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Key question 9 Cadavers

Can the Versius Surgical System be used to successfully
perform thoracic procedures in cadaver specimens?

]

Key finding(s)

22/24 (91.7%) procedures were completed in 9
cadavers; optimal port and bedside unit positions were
validated.
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Take-home message
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This next-generation system has been successfully . 66.7% Pedo

used in 4 thoracic surgery in cadavers, supporting its
use in small-scale clinical studies.

Successful

Abstract

OBJECTIVES: The adoption of robot-assisted thoracic surgery (RATS) has helped to overcome some of the challenges associated with sur-
geons performing conventional video-assisted thoracic surgery. The Versius Surgical System (CMR Surgical, Cambridge, UK) has been
developed iteratively in line with surgical team feedback to improve the surgeon’s experience and patient outcomes. The goal of this study
was to assess the use of the device in RATS in a preclinical setting and to fulfil Idea, Development, Exploration, Assessment, Long-Term
Follow Up-Devices stage 1 (Idea).

Meeting Presentation: N/A
Trial registration: N/A
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METHODS: Four cadaveric sessions were conducted between November 2018 and December 2020, during which device performance in
a range of thoracic operations was assessed. Procedures were categorized as either completed or not completed, and surgeons evaluated
the device's ability to successfully complete necessary surgical steps. Port and bedside unit positions were recorded.

RESULTS: In total, 22/24 (91.7%) thoracic procedures were successfully completed, including 17/18 lobectomies, 2/3 thymectomies and
3/3 diaphragm plications, in 9 cadaver specimens. One thymectomy could not be completed due to cadaver anatomy and 1 lobectomy
was not completed due a console system fault. Port and bedside unit configurations were successfully validated for all procedures, and

lead surgeons deemed the device to be well-suited for thoracic surgery.

CONCLUSIONS: This preclinical study demonstrated the successful use of the device in RATS in cadaveric models and supports progres-
sion to small-scale clinical studies, as part of Idea, Development, Exploration, Assessment, Long-Term Follow Up-Devices stage 2a

(Development).

Keywords: Diaphragm « Robot-assisted thoracic surgery (RATS) - Video-assisted thoracic surgery (VATS)

ABBREVIATIONS

BSUs Bedside units
IDEAL-D Idea, Development, Exploration, Assessment,
Long-Term Follow Up—Devices
OR Operating room
RATS Robot-assisted thoracic surgery
VATS Video-assisted thoracic surgery
INTRODUCTION

Video-assisted thoracic surgery (VATS) is increasingly used to
perform thoracic procedures that previously required a thoracot-
omy, including lobectomy, thymectomy and diaphragm plication
[1-3]. Compared with a thoracotomy, VATS is associated with
fewer complications, lower intraoperative blood loss, shorter
hospital stays, reduced postoperative pain and improved cosme-
sis[1, 2, 4, 5].

In recent years, the use of surgical robots has improved surgical
site visualization, surgical dexterity and the precision of instrument
manoeuvrability in VATS [2, 6]. The adoption of robot-assisted thor-
acic surgery (RATS) has improved tissue handling of large, fragile
pulmonary vessels and helped overcome the anatomical constraints
of operating within the thoracic cavity [2]. RATS has extended the
feasibility of minimal access surgery in complex procedures within
narrow anatomical areas, such as the retrosternal space, and in
complex cases, such as patients with a high body mass index, previ-
ous thoracic surgery or advanced-stage disease [2, 7]. Furthermore,
robot-assisted lobectomies have been associated with fewer intrao-
perative blood transfusions, increased rates of lymph node removal,
shorter hospital stays and decreased 30-day mortality compared
with lobectomies performed using conventional thoracoscopic
techniques [8, 9].

The Versius Surgical System (CMR Surgical Ltd, Cambridge,
UK) is a teleoperated robotic surgical system designed to assist
surgeons in performing minimal access surgery. The device was
designed with the goal of improving end-user experience and
surgical outcomes and was developed in line with feedback from
surgical teams [10-14]. The device arms were designed to mimic
the motion of a human arm, and each arm features 8 articulating
joints, with wristed instruments, which enhance surgical access
and provide 7 degrees of freedom within the patient [11, 12].
Mobile and practically sized bedside units (BSUs) can be posi-
tioned flexibly in existing operating rooms (OR) [11, 12]. The
device’s open-console is designed to enable clear communica-
tion between the lead surgeon and the rest of the surgical team

and allows the lead surgeon quick in-person access to the surgical
site (Fig. 1) [11, 12, 15]. Furthermore, the console may be adjusted
to either a standing or sitting operating position and has ‘game
controller’ hand grips that have been developed for surgeon com-
fort [11, 12]. These ergonomic components are designed to allevi-
ate the physical burden associated with performing both
conventional and robot-assisted endoscopic surgery and to reduce
surgeon musculoskeletal fatigue and injury [16-20].

