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Video-assisted thoracic surgery (VATS) lobectomy has 
been the most common procedure for malignant and 
benign pulmonary diseases. However, in many cases with 
complicated hilar anatomies, the incidence of massive 
bleeding interferes with continuation of VATS and often 
forces a conversion to thoracotomy. 

Various techniques have been introduced to troubleshoot 
this situation to reduce the incidence of massive bleeding. 
If adhesions are found during pulmonary lobectomy with 
VATS, proposed solutions include the new pulmonary 
vessel clamping method (1) and the novel ligation method 
for the pulmonary artery for avoiding complications, such 
as severe bleeding (2). 

Professor Lunxu Liu’s team from the Department 
of Thoracic Surgery, West China Hospital, Chengdu, 
China reported a technique that involves cutting open the 
bronchus during a VATS left upper lobectomy to manage 
unexpected, severe hilar adhesions. This technique was 
very effective in this patient; however, adhesions are always 
an obstacle during VATS, especially in cases involving re-
operative pulmonary resections. Professor Lunxu Liu’s 
team found that directly dissecting or indirectly treating the 
surrounding tissue was a useful strategy to address existing 
adhesions within the limited visual and operative fields. 
However, as an alternative for managing already-existing 
adhesions, we believe that the best approach is to prevent 
adhesions in the first place, thus expanding potential VATS 
indications. 

Few reports exist that describe re-operative pulmonary 

resection. Dissection of adhesions prolongs the duration of 
surgery and can cause problems such as pulmonary vascular 
injuries and increased surgical invasiveness; therefore, 
successful adhesion management often leads to successful 
surgery.

Endoscopy has long been used as an examination 
method. Recently, it has become the central pillar of 
minimally-invasive surgery. Even for diseases where 
open surgery is conventionally recommended, there are 
published reports of successful video-assisted thoracoscopic 
surgery, and the indications for VATS have dramatically 
expanded. VATS is now a widely-chosen technique because 
of its association with less postoperative pain and fewer 
postoperative complications, particularly when compared 
to thoracotomy (3). Pulmonary lobectomy by VATS also 
produces better long-term prognosis than that associated 
with open surgery (4); further, VATS has become the 
preferred means of treating early-stage lung cancer (5). 

Although the advantages of VATS are well-recognized, 
its disadvantages include limited access to the operative 
field, prolonged surgical duration, difficulties managing 
bleeding, a unidirectional line of site, and a limited visual 
field. Adhesions exacerbate these disadvantages, and 
appropriate control of adhesions is therefore a critical issue 
if we are to expand the applications of VATS. 

Adhesions post a greater obstacle during VATS, 
compared to thoracotomy. As mentioned by Professor 
Lunxu Liu’s team, adhesions can prevent tool passage, 
thereby worsening the operative and visual fields. 
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Procedural conversion from VATS to open surgery due to 
uncontrollable adhesions often increases the risk of surgical 
complications (6). In order to obtain the maximum effect, 
given the limited space of VATS, adhesions are the most 
significant problem to address if we are to expand the 
indications for minimally-invasive surgery.

Unlike serosal adhesions in the abdomen that are 
commonly accompanied by clinical symptoms like pain and 
ileus (7), pleural adhesions rarely cause notable problems 
like organ impairment. However, patients with pleural 
adhesions have an increased incidence of adverse surgical 
outcomes and higher pleural morbidity. Pleural adhesions 
can contribute to prolonged surgical duration, hemorrhage, 
a poor visual field, and pulmonary vascular injury (8). 
Products designed to prevent adhesions after abdominal 
surgery are readily available in clinic. However, there are 
no commercially-available products for the prevention of 
pleural adhesions. 

Many studies have focused on preventing postoperative 
pleural adhesions. Initially, non-absorbable materials are 
used as agents to prevent pleural adhesion. These materials 
act as a physical barrier and stop the formation of adhesions 
caused by fibroblast proliferation in the pleural space. Most 
of these materials used in recent studies are biodegradable 
(9,10) and include polyethylene glycol (11), hyaluronate (12), 
TachoComb (13), and so forth. 

A carboxymethyl cellulose-based membrane has been 
frequently used to prevent postoperative abdominal 
adhesions, and a trial on its application to pleural adhesions 
was reported (14). Noishiki et al. developed a glycerin-based 
adhesion-preventive agent using surface water induction 
technology, and obtained a higher adhesion-preventive 
effect following pleural surgery than that obtained with 
carboxymethyl cellulose used during thoracotomy in 
dogs (15). We used hyaluronic acid, which is safer than 
glycerin. We additional used the surface water induction 
technology, as described by Noishiki et al., and found that 
hyaluronic acid had a high adhesion-prevention effect 
after thoracotomy in dogs (16). After pleural surgery 
using insoluble hyaluronic acid creates a physical barrier, 
preventing adhesions from forming during the postoperative 
period (17). Insoluble hyaluronic acid causes few short-
term (16,18) and mid-term (19) intrapleural inflammatory 
responses. This is likely attributable to the excellent ability 
of insoluble hyaluronic acid to act as a physical barrier. 
Furthermore, insoluble hyaluronic acid is a high molecular 
weight and is unlikely to cause inflammatory reactions in 
vivo. Therefore, these results might have been obtained 

because hyaluronic acid does not cause unnecessary immune 
responses.

Other membranous and powdered formulations of 
pleural adhesion-prevention agents have been reported (20). 
Many studies have examined pleural adhesions following 
conventional thoracotomy; however, we examined the 
potential use of adhesion-preventive agents during VATS, 
based on agent operability (18). Additional studies that use 
VATS, and minimally invasive thoracic surgery [including 
a recent report of robot-assisted thoracoscopic surgery 
(RATS)] (21) are needed. This is because examination of 
various perspectives are important for determining the most 
effective adhesion-prevention agent formulation.

Currently,  we cannot say that our emphasis on 
preventing pleural adhesions will become increasingly 
popular in general clinical practice. However, postoperative 
pleural adhesions can reduce the risk of air leaks after 
pulmonary lobectomy (22). Some clinicians believe that 
postoperative pleural adhesions are necessary. In addition, 
pleural adhesion-preventive agents are still at the animal 
testing stage and are not commercially available. 

In spite of this, thoracotomy, with its broad operative and 
visual fields, is becoming a thing of the past. VATS is now 
routinely used during multiple surgeries, like for second 
primary lung cancer (23), surgical removal of pulmonary 
abscess (24), and multiple pulmonary lobectomies for 
metastatic tumors (25). VATS is an important treatment 
option for patients who seek a less-invasive surgery, 
including elderly patients (21), and we expect that the 
importance of preventing adhesions will be increasingly 
recognized within the field of pulmonary medicine.
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