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Abstract: The object of our study is to show the causes leading to conversion, in order to observe the
responsible variables and analyses if conversion influences the patient’s outcome. Between January 2013 and
December 2016, Udine Thoracic Department performed 180 video-assisted thoracoscopic surgery (VATS)
lobectomies, and 24 cases were converted to thoracotomy due to an intra-operative complication such as
arterial or venous bleeding, airway and other injuries. The VATS lobectomies’ number increased over the
three years: from 27 in 2013 to 55 in 2015 and 48 in 2016. While conversion’s rate decreased from 33%
in 2013 to 5.5% in 2015 and 10% in 2016. We performed a univariate and a multivariate analysis looking
for the variables affecting the conversion rate. This was significantly related to intraoperative bleeding and
airway injuries (P<0,001). Seventy-year older patients were not associated to a higher conversion rate, instead
they showed an increased risk of post-operative complications (P<0,018, RR =1.8). We have focused our
attention on all the variables leading to conversion and conditioning the patient’s outcome in terms of post-
operative complications and length of stay. The best strategy to face VATS complication is to prevent them.
Young surgeons at the beginning of their learning curve should perform VATS lobectomies under close
supervision of a skilled VATS surgeon. Moreover, conversion to open thoracotomy should be not considered

a failure of VAT'S, but rather a procedure for patient’s safety.
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Introduction

Video-assisted thoracoscopic surgery (VATS) represents
the gold standard approach for lung cancer not only for
the treatment of early stage lung cancer but also for more
advanced disease, depending on the surgeon’s surgical skill.
VATS is widely considered a safe and effective surgical
technique with a low post-operative complication rate.
The most common intraoperative complications, that lead
to conversion, are featured by massive bleeding, airway
injuries, and tough adhesions.
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Patient selection and workup

This study is the result of an institutional retrospective
review of all the patients that underwent VATS Lobectomy
from 2013 to 2016. The aim of this study is to report our
department VAT lobectomy intra-operative complications
and to analyse their management and the influence that they
have on the conversion rate and on the patient’s outcome
in terms of post-operative complications and length of stay.
We considered several variables such as patient’s age at time
of surgery, duration of procedures, different techniques
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Table 1 Conversion and VATS management over years in our department
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Year Average procedure time (min) Conversion (cases) VATS management (cases) Conversion rate VATS management rate
2013 230 9 0 33% 0%
2014 234 7 3 14% 30%
2015 220 3 1 5.5% 25%
2016 214 5 4 10% 44%

VATS, video-assisted thoracoscopic surgery.

adopted in terms of ports’ number and approach,
preoperative patients’ selection and assessment, conversion
rate, different intraoperative injuries that lead to conversion,
postoperative length stay and complication. Data were
collected using the hospital’s database (G2 software) and
medical records for missing data. Data were managed
using Apple Numbers 4.2 Version and analyzed using
SPSS for Mac 24.0. Differences among the categorical data
were analyzed with either Fisher's exact test or chi-square
comparison. Moreover, we performed a univariate analysis
with Cox regression test to identify the responsible variables
in terms of conversion rate and the relationship between
conversion and patient’s outcome. All P values lower than
0.05 were considered statistically significant. 180 patients
underwent VAT'S lobectomy, mostly for lung cancer, with a
median operation time of 224 minutes (120-430 minutes).
Twentyfour cases underwent conversion, 12 cases
had intra-operative bleeding, 3 cases had airways
injuries, 3 cases had other injuries, the remaining cases
showed tough adhesions and hilar lymphadenopathy.
Among all the VATS performed, 56 were right upper
lobectomies (RUL), 18 were middle lobectomies
(ML), 38 were right lower lobectomies (RLL), 35 were
left upper lobectomies (LUL) and 34 were left lower
lobectomies (LLL). The postoperative complications
observed were: re-operation (1%), prolonged air
leaks (12%), acute coronary syndrome (0.6%), atrial
fibrillation (7.8%), atelectasis (1%), empyema (0.6%),
pneumonia (4.4%), residual pleural space (5.6%), chest
tube repositioning (3.3%), other minor complications
(14%). The preoperative diagnosis was performed in 53%
of cases by trans-bronchial needle aspiration (TBNA)
bronchoscopy or computed tomography (CT) scan
needle biopsy. Patients operated for lung cancer (98%)
underwent lobe specific sampling in 170 cases (94%)
and systematic lymphadenectomy in 10 cases (6%). We
observed a significant correlation between ¢cN1-cN2 with
SUV >4 at positron emission tomography (PET), and
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pathological evaluation after lymphadenectomy (pN)
(P<0,001). At pathological evaluation, 155 cases were pNO
(86%), 15 cases pN1 (8%) and 10 cases pN2 (6%). We
observed adenocarcinoma in 99 cases (55 %), squamous cells
carcinoma in 40 cases (22%), carcinoid in 15 cases (8%)
and in the remaining 23 cases (13%) other primary lung
neoplasms. Despite pleural adhesions were not responsible
for post-operative prolonged air leaks, they were associated
to a higher procedure time and higher conversion rate
(P<0.010). Seventy-years older patients were not associated
with a higher conversion rate, while these patients
showed a significantly increased risk of post-operative
complications (P<0.018, RR =1.8). In our experience,
LLL were statistically correlated to a higher conversion’s
risk (P<0.006), instead RUL were significantly related to
a higher postoperative complication’s rate (P<0.002). The
main factors leading to conversion were intraoperative
bleeding and airway injuries (P<0.001). The conversion’s
rate decreased from 33% in 2013 to 5.5% in 2015, and was
10% in 2016. At the same time, the decreased conversion
rate corresponded with increased VATS management of the
intraoperative complications (0% in 2013; 44% in 2016).
We believe that the small increase of conversion rate in
2016 is related to challenging cases enrolled to surgery (1)
(Table 1, Figure 1). The intraoperative complications
occurred from 2013 to 2016 are summarized in Table 2.