The IDEAL-D (Idea, Development, Exploration, Assessment,
Long-term follow-up—Devices) framework has been developed
as a guideline for compiling a thorough evidence base during
each step of surgical innovation [21, 22]. Stages 0 and 1 (Ideas)
incorporate initial technology development and design followed
by preclinical studies designed to demonstrate proof of concept.
Clinical studies of increasing size are required to align with later
stages [21, 22]. Previous studies have described the design and
development of the device and fulfilled stage 0, [11, 12] and
demonstrated proof of concept of the device in other soft-tissue
surgical indications [10, 13, 14].

This preclinical study was designed to meet stage 1 of the
IDEAL-D framework, demonstrating proof of concept for the use
of the device in thoracic surgery. The primary objective of the
study was to demonstrate sufficient surgical access and reach to
complete robot-assisted lobectomy, thymectomy and diaphragm
plication in cadavers. Secondary objectives were to evaluate par-
ticipating surgeons’ ability to complete milestone steps using ro-
botic assistance for lobectomy, thymectomy and diaphragm
plication in cadavers and to investigate the optimal BSU set-up
and port placements required to complete thoracic procedures.

MATERIAL AND METHODS
Ethics statement

All cadavers were donated with consent.

Study design

Cadaver procedures were conducted at the Evelyn Cambridge
Surgical Training Centre, UK, between 20 November 2018 and 11
December 2020.

Surgical team

The team comprised a lead surgeon and surgical assistants. The
lead surgeon performed the surgical steps for the procedure and
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Figure 1: Overview of the Versius Surgical System. Reproduced from Haig et al. [11] A real-world image of the Versius set-up.

evaluated the robot's performance in assisting each step.
Assistant surgeons manipulated the robotic arms and completed
additional manual tasks under instruction from the lead surgeon.
The 4 lead surgeons who participated in this study were practic-
ing, accredited, high-volume (>50 cases per annum) consultant
thoracic surgeons who had experience with VATS and RATS. All
surgeons were trained to use the device through a specifically
designed training program that comprised online modules fol-
lowed by time spent on the Versius trainer [23]. Additional per-
sonnel were also present to capture relevant information and
outcomes.

Cadaver studies

Procedures were performed in 9 cadaver specimens (torso to
mid femur) that had not undergone previous thoracic surgery
and were suitable for thoracoscopic surgery. Procedures included
lobectomy, thymectomy and diaphragm plication. All procedures
were performed in a replicated OR to reflect a true clinical set-
ting. Port and BSUs were initially placed based on lead surgeon
preference and experience, and these placements were then
adapted between procedures to enhance surgical access and
reach. BSU positions were recorded for each procedure using a
20-cm grid system laid out on the OR floor and port positions
were drawn on a scaled printout body diagram (Fig.2). Positions
were deemed suitable if good access to the surgical site was
achieved without arm clashing and there was minimal need to
reposition BSUs.

The key surgical steps for each procedure included accurate
dissection, ligation of blood vessels and placement of sutures
(Table 1). Operations were considered completed when specific
milestone steps were reached. For a lobectomy, this step
occurred when the pulmonary artery, vein and bronchus had
been divided and the fissure had been completed. Thymectomy
was considered completed when the thymus and the surround-
ing anterior mediastinal fatty tissue were fully mobilized from the
anterior mediastinum. Diaphragm plication was considered com-
pleted once sufficient mattress sutures had been placed into the
diaphragm to displace it caudally.

Procedure success was judged by the lead surgeons, based on
their satisfaction with the device's ability to perform the steps ne-
cessary to complete the procedure. For each surgical step, the
instruments used (including manual laparoscopic instruments)
and the endoscope angle were recorded. The instruments used
for each type of procedure are listed in Supplemental Table 1.
Any additional surgeon feedback was collected through informal
discussion.

RESULTS
Cadaver anatomy and range of procedures

In total, 24 thoracic procedures were performed on 9 cadavers
with robot assistance. The cadaver specimens reflected a wide
range of human anatomy, with a body mass index ranging from
16.7-28.4 kg/m? (median: 25.1 kg/m?; Fig. 3). Procedures ranged
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Figure 2: Grid laid out on the OR floor to record port and BSU positions. Grid laid out on OR floor to record BSU positions (A) and a sample OR set-up with a grid (B).

