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Abstract

Pneumonectomy is a type of lung resection with high morbidity and mortality and is more commonly performed for the
treatment of lung cancer. The aim of this study is to demonstrate the feasibility and safety of VATS pneumonectomy in the
treatment of non-small cell lung cancer based on our own clinical experience. We retrospectively analyzed patients with
NSCLC who underwent pneumonectomy between January 2016 and May 2021. Preoperative, operative, and postopera-
tive results of VATS and thoracotomy groups were analyzed and compared. This study was approved by the local ethics
committee and informed consent was obtained from all individual participants included in the study (Registration number:
49109414-604.02; Date: 24/01/2020). A total of 135 patients were included in the study. There were 20 patients who under-
went VATS pneumonectomy and 115 patients who underwent open pneumonectomy. There was no difference between VATS
and thoracotomy groups in terms of operative and postoperative complications. The mean visual analog scale score was
significantly lower in the VATS group. In the light of the data of our study, we can conclude that VATS pneumonectomy is
a safe and feasible procedure in selected patients.
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Introduction resection, has the potential to improve postoperative out-

comes in this patient group.

Video-assisted thoracic surgery (VATS) has become the pre-
ferred method in most thoracic surgery procedures since it
is associated with less postoperative pain, fewer complica-
tions, and shortened recovery time compared to conventional
methods [1-3]. With the development of imaging technology
and surgical instruments, VATS has become successfully
applied even in extended lung resections [4—6]. Although
there are many studies showing the superiority of VATS over
a thoracotomy in lobar and sublobar resections, studies on
pneumonectomy are limited.

Taking advantage of minimally invasive surgical tech-
niques in pneumonectomy, which has higher postoperative
mortality and morbidity compared to other types of lung
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Thus, in this retrospective study, we aimed to demon-
strate the effect of VATS on intraoperative and postopera-
tive results by comparing it with thoracotomy in patients
who underwent pneumonectomy for non-small lung cancer
(NSCLCO).

Material and Methods
Patients

This retrospective cohort study was approved by the local
ethics committee.

We retrospectively analyzed patients with NSCLC who
underwent pneumonectomy between January 2016 and May
2021. In our department, the first VATS lobectomy was per-
formed in 2010 and the first VATS pneumonectomy in 2016.
For this reason, we preferred to start the inclusion of patients
from 2016.
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Patients who underwent chest wall resection and carinal
sleeve resection and diagnosed with carcinoid tumor were
excluded from the study.

Preoperative pulmonary evaluation including spirom-
etry, diffusing capacity for carbon monoxide (DLCO), and,
if necessary, VO2max and cardiopulmonary exercise tests
was performed for each patient. Flexible bronchoscopy was
applied to each patient in the preoperative period. For pre-
operative mediastinal staging, a positron emission tomo-
graphic (PET) scan, endobronchial ultrasound (EBUS), and/
or mediastinoscopy were performed according to the ESTS
recommendations.

Surgical Technique

The two most important criteria in the selection of the surgi-
cal method were the size and location of the tumor. Although
it is not a definite rule, thoracotomy was preferred more
especially in tumors larger than 5 cm. Difficulty in retraction
and manipulation of the lung, inadequate exposure, and dif-
ficulty in removing the specimen from the intercostal space
after resection were the main factors that made the VATS
method less preferred in large tumors. The second important
criterion was tumor location. Central location and/or inva-
sion of surrounding anatomical structures were the reason
for choosing thoracotomy, especially in the early stages of
the study period. However, with the increasing experience,
VATS started to be preferred in locally advanced diseases
like tumors with pericardium, diaphragm, or major vessel
invasions. Therefore, VATS selection criteria are not firm
and have changed over time with increasing experience.
Another condition that necessitates the application of thora-
cotomy is the formation of air trapping due to central airway

Fig. 1 a In this intraoperative image of the patient who underwent
left pneumonectomy with VATS, all hilar structures were isolated,
and the main pulmonary artery (white star) was gently retracted with
vascular tape. The black arrow indicated the stump of the superior

invasion-occlusion. In these cases, besides the difficulty of
retraction and manipulation of the lung, it is also difficult to
remove the specimen from the intercostal space.

Three ports were utilized in VATS group with non-rib-
spreading technique. A 5—-6-cm utility incision was placed
at the 5th intercostal space (ICS) in the midaxillary line. A
1.5-cm camera port was placed in the anterior axillary line
(at the 7th ICS) and a 1.5-cm posterior port was placed in
the posterior axillary line at the same level of ICS. Thirty-
degree thoracoscope was used in all cases. We routinely used
ultrasonic or bipolar energy devices while performing hilar
and mediastinal lymph node dissection.

In VATS pneumonectomy, unless otherwise required, first
the inferior and superior pulmonary vein, then the main pul-
monary artery (Fig. 1a) and finally the bronchus were tran-
sected. In cases where there is main pulmonary artery inva-
sion and excessive manipulation of the lung would create a
risk of laceration of the artery, the pulmonary artery may
also be dissected first. Dissection techniques of pulmonary
veins are similar to VATS lobectomy. In right pneumonec-
tomy, in order to safely dissect the main pulmonary artery
and not leave a long stump, hilar lymph nodes should be
dissected, and the artery should be isolated from the pul-
monary vein inferiorly, the azygos vein superiorly, and the
main bronchus posteriorly. In left pneumonectomy, espe-
cially the lymph nodes in the aorticopulmonary window
should be removed and the tissues between the arcus aorta
and the main pulmonary artery should be dissected. The
staple size selected for the automatic stapler device should
be appropriate for the width and wall thickness of the pul-
monary artery. After transection of the vascular structures,
all subcarinal lymph nodes were excised, and the main bron-
chus was isolated up to the carina level. After that, the main
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pulmonary vein located anterior to the main bronchus (black star). b
The left main bronchus (black star) was isolated and retracted with
tape to leave a short stump
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bronchus was suspended with a silicon sling (Fig. 1b). With
this maneuver, it is possible to transect the main bronchus
close to the carina. The endoscopic plastic bag was used
while retrieving the specimen through the utility incision.
In patients with large tumors, we used double endoscopic
bags to prevent the bag from tearing.

We preferred open thoracotomy in cases with a require-
ment for chest wall or carina resection and presence of dif-
ficulty with securing a surgical margin at the main bron-
chus. The possible need for bronchial sleeve resection did
not cause us to choose an open thoracotomy. We successfully
performed complete-VATS bronchial sleeve lobectomy in 8
patients during the study period.

In the thoracotomy group, pneumonectomy was per-
formed through the muscle-sparing lateral thoracotomy
using a 15- to 20-cm lateral skin incision. The 5th or 6th ICS
was used. The vascular structures were ligated and transfixed
with non-absorbable sutures (mostly 2—0 or 1-0 silk). The
main bronchus was transected and closed with a surgical
stapling device. We chose to cut open the bronchus when
the tumor was close to the surgical margin.

In cases at high risk for developing bronchopleural fistula,
pericardial fat was used to reinforce the bronchial stump
(Fig. 2). We routinely inserted a medium-bore clamp-release
chest tube to stabilize the mediastinum for 2-3 days and
removed it after bleeding and chylothorax are ruled out.
Mediastinal balancing was performed by unclamping the
chest tube twice a day, and it was terminated when the daily
drainage amount fell below 200-300 cc.

Postoperative Follow-up

We have preferred to keep the patients in the intensive care
unit (ICU) for the first 24 h after the operation.

Visual analog pain scale (VAPS) scores were recorded
every 12 h after surgery and continued 3 days. The mul-
timodal treatment includes local anesthetics, non-steroid
anti-inflammatory drugs, opioids, and drugs to provide inter-
costal nerve blocks to manage postoperative pain. After the
chest tube removal, patients who were in stable condition
and enabled self-maintenance of normal daily activities were
discharged.

Data on intraoperative and postoperative outcomes
including length of operation, length of hospital stay, drain-
age duration, complications, and follow-up information were
obtained.

Statistic

Statistical analysis was performed using SPSS 25.0 (SPSS
Inc., Chicago, IL, USA).

Continuous variables, expressed as mean value + stand-
ard deviation (SD), were compared by unpaired Student’s
t-tests; categorical variables were analyzed using Chi-square
tests. DFS and OS were estimated using the Kaplan—-Meier
method. Cox regression analyses were performed to define
factors that would affect disease-free and overall survival.
Statistical significance was set at p-value < 0.05 (all p values
presented were 2-sided).

Results

A total of 115 males and 20 females were included in the
study. Complete VATS pneumonectomy was performed in
20 patients, and conventional pneumonectomy was per-
formed in 135 patients. Conversion to open thoracotomy

Fig.2 a Bronchial stump (black arrow) and prepared pericardial fat pad flap are seen in the patient who underwent left pneumonectomy with
VATS. b Image of the thoracic cavity after the bronchial stump is supported by a pericardial fat pad
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was seen in 1 patient because of a calcified hilar lymph
node. Patients’ characteristics are listed in Table 1.

We used thoracoscopy for exploration in some patients
to see the degree of mediastinal invasion or to determine
whether it would require chest wall resection. We did not
consider such cases that started with VATS for explora-
tion and continued with thoracotomy as “conversion to
thoracotomy.”

The most common pneumonectomy indication was the
presence of centrally located tumor, and no significant
difference was found between VATS and thoracotomy in
terms of indication rates (Table 2).

There were no statistically significant differences
between VATS and thoracotomy groups in mean ages
(64.2 vs. 61.7, p=0.25), preoperative FEV1, comorbidi-
ties, operation side, tumor size, and pathological stages.

Postoperative drainage time (3.3 vs. 3.9, p=0.38) and
hospital stay (5.0 vs. 6.1, p=0.25) were slightly longer in

Table 2 Indications for pneumonectomy

Indications for pneumonectomy VATS (n=20) Thoracotomy p values

(n=115)
Central localization, n (%) 9 (45) 51 (44.4)
N1 nodal metastasis*, n (%) 7 (35) 38 (33.0)
Interlobar invasion, n (%) 3(15) 20 (17.4)
Separate tumor nodule in a dif- 1 (5) 6(5.2)

ferent ipsilateral lobe, n (%)

“It includes pneumonectomies performed due to lymph nodes that
have penetrated the hilar structures beyond the capsule

thoracotomy group; however, these differences were not
statistically significant.

There was no statistically significant difference between
VATS and thoracotomy groups in terms of intraoperative
and postoperative complications. As an intraoperative
complication, vascular injury was observed during hilar

Table 1 Patient characteristics

Variables VATS (n=20) Thoracotomy (n=115) p values
Mean age (years) 64.2 SD7.8 61.7 SD7.3 0.888
Sex (n (%)) 1.0
Male 18 (90.0) 100 (87.0)
Female 2 (10.0) 15 (13.0)
Operations side (n (%)) 0.401
Left 14 (70.0) 90 (78.3)
Right 6 (30.0) 25 (21.7)
Histologic type of lung cancer (n (%)) 0.392
Squamous cell carcinoma 12 (60.0) 79 (68.7)
Adenocarcinoma 8 (40.0) 30 (26.0)
Large cell carcinoma 0(0) 6(5.3)
Tumor size (cm) (mean) 5.1SD7.8 5.4 SD7.3 0.019
Pathologic stage (n (%)) 0.931
I 3(15.0) 16 (13.9)
II 8 (40.0) 42 (36.5)
I 9 (45.0) 57 (49.6)
Neoadjuvant treatment (n (%)) 0.563
Yes 3(15.0) 27 (23.9)
No 17 (85.0) 86 (76.1)
Co-morbidities (n (%)) 0.693
None 12 (60.0) 72 (62.6)
Diabetes mellitus 3(15.0) 18 (15.7)
Hypertension 1(5.0) 8(7.0)
Heart disease 1(5.0) 10 (8.7)
Multiple 3 (15.0) 7 (6.1)
Respiratory function test (mean)
FEV1 (%) 78.7 SD15.1 74.6 SD15.7 0.703
FEV1 (lt) 2.86 SD0.73 2.83 SD0.73 0.570
Serum albumin level (g/dl) (mean) 4.14 SD0.43 4.19 SD0.59 0.458

