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Abstract

Purpose Robot-assisted kidney transplantation (RAKT) is being increasingly performed at selected referral institutions
worldwide. Yet, surgical training in RAKT is still unstructured and not grounded into formal credentialing courses includ-
ing simulation, lab facilities, and modular training with animal models. As such, developing standardized, modular training
programs is warranted to provide surgeons with the RAKT-specific skillset needed for a “safe” learning curve.

Methods The 3-day course on RAKT developed at the EAU Skills Center in Orsi Academy was designed as a standardized,
modular, step-by-step approach aiming to provide theoretical and practical skills. The course is held by expert proctors with
extensive experience in RAKT. To maximize the course’s usefulness, a solid knowledge of robotics and transplantation is
desirable for participants.

Results From January 2016 to July 2023, 87 surgeons from 23 countries (of which 36% from extra-European countries)
participated in the RAKT course performed at the EAU Skills Center in Orsi Academy. Of these, 58/87 (67%) were urolo-
gists, while 27/87 (31%) were general surgeons and 2/87 (2%) were vascular surgeons. To date, