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Abstract: Empyema carries a poor prognosis if not treated early and aggressively from the time of 
diagnosis. The ultimate goal of the surgical management of parapneumonic effusion is to achieve full 
evacuation of pleural exudates and full lung expansion through chest tube insertion, intrapleural fibrinolytic 
treatment, and open vs. video-assisted thoracoscopic surgery (VATS) decortication. Proper peri-operative 
assessment and postoperative care are needed to be successful and avoid major complications. Open 
decortication has classically been the standard of care for patients with advanced empyema, overall, in obese 
patients or patients with comorbidities, although VATS decortication can be safely performed decreasing, 
significantly, both the ICU and hospital length of stay, postoperative pain, complications and mortality rate 
and also improving the cosmetic results eventually. Uniportal VATS decortication requires strong surgical 
skills, experience, and adequate technology to be successful. Despite that, it is gaining popularity due to 
some technical advantages over multiportal VATS, in addition to the less inflammatory response and less 
immunosuppression that it causes. The perimammary uniportal VATS decortication is a novel approach for 
female patients which provides a wide visualization of the chest, less pain, fast recovery, and better cosmetic 
results due to a less-visible scar eventually. Robotic-assisted thoracoscopic decortication is promising but is 
currently performed in very few centres worldwide. Further studies will prove the benefits of these novel 
approaches for minimally invasive decortication.
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Introduction

Empyema is  a complex entity with multifactorial 
pathogenesis and aetiology. It involves the accumulation of 
pus in the pleural space, and it is considered an advanced 
stage of the initial parapneumonic effusion (PPE) in 
which the fluid is usually a mixture of proteins, leukocytes 
(particularly neutrophils), cellular debris, and bacteria. 
These effusions are mainly secondary to pneumonia. There 
are other less common aetiologies for pleural empyema 
including infected hemothorax, ruptured lung abscess, 
oesophageal tears, and thoracic trauma (1,2). Rapid diagnosis 
is essential to successful treatment and patient survival. 

Classically, patients with empyema present with fever, 
chills, cough, or chest discomfort, and they might succumb 
to worsening sepsis, septic shock, or death if it is not rapidly 
or adequately managed (3). Chest X-ray might show an 
opacity with a meniscus sign when the viscous fluid sticks 
to the parietal pleura, or lenticular shape if the fluid has a 
convex shape or diffuse opacification of the pleural cavity 
which is usually seen in large empyema. Ultrasound usually 
reveals a fluid collection. Chest computed tomography (CT) 
scan also shows thickening of the pleural membranes due 
to fibrin adherence causing vascular proliferation, known 
as the split pleura sign (4); furthermore, the CT can show 
septations in stage 2 of the disease. 

A diagnosis is made by pleural fluid analysis and culture 
through thoracocentesis to identify the causative agent (5). 
The aspirate might show purulent fluid or turbid fluid. 
Pleural fluid with a pH below 7.20 or a glucose level below 
60 mg/dL or a lactate dehydrogenase level of more than 
three times the upper normal limit for serum is a positive 
indication of parapneumonic empyema (6).

The stages of parapneumonic empyema can be classified 
as uncomplicated effusion, complicated effusion, and 
pleural empyema. The stages of empyema vary according 
to the composition of the exudate. Stage 1 (exudative) 
involves the accumulation of pus or infected fluid; stage 2 
(fibrinopurulent) starts when fibrin infiltrates and forms 
different septations and pockets in the pleural cavity, and 
finally, stage 3 (organizing) begins when a thick restrictive 
fibrous cover is formed around the lung, trapping it (2,7).

The management of empyema can be challenging and 
complex. The early involvement of a multidisciplinary 
team that includes thoracic surgeons, chest physicians, 
infectious disease specialists, experienced nursing staff, and 
respiratory therapists is prudent in improving morbidity 
and mortality. In fact, the American Association for 

Thoracic Surgery (ATS), British Thoracic Society (BTS) 
and American College of Chest Physicians (ACCP) have 
published comprehensive, evidence-based guidelines to 
help guide healthcare professionals in their treatment of 
empyema. These highly skilled physicians can help identify 
surgical candidates early, assess thoracic surgical risk and 
manage potential complications associated with invasive  
procedures (3).

The goal is to combine medical and surgical treatment 
to target the source of the infection and ensure adequate 
lung re-expansion since acute empyema can have long term 
consequences despite adequate therapeutic interventions, 
such as pleural fibrosis that can lead to adhesions, decreased 
lung compliance, and a restrictive lung disease pattern (3,8).