FEV: Forced expiratory volume, VATS: Video-assisted thoracic surgery, SD: Standard deviation
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dissection in two patients, and tracheal injury was thought
to be secondary to intubation in one patient.

The most common postoperative complication was pneu-
monia in both groups. A total of 9 (%6.6) patients underwent
re-operation due to postoperative bleeding.

In postoperative follow-up, mean VAPS score was found
to be significantly higher in POD 1, 2, and 3 in the thora-
cotomy group (Table 3).

Intraoperative death was not observed in either group.
However, there were 6 patients in total who developed mor-
tality within 30 days postoperatively. There was no statisti-
cally significant difference in postoperative 30-day mortal-
ity between VATS and thoracotomy groups (1 (%5) vs. 5
(%4.3); p=1.00).

Overall survival was 39.3 SD2.9 months, and disease-
free survival was 35.7 SD2.9 months (Fig. 3). Overall and

recurrence-free survival was found longer in the VATS
group, but this result is not statistically significant (Table 4).

Discussion

With increasing experience and the development of mini-
mally invasive surgical instruments, VATS has become
available in many lung pathologies that were previously con-
sidered contraindicated. It has been shown that it can be suc-
cessfully applied in locally advanced lung cancer cases such
as chest wall, diaphragm, and pericardial invasion [7-11].
However, VATS pneumonectomy is still an uncommon pro-
cedure and there are several concerns about its feasibility.
One of these concerns is the suspicious in safety and
feasibility of hilar dissection in VATS pneumonectomy,

Table 3 Operative and early

! Variables VATS (n=20) Thoracotomy (n=115) p values
postoperative results
Operation time (minute) (mean) 278.3 SD71.2 245.0 SD76.6 0.759
Postoperative complications (n (%)) 0.731
None 17 (85.0) 82 (71.3)
Pneumonia 2(10.0) 12 (10.4)
Hemorrhage 1(5.0) 8 (7.0)
Arrythmia 0(0.0) 3(2.6)
Others 0(0.0) 10 (8.7)
Drainage time (mean) 3.3SD1.4 3.9SD2.5 0.042
Hospital stays (mean) 5.1 SD1.5 6.3 SD3.5 0.179
VAPS score (mean)
POD 1 3.80 SD0.75 4.33 SD1.35 0.038
POD 2 2.80 SDO0.89 4.09 SD1.27 0.029
POD 3 2.40 SDO0.78 3.94 SD0.90 0.003

VAPS visual analog pain scale, VATS video-assisted thoracic surgery, POD post-operative day, SD standard

deviation
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Fig.3 a Kaplan—Meier survival curve for overall survival. b Kaplan—-Meier survival curve for disease-free survival
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Table 4 Survival results Survival VATS (n=20) Thoracotomy (n=115) p values
Disease-free survival (months) 49.3 SD7.2 37.5 SD3.1 0.059
Disease-free survival rate (%)
1 year 83.8 64.9
5 years 63.5 344
Overall survival (months) 49.3 SD7.2 37.5 SD3.1 0.116
Survival rate (%)
1 year 83.8 71.1
5 years 59.9 40.2

VATS video-assisted thoracic surgery. SD standard deviation

especially in centrally located large tumors [12, 13]. This
concern is not unfounded because in some cases, safe manip-
ulation of the lung can be difficult due to the size of the
tumor and its proximity to hilar structures. However, modern
surgical graspers, bipolar or ultrasonic energy devices, and
advances in optics, including 3D cameras and ultra-high-
definition monitors, make adequate exploration and safe
hilar dissection possible.

