suitable.

Even though a small volume of pleural fluid can be 
found in the pleural space in physiological circumstances, 
the presence of air in the cavity is  always due to 
pathophysiological causes. This abnormal air collection 
in the chest is called pneumothorax and can either be the 
result of direct trauma or due to diseased lung parenchyma. 

Large amounts of liquid or air are not the only elements 
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Table 1 Diagnosis of pleural effusion (10)

Key diagnostic factors

Presence of risk factors

Dyspnoea

Dullness to percussion

Other diagnostic factors

Pleuritic chest pain

Cough

Decreased breath sounds

Decreased or absent tactile fremitus

Absence of voice transmission

Egophony

Friction rub

Mediastinal shift

Asymmetry of chest expansion

Risk factors

Strong

CHF

Pneumonia

Malignancy

Recent CABG surgery

Weak

Pulmonary embolism

Recent MI

Occupational lung disease

Rheumatoid arthritis

SLE

Hepatic cirrhosis

Renal failure

Pancreatitis

Drug induced

Chylothorax

CHF, congestive heart failure; MI, myocardial infarction; SLE, 
systemic lupus erythematosus.

in the thoracic cavity that can lead to pleural disorders. 
Asbestos, as well as other inhaled toxic particles, can be 
retained into the pleural cavity resulting to diseases such as 
mesothelioma. 

Asbestos is used to describe a group of naturally occurring 
fibrous minerals with exploitable physical properties such as 
strength, poor heat conduction and chemical resistance which 
had contributed to its widespread use in a variety of products, 

especially pipes and fittings (15). Asbestos exposure can most 
commonly manifest as benign pleural disease where pleural 
thickening may be encountered either in the form of well-
defined parietal pleural plaques or as diffuse visceral pleural 
thickening. In many developed countries, the deleterious 
effects of asbestos exposure to human health are only now 
being observed and understood as a minimum lag time of ten 
years from the first asbestos exposure is required to attribute 
pleural disease to asbestos (16). Those previously exposed to 
asbestos, in professional or social settings, have an increased 
risk of being diagnosed with malignant pleural mesothelioma 
and lung cancer, while definitive diagnosis can often have 
shattering health and psychosocial impacts, not only to the 
ones immediately affected but also their families, relatives 
and broader social circles. Although the use of asbestos has 
now been banned in many industrialized countries, workers 
continue to be exposed to it due to repair and removal work 
while, contrary to recommendations, asbestos remains in use 
in newly developing countries. Vigorous research is currently 
ongoing to help better understand the characteristics and 
global burden of asbestos-related disease.

Surgical management of benign pleural diseases

Localised fibrous tumours of the pleura

Localised fibrous tumours are benign pleural lesions that 
have similar appearance to mesotheliomas and were believed 
in early years to originate from mesenchymal cells, however 
it was later found that they arise from the submesothelial 
mesenchymal layer (17). Asbestos exposure has been 
associated with the disease, and even though reports have 
disputed the correlation between localised fibrous tumours 
and previous exposure to carcinogens (18), the possibility 
of direct or indirect occupational contact in the past should 
be considered. Asbestos exposure with a low to moderate 
elevation of fibre concentration in the lungs was determined 
at a high percentage of these patients, as shown in a study 
by Kayser et al. (19).

Surgical resection represents the treatment of choice. A 
complete excision of the mass with clear resection margins 
and minimal resection of lung parenchyma should be 
performed. Extrapleural dissection as well as chest wall 
and anatomical lung resections should be undertaken as 
appropriate while redo surgery is highly recommended in the 
event of recurrence. Intraoperative frozen section should also 
be performed whenever possible, to ensure clear resection 
margins. Video-assisted thoracoscopic surgery (VATS) is 
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Figure 4 Light criteria for classification of pleural effusions (11) (12). LDH, lactate dehydrogenase.