The initial medical approach will depend on whether 
the bacterial agent is known, the bacterial species, and the 
stage and severity of the empyema. Medical management is 
divided into empirical treatment and definitive treatment. 
Empirical management starts by identifying the source 
of the infection. Patients with community-acquired 
agents are started on either a combination therapy of 
parenteral second- or third-generation cephalosporin with 
metronidazole or clindamycin for anaerobic coverage (9). 
The therapy for hospital-acquired infections is used to 
additionally cover methicillin-resistant Staphylococcus aureus 
(MRSA) and Pseudomonas aeruginosa (9).

Definitive treatment will depend on the stage of 
empyema. Stage 1 usually involves the insertion of a chest 
tube to empty the infected fluid chest tube insertion but 
when it fails, other strategies are considered, such as 
fibrinolytic agents that might be considered to help with the 
drainage. However, studies have not confirmed the benefits 
of this early stage (7). Stage 2 empyema is usually drained 
by chest tube placement and then intrapleural fibrinolytic 
treatment or video-assisted thoracoscopic surgery (VATS) 
debridement is used if the chest tube is ineffective. Patients 
in stage 3 have been classically treated by open decortication 
and pleurectomy through thoracotomy (7); however, VATS 
decortication is feasible and is becoming more popular 
among thoracic surgeons. 

Finally, empyema carries a poor prognosis if not treated 
early and aggressively from the time of the diagnosis. 
Although most patients recover, clinical outcomes remain 
poor with one in five patients requiring surgery and 20% 
dying within the first year of diagnosis. Also, there is a 
1.5-times increase in negative outcomes in the frail, elderly, 
and immunocompromised population (3).
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Herein, we present an exhaustive literature review of 
the surgical management of parapneumonic empyema, in 
addition to our experience with the emergent uniportal, 
and a novel perimammary uniportal VATS decortication 
introduced by our team for stages 2 and 3 (10).

Intrapleural fibrinolytic treatment 

Although it has been used to manage PPE and parapneumonic 
empyema for the past 70 years, intrapleural fibrinolytic 
therapy is considered a controversial therapeutic modality with 
yet insufficient evidence (11). The current American and 
British guidelines for managing PPE and parapneumonic 
empyema recommend proceeding to surgical management 
if chest tube drainage is ineffective, with avoiding the 
routine use of fibrinolytic therapy (12-14). Fibrinolytic 
agents, such as streptokinase, urokinase, tissue plasminogen 
activator (tPA), and recombinant tissue plasminogen 
activator (rtPA) work by converting plasminogen into 
plasmin, a fibrinolytic agent. Thus, degrading fibrin and 
causing deposition of loculations and septations that start 
forming in the fibrinopurulent stage of empyema. Two 
deoxyribonucleases (DNase) have been used in pleural 
infection as well; Dornase alfa is a recombinant DNase that 
works as a mucolytic (15,16).

Several methods are used to manage empyema with 
the agents mentioned above; however, the literature has 
shown that using fibrinolytic agents on their own does 
not manage empyema adequately, and it is no longer a 
viable option. The most positive results were achieved by 
administering tPA and DNase together. The Multicenter 
Intrapleural Sepsis Trials (MIST) 1 and 2 studied the effect 
of fibrinolytic agents and DNase administration on different 
parameters. MIST1 concluded that streptokinase increased 
pleural fluid drainage, but it did not have prominent effects 
on the patient’s overall recovery (17). MIST2 showed that 
the combination of intrapleural tPA, and DNase improved 
the pleural drainage and reduced the hospital length of 
stay. In addition, there was a 75% reduction in the need 
for surgical interventions (18). MIST2 is the only clinical 
trial that tested the treatment. It also showed the usage 
of fibrinolytic therapy alone does not effectively treat 
empyema. 

The combination therapy of fibrinolytic agents and 
DNase might be the only option for patients who are not 
surgical candidates (19). The most threatening complication 
of fibrinolytic agents’ administration is a hemothorax since 
it can cause more lung entrapment, and it is usually an 

indication for VATS. The risk is higher for patients with 
coagulopathies and renal failure (20). Other complications 
include chest pain, fever, and allergic reactions that present 
more with streptokinase (21). 

The usage of fibrinolytic therapy for empyema requires 
further investigation and understanding of the mechanism, 
dosing, timing of usage, and adverse effects (11). 