BSU: bedside unit; OR: operating room.

from relatively simple (e.g. diaphragm plication) to more com-
plex (e.g. lobectomy; Table 2). Of the 18 lobectomies performed,
8 were left-sided lobectomies (5 lower and 3 upper lobes) and
10 were right-sided lobectomies (4 lower, 2 middle and 4 upper
lobes).

In total, 22/24 (91.7%) procedures were successfully com-
pleted. One thymectomy could not be completed because left
lung fusion, caused by adhesions, prevented dissection medially
to the left phrenic nerve. The surgeons did not express any con-
cern regarding the device during this procedure. One lower left
lobectomy was not completed due to a console system fault. This
occurred following a successful upper lobectomy in the same ca-
daver on the same day early in the study.

Surgical steps in end-to-end procedures

Generally, procedures were completed using the device-specific
monopolar hook, bipolar Maryland grasper, fenestrated grasper,
curved scissors and needle holders. All lead surgeons determined
the device able to provide sufficient reach and access to com-
plete a thoracic surgical procedure. Endoscope angles were
recorded for 17/24 procedures. The angle was 30° down in 15
procedures, and 0° in 2 procedures.

Port and bedside unit positions

Initially, surgeons elected to place ports and BSUs based on
their previous experience with VATS and RATS. These place-
ments were adapted to overcome problems encountered
while operating, including clashes between arms, inadequate
surgical reach and access and impingement of the surgical arm
on the table and the cadaver arm. Model port and BSU posi-
tions for lobectomy, thymectomy and diaphragm plication are
illustrated in Fig. 4A-F.

The most commonly performed procedure was a lobectomy.
All cadavers were placed in a lateral position for this operation
and 4 different port configurations were used. A ‘V-shaped’ con-
figuration was used most frequently (10/18 lobectomies; Fig. 4A),
which surgeons agreed was the optimum port set-up for this
procedure. Two BSUs were placed anterior to the patient. One

was placed level with the head and controlled an instrument
through a port placed sternally in the third intercostal space. A
second BSU was placed at the level of the hip and controlled a
second instrument through a port placed sternally in the sixth
intercostal space. There was sufficient distance between the ports
to prevent arm clashes experienced when initially using port
placements based on previous surgeon VATS or RATS preference.
A further 2 BSUs were placed posterior to the patient. One BSU
was placed just above the level of the head and controlled an in-
strument placed through a port in the posterior eighth intercostal
space. The visualization BSU, located below the level of the hip,
controlled the endoscope, which entered through a port in the
middle of the eighth intercostal space.

In addition, a subxiphoid accessory port or an accessory port
in the sternal eighth intercostal space could have been placed to
enable suitable access for a bedside assistant standing anterior to
the patient. In all operations, minor adaptations to BSU position
were made due to the anatomy of the individual cadaver. The
bedside assistants were able to carry out all supporting tasks
required without any difficulties with access.

DISCUSSION

Overall, this study demonstrated proof of concept for the use of
the robotic surgical system across a range of thoracic surgical
indications. Lead surgeons validated the device’s ability to assist
with key surgical steps in full, end-to-end upper, middle and
lower lobectomies, thymectomies and diaphragm plications. This
range of procedures was chosen to demonstrate the versatility of
the device. The modular BSU design allowed for a variety of port
placements providing adequate surgical access and reach for a
range of thoracic procedures. Surgeons were able to effectively
use the majority of their existing preferred port placements for
VATS and RATS. Furthermore, ports did not have to be placed
along a single line, which made a flexible port configuration pos-
sible. The most posterior port in the thorax could be positioned
more anteriorly. This positioning option could potentially reduce
pain in thoracic surgery. The manoeuvrability of the device's
BSUs allowed their placement to be swiftly corrected intraopera-
tively to ensure maximum surgical reach of the instruments.
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Procedure

Surgical steps

Lower lobectomy

Middle lobectomy

Upper lobectomy

Thymectomy

Diaphragm plication

Expose the pulmonary artery and divide the fissure

Expose and encircle the pulmonary artery ready for stapling
Expose and divide the lower lobe bronchus

Expose and divide the pulmonary ligament

Dissect, encircle and divide the inferior pulmonary vein
Complete the fissure

Remove mediastinal lymph node
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Dissect and divide the middle lobe vein

Dissect the middle lobe of the bronchus

Dissect the fissure between the lobes

Divide the middle lobe of the bronchus

Dissect and divide the branches of the pulmonary artery
Dissect the hilum

Divide the horizontal fissure of the middle lobe

Dissect the upper lobe vein and anterior trunk of the pulmonary artery

Staple the anterior trunk of the pulmonary artery and of the upper lobe vein

Dissect and staple the upper lobe bronchus

Dissect and staple the posterior ascending branch of the pulmonary artery

Staple the fissure between the middle lobe and the upper lobe and the fissure between the lower and the upper lobes