Pleural effusion (>1cm height on decubitus radiograph, US or CT) without clinically evident heart failure

Perform thoracentisis; measure pleural fluid protein and LDH

Is any of the Light criteria met? 

No -> Transudate.
Treat heart failure, 

cirrhosis or nephrosis

Yes -> Exudate.
Further diagnostic procedures required

Obtain pleural fluid glucose; ADA; total and differential cell counts; cytologic analysis; and, if 
suspected infection, pH and cultures

ADA > 40 per L (667nkat 
per L) and lymphocytic 

effusion

Consider antituberculous
treatment

No diagnosis

Perform helical chest CT

Positive helical CT: 
pulmonary embolism 

confirmed
No diagnosis

Consider bronchoscopy if 
haemoptysis, aletectasis

or pulmonary infiltrates are 
present

Symptoms improving?

No: consider pleural 
biopsy (blind, image-

guided or by 
thoracoscopy)

Yes: Observe

Suspected pancreatic 
pleural effusion or 

esophageal rupture

Pleural fluid amylase

Potential diagnosis (e.g. 
empyema, haemothorax, 

chylothorax)

Additional pleural fluid 
testing (cultures, 

haematocrit, triglycerides)

Figure 5 Algorithm for the evaluation of patients with pleural effusion (13). ADA, adenosine deaminase.

the procedure of choice for the majority of these lesions 
while open surgery is reserved for larger masses (20-24).  
Localized benign localised fibrous tumours are almost 
always cured with complete surgical resection, however 
recurrences can occur even after many years have passed 

from the time of the initial resection (25). 

Chylothorax

The accumulation of chylous fluid in the chest is called 



Journal of Visualized Surgery, 2017

© Journal of Visualized Surgery. All rights reserved.   J Vis Surg 2017;3:84jovs.amegroups.com

Page 6 of 14

“chylothorax”. It can be the result of leakage from 
the lymphatic vessels, and most frequently from the 
thoracic duct. Underlying causes include trauma (blunt 
or penetrating) in the area between the upper abdomen 
and neck, cardiothoracic surgery and other diseases, 
such as lymphoma (26-28). Treatment options range 
from conservative to surgical, as well as newly developed 
interventional radiological procedures. However, due 
to the rare occurrence of the disease, there have been 
no prospective studies conducted and its management 
algorithm varies, fitting to the setting in which it develops. 

Chylothorax can be difficult to differentiate from 
other pleural effusions. High-volume or rapidly occurring 
incidences can lead to dyspnoea, cough, chest pain, and 
hypovolaemia. Pleuritic pain and fever may be absent as chyle 
does not normally induce an inflammatory response (29).  
The clinical presentation is largely associated with 
nutritional deterioration, as a result of electrolyte, protein, 
lipid and vitamin depletion. Immunodeficiency and 
lymphopenia may also occur (30). Chylothorax should 
be considered in all patients with an appropriate history; 
thorough medical history taking is imperative.

Regardless of the approach, treatment should be started 
without delays; as many as half of patients left with untreated 
chylothorax are expected to die from ensuing complications 
(31,32). Generally, conservative treatment is initiated 
before more invasive measures are undertaken. The pleural 
cavity is drained from chyle by placement of an intercostal 
tube, while the patient follows a diet containing medium-
chain triglycerides, otherwise total parenteral nutrition is 
commenced. Octreotide/somatostatin can be also added 
to reduce production of chyle (33). When conservative 
management fails, surgical treatment is indicated. The time 
when the patient will be taken back to theatres can depend 
on the volume and duration of drainage, response (or lack 
thereof) to conservative measures and clinical deterioration. 
As no data exist that would form a guideline, the timing 
is more often decided by individual surgeon’s preference, 
taking also into consideration the risks of reoperation when 
chylothorax has resulted as a complication of a previous 
procedure.