Another point of discussion is the adequacy of VATS
in evaluating resectability or suitability for parenchyma-
sparing surgery in patients who are radiological candi-
dates for pneumonectomy. The decision to perform pneu-
monectomy or sleeve lobectomy is not only based on the
preoperative investigation but also intraoperative explora-
tion. Incomplete exploration of the relationship between
the hilar structures and the tumor may cause unnecessary
pneumonectomies. Therefore, all cases with the possibil-
ity of pneumonectomy should be evaluated adequately in
terms of suitability for sleeve lobectomy and, if necessary,
open thoracotomy should be applied. We think that VATS
has sufficient reliability to carry out this exploration. In our
clinic, 8 patients with a radiological possibility of pneu-
monectomy were started with VATS and according to the
exploration findings, videothoracoscopic bronchial sleeve
lobectomy was performed after being evaluated as suitable
for sleeve resection [14].

Previous articles on VATS pneumonectomy have provided
encouraging results. Sahai and colleagues [15] reported ret-
rospective analyses of 67 patients and demonstrated similar
postoperative outcomes between thoracoscopic and open
thoracotomy. Similarly, Nagai and colleagues [16] analyzed
47 patients who underwent VATS pneumonectomy and
reported 17.4% major postoperative complication and 2.2%
mortality, and they emphasized that these results were better
when compared with the thoracotomy data in the literature.

As stated in the few similar studies in the literature, there
is a risk of bias in patient selection for VATS pneumonec-
tomy [13, 15, 16]. In this study, there was no significant
difference between VATS and thoracotomy groups in terms
of patient characteristics. However, the mean tumor size in

the thoracotomy group was statistically significantly higher
than in the VATS group (p=0.019). This is the result of the
tendency to choose thoracotomy rather than VATS in large
tumors due to possible difficulty in removing the specimen
from the thorax.

One of the most important findings in our study was the
positive effect of VATS on postoperative patient comfort.
The mean VAS scores for the first 3 days of the postopera-
tive period were lower in the VATS group. The importance
of postoperative pain control in preventing complications
associated with thoracic surgery procedures is well known
[17]. Although less postoperative pain was observed in the
VATS group, there was no significant difference between
VATS and thoracotomy groups in terms of postoperative
complication rates.

We preferred to follow patients who were to stay in a
remote area from the hospital up to the hospital for a few
more days after chest tubes were removed. Therefore,
although the mean drainage times were shorter in the VATS
group, no significant difference was found between the thor-
acotomy group in terms of hospitalization times (p =0.179).

Whichever technique is used, the main goal is to ensure
RO resection and not to compromise oncological principles
in the treatment of lung cancer. When we evaluate the onco-
logical results of the patients we included in the study, the
overall and disease-free survival results were slightly longer
in the VATS group, but there was no statistical significance.
Achieving a clean surgical margin is one of the concerns
about VATS pneumonectomy. However, we were able to pro-
vide a negative surgical margin by opening the pericardium
when necessary, and we believe that VATS do not have any
disadvantages in this regard.

This study has various limitations. First, this is a retro-
spective study; therefore, biases might exist in the design.
Secondly, VATS group consists of a small number of
patients, and this may directly affect the statistical signifi-
cance. Third, VATS pneumonectomy has been performed
in a selected group of patients, and selection criteria have
changed over time with the increasing experience of the
surgical team.
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In the light of the data of our study, we can conclude
that VATS pneumonectomy is safe and feasible procedure
in selected patients. Eligible patients should be able to ben-
efit from the advantages of VATS technique such as less
postoperative pain and shorter drainage and hospitalization
times. As mentioned in the “Material and Methods” section,
there were no strict patient selection criteria, and with the
increasing experience of the surgical team, the indications
have expanded over time and will continue to expand.
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