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Introduction

Nowadays, minimally invasive surgery appears to be the 
standard of care for early-stage lung cancer. In the last 
decade, the use of minimally invasive approaches such as 
video-assisted thoracic surgery (VATS) or robotic-assisted 
thoracic surgery (RATS) has expanded worldwide. 

Despite the generalization of these techniques, VATS 
and RATS need to be performed in expert centers because 
of the risk of major intraoperative complications (1-4). 
Flores et al. were the first to describe a large series of VATS 
lobectomy in which 13 cases (1%) had major intraoperative 

complications that led to unplanned major procedures such 
as pneumonectomy (1). More recently, the European Society 
of Thoracic Surgeons minimally invasive thoracic surgery 
interest group reported that 22% of in-hospital mortality 
was related to major intraoperative complications (3). 

The literature reports a similar risk of vascular injury 
with the robotic approach, with rates ranging from 0.5% 
to 2.6% (1,4-9). In this context, vascular injury leads to a 
significant increase in in-hospital mortality, as reported 
recently by Cao et al. (10).

In this paper, we focus on strategies developed by 
our team to prevent and manage major intraoperative 
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bleeding during robotic surgery. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://jovs.amegroups.com/article/
view/10.21037/jovs-20-147/rc).

Usual port placement (Figure 1)

First, an 8 mm port was placed just below the scapular spine 
in the 6th intercostal space (Arm 3). The Airseal port was then 
placed in the 9th intercostal space, on the anterior axillary line. 
Robotic arm port 1 (8 mm) was placed in the 6th intercostal 
space on the posterior axillary line, arm port 2 (12 mm)  
was placed in the 8th intercostal space on the posterior axillary 
line, and arm port 4 (12 mm) port was placed in the 6th  
intercostal space on the anterior axillary line. 

After docking the robot, a 30° camera was introduced 
through the Arm 3. A tip-up forceps was inserted in arm 
port 1, a Cadiere grasper was inserted in arm 2 and a 
Maryland bipolar forceps was inserted in arm port 4.

The surgical assistant was positioned in front of the 
patient with a long suction tip.

Equipment preference cards

(I) 3D high-definition camera (30° lens);

(II) One cadiere forceps to retract tissue during the 
dissection of vessels and bronchus;

(III) One Maryland forceps connected to an additional 
ERBE© generator (ERBE, Limonest, France) for 
electrocoagulation, sectioning and to dissect and free 
the vessels and bronchus;

(IV) One tip-up forceps used to retract lung parenchyma (to 
better expose the surgical field) and to clamp the PA 
without applying too much pressure which could lead 
to additional injury;

(V) One large needle driver used to repair the PA.
The DaVinci Xi Surgical system (Intuitive surgical SAS, 

Montrouge, France) is placed perpendicular to the table. 
The patient position was that of conventional surgery, with 
the head placed close to the anesthesia station. 

Management of pulmonary artery injury (PAI)

PAI is a rare but serious occurrence during minimally 
invasive thoracic surgery. In a 2019 publication that 
evaluated the occurrence of PAI during robotic lung 
resection, the incidence was found to be around 1.5% in 
high volume centers (10). 

Surgical management (Figure 2)

The location of the PAI is the key to management, raising 
the question of whether is it possible to control the bleeding 
using a robotic approach. In other words: can the bleeding 
be controlled and can the upstream pulmonary artery 
(PA) be clamped? (Figure 2). In our experience, repairing 
the injury robotically is complex and is only feasible for 
surgeons with extensive experience in minimally invasive 
thoracic surgery, especially using the robotic approach and 
ideally in expert and high-volume centers that also possess 
highly-trained support teams (Table 1).

There are essentially two PAI scenarios during RATS 
lung resection: firstly, the injury is located on the main 
PA during upper lobectomy, or, secondly, the injury is 
located on the lower or middle lobe arteries or on the distal 
branches of any lobe. 

The first step in both situations is to immediately control 
the bleeding with a sponge stick.

Proximal PAI (Video 1, Figures 3,4)

PAI mostly occurred during upper lobectomy or lymph 
node dissection. If the main PA was already encircled with a 

Figure 1 Port placement during RATS resection. Two 8mm ports 
for the optic (Arm3) and for the exposure (Arm 1); and two 12 mm 
port for the staplers (Arm 2 and Arm 4). AP, assistant port; RATS, 
robotic-assisted thoracic surgery.
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vessel loop, the repair could be performed with the robotic 
approach. However, the main PA was not already encircled 
in most cases, and conversion was needed. 