Ligation of the thoracic duct is the most common 
surgical approach with a success rate at around 95% (34). 
Identifying the structure or the leak is the most difficult part 
of the procedure and it can become easier by administering 
cream intraoperatively, via a nasogastric tube. If the leak 
cannot be visualised then mass ligation in the presumed 
course of the thoracic duct is indicated as it can often lead 

to successful control of the leak. 
When chylothorax is presumed to be a post-operative 

complication, the decision regarding the side and type of 
the operation can be guided by the previous procedure or 
by drainage. In cases however when the origin of the leak is 
difficult to identify, special consideration is required before 
intervention, to avoid subjecting the patient to unnecessary 
procedures. A lymphangiogram can be requested prior 
to the operation, as it may detect the leak or even prove 
helpful in identifying abnormalities of the thoracic duct 
anatomy (the frequency of which can be as high as 40%). 
Lymphangiography can be difficult to perform and relies 
heavily on operator’s experience (35,36). For that reason, 
early surgical intervention is progressively chosen for 
treatment (37).

Surgical technique—thoracoscopic ligation of the thoracic duct

The patient is placed in lateral decubitus position with 
the operating table flexed to achieve optimal exposure of 
the posterior mediastinum. Adequate pain management 
can be reached with administration of bupivacaine 
0.25% as intercostal blocks, positioning of an epidural 
catheter is not necessary. The thoracoscope and the 
utility incisions can be placed according to individual’s 
surgeon preference, depending on their desired approach 
and previous experience. A lower incision at the level of 
the diaphragmatic dome is often necessary as it can be 
used to retract the diaphragm inferiorly, allowing better 
visualisation. The inferior pulmonary ligament is divided 
to allow further mobilisation of the lung. The mediastinal 
pleura posterior to the hilum is then dissected to increase 
exposure to the posterior mediastinum. Depending 
on the side of the procedure the appropriate plane is 
developed, either between the azygos vein (on the right) 
or the descending aorta (on the left) and the neighbouring 
structures of the posterior mediastinum. Blunt exploration 
in the area will reveal the thoracic duct as a thin, tube-
shaped, structure with occasional peristalsis. The duct is 
then dissected and clipped or stapled. If an adequate length 
of it is isolated, it can be excised and sent to histopathology 
for confirmation. Supra-diaphragmatic duct ligation has a 
success rate as high as 90% (38).

When the duct cannot be directly identified, mass 
ligation of fatty and lymphatic tissue is advised and fibrin 
glue can also be applied an adjunct to the ligation (39). 
Surgeons should be cautious not to deploy unnecessary 
clips as this can result in further injury and leak from a 
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rather fragile duct (40). Pleurodesis may also be undertaken 
to diminish the chance of recurrence (41). Normally two 
large bore chest drains are positioned to ensure sufficient 
drainage and complete lung re-expansion. Postoperatively, 
patients follow a medium-chain triglyceride (MCT) diet, 
the duration of which may vary as per surgeons’ preferences. 
Timing of drain removal is guided by the amount of 
drainage and successful lung re-expansion on post-operative 
chest films. Pleurodesis in not indicated in patients with 
prolonged effusions and trapped lung.

Haemothorax

Most haemothoraces typically occur after trauma however 
they could also be the result of disorders such as pulmonary 
embolism, aortic aneurysm ruptures, malignant metastatic 
disease or haemostatic abnormalities (42).

VATS allows washout of the cavity and removal of clots 
while it can also help identify and control the bleeding 
source. Furthermore, it allows precise placement of chest 
tubes under vision.

In patients with complicated injuries and when excessive 
or persistent bleeding is encountered, open thoracotomy 
should be undertaken, as it allows for thorough exploration. 
In non-traumatic cases of haemothorax, which can be due 
to cavitary disease, necrotic lung tissue, arteriovenous 
malformations and vascular abnormalities, the underlying 
disease should be appropriately treated (43). Double lumen 
intubation may not be an option in case of emergency and 
the extend of the undertaking should be balanced on the 

risks and benefits. Following control of the bleeding, the 
surgeon might decide to plan for a subsequent procedure to 
correct the underlying disease, after the patient is stabilised. 