Pre-operative preparation

Patients underwent a pre-operative assessment with CT-
scan, PET in 74% of cases, bronchoscopy and endobronchial
ultrasound (EBUS) if evidence of ¢cN1 or ¢N2 at CT-
scan or PET with SUV>4, pulmonary functional tests
(FEV1, FVC and Diffusing Capacity of the lungs for
carbon monoxide (DLCO) integrated by VO2max in
case of Forced expiratory volume (FEV1) and DLCO
<70%, according to ESTS lung cancer guidelines (2).
96 patients (53 %) had histologic diagnosis at time of surgery,
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Figure 1 Conversion, VATS management and average procedure time over years in our department. VATS, video-assisted thoracoscopic

surgery.

in the other cases, intra-operative diagnosis were performed
by wedge resection or core needle biopsy of the pulmonary
lesion, and intra-operative histopathological evaluation was
required. Patients who underwent VATS segmentectomy,
wedge resection and all open surgery were excluded from this
study.

Equipment preference card

Patients were positioned in lateral decubitus, the utility
incision was 3.5-5 cm wide, no ribs spreading, the inferior
port was performed with direct visualization and placed
anteriorly the diaphragm’s free margin, usually in the 8th
intercostal space on the posterior axillary line. We use
30-degrees camera 10 mm and Scanlan surgical instruments.
No trocars or soft tissue devices were employed. The
analgesic therapy was administrated in VAT at the end of
the procedure through multiple intercostal nerves blocks
with Rupivacain 0.75% 10 mL. One chest tube (24 Fr) was
placed in the second operative port. In case of conversion,
we performed anterolateral thoracotomy and placed two
chest tubes (28 Fr).

Procedure

All VATS lobectomies were performed by using the
anterior approach according to Copenhagen technique. In
the early period of our VATS program, VATS lobectomies
were performed using 3 or 4 ports and only patients with
stage I, complete fissures and no tough adhesions, were
considered eligible to VAT procedures. In fact, in the very
beginning of our experience, the presence of adhesion was
considered enough to perform conversion. With increased
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surgeon’s VAT skills, VATS lobectomies were performed
with 2 ports and, later were switched to one port. Because
of a significant correlation between uniportal technique and
post-operative air leak associated with the need to replace
the chest drainage (P<0.008), we have abandoned this
technique in favor of biportal VAT lobectomy.

Role of team members

Three surgeons were involved in this study: Dr. A
Morelli, Udine Thoracic Department’s chief, Dr.
G Masullo, Dr. F Londero, and Dr. W Grossi. All
surgeons attended an international VATS program and
they completed their VATS lobectomy learning curve
(25 cases) in less than 12 months. Dr. W Grossi has
collected and reviewed the data from the Institute’s database
and he has elaborated them with SPSS.

Dr. F. Londero and Dr. G. Masullo collaborate in
collecting data and they helped writing this article. Dr. A.
Morelli reviewed the article and gave his authorization to
publish it.

