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Uniportal video-assisted thoracoscopic surgery 
(VATS) pneumonectomy: an update

Thoracic surgery, as any other specialty in medicine, has 
continuously evolved through time. A lot has changed in the 
world since Evarts Graham performed the first one stage 
pneumonectomy for cancer in 1933. At that time, in order 
to reduce the cavity left by the pneumonectomy, seven 
ipsilateral ribs were removed, adding considerable morbidity 
to an already major procedure. Before this successful 
procedure, pneumonectomies were never performed in a 
single stage surgery and the morbidity and mortality was 

prohibitive for this procedure (1). Almost a century has 
passed by and it has not been in vain. Technology and 
medical expertise have contributed for this procedure to 
be performed not only with minimal mortality, but also 
through a minimally invasive approach with uniportal VATS 
being one of the last steps in the search for the less invasive 
effective procedure (2).

For patients with early stages non-small cell lung cancer, 
the minimally invasive approach in thoracic surgery has 
included less pain and morbidity, faster recovery and shorter 
postoperative length of stay (3,4). Similar outcomes in 
terms of oncologic results have led to the recommendation 
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of preferring this approach over open surgery for early 
stage lung cancer (5). Although we might extrapolate these 
advantages for surgeries involving lung cancer in advanced 
stages, there are no prospective randomized trials comparing 
both approaches for this specific circumstance (6).

Uniportal VATS has been proven to be beneficial and 
effective for a diverse range of complex major pulmonary 
resections, including centrally located tumors, post 
induction cases, bronchovascular reconstructions and 
carinal resections (7). 

The most important thing to keep in mind is the 
Uniportal VATS is a minimally invasive approach designed 
to achieve a complete oncologic resection with minimal 
physical trauma to the patient, without compromising 
oncologic principles. For that reason, the indication for 
a pneumonectomy has nothing to do with the surgical 
approach selected for the patient, but with the staging and 
physical status of the patient. 

Indications

Parenchymal sparring procedures are always preferred 
when operating a patient with a centrally located cancer, but 
in some cases, there is involvement on the distal part of the 
other lobes, making a pneumonectomy necessary in order 
for the procedure to be curative (8). The instances in which 
a VATS pneumonectomy should be performed include:

• Centrally located tumors not amenable to sleeve 
resections;

• Fissure tumors involving vascular and bronchial 
structures of all the ipsilateral lobes;

• Synchronous ipsilateral tumors involving multiple 
lobes.

One of the main prerequisites for being able to perform 
a UniVATS pneumonectomy is prior experience and 
expertise in UniVATS major lung resections; the complexity 
of these cases demand expertise handling difficult hilum in 
order to prevent possible complications. There are some 
special considerations that are unique in order to consider a 
patient suitable for a VATS approach for a pneumonectomy, 
including the uniportal approach. First, the patient must 
be able to tolerate single lung ventilation, because without 
this, instrumentation and visualization would be almost 
impossible. Second, the size of the tumor, as big tumors 
measuring more than 7 cm in diameter can be very difficult 
to handle by uniportal VATS and will probably require 
some sort of thoracotomy to extract the lung. Even so, 
the authors believe that in big tumors, trauma to the 

intercostal nerve can be minimized if the procedure is 
completed by VATS and the incision is enlarged at the end. 
If still necessary, a rib spreader can be used momentarily 
to achieve enough space to remove the specimen instead 
of maintaining it during the whole procedure when a 
thoracotomy is performed, keeping the nerve compressed 
for a longer time. Considerable experience in UniVATS is 
necessary to successfully complete these challenging cases. 

Is it feasible and safe to perform a uniportal 
VATS pneumonectomy?