Pneumothorax

Pneumothorax can cause partial or complete lung collapse 
while in extreme circumstances it can build up under such 
high pressure that it could stop blood returning to the heart, 
leading to circulatory failure and death, when it remains 
unrecognised and is not promptly treated (Table 2).

The diagnosis of pneumothorax is clinical at first 
instance, radiological confirmation should not delay 
treatment in the life-threatening conditions. Patients 
normally present with dyspnoea and/or pleuritic chest 
pain while small pneumothoraces may remain completely 
asymptomatic. Clinical examination findings include 
absence of tactile fremitus, reduced breath sounds and 
hyper-resonance on percussion.

Aet io logy,  s i ze ,  s ymptoms  and  e f f ec t s  o f  the 
pneumothorax will guide its treatment. A small, primary 
spontaneous pneumothorax that is asymptomatic can 
be safely monitored with follow-up imaging while 
larger, symptomatic primary pneumothoraces normally 
respond well to treatment with needle aspiration or tube 
drainage. Traumatic and secondary pneumothoraces may 
be sufficiently managed only with tube thoracostomy. 
Surgical management options are retained for prevention of 
recurrence or when conventional treatment fails to control 
the air leak or fully re-expand the collapsed lung.

Table 2 Aetiology of pneumothorax (1)

Primary spontaneous pneumothorax

Spontaneous rupture of subpleural apical blebs or bullae that result from smoking or that are inherited, in otherwise healthy individuals

During diving and high-altitude flying because of unequally transmitted pressure changes in the lung

Secondary spontaneous pneumothorax

In patients with underlying pulmonary disease (COPD, HIV-related Pneumocystis jirovecii infection, cystic fibrosis etc.)

Catamenial pneumothorax

Occurs rarely in premenopausal women or postmenopausal women taking estrogen

Traumatic pneumothorax

Common complication of penetrating or blunt chest injuries

Iatrogenic pneumothorax

Caused by medical interventions (transthoracic needle aspiration, thoracentesis, central venous catheter placement, mechanical 
ventilation, cardiopulmonary resuscitation)

COPD, chronic obstructive pulmonary disease.
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VATS pleurodesis is more favoured than open in the 
UK, even though a meta-analysis by Barker et al. showed a 
four-fold increase in recurrence rates with VATS compared 
to open (44). According to the British thoracic society 
guidelines, pleurectomy via an open thoracotomy has 
the lowest rate of recurrence (estimated approximately 
at 1%) in complex or recurrent pneumothoraces, while 
pleurectomy and pleural abrasion via VATS, even though 
better tolerated, has a recurrence rate estimated at around 
5% (45).

The principle in surgical management of pneumothorax 
remains unchanged since 1941 when Tyson and Crandall (46)  
described open thoracotomy for pleural abrasion, and 
1956 when Gaensler (47) introduced parietal pleurectomy 
for recurrent pneumothoraces: surgery aims to facilitate 
formation of adhesions between the lung and chest wall 
preventing air from accumulating in the pleural space, thus 
resulting to lung collapse. Apicectomy or bullectomy is also 
undertaken to minimise the rate of recurrence, by removing 
the most diseased parts of the lung parenchyma. Pleurodesis 
can be achieved also by chemical means with the use of 
sclerosing agents such as tetracycline derivatives, bleomycin, 
talc and others. 

Most surgeons perform minimally invasive procedures 
such as VATS or a transaxillary mini-thoracotomy for 
apical pleurectomy or abrasion. VATS is believed to offer 
advantages in pain management, shorter postoperative 
hospital stays and lesser costs, but no trial has offered 
definitive confirmation yet (45).