Preoperative assessment

General preoperative assessment for empyema starts with 
obtaining surgical consent after taking a thorough medical 
history, doing a physical examination, and performing 
multiple laboratory and imaging investigations. In addition 
to pleural fluid analysis, laboratory tests include analysing 
a complete blood count with differential, basic metabolic 
panel, and a coagulation profile (22). Imaging studies start 
with a conventional chest X-ray, with a lateral decubitus 
view being the most sensitive (23). A chest X-ray is the 
most used as an imaging study due to its availability 
and accessibility; however, complex cases of PPE might 
be missed or misevaluated doing an X-ray alone (24). 
Therefore, a chest X-ray is often combined with contrast-
enhanced CT. CT allows for a more detailed visualization 
of the chest, and it might reveal the underlying pathology 
causing the PPE (25-27). 

Preoperative assessment is imperative for the patient’s 
risk stratification and perioperative management. It guides 
the healthcare team, especially the surgeon, through 
the decision-making process. Preoperative management 
includes evaluating the candidate’s ability to undergo 
surgery in the first place, adjusting the timing of the surgery 
accordingly, and performing preoperative supportive 
measures, such as chest physiotherapy, when necessary. 
Based on the data, implementing such strategies prevents 
and minimizes the intra and postoperative unfortunate 
events, reduces complications rate, as well as morbidity and 
mortality, decreases the hospital length of stay, and improves 
the resources used and the patient’s overall experience and 
recovery (28). Major complications in thoracic surgery 
include atelectasis, persistent air leak, pneumonia, and 
respiratory failure. They occur in 15–20% of patients and 
account for most of the 3–4% of mortality rate (6). 

Surgical approaches and techniques

Early evaluation and intervention contribute greatly to 
the outcome of patients with empyema (29). Surgical 
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management is mainly indicated in stage 2 empyema and 
above when other non-surgical modalities do not adequately 
manage and treat the condition. Non-surgical management 
includes antibiotic therapy, intrapleural fibrinolytic therapy, 
and chest tube drainage. When such measures fail, surgery 
is indicated usually in advanced stages. The goal of the 
intervention is to achieve complete pleural fluid evacuation 
and full lung expansion. This is done by tissue debridement 
or pleural decortication that can be surgically achieved 
through either VATS or open thoracotomy (30).

Open decortication has been the gold standard for the 
surgical management of empyema, especially in advanced 
stages, stage 2 and chronic empyema. However, the now 
evolving VATS is often considered a better alternative 
with comparable outcomes even in managing advanced  
stages (31).

Decortication is based on the removal of the fibrous 
peel overlying the surface of the lung along with the 
granulation tissue to allow lung re-expansion. Open 
decortication is done under general anaesthesia with single 
lung ventilation and the patient is in a lateral decubitus 
position. The pleural cavity is entered through the lateral 
or posterolateral thoracotomy at the level of the fifth or 
sixth intercostal space. After the pleural abscess cavity is 
fully excised, the junction of the visceral cortex is entered 
by sharp or blunt dissection until the lung parenchyma is 
identified and monitored to re-expand. After mobilizing 
the lung and freeing it along the chest wall and diaphragm, 
with extra caution around the apices, careful dissection 
of the visceral pleura is performed. The success of the 
decortication depends on the lung’s elasticity to fill the 
cavity after freeing it. Applying some positive pressure 
during the decortication might help by providing a counter-
pressure during dissection but may increase the incidence 
of postoperative air leak. In fact, persistent air leak is a 
common complication; thus, pneumostasis and haemostasis 
must be achieved to minimize it (32).

Despite many surgeons being used to performing 
open thoracotomies in deference to VATS due to the 
new exposure and lack of expertise, VATS has become 
the superior approach and the usual first-line surgical 
intervention for stage 2 and even stage 3 of PPE in 
experienced hands. VATS decortication is performed under 
general anaesthesia with single lung ventilation and the 
patient is in a lateral decubitus position as well.

Initially, multiportal VATS has been the minimally 
invasive approach of choice to deal with empyema. It 
provides the advantage to allow entering the thoracic cavity 

from different angles.
Classically, a 2-cm incision is then created inferior 

and anterior to the inferior angle of the scapula for the 
thoracoscope to enter. Another way is to insert the first 
port in the fourth intercostal space in the anterior axillary 
line and the other ports in the sixth or seventh intercostal 
space. Initially, the pleural debridement is performed using 
directed suction with a sucker or a modified 36F catheter 
gauge intercostal tube combined with saline lavage. The 
lung is mobilized and separated from the parietal pleura 
along the chest wall and diaphragm, with extra caution 
around the apices, and then the visceral pleura is dissected 
carefully. The ability of the lung to re-expand is now 
monitored. A positive pressure might be applied to the 
operated lung to facilitate the decortication. More visceral 
decortication might be performed if the lung fails to re-
expand. After decortication, the pleural cavity is usually 
irrigated with saline, with or without aqueous betadine. 
Hemostasis must be ensured to avoid air leaks and other 
common complications.