Post-operative management

Patients who underwent VATS lobectomy came back to
ward or intensive care unit after surgery according to the
anesthesiologist indications. All patients had one chest tube
(24 or 28 Ch) at =20 cm H2O suction for at least 24 hours.
On the day of surgery and on first post-operative day, all
patients had blood test and chest X-ray. Most of the patients
underwent a quick mobilization on armchair on day zero
and on the postoperative day one they started walking and
doing respiratory physiotherapy. Chest tube was removed
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Table 2 Detailed overview of our intra-operative complicated cases

P d Post-
Age Sex Lobectomy Year N° port .roce L.jre Complication Procedure Stage Los 0st-op
time (min) compl
83 w RUL 2013 4 230 Azygos vein division during UPV Conversion I 6 No
stapling
84 M LLL 2013 3 290 Hilum lymphadenopathy difficult Conversion 7 No
dissection
73 w RUL 2013 3 225 Boyden pulmonary artery lesion Conversion 7 Atrial
fibrillation
74 M LLL 2013 3 205 Suspected mediastinal pleura Conversion a4 No
neoplastic infiltration
78 w RUL 2013 3 210 Unclear fissures Conversion | 4 No
67 M RML 2013 3 237 Middle lobe pulmonary artery Conversion | 6 No
lesion
73 w LLL 2013 2 145 Unclear fissures Conversion | 7 No
67 M LLL 2013 3 210 Tumor mass greater than 5 cm Conversion | 7 No
70 M RUL 2013 3 340 Tough adhesions Conversion | 9 Empyema
73 M RLL 2014 2 265 Tough adhesions and tumor mass Conversion Il 3 No
greater than 5 cm
71 W RUL 2014 2 410 R1 on bronchial stump Conversion for | 2 No
bronchoplastic
82 w RUL 2014 2 240 Boyden pulmonary artery lesion Conversion | 8 Deep vein
due to hilar lymphadenopathy thrombosis
63 w RML 2014 2 310 Unclear pulmonary artery anatomy Conversion | 6 No
64 w RML 2014 2 310 Tough adhesions and small Conversion for Il 6 No
nodules on the others lobes palpation of the
small nodules
48 M LLL 2014 1 195 Tumor close to lower lobe Conversion 5 No
bronchus rise
76 M RLL 2014 1 285 Suspected of pulmonary artery Conversion Il 8 No
tumoral infiltration for pulmonary
arterioplastic
57 M LUL 2014 2 250 Pulmonary artery branch bleeding Compression and Meta 2 No
during posterior fissure stapling clip placement
78 W RML 2014 3 255 Pulmonary artery branch bleeding Compression and | 3 No
during posterior fissure stapling clip placement
66 W LUL 2014 2 240 Lingular branch bleeding during Compression and Meta 9 Atrial
firing clip placement fibrillation
75 w LLL 2015 1 245 Pulmonary artery bleeding during Conversion 8 No

stapling of posterior fissure

Table 2 (continued)
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Table 2 (continued)
P d L Post-
Age Sex Lobectomy Year N° port .roce L.Jre Complication Procedure = Stage Los ost-op
time (min) compl
65 M LUL 2015 2 320 Difficult dissection of mediastinal Conversion | 3 No
artery cause proximal neoplastic
lesion position
59 M LLL 2015 2 305 A6 bleeding during dissection of Conversion | 16 Pneumonia
lower lobe bronchus
75 w RUL 2015 2 150 Ascending pulmonary artery Compression and | 6 No
branch bleeding during firing clip placement
45 M RUL 2016 1 237 R1 on bronchial stump Conversion for | 6 No
bronchoplastic
73 w RUL 2016 1 300 Pulmonary ascending branch Conversion | 19  Chronic
subxiphoid artery bleeding during firing with chest wall
energy device pain
75 M RUL 2016 2 240 Superior pulmonary vein Conversion Ila 8 No
bleeding during dissection due to
lymphadenopathy
67 w LUL 2016 2 215 R1 on bronchial stump Conversion for Il 5 No
bronchoplastic
65 W LLL 2016 2 270 Difficult dissection of lower Conversion Il 4 No
bronchial rise due to N1disease
64 w RLL 2016 2 200 Bronchial stump air leak Stitch placement | 25  PE with
on bronchial right heart
stump failure
79 w RLL 2016 2 220 Middle lobe laceration Stitch and 5 No
TachoSil
placement
87 M RLL 2016 2 210 Esophageal artery branch Clip and Meta 17  Difficult
bleeding during sampling Tabotamp lung re-
placement expansion
77 w LUL 2016 2 170 Lower lobe laceration with air leak Continuous Il 6 Difficult
suture with lung re-
Prolene 3/0 expansion
and TachosSil
placement