Subxiphoid and uniportal VATS are both the most recent 
steps in the evolution of minimally invasive thoracic surgery. 
UniVATS for major lung resections have only been around 
since 2011 (9) and for this reason, despite the widespread 
adoption of the technique around the world, many of the 
teams doing UniVATS major pulmonary resections are still 
obtaining experience with early stage lung cancer before 
feeling comfortable enough with the approach to perform 
advance tumor cases. Although technically speaking, 
dissecting and ligating the pulmonary vessels at the hilum 
should not be a factor that increases the difficulty of the 
procedure by itself, cases that require a pneumonectomy 
have special characteristics that could make this process 
a complex task. First of all, tumors tend to be centrally 
located in the hilum, distorting the anatomy and, in some 
cases, even infiltrating the vessels or bronchus at a central 
level, making very difficult to find a dissection plane to 
safely isolate the structure, sometimes requiring that the 
pericardium be opened in order to complete the task. 
Second, these cases usually tend to be advance stages of 
lung cancer, amenable to induction chemoradiotherapy, and 
performing a minimally invasive radical pneumonectomy 
after induction therapy can be quite challenging due to 
fibrosis, adhesions and inflammation in the pulmonary 
hilum (10). 

Conventional VATS pneumonectomy has been found to 
be feasible and effective by many groups performing this 
surgery (11-13), and probably, with enough time, the same 
results will be found for UniVATS. 

Despite how new this technique is, already some 
groups around the world have shown good results with the 
UniVATS approach for pneumonectomies. The largest 
series to date reported 10 cases in 2013 (14), but other 
groups have also replicated this results with the UniVATS 
technique (15,16).

Given the foregoing, with enough experience and an 
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appropriate learning curve, UniVATS is a feasible surgical 
approach for pneumonectomy in which the limitation of the 
approach for especially challenging cases, such as those after 
induction therapy, will be dictated mainly by the experience 
of the surgeon with the technique instead of the specific 
procedure by itself.

Does uniportal VATS provide a benefit for these 
cases?

The one thing to keep in mind is that the goal of achieving 
a UniVATS Pneumonectomy is to provide the patient all 
the benefits of a minimally invasive approach, without 
compromising the safety of the patient and the oncologic 
results of the operation. There are no prospective studies 
that compare UniVATS pneumonectomy to the open 
approach and probably it will be some time before enough 
groups are performing this surgery in order to be able to 
truly compare both techniques and their long-term results. 
But, if we keep in mind that all the oncologic principles 
have to be preserved with the approach (complete lymph 
node dissection, negative margins, individual hilar dissection 
and stapling of the bronchovascular structures) the results 
obtained should not differ from an open approach. Some 
groups have already reported similar results in terms of 
radical resection in pneumonectomy between conventional 
VATS and open surgery (12). One important thing is 
that all of these criteria can be monitored by the surgeon 
performing the surgery and, if the surgeon is not able to 
comply with them, a change in approach must be made 
during the surgery. If the surgeon is not able to perform a 
complete lymphadenectomy because of lack of experience 
or technical issues than he/she should considered converting 
to an open procedure. The same applies for an appropriate 
margin of resection, short bronchial stump, etc.

Adding to the expected similar oncologic results patients 
have the potential advantages obtain with a minimally 
invasive approach, less trauma, less pain and shorter in 
hospital stay, faster administration of adjuvant therapy. 
However, these advantages have not been as clear for 
pneumonectomy as they have shown to be for VATS 
lobectomy (17).

One thing to keep in mind is that the physiological 
impact of a pneumonectomy is greater than the one that 
results from a lobectomy, so the difference in postoperative 
complication rates may not differ as much between 
an open and a minimally invasive approach. As shown 

in the study of Liu et al, lower postoperative pain was 
documented, but no statistical difference in postoperative 
complications (arrhythmias, bleeding, pneumoniae) (12) was  
observed.

Taking these factors into account, reducing the surgical 
trauma of a thoracotomy in an already significantly major 
procedure such as a pneumonectomy could aid the patient 
in the recovery process and diminish the affection of the 
acute postoperative period. Prospective randomized studies 
are necessary to document the real impact of the approach 
in the postoperative evolution.

Technical considerations

There are general considerations that apply for the right 
and left pneumonectomy. Patients should be positioned 
on lateral decubitus according to the side that is going to 
be operated. Using the mid axillary line as reference, a 
4–5 cm incision is usually made in the 5th intercostal space, 
although some surgeons prefer the 4th intercostal space 
for a right pneumonectomy (sometimes it is necessary to 
enlarge the incision in order to extract the specimen). The 
manner in which the anterior or posterior incision is made 
differs according to the surgeon’s preference and anatomical 
considerations for a specific patient.

