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Abstract: It is not known if the benefits of thoracoscopic approaches over thoracotomy for lobar and
sublobar resection for early stage non-small cell lung carcinoma (NSCLC) are realized for patients
undergoing more extensive lung resection such as pneumonectomy. Approaching whole lung resection by
video-assisted thoracoscopic surgery (VATS) has remained less common, therefore little evidence exists
regarding the potential advantages of performing pneumonectomy by VAT'S. Despite this, continued efforts
to decrease surgical morbidity and mortality associated with pneumonectomy, along with increasing surgeon
experience, have led to reports for VATS pneumonectomy from select centers. The following represents a

description of the important technical aspects, as well as a review of pertinent literature, largely from case

series and single institution experiences regarding thoracoscopic approaches to pneumonectomy.
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Introduction

Minimally invasive approaches to lobar and sublobar
resection are now widely accepted to be beneficial when
compared to thoracotomy. Since its first description
over 20 years ago, widespread adoption of video-assisted
thoracoscopic surgery (VATS) approaches for lobectomy
was slowed by concerns largely based largely on safety
and oncologic validity. These have largely been disproven,
and now over 60% of lobectomies being performed as
documented with the STS database are done by VATS (1-6).
Most previous exclusion criteria for approaching patients by
VAT have been overcome safely (7).

Obstacles to the widespread adoption of VATS for
pneumonectomy are unique compared to those associated
with the VATS lobectomy learning curve. Large, bulky
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tumor pathology often involving the hilum, inability
to gain control of catastrophic vascular injury at the
level of the main pulmonary artery, and the known
morbidity and mortality associated with pneumonectomy
in general all contribute to the relatively small level of
experience reported for VATS pneumonectomy. As a
result, approaching whole lung resection by VATS has
understandably been less common. Reports are largely
limited to case reports, small case series, and single
institution experiences (8-22).

Existing evidence regarding the potential advantages
for VATS pneumonectomy over standard thoracotomy is
lacking, but it is not unreasonable to assume that many
of the advantages realized for VATS lobectomy would
translate to those operations requiring more extensive lung
resection if oncologic principles are maintained. As surgeon
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Figure 1 The right superior (U) and middle (M) pulmonary veins
(SPV) are dissected out and ensnared with a vessel loop after the
inferior vein has already been ensnared (arrow marks blue vessel
loop around inferior vein). This facilitates division of each vein in
rapid succession, thus minimizing vascular congestion during the

remaining dissection (right pneumonectomy).

Figure 2 Intra-pericardial exposure and dissection of the common
pulmonary venous drainage (PV) (left pneumonectomy). The

white arrow is pointing to the pericardium which has been incised.

experience has increased simultaneously with improved
surgical instrumentation and videoscopic technology,
approaching pneumonectomy by VATS has become feasible.
Here we review the pertinent technical aspects associated
with performing VATS pneumonectomy, as well as review
recent literature associated with it.

Technical considerations for VATS
pneumonectomy

Preoperative preparation

Preoperative evaluation for thoracoscopic pneumonectomy
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does not differ than that for open pneumonectomy and
consists of a standard cardiopulmonary work up including
transthoracic echocardiogram and pulmonary function
testing. For patients with marginal cardiopulmonary
function, routine split lung function testing and
cardiopulmonary exercise testing are obtained. In
general whole lung resection is avoided when possible,
and every effort is made to perform sleeve resection to
spare lung function given the significant morbidity and
mortality rates associated with pneumonectomy (23).
Frailty testing is conducted on patients over 75 years of
age, which may uncover surgical risks not apparent on
standard cardiac and pulmonary testing. Planning for
intraoperative transesophageal echocardiogram (TEE)
can be useful in assessing cardiac function at the time of
pulmonary artery clamping. When there are conflicting
or borderline predictive data, a right sided cardiac
catheterization is considered. Despite its invasiveness, the
ipsilateral pulmonary artery can be balloon-occluded while
stimulating the cardiac output, measuring right ventricular
pressure response and assessing systemic arterial oxygen
saturations.