After the introduction of uniportal VATS (33,34), 
some experienced surgeons have adopted it to perform 
uniportal VATS decortication even in advanced stages 
(Figure 1). VATS has proven to be easier to perform and 
manage with more positive outcomes compared to open  
thoracotomies (12). VATS is associated with better 
postoperative outcomes including a less hospital length 
of stay, less postoperative pain and complications rate and 
more appealing cosmetic results (Figure 2). VATS is also 
associated with less 30-day mortality. This is also attributed 
to a better immune function post VATS when compared 
to thoracotomy since it has been shown that circulating 
immune cells are higher in activity and efficiency post 
VATS than after thoracotomy (35).

The process of lung mobilization from the chest wall and 
decortication usually tend to ooze or bleed. This contributes 
to the formation and presence of clots and haemorrhagic 
effusion during the surgery. Intrapleural fibrinolysis can 
be activated during surgery, which makes it more difficult 
to control the bleeding intraoperatively and might lead 
to postoperative bleeding. The use of some agents with 
certain hemostatic properties, such as hydrogen peroxide or 
tranexamic acid might reduce the intrapleural fibrinolysis 
and the risk of postsurgical hemothorax, or even contribute 
to the sterilization of the pleural cavity (36). Moreover, 
when the bleeding from the chest wall is still significant, 
intraoperative packing can be applied in combination with 
local hemostatic agents and blood products transfusion to 
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stop the active bleeding (37).
Another way to reduce both the risk of clots and the 

activation of the intrapleural fibrinolysis is the use of 
continuous irrigation of the pleural cavity after surgery. 
This decreases the risk of postoperative hemothorax and 
reoperation. It can be done by using a rubber catheter 
inserted into the single port of the uniportal approach or 
one of the ports in multiportal VATS (38).

Parietal pleurectomy during decortication has been 
described as one of the cornerstones of the surgical 
management of the empyema, especially for patients 
who are unfit for radical procedures (32). It improves the 
pulmonary function and chest wall diameters (39); however, 
it is not usually performed through VATS which may 
significantly reduce the risk of postoperative bleeding and 
surgery time overall in risky patients with comorbidities and 

potential risk of postoperative bleeding (32). We have learnt 
from our own experience that the functionality of the chest 
wall is not affected, and the parietal pleura becomes normal 
in the long-term image workup. 

Postoperative air leak is one of the expected and 
common complications after decortication. There is some 
evidence on how VATS reduces the presence and intensity 
of postoperative air leak since the decortication is more 
precise and less deep than the one achieved by thoracotomy. 
Moreover, performing decortication through uniportal 
VATS, although requiring experience in minimally invasive 
surgery, might reduce the presence of prolonged air leak 
due to better exposure and magnification of the surgical 
field, especially, if it is done using the anterior to posterior 
lung approach—from lees adherent areas of the visceral 
pleura to the thickest ones (32).

Finally, in the case of persistent empyema that is 
refractory to standard therapeutic modalities that include 
surgery, creating an open thoracostomy window could 
be considered to apply. It might be a permanent drainage 
solution, or it might be closed later with a muscle flap or 
omental pedicle. An open thoracostomy window allows for 
dependent drainage and frequent packing (3,12).

Postoperative management

The early postoperative outcome is crucial, and patients 
should be monitored carefully. ICU admission is advised 
if the patient has any comorbidities, such as a reduced 
cardiopulmonary reserve, life-threatening organ failure, and 
renal or liver failure.

Intensive cardiorespiratory monitoring, proper management 
of thoracic drainages, aggressive pain control (multimodal 
analgesia and regional anaesthetic techniques), deep vein 

Figure 1 A case of advanced stage empyema. (A) A pre-operative CT scan showing a left empyema stage 3; (B) immediate postoperative 
CXR after uniportal VATS decortication. CT, computed tomography; CXR, chest X-ray; VATS, video-assisted thoracoscopic surgery.

Figure 2 Final result of the uniportal VATS decortication 
performed in a morbidly obese female patient with chronic 
empyema. Chest tubes were secured in place in both corners of 
the utility incision and a rubber catheter is placed in the middle for 
continuous irrigation of the pleural cavity. VATS, video-assisted 
thoracoscopic surgery.