A 30º camera is placed in the posterior part of the wound 
and remains there during the whole procedure. This is of 
upmost importance because the camera and the instruments 
must mimic the position of the eyes and hands of the 
surgeon, as in open surgery, so instrumentation becomes 
easier and more fluid. Specific uniportal VATS instruments 
are not mandatory to successfully complete the procedure 
but are extremely useful and considerably facilitate the 
surgery. The assistant can be on the same side of the table 
or in front. For experienced and seasoned teams in uniportal 
VATS, the assistant is located in the contralateral side of the 
surgeon, which is more comfortable for the surgeon since 
it provides more space to work in and prevents “fighting” 
during instrumentation, but is more demanding for the 
assistant holding the camera. Specific circumstances for 
each side are as follows:

Right pneumonectomy

The procedure usually starts with the dissection of the 
vascular structures at the hilum, that are facilitated by 
retracting the lung downwards for the dissection of the 
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pulmonary artery, upper and middle lobe veins and upwards 
for the lower lobe vein (18). Bimanual instrumentation 
is very important in order to keep adequate traction and 
to facilitate dissection (19). First, for dissection of the 
main pulmonary artery, the authors recommend stapling 
the anterior trunk, which provides more space resulting 
in a better angle to pass the stapler through the upper 
lobe vein. Another option is to do dissection of the upper 
pulmonary vein first, but this requires retracting the upper 
lobe anteriorly and to the apex, in order to prevent injury 
to pulmonary artery with the stapler. The surgery continues 
with the dissection of the lower pulmonary vein, starting 
with the ligament and doing a meticulous dissection of 

the posterior part of the vein, removing all tissue between 
the vein and the bronchus, so encircling the vein becomes 
quite easy and considerably facilitates passing the stapler. 
The next step is dissection of the pulmonary artery. At this 
time, since both veins have been transected, visualization 
of the PA is enhanced, so it allows a safer dissection of the 
structure. Station 10 lymph nodes are recommended to be 
dissected first, enhancing the exposure. Careful dissection 
of the posterior part of the PA is important to facilitate 
isolation of the artery with a right angle. Silk or rubber 
bands can be used to aid in the retraction and provide more 
space for the stapler to pass. The main bronchus is then 
dissected away from lymph nodes and peribronchial tissue 
to allow good retraction and a safe oncological margin with 
a short bronchial stump after stapling. The foregoing is 
to prevent possible complications, such as bronchopleural 
f istula (18).  A helpful t ip is  to perform station 7 
lymphadenectomy prior to the stapling and division of the 
bronchus (Figure 1), since it allows more space, mobility 
and exposure to divide the right main bronchus (Figure 2).

A complete lymph node dissection is performed 
afterwards, including in the right-side station 2-4r, 10, 7, 8 
and 9 (if it has not been performed before).

Left pneumonectomy

In the left side, dissection starts with the upper part of the 
hilum, between the left PA and the upper lobe vein, with 
a thorough dissection between both structures. It is very 
important to dissect as centrally and distally possible in 
all the surface of the vessel, so it becomes quite free and 
mobile (Figure 3). Dissection proceeds with the posterior 
cranial part of the left PA and lymph node dissection of the 
aortopulmonary window, which is better to be performed 
at this moment so it provides adequate exposure of the 
posterior part of the PA to pass a right angle to isolate 
the structure. A rubber band can be used to aid with the 
retraction and exposure of the left PA to facilitate passing 
of the stapler or the sucker can be used as a guide for the 
stapler to pass between the left superior pulmonary vein and 
the pulmonary artery (Figure 4). The next step is to staple 
the left upper vein, which is already dissected from the 
previous step, and finally dissection of the lower lobe vein 
following the pulmonary ligament. The bronchus should be 
dissected as proximally as possible to ensure a short stump, 
which is especially important in the left side since the left 

Figure 1 Station 7 lymph node dissection carried out before 
stapling the bronchus, especially in the right side will allow a better 
exposure of the carina and contribute to a shorter bronchial stump. 
RMB, right main bronchus; LMB, left main bronchus.

Figure 2 This video shows how a complete lymphadenectomy of 
station 7 allows a better exposure and dissection the right main 
bronchus, enhancing the exposure before the attempts to divide 
the bronchus are made (20). 
Available online: http://www.asvide.com/watch/33071

LMB

RMB

Video 1. How a complete lymphadenectomy of station 
7 allows a better exposure and dissection the right 
main bronchus, enhancing the exposure before the 

attempts to divide the bronchus are made
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bronchus anatomically is staple further from the carina. 
Then, the procedure proceeds with a mediastinal lymph 
node dissection of station 10, 5, 7, 8 and 9. 