Operative considerations

After ensuring the patient has adequate cardiopulmonary
reserve, the important anatomic considerations for
preoperative surgical planning for VATS pneumonectomy
are largely centered around the isolation and division
of four hilar structures. The pulmonary veins are
routinely approached first. Instead of dividing each vein
immediately after it has been dissected free, both are
dissected out first unless one requires division to improve
exposure of the other. By dissecting both before dividing
either one, they can then be divided in rapid succession
so that attention can be turned towards isolating the
main left pulmonary artery without delay (Figure I). This
minimizes the vascular congestion that may occur from
systemic bronchial artery collateral circulation in the lung
while time is spent isolating and dividing the pulmonary
artery. For completion pneumonectomy cases, vein
division may also accelerate blood losses from denuded
lung parenchyma. Often, due to the effects of induction
therapy or the location of the tumor at the hilum, the vein
dissection is carried out more safely within the pericardial
cavity (Figure 2).
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Figure 3 A red rubber catheter that has been brought in between
the left mainstem bronchus (B) and left main pulmonary artery
(PA) to facilitate safe passage to the surgical stapler across the

pulmonary artery (left pneumonectomy).

Figure 4 The whole lung specimen is retracted cephalad to
facilitate dissection of the mainstem bronchus (B) proximally,
preventing an elongated stump prone to bronchopleural fistula

(left pneumonectomy) (arrow marks pulmonary artery stump).

Figure 5 Pericardial fat (PF) is mobilized and sutured onto the
bronchial stump (arrow) for coverage (left pneumonectomy)
(Ao = aorta).
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When surgical staging of the mediastinum is to be
performed, it is done at the same operative setting as the
planned lung resection, and can be helpful in making
the hilar dissection safer and easier. During video
mediastinoscopy, the dissection is carried onto the mainstem
bronchus, thus starting the separation of the pulmonary
artery from the bronchus. This step facilitates an easier and
potentially safer dissection of the main pulmonary artery
from the bronchus within the chest.

When dissecting the main pulmonary artery from the
mainstem bronchus, care must be taken to dissect towards
the bronchus with blunt dissection to avoid potential
injury to the artery. When this is achieved, a red rubber
catheter can be placed in between the two structures and
used as a guide to safely bring a stapler across the artery
(Figure 3). To facilitate safe passage of the stapler, care
must be taken after passage of the red rubber catheter
to dissect off any additional peribronchial or adventitial
tissue that may serve as an impediment. Prior to firing the
stapler, it is closed and the patient is monitored for any
hemodynamic compromise that may suggest compromise
of the main pulmonary artery.

Once the pulmonary artery has been divided, the
bronchus is dissected up to the level of the carina to avoid
a long bronchial stump just as with an open resection.
Manipulating the specimen when dissecting the bronchus
is aided with the use of a 5-mm laparoscopic flexible
liver retractor such as the Diamond-Flex (CareFusion,
San Diego, CA, USA). It allows for upward traction for
safe and thorough dissection of the mainstem bronchus,
keeping the lung, and potentially large tumors out of the
way (Figure 4).

Coverage for the bronchial stump is performed routinely
to minimize the dreaded complication of bronchopleural
fistula. This can be achieved with various methods,
including a rotational pleural flap, pericardial fat pad,
intercostal muscle flaps, as well as the azygos vein on the

right (Figure 5).

Right pneumonectomy

As with open right pneumonectomy, risk for postoperative
respiratory failure is significant, but from a purely technical
standpoint can be less challenging due to easier exposure
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of the right main pulmonary artery and proximal right
mainstem bronchus.

Left pneumonectomy

In contrast to right pneumonectomy, the risk for
postoperative respiratory failure with left pneumonectomy
is less, though the technical demands for the dissection
can be more challenging. The shorter length of the left
main pulmonary artery often requires an intra-pericardial
dissection to gain proximal control safely.

Discussion

Despite known risks for perioperative morbidity and
mortality associated with it, pneumonectomy is sometimes
required to ensure an RO resection of non-small cell lung
cancer (NSCLC). While minimally invasive approaches
have become routine for sublobar and lobar resections,
thoracotomy remains the standard for whole lung resection.
Reasons for this likely involve the known physiologic insult
to the patient, the potential for catastrophic complications
working on hilar structures, and large bulky tumor/
lymph node pathology. Increasing surgeon experience
with minimally invasive procedures for sublobar and
lobar resections has allowed for approaching complex
tumor pathology by VATS, including pathology requiring
pneumonectomy.