Pleural sepsis

Pleural infection is a serious clinical condition which affects 
approximately 65,000 patients every year in the UK and can 
result in mortality rates as high as 20% of reported cases. 
Of those who suffer with empyema, up to 40% may require 
surgical intervention for decontamination of the pleural 
space, and their hospital stay can extend to many weeks or 
months before the disease is under control (48).

Pleural effusion has been a challenge for physicians 
since it was first described by Imhotep in ancient Egypt at 
around 3000 BC. During the 19th century, pleural effusion 
was managed primarily via open thoracic drainage, until 
1876, when closed tube drainage was first described. The 
influenza epidemic which occurred between 1917–1919 
resulted in wider adoption of this technique. Introduction of 
antibiotics in the decade of the 1940s reduced the incidence 
of empyema and altered its bacteriology. Fibrinolytic 

therapy was first suggested in 1949. VATS techniques have 
been introduced only recently (49).

The selection of treatment as well as timing of 
intervention remains a debatable issue until today, among 
pulmonologists and thoracic surgeons (50). The fact that 
the overall incidence of pleural infection is increasing (51) 
in combination with data indicating that it mostly occurs 
in children and the elderly (52), raises the significance of 
establishing accurate diagnostic and treatment guidelines 
that will deliver timely and efficient results (49). Delay in 
initiating effective drainage may lead to increased mortality 
and morbidity (53).

Inflammation because of a respiratory tract infection, or 
due to either trauma or previous surgical chest intervention, 
can lead to fluid accumulation in the pleural cavity. The 
fluid may be sterile, but can progress to an empyema if left 
untreated. The development of parapneumonic effusions to 
an empyema has been described to follow three stages, over 
a period of 3–6 weeks. Stage 1 is defined as the exudative 
stage, stage 2 is the fibrinopurulent and loculated stage, 
while stage 3 is the chronic, organising, cortical stage. 
Lung entrapment and restriction of movement of the chest 
wall may result as empyema progresses. Eventually a thick 
fibrinous layer forms, encasing the lung and chest wall, 
creating a fibrothorax. Necrosis, formation of fistulae, as 
well as local and distant spread of the infection may also 
ensue (Table 3).

Decision making in the management of empyema is 
complex and not well standardised. Choice of treatment is 
based on the aetiology and the stage of the disease, taking 
into consideration the patient’s general condition. The 
basic management principles include systemic treatment of 
the underlying cause of infection and removal of infected 
fluid and tissue from the chest cavity. Surgical debridement 
can facilitate lung re-expansion at advanced stages of the 
disease while care should be taken to implement supportive 
measures that will improve the patient’s condition, thus 
preventing further complications or recurrence. 

Not all  patients will  be managed efficiently by 
therapeutic thoracentesis or tube thoracostomy, however 
these techniques may be implemented before undertaking 
a more definitive drainage procedure. Fibrinolytics (33), 
VATS and open surgery are all acceptable approaches for 
managing patients with large and complicated effusions as 
they offer low mortality rates and decreased need for re-
intervention (33).

In early stage empyema, chest tube drainage, antibiotics 
and fibrinolytic drugs are recommended; failure requires 
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Table 3 Guidelines for the management of parapneumonic effusions, based on the evaluation of risk factors for poor outcome (54)

Pleural anatomy
Pleural fluid 
microbiology

Pleural fluid 
chemical analysis

Perform 
drainage

Risk of poor 
outcome

Minimal effusion <10 mm on lateral decubitus radiograph, 
no loculations

Unknown culture and 
gram stain results

pH, glucose 
unknown

No Very low

Small to moderate effusion >10 mm but ½ the hemithorax 
on lateral decubitus radiograph, no loculations

Negative culture and 
gram stain results

pH >7.20, glucose 
>60 mg/dL

No Low

Large effusion >½ the hemithorax or associated loculations 
or pleural thickening

Positive culture and 
gram stain results

pH <7.20, glucose 
<60 mg/dL

Yes Moderate

Other Purulent pH <7.0 Yes High

Figure 6 Time scale for different stages of thoracic empyema and treatment (56). VATS, video-assisted thoracoscopic surgery.