A B
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thrombosis (DVT) prophylaxis, and multimodal rehabilitation 
are important to avoid any complications within the post-
surgical period (12).

Post-surgical regional anaesthetic techniques have been 
shown to decrease the likelihood of future chronic pain in 
patients who underwent thoracotomy (40,41). The technique 
includes different fascial plane chest wall blocks depending 
on the surgical site. Upper anterolateral wall analgesia is 
accomplished by blocking either medial and lateral pectoral 
nerves or lateral cutaneous branches of intercostal nerves, 
approximately T2–T6. Furthermore, an erector spinae 
plane block inhibits the spinal nerve’s dorsal and ventral 
rami resulting in anterior, lateral, and posterior chest wall 
analgesia (42). On the other hand, the gold standard pain 
control analgesia for open thoracotomies includes thoracic 
epidural analgesia (TEA), and paravertebral block (PVB) (43). 
Studies have shown that paravertebral block is associated 
with fewer side effects than epidural analgesia (44).

Early mobilization and exercise are recommended to 
promote lung expansion, decrease venous stasis, and prevent 
deep vein thrombosis/pulmonary embolism (35). Further 
postoperative complications can include hemothorax, 
prolonged air leakage, respiratory failure, arrhythmias, 
respiratory infections, atelectasis, and thromboembolic lung 
disease. 

Discussion

Approximately 5–10% of patients with PPE develop 
empyema eventually (45). Early detection and management 
of PPE, and subsequently empyema, is vital for limiting 
the disease and reducing morbidity and mortality (46). 
Management includes antibiotic therapy, intrapleural 
fibrinolytic therapy, chest tube insertion, and surgical 
management either through VATS or thoracotomy. The 
end goal of the surgical management of empyema is to 
achieve full evacuation of pleural exudates, and full lung 
expansion (47). 

Open decortication continues to be the gold standard in 
advanced stages of empyema; however, VATS decortication 
has been gaining popularity over the last decade, and it 
is currently extensively used in managing empyema (48). 
Mainly based on its technical advantages compared to 
open surgery, VATS allows for better visualization of the 
surgical field, better accessibility to pleural collections, and 
magnification of the visceral pleura that help facilitate the 
evacuation of the pleural cavity and the decortication.

Postoperatively, VATS reduces the 30-day mortality 

rate (49,50). It also results in both less ICU and hospital 
length of stay, in addition to less postoperative pain, 
fewer complication rates, better cosmetic results and 
less immunosuppression which might reduce the risk 
of recurrence and contribute to the patient’s faster 
recovery (51). Moreover, it has been recently shown that 
uniportal VATS causes a less inflammatory response and 
less immunosuppression than multiportal VATS. That 
might need to be taken into consideration in patients with 
comorbidities when choosing the surgical approach (33).

One of the challenges facing the surgical management 
of patients is obesity. It is now considered a state of active 
low-grade inflammation with several implications (52). 
Although obesity is an epidemic, and it is related to many 
contributing factors to morbidity, such as diabetes mellitus, 
extensive research needs to be done to optimize surgical 
management in obese patients. Moreover, obesity has been 
associated with an increased rate of nosocomial and wound 
infection post-surgery (53). Risk-associated implications 
of obesity, therefore, affect the perioperative management, 
including the surgical approach choice. 

In the era of advancement of the minimally invasive 
approach, several studies support the choice of laparoscopy 
over laparotomy when managing obese patients (54,55). 
There has not been a study comparing thoracoscopy to 
thoracotomy in managing empyema in obese patients; 
nonetheless, a decreased rate of complications is vastly 
observed in the literature comparing VATS to thoracotomy. 
An analysis of the Italian VATS group registry concluded 
that VATS lobectomy could be safely used in morbidly 
obese patients without compromising the operation and 
oncological outcome (56). In our institution, we have 
performed several decortication procedures through VATS 
on obese patients, and we achieved positive results in all. 

Other factors contributing to the choice of performing 
VATS, thoracotomy, or even converting VATS to 
thoracotomy are the degree of expertise of the surgeon, the 
patient’s condition, the complexity of the case, and both 
the technology and the quality of instruments available 
in the operating room. Even the decision of performing 
multiportal or uniportal VATS depends on the complexity 
of the case as well as the expertise of the surgeon (12). 
Patients with comorbidities, such as liver or renal failure or 
cardiomyopathy have been considered a classic indication 
for open decortication; however, these patients can be 
safely operated on by VATS, and even uniportal VATS in 
experienced hands (36,57).