Laboratory experiments with animals have demonstrated
potential benefits for thoracoscopic approaches to
pneumonectomy. Acute phase reactive proteins measured in
dogs undergoing whole lung resection by VATS compared
to thoracotomy showed that despite increased operative
time, serum levels of C-reactive protein on POD #3 and
the WBC count on POD#1 were significantly lower
for dogs completed by VATS. In a similar study where
pigs underwent pneumonectomy by VATS versus open
approaches, C-reactive protein and II-6 measurements
for pigs that underwent VATS were significantly lower
for the VATS group on POD#1. Serum cortisol levels
for the thoracotomy group were significantly elevated
postoperatively compared to those done by VATS. Despite
significantly longer operative times for the VATS group, no
physiologic differences were noted postoperatively in the
two groups (24,25).

Clinical results reported for thoracoscopic pneumonectomy
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are largely limited to case reports and small case series. The
first described video-assisted thoracoscopic pneumonectomy
was reported by Walker in 1994 (8). Table 1 lists an additional
thirteen case reports or small case series that have been reported
(9-22) since then. Single incision VATS pneumonectomy was
reported in 2013, and another report exists for an awake non-
intubated pneumonectomy (for non-malignant pathology)
(16,17). Importantly, to date small case series have not
demonstrated a thoracoscopic pneumonectomy to be unsafe. In
2016 Liu retrospectively evaluated 32 patients who underwent
VATS pneumonectomy and compared them to 64 patients who
underwent conventional thoracotomy. No difference was seen
based on approach for transfusion rates, hospital length of stay
(LOS), dissected lymph node numbers, dissected lymph node
stations, or estimated blood loss. Overall complication rates
were similar for both groups at 20.0% and 22.5%. VAT cases
did require more operative time (187.5 vs. 146.3 min) (11).

We have previously reported our single institution
experience spanning over 10 years at an NCI designated
cancer center. The retrospective review of all patients
undergoing pneumonectomy included 101 consecutive
cases, of which 64 were attempted by VATS. Conversion
from VATS to thoracotomy was required in 17 cases.
Preoperative characteristics were similar in the groups
except for greater age, female sex, and preoperative
comorbidities in the VATS group. Clinical stage was
lower in the VATS group, but more upstaging occurred
in this group, and median survival for pathologic stage
IIT and IV patients was higher for patients approached by
VATS. The percentage of successful completion of VATS
pneumonectomy improved from 26% during the first half
of the series to 63% during the second half of the series.
There were no intraoperative deaths related to technical
issues or bleeding.

In summary, approaching pneumonectomy by VATS by
experienced surgeons can be a safe strategy that does not appear
to compromise oncologic principles. Further investigations are
needed to determine potential impact on long term outcomes.
When approaching VATS pneumonectomy regardless of
the side, the importance of gaining proximal control of the
main pulmonary artery must be emphasized. The timing of
this maneuver occurs after dissection and division of both
pulmonary veins. With control of the main pulmonary artery
being the most critical and stress-inducing step, key attention
must be paid to keep the dissection close to the bronchial wall,
thus minimizing potential for vessel injury.
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Table 1 Summary of reported VATS experience from select centers
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Author Year Total (n) VATS/open Findings
Walker 1994 1 1 VATS, left Case report
Craig 1995 6 6 VATS; 4 left/2 right  No deaths, no complications attributable to approach
Conlan 2003 1 VATS left Case report
Nwogu 2006 7 VATS/18 open Case series, no perioperative mortality
Nakanishi 2008 1 VATS Case report
Nwogu 2010 24 VATS, 35 open, Conversions had more intraoperative blood loss, 1 30-day mortality
8 conversion in VATS and open group, No long term survival advantage based on
approach
Gonzalez-rivas 2012 1 VATS, right Case report
Piwkowski 2012 1 VATS Case report
Oparka 2012 1 VATS left Case report
Gonzalez-Rivas 2013 10 Single incision Case series, mean tumor 4.8 cm (3-12 cm) , 201 min OR time
VATS; 4 right, 6 left (130-250 min) median LOS 4 days, 1 reoperation for bleeding
Kim 2014 45 7 VATS/38 open VATS group had 24 month survival of 75%, median LOS 4 days,
2 BPFs
Battoo 2014 107 40 VATS, 50 open, No intraoperative deaths, learning curve evident as conversion rate
17 conversions decreased over time, similar pathologic staging, improved long term
survival in advanced stages (lll, IV) for VATS group, 53% VATS pain free
at 1 year vs. 19% open
Chen 2015 1 VATS left Case report
Liu 2016 96 32 VATS /64 open Increased OR time with decreased pain scores in the VATS group. No
differences in perioperative morbidity/mortality
Domjan 2017 1 Single incision Case report

VATS, right

VATS, video-assisted thoracoscopic surgery; LOS, hospital length of stay.
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