Fibrinolysis	 /	VATS Decortication

Open	window	thoracostomy Thoracoplasty

Drainage

Stage	2 Stage	3

Fibrinopurulent
phase

Exudative	
phase Organising	

phase

Stage	1

0w 1w 2w 3w 4w 5w 6w

surgical intervention. Fibrinolysis should be the first-line 
therapy for children with empyema as it poses reduced risk 
of acute clinical deterioration. VATS plays a significant 
therapeutic role in the fibrinopurulent stage of empyema, 
in which loculated fluid cannot be adequately drained by 
chest tubes and fibrinolytic drugs alone. VATS also has 
an increasing effect in the treatment of organising phase 
empyema. 

Open decortication is the standard treatment for patients 
with massive trapped lung. Open surgical procedures 
(decortication, window thoracostomy, thoracomyoplasty) are 
often used secondarily, to treat a recurring or an unresolved 
empyema. Vacuum-assisted closure (VAC) therapy with 

open window thoracostomy should be considered as soon as 
possible, in complicated or complex pleural empyema (e.g., 
post-pneumonectomy empyema) (55) (Figure 6).

Surgical intervention aims to control sepsis, by facilitating 
removal of necrotic tissue from the chest cavity (debridement), 
and obliterate the empyema cavity, by allowing the trapped 
lung to re-expand via peeling of the organised cortex from its 
visceral pleura (decortication). Parietal pleurectomy can be 
further undertaken to completely eradicate the empyematic 
cavity (empyemectomy), free the diaphragm from thickened 
pleura and reduce the restrictive syndrome by preventing 
formation of fibrothorax (57). Diagnostic bronchoscopy 
should precede any surgical intervention to exclude presence 
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of endobronchial obstruction that would prevent lung re-
expansion.

VATS 

The use of VATS in postpneumonic pleural infection 
is progressively expanding not just as an alternative to 
traditional open thoracotomy but also as an alternative 
option in earlier stages of empyema (58). It is not uncommon 
for patients with parapneumonic effusions to have impaired 
coagulation or other co-morbidities that would deem them 
as high risk for extensive open decortications and prolonged 
general anaesthesia (59). VATS can be offered to these 
patients as a more conservative tool, significantly decreasing 
operating times and bleeding, while applying lower impact 
on post-op ventilator mechanics of the chest wall and the 
diaphragm. Even in early stages of empyema VATS has a 
role as a more aggressive and decisive intervention, because 
it allows visualisation of the entire thoracic cavity which 
can result to timely, effective debridement (60). VATS 
technique has further evolved from being used as a “staging 
procedure” for diagnostic purposes to an interventional one, 
even in later stages of empyema (61).

VATS vs. conservative therapy for fibrinopurulent phase or 
complicated PPE or light III-V

Wozniak et al. (60) in their study “Choice of first intervention is 
related to outcomes in the management of empyema” concluded 
that a strategy of early VATS or thoracotomy is associated 
with better outcomes, in advanced empyema. Another study 
by Luh et al. (33) proved that VATS is safe and effective 
for treatment of complicated parapneumonic effusions and 
pleural empyema, while earlier intervention with VATS can 
produce better clinical results. A randomised trial by Wait 
et al. (62) demonstrated that VATS as a primary strategy 
is more effective in patients with complex and loculated 
empyema, and can result in shorter hospital stay and 
reduced costs, compared to fibrinolytic therapy. Shorter 
hospital stay and reduced need of open decortication after 
VATS was also demonstrated in a study by Bilgin et al. (63).