W, women; M, man; RUL, right upper lobectomies; RML, right upper lobectomies; LUL, left upper lobectomies; LLL, left lower
lobectomies; RLL, right lower lobectomies; UPV, upper pulmonary vein; PE, pulmonary embolism; Los, length of stay.

in cases of absence of air leak, and patients were discharged
the day after according to their degree of mobilization. The
analgesic therapy was submitted by morphine, nonsteroidal
anti-inflammatory drugs (NSAIDs) and ondansetron by
intravenous elastomeric pump and shifted to oral therapy

the day before the discharge.
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Tips, tricks and pitfalls

A perfect knowledge of anatomical structure and possible
anomalies is mandatory to prevent intra-operative
complications (3). In the biportal approach, the correct
position of the inferior port is crucial. This port should
be performed in the eighth intercostal space, across the
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Figure 2 Inferior pulmonary artery bleeding during VATS LLL (7).
VATS, video-assisted thoracoscopic surgery; LLL, left lower
lobectomies.

Available online: http://asvidett.amegroups.com/article/view/22361

line just anterior to the tip of the scapula. In fat and short
patients, it is mandatory to perform this port under direct
visualization to prevent incorrect position in case of
diaphragm elevation. We use the inferior port to retract the
lung during hilar’ structures’ dissection, and to make sure
that the stapler creates a perfect angle for the dissection
of the hilarhilar’s structures; to do this, we move the
ring clamp from the inferior port to the utility incision
retracting the lung up and backward. It goes without saying
that if the inferior port is placed in a wrong place, the VATS
procedure becomes challenging.

General recommendations:

%  Ensuring the complete dissection of the superior
and posterior aspect of the mediastinal pleura
permitting an easier hilum structures dissection;

% Identifying all hilar structures before firing. If
the anatomy is not clear because of adhesions or
anatomical variations, it is convenient to perform
an accurate dissection of all hilum structures;

% Paying attention to azygos vein while stapling the
superior pulmonary vein;

% In case of thick fissure, it could be useful to identify
the pulmonary artery plan to avoid vascular injuries
while stapling the fissure;

% Performing always a bronchoscopy prior to stapling
the lobar bronchus to verify the correct stapler
position, and avoiding irremediable airway injuries;

% Artery branches smaller than 7 mm in diameter
should be fired safely using energies. In these cases,
it is important to divide the vessel not too close
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to its origin, allowing a clip application in case of
bleeding;

% The energy devices can be used for the fissure’s
dissection and they are safe in terms of post-
operative air leak.

In case of intra-operative bleeding the first thing is to
keep calm, do not panic and press on the bleeding vessel,
and wait for haemodinamic stabilization by the anesthetist
(4-6); if bleeding cannot be controlled by compression,
and the patient is still stable, it could be useful to perform
an additional port specifically for sponge compression, so
that it becomes possible to carry out the VATS lobectomy
(Figure 2). In case of conversion, we routinely perform an
anterolateral thoracotomy.

Conclusions

VATS lobectomy is a safe and effective surgical procedure
in terms of length of stay, patient’s outcome and oncological
radicality. Despite this technique is characterized by
small incisions, it could cause major and potentially fatal
complications, if not promptly managed. The best way
to prevent them is to make a correct patient’s selection
and pre-operative assessment, following a specific VATS
program at the beginning of VATS surgical experience, and
choosing non challenging cases in the early period of the
learning curve. In our experience, the uniportal approach
was significantly correlated with several cases of chest tube
repositioning for air leaks (8). For this reason, we shifted
to the biportal approach, as it appeared to be safer in
terms of post-operative complications. The most common
intra-operative complications that led to conversion were
bleeding, airway injuries and adhesion at the beginning of
VATS program (9-10). There was no statistical difference
in terms of conversion rate between skilled surgeons and
learning curve period. It is our opinion that the intra-
operative management depends on the surgeon’s VAT skills.
Conversion should not be considered a failure of VATS,
but rather a surgical choice aiming to patient’s safety. The
converted VATS lobectomies are not related to increased
post-operative complication rate. In our experience, the LLL
was the most challenging VATS procedure and subjected
to higher conversion rate. RUL was instead associated with
higher post-operative complications.
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