There are a number of mandatory steps for conversion: 
first, inform the whole staff including the anesthesiologist 
of the major bleeding so that blood compensation can be 
started; secondly, before opening the chest, the PAI has to 
be controlled with a sponge stick using the most posterior 
arm so that there is enough space to perform antero-
lateral thoracotomy by removing the other arms or the 
most anterior arm, or by removing the most anterior arms 
in order to have enough space to perform postero-lateral 

thoracotomy; thirdly, the camera should be inserted into the 
assistant port and maintained throughout the conversion 
in order to ensure that the bleeding is controlled. In our 
experience, the main surgeon stays sterile with is gown 
at the console after the docking of the robot, therefore is 
case of emergency conversion, the main surgeon just needs 
to change is gown and gloves. Moreover, in our team, a 
second surgeon is called to assist with the conversion—it is 
important to have the assistance of an experienced surgeon 
in case it is difficult to control the main PA during bleeding.

In this situation, the role of the assistant is major: he had 
the responsibility to assist the main surgeon by helping him 

PA injury location?

Proximal Artery Lobar or segmental 
branches

Emergency
Conversion

Control the 
bleeding 

Ask for help

Emergency
Conversion

Clamping 
possible

Robotic PA 
repair

Clamping 
impossible

Control the 
bleeding 

Ask for help

Figure 2 Decisional tree of the management of preoperative pulmonary artery injury.

Table 1 Dijon’s University Hospital team experience of robotic 

pulmonary resection 

2017 2018 2019
2020 until  

1st October

Number of pulmonary 
resections

60 65 80 72

Bilobectomy 0 1 2 1

Lobectomy 55 47 50 39

Segmentectomy 5 17 28 32

Vascular injury 3 2 3 3

Robotic vascular repair 0 0 2 3

Conversion to open  
thoracotomy

3 2 1 0

Video 1 Conversion linked to the bleeding of the most distal 
branches of A1+2 during left upper lobectomy.
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Figure 3 Visualization of the different branches of the right pulmonary artery. (A) represents the frontal view of the right PA with 
parenchymal division of the right upper, middle and lower lobe; (B) represents the frontal view of the right PA without parenchymal division 
of the right upper, middle and lower lobe; (C) represents the sagittal view of the right PA with parenchymal division of right upper, middle 
and lower lobe (D) represents the sagittal view of the right PA without parenchymal division of right upper, middle and lower lobe. The 
yellow part of the right PA corresponds the injury that couldn’t be repaired by robotic way and need emergency conversion. PA, pulmonary 
artery.
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to control the bleeding, by improving exposition, suction, 
and in case of emergency conversion he is the one who 
control the bleeding when the main surgeon performs open 
thoracotomy. 

Most of the time, the trocars are inserted in the 7th 

intercostal, which is too low to perform conversion 
thoracotomy. After the arms that are not used to compress 
the PAI are removed, anterolateral or posterolateral 
thoracotomy has to be performed through the 5th intercostal 
space so that the main PA can be controlled and clamped. 
In our experience, posterolateral thoracotomy is a better 
option for controlling the main PA during major bleeding.

Moreover, the injury of the main PA and the proximal 
part of the first branches of the PA (yellow part of the PA on 
Figures 3,4) are difficult to repair with a robotic approach 
even for a skilled surgeon. Indeed, the main PA has to 
be clamped in order to allow safe repair of the injuries. 
Therefore, conversion is required to contain the bleeding. 
The robotic approach should not be used to repair proximal 
PA due to the risk of an additional accident, especially the 

risk of tearing the main PA, which would likely lead to poor 
patient outcomes. 