VATS vs. conservative therapy for organizing phase or 
empyema or light VI-VIII

As early as in 1996, VATS debridement had been compared 
to open thoracotomy (61) and was shown to have the 
same rate of success, while offering considerable benefits 

in hospital stay and cosmesis. Tong at al. (64) looked into 
VATS versus open debridement for benign conditions 
between 1996 to 2006 and found significantly fewer 
postoperative complications in the VATS group in the 
categories of atelectasis, prolonged air leak, reintubation, 
ventilator dependence, need for tracheostomy, blood 
transfusion, sepsis, and 30-day mortality. They concluded 
that thoracoscopic decortication is effective and can be 
considered as a first option in most patients with complex 
pleural effusions and empyema, as it can provide results 
which are comparable to those achieved by an open 
decortication, if not better. 

Surgical technique

Following induction to general anaesthesia and double 
lumen intubation, the chest cavity is accessed via 1-, 
2- or 3-port VATS, following lung isolation. An initial 
2-cm incision below the tip of the scapula allows digital 
exploration to free adhesions before the thoracoscope is 
advanced. Suction alone might be enough to manage a 
simple, uncomplicated parapneumonic effusion at an early 
stage. 

When further access to the thoracic cavity is needed, the 
camera is used to visualise optimal access areas for the extra 
ports. This prevents causing injury to the lung parenchyma 
if it’s adhered to the chest wall and avoids damaging the 
neurovascular bundle. A large-bore chest drain connected to 
suction and attached to long-handled artery forceps may be 
used to allow breaking down and draining the multiseptated 
collections. After the chest cavity is thoroughly debrided 
and the lung is decorticated as necessary, the anaesthetist is 
asked to re-inflate the lung, to determine under direct vision 
any need for further decortication. To develop a correct 
plane, the surgeon needs to sharply incise the visceral cortex 
and peel off the thick layer from the surface of the lung, 
with the help of a mounted pledget. Continuous positive 
pressure ventilation may further facilitate this process. 
Post-operative air leaks can be reduced by employing 
surgical sealants. The VATS technique can provide the 
desirable drainage outcomes while causing less trauma to 
the healthy tissues and inflicting less pain, thus resulting 
to reduced hospital stay (65). It’s important to note that 
the success of VATS decortication can be dependent on 
operative experience as well as the timing of referral, as 
delayed involvement of surgeons can increase the need for 
conversion to open thoracotomy.

Randomised control trials should be designed to 
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evaluate the appropriate timing of surgical intervention in 
management of parapneumonic effusions, as the quality of 
evidence derived from the existing studies is widely affected 
by methodological limitations and cannot produce objective 
criteria that may result to strong recommendations.

Open Techniques

Zahid et al. (66) investigated into the best treatment option 
for management of post-pneumonectomy empyema and 
concluded that open procedures were associated with reduced 
rate of recurrence, rate of re-intervention and mortality, 
when compared to minimally invasive approaches. Despite 
being used in possibly more complicated clinical settings, 
open surgery had a high rate of success and was associated 
with reduced hospital stay and need for re-intervention.

Open thoracotomy

Open thoracotomy decortication is the most invasive 
surgical option for management of empyema and remains 
the gold standard approach for getting the trapped lung to 
re-expand. The pleural abscess cavity is thoroughly excised 
and removed completely during this procedure. Access 
to the thoracic cavity is achieved through a posterolateral 
thoracotomy at the level of the 5th or 6th intercostal space. 
The surgeon initially performs parietal decortication until 
normal lung parenchyma is identified and then proceeds by 
further developing the surgical plane between the wall of 
the abscess cavity and the visceral pleura. Correct timing of 
the operation is key to its success as it should fall after the 
organising phase of the empyema without however being 
delayed to the point of onset of a fixed fibrothorax. Lung 
decortication is expected to restore its mechanical function, 
as well as improve its impaired vital capacity (67).