In this sense, uniportal VATS decortication for stage 3 
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empyema requires strong surgical skills, experience, and 
adequate technology to be successful, but it is gaining 
popularity. Nevertheless, the uniportal anterior approach 
through the fifth or sixth intercostal space has certain 
advantages compared to the multiportal VATS since 
it minimizes the risk of lung or diaphragmatic injury 
while entering the pleural cavity. It also allows for clear 
visualization of the surgical field and a faster mobilization 
of the lung, as well as a better exposure of the collections 
inside the pleural cavity. Lung decortication is facilitated 
when the lung is approached anteriorly since the pleura 
is thicker and more adherent to the lung on the posterior 
aspect (Figure 3, Video 1).

Finally, despite the advances achieved in minimally 
invasive decortication over the last decades, there is 
still room for some innovations. In this sense, we have 
described, for the first time, the perimammary uniportal 

VATS decortication; a novel approach for female patients 
(Video 2) which is performed by entering the pleural 
cavity in the perimammary fold through the fifth or sixth 
intercostal space. This anterior approach provides a wide 
visualization of the pleural cavity as well and facilitates 
lung mobilization and decortication since the lung and the 
empyema cavity are approached from anterior to posterior. 
The exposure achieved through the perimammary approach 
is optimal and reduced instrumental collisions and handling 
difficulties, allowing us to safely deal with complex chronic 
empyema (Video 3). Also, it provides patients with low 
pain, a short length of hospital-stay, faster recovery, and 
better cosmetic results due to a less-visible scar, eventually  
(Figures 4-6).

Robotic-assisted thoracoscopic decortication is another 
promising innovation due to some advantages provided by 

A

B

C

Video 2 Perimammary uniportal approach.

Video 1 Uniportal VATS decortication in a male patient with 
a complex chronic empyema and right lung completely trapped 
initially treated with chest tube insertion. VATS, video-assisted 
thoracoscopic surgery.

Figure 3 Approach to uniportal VATS decortication in a male 
patient with right chronic empyema and a completely trapped 
lung. (A) Initial aspect; (B) decortication; (C) final surgical result. 
VATS, video-assisted thoracoscopic surgery; RUL, right upper 
lobe; ML, middle lobe; RLL, right lower lobe.
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the robot, such as a 3D magnified vision. This facilitates 
fine dissection of dense adhesions with minimal blood loss 
and less pulmonary parenchymal injury in addition to the 
ability of the robotic EndoWrist to allow maximum and 
safe manipulation at the thoracic outlet (58,59). However, 
it is still costly, and surgically challenging due to the lack of 
pleural space to achieve an adequate range of motion for the 
robotic arms and the need of approaching the pleural cavity 
by using multiple ports. Therefore, it is only currently 
performed in very few centres worldwide. 

Further research is warranted to prove the benefits 
of these novel approaches for minimally invasive lung 
decortication and to define an optimal surgical management 
strategy to deal with empyema that improves patient 
outcomes and reduces morbidity and mortality.

Video 3 Perimammary uniportal VATS decortication in a patient 
with chronic renal failure on dialysis and empyema stage III who 
was initially treated with chest tube insertion and multiple doses of 
intrapleural alteplase. VATS, video-assisted thoracoscopic surgery.

Figure 4 Perimammary uniportal VATS decortication in a patient with chronic renal failure in dialysis and empyema stage III. (A) 
Perimammary approach; (B) empyema stage 3 visualized through perimammary uniportal VATS. VATS, video-assisted thoracoscopic 
surgery.

Figure 5 Cosmetic result of perimammary uniportal VATS decortication in a morbidly obese female patient with empyema stage 3. (A) 
Signalling the perimammary uniportal approach in a neutral surgical position; (B) final result. VATS, video-assisted thoracoscopic surgery.
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Figure 6 Sequence of the perimammary uniportal VATS decortication in a young female patient with a right chronic empyema secondary 
to tuberculosis. (A) Preoperative CXR; (B) perimammary uniportal approach; (C) visceral decortication of the RLL; (D) specimen of visceral 
pleural; (E) final result of the perimammary uniportal VATS decortication, with chest tubes in place at both corners of the perimammary 
utility incision and a rubber catheter, is placed in the middle for continuous irrigation of the pleural cavity; (F) immediate postoperative 
CXR. VATS, video-assisted thoracoscopic surgery; CXR, chest X-ray; RLL, right lower lobe.
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