Distal pulmonary artery injury (Videos 2-4; Figures 3,4)

When injuries occur in the distal part of the PA, especially 
during middle or lower lobectomies or dissection of the 
distal branches of the PA for segmentectomies, the bleeding 
is easier to control, and robotic management is possible 
(Figures 3,4). In these cases, the PA upstream from the 
injury can often be clamped with the 4th arm with a smooth 
forceps, and is then feasible to suture the artery with a 
robotic approach. In our team, our habits are to use the 
tip-up forceps (Intuitive surgical SAS, Montrouge, France) 
because its low strength allows us not to injure the PA, but 
it is also possible to use bull-dogs to clamp the vessel. This 
kind of repair should only be conducted in an expert center 
with a trained team (Videos 2-4). The help of an assistant 
is critical: in our experience, during major bleeding, the 
presence of a second skilled surgeon is needed to perform 
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Figure 4 Visualization of the different branches of the left pulmonary artery. (A) represents the frontal view of the left PA with parenchymal 
division of the left upper and lower lobe; (B) represents the frontal view of the left PA without parenchymal division of the left upper and 
lower lobe; (C) represents the sagittal view of the left PA with parenchymal division of the left upper and lower lobe; (D) represents the 
sagittal view of the left PA without parenchymal division of the left upper and lower lobe. The yellow part of the left PA corresponds the 
injury that couldn’t be repaired by robotic way and need emergency conversion. PA, pulmonary artery.
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Video 3 Management of A1a bleeding during right upper S1 
segmentectomy.

Video 2 Management A5 bleeding during middle lobectomy.
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suction and to provide adequate exposure for the technical 
management of the injury. 

Prevention of PAI

Even experienced board-certified thoracic surgeons are 
subject to major intraoperative incidents (3). In order to 
minimize the risk of injuries during robotic lung surgery, 
processes such as simulation, training and preoperative 
planning using 3-dimensional imaging can be used.

Simulation

As previously reported, simulation in surgery has different 
objectives: acquiring surgical techniques, improving team 
coordination, and clinical training for the multidisciplinary 
management of acute surgical emergencies.

Simulation in thoracic surgery is profitable for all 
practitioners: for resident and younger surgeons it is an 
opportunity to learn surgical gestures and to dissect the 
pulmonary hilum; for more experienced surgeons it provides 
an opportunity to learn how to manage and coordinate a 
crisis scenario including nursing and anesthesiologist staff. 

In cases of PA bleeding, life-saving decisions have to be 
taken within a very short timeframe. Therefore, training 
for the management of this risky situation before it arises 
has major benefits for the entire team. Appropriate decision 
making, communication, and inter-professional skills are 
vital for positive patient outcomes in both routine and crisis 
scenarios (11,12). Before the surgery, the surgeon must 
prepare by reviewing the scenarios in which emergency 
conversion should be performed after bleeding control and 
the injury can be repaired using the robotic approach.

Simulation is a good approach for training both for 
younger surgeons with less experience and for older 
surgeons training to use a new technique (13). Over the last 
decade, many simulators have been created for the purpose 
of training for open thoracic surgery, VATS and RATS  
(14-16). Different virtual reality simulators have been 
developed for VATS lobectomy training, providing a 
realistic approach to the management of lobectomy that 
is relevant for all different skill levels (17). Virtual reality 
simulators have also been developed for RATS; these 
systems have proven that they are able to improve surgeon 
efficiency and the quality of learning during mitral surgery 
or lobectomy (18,19).

Finally, preoperative planning using 3-dimensional 
imaging could be used to identify the anatomical disposition 
of the vessels before minimally invasive surgery such 
VATS or RATS, therefore minimizing the risk of major PA 
bleeding (20). 

Tips and tricks

In order to prevent vascular injury, there are some rules:
(I) Never forget to keep the vision of your 3 instruments 

before moving them;
(II) Do not dissect the PA without a good exposure and 

always keep a gaz sponge close by to compress the 
PA if necessary;

(III) Control the tension on the tissues by changing the 
color or brightness of the tissues;

(IV) Do not pull too much on the PA during dissection;
(V) Avoid dissecting the vessels by removing the jaws 

from the forceps (i.e., Maryland forceps);
(VI) Pay attention if the assistant is manipulating the 

stapler himself: the outside movement of the most 
anterior arm of the system could move the stapler 
outside and thus having the vessels pulled out from 
the inside at the time of stapling.

Conclusions

Thoracic surgeons who are not experienced in minimally 
invasive surgery techniques require specific training in order 
to develop techniques for conversion and specific strategies 
to manage major bleeding. 
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