Enter the right chest

Mobilize the thymus and the thymic fat from the diaphragm

Release the thymus from the inferior pericardium, in a caudal to cranial direction

Dissect closely up to the superior vena cava and then mobilize the thymus off the right phrenic nerve up and beyond the
right internal mammary vein

Dissect the pleura off the sternum following the medial to the right internal mammary artery

Dissect the thymus off the innominate vein

Dissect out the right superior horn of the thymus over the innominate artery then the trachea

Dissect out the left superior horn

Open the left pleura

Dissect the thymus off the right side of the pericardium up to the left phrenic nerve

Dissect up the medial to the left phrenic nerve

Dissect out the thymus and thymic fat from under the innominate vein and any fat tucked under the left phrenic nerve
Remove the thymus in a bag

Insert drain and inflate lungs and potentially remove drain at the end of the procedure

Mobilize lung

Place first horizontal mattress suture in the middle of the diaphragm

Place a line of horizontal mattress sutures laterally and posteriorly, keeping the diaphragm as tight as possible
Place a line of horizontal mattress sutures medially and anteriorly

Test tightness with instruments and add additional sutures to any loose areas

Insert a single chest drain

Carbon dioxide was used for insufflation.

BMI (kg/m2)
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Figure 3: Range of cadaver BMIs used for thoracic surgical procedures. BMI: body mass index.
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The design of the device had not been finalized for use in thor-
acic surgery ahead of this study. Incremental changes were made
to instruments, hardware and software in line with surgeon feed-
back to improve the design of the robot. One operation could
not be completed due to a system fault. This procedure took
place at the beginning of the study, using an earlier device model
that has since been refined and is substantially different from the

Table 2: Summary of procedures performed and successfully
completed in cadavers

Procedure Number Number ~ Number ~ Number of
performed Successfully oflead  unique port
completed surgeons configurations

Lobectomy? 18 17 4 5
Upper 7 7 3 4
Middle 2 2 2 2
Lower 9 8 4 3

Thymectomy 3 2 2 2

Diaphragm 3 3 3 3
plication

TOTAL 24 22 4 10

“Of 18 lobectomies performed, 8 were left-sided (5 lower and 3 upper
lobes) and 10 were right-sided (4 lower, 2 middle and 4 upper lobes).

Aa.b

© 10 mm endoscope port
© 12 mm accessory port
@ 5 mm instrument port

final device used in later studies. The goal of this iterative devel-
opment process during preclinical testing was to ensure that de-
vice design and surgical techniques are perfected ahead of their
implementation in clinical studies.

Procedures were undertaken in a simulated environment.
Although the goal of the study was to replicate as many elements
of a genuine surgical procedure as reasonably possible, a preclin-
ical study cannot provide the full experience of a live procedure.
Cadavers are anatomically relevant to human thoracic surgery;
however, there are significant physical differences between a ca-
daver and a live human body [24]. Cadavers are limited in simu-
lating live tissue handling, dissection, surgical plane identification
and haemostasis [24]. Specifically, in this study, lead surgeons
commented that post-mortem lungs were filled with embalming
fluid and therefore did not collapse upon entry to the thoracic
cavity as they would in a living patient. Additionally, there is the
possibility that a novel operating situation may have affected sur-
geon performance. Surgeons must also address the psychological
difference between operating on a cadaver compared to a living
person [24].

CONCLUSION

The Versius Surgical System successfully assisted a range of
thoracic operations in cadavers. BSU and port positions were

6th
intercostal
space
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Figure 4: Model port positions for thoracic procedures in cadavers. Positions of ports and BSUs for lobectomy (A and D), thymectomy (B and E) and diaphragm
plication (€ and F). *Port and BSU positions shown for left lobectomy can be mirrored to perform right lobectomy. PAn accessory port could be placed either in
the subxiphoid space (option A) or in the sternal eighth intercostal space (option B); stapling was performed via the accessory port. “Each square measures 20 cm x
20 cm. Asst.: assistant; BSU: bedside unit; Endo: endoscope; Instr: instrument.
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validated for each procedure to ensure optimal surgical reach
and access. This preclinical study provides evidence for IDEAL-D
stage 1 (Idea) and supports progression of the device for use
in thoracic operations within small clinical studies as part of
IDEAL-D stage 2a (Development) [21, 22].

SUPPLEMENTAL MATERIALS

Supplementary material is available at EJCTS online.
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