Open window thoracostomy +/- partial rib resection

Leo Eloesser was the first to describe a procedure for creating 
a flap thoracostomy window in 1935 (68). The procedure 
was later modified by Symbas and coworkers (69) and had 
been used as a treatment option for patients diagnosed with 
tuberculosis as well as pleural space infections which had 
been associated with bronchopleural fistulae. Alternative 
adaptations of the thoracostomy window, such as the Clagett 
window (70), have also been described.

Even though this procedure is not routinely performed 
anymore in most thoracic centres, it can still be used for 

patients presenting with complex empyema and especially 
for those that have undergone previous pneumonectomy 
procedures and then present with an infected post-
pneumonectomy space. It may also be indicated for 
patients who are medically unstable (i.e., intubated and 
mechanically ventilated in intensive care) or not fit enough 
to tolerate a surgical decortication. Its main advantage is 
that it allows anatomical access to the thoracic cavity, that 
facilitates drainage of pus. Rib resection makes it possible 
to maintain a permanent drainage route, a practice that is 
further aided by positioning of corrugated drains through 
the window directly in the cavity. A specific advantage of 
the thoracostomy window procedure is that it serves as an 
intermediate step for sterilising the infected cavity before 
planning for further preventive or treatment interventions, 
such as closure of bronchopleural fistulae (55).

This technique can also be performed under local 
anaesthetic for patients that are unfit to undergo general 
anaesthesia. A large-bore intercostal tube is positioned 
in the infected cavity for purposes of drainage (71). This 
“empyema tube” is cut at the wound edge and is connected 
to a stoma bag for collection of fluid. It’s important that a 
hole is made in the bag to release air, when an air leak is 
present. The tube is gradually withdrawn at weekly intervals 
as the cavity closes, a process that can normally take up to 
some months. Antibiotics can also be instilled in the cavity 
before final closure.

The Eloesser technique continues to evolve with 
the advancement of modern treatment options (72). 
Several studies are currently reporting good results from 
augmentation of the thoracostomy window with a VAC 
device (73,74).

Space-filling procedures

These procedures are reserved for the rare occasions of 
persistent and recurrent infections of the pleural cavity, as 
for example in the event of post-pneumonectomy space 
infections. The aim is to eliminate the space between 
the lung and the chest wall and this can be achieved by 
performing either a thoracoplasty, which causes the cavity to 
collapse, or a thoracomyoplasty, which involves using viable 
muscle tissue to fill up the cavity. Thoracoplasty is indicated 
when conservative measures have not proven sufficient or 
successful and requires prior control of the infection. A 
bronchopleural fistula may or may not be present in the 
residual pleural space (75).

The thoracoplasty procedure is normally performed 
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via a posterolateral incision which is extended to expose 
the upper ribs. To achieve satisfactory collapse of the 
cavity, enough ribs might need to be resected, while it 
should be avoided entering the pleural cavity. Adequate 
mobilisation of the soft tissues can achieve vertical collapse 
and approximate them to the mediastinum. This might 
involve apicolysis, resection of the transverse processes, 
disarticulation of posterior aspects of the ribs and scapular 
resections to achieve desirable results. An intrathoracic 
muscular transposition can finally be performed to totally 
obliterate the cavity in one stage (75).

Conclusions

Pleural disease can be a result of a wide variety of 
pathologies, thus a systematic approach to diagnosis and 
management should be applied. Light’s criteria can often 
help differentiate between a systemic disease, which 
manifests as a transudative effusion, from local disease 
which leads to an exudative effusion.

Prompt diagnosis cannot always be made, as the onset 
of symptoms can be gradual or masked and patients 
may present in advanced stages of their disease, when 
conservative treatment measures may not be able to provide 
a desirable outcome. 

Surgical thoracoscopy may be employed for visual 
assessment of the pleural space and sampling of tissue, 
while it may also be used for management of complicated 
col lect ions.  Open thoracotomy remains the gold 
standard, however with the advancement of thoracoscopic 
instruments and techniques, minimally invasive approaches 
now provide comparable outcomes and have been taking 
over the management of benign pleural diseases.
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