Intrapericardial pneumonectomy

I t  i s  n o t  i n f r e q u e n t  t h a t  t u m o r s  i n  n e e d  o f  a 
pneumonectomy for their resection infiltrate the vessels so 
proximal into the hilum that a dissection plane cannot be 
found at the extra pericardial level or a negative resection 
margin is not possible unless an intrapericardial dissection 
of the vessels is performed.

An intrapericardial pneumonectomy is a more complex 
procedure as it requires precision and skill to open de 
pericardium and surround the PA and both pulmonary 
veins without injuring the phrenic nerve and pushing or 
compressing the heart excessively (Figure 5). But, even taking 
this into consideration, it is less difficult and dangerous than 
trying to force a dissection plane through a tumor infiltrated 
pulmonary artery or hilar infiltrated lymph nodes.

The pericardium is opened posterior to the phrenic 
nerve, usually with the hook cautery, but this can also be 
done with scissors (Figure 6). Retracting the pericardium 
away from the heart with a grasper facilitates maneuvering 
and avoids accidental injuries to the heart (Figure 7). The 
dissection is than continued through the pericardium 
alongside the vessels to be able to encircle them. It is 
important to be aware of adhesions or fibrosis between the 
heart and the inner layer of the pericardium so extra care 
is taken to avoid injuries. After the dissection is completed, 
a vessel loop can be used to facilitate passing of the stapler, 
but it is not always necessary. To improve the angles for 
introducing the stapler for the PA and the upper lobe vein, 
the lung is retracted caudally and laterally, and for the lower 
lobe vein cranially and laterally. 

During dissection of the PA in left pneumonectomy, 
it is especially important to be aware of the left recurrent 
laryngeal nerve, so inadvertent injury can be avoided.

Take home message

Although this is a procedure every thoracic surgeon tries to 
avoid, pneumonectomy is still necessary to resect advance 
stage lung cancers and cannot be underestimated. Cases 
in which pneumonectomy is the only surgical option 
for treatment usually involve large tumors, complex and 
infiltrated hilum and challenging dissection involving 

Figure 3 During the hilum approach, meticulous dissection 
around the vessel, as distally and proximally as possible (illustrated 
with white arrows)will simplify considerably the stapler passage 
across the vessel. PA, pulmonary artery; Ao, aorta.

AO

PA

Figure 4 This picture shows how to place the sucker between the 
pulmonary artery and vein in order to guide the stapler when is 
passed below the vein reducing the risk of injuring the pulmonary 
artery behind.

Figure 5 Intrapericardial dissection of the left pulmonary artery 
and left upper pulmonary vein, demonstrating a useful trick to 
divide the left upper pulmonary vein, using the sucker to guide and 
facilitate the passage of the stapler (21). 
Available online: http://www.asvide.com/watch/33072

Video 2. Intrapericardial dissection of the left 
pulmonary artery and left upper pulmonary vein, 

demonstrating a useful trick to divide the left 
upper pulmonary vein, using the sucker to guide 

and facilitate the passage of the stapler
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Figure 7 This picture shows one of the maneuvers to open 
pericardium (P). The pericardium is grasp laterally to the phrenic 
nerve and traction is apply medially and upwards (white arrow). 
Scissors, ultrasonic or bipolar devices can be used to open the 
pericardium medially to the instrument grasping it.

P

enlarge lymph nodes. To perform these cases with a 
minimally invasive approach, such as uniportal VATS, is 
feasible, but expertise is mandatory to be able to handle 
complex hilum and, in some necessary cases, to perform an 
intrapericardial pneumonectomy. Although the advantages 
of a minimally invasive approach may not be as apparent as 
in lobectomies because the physiological consequences of a 
pneumonectomy are still present.

Thoracic surgeons should add this approach to their skill 
set in order to minimize the physical trauma related to the 

surgery. Uniportal VATS still has a long road to cover, but 
for now, is a feasible option to operate these advance cases 
as long as the surgeon is experienced with the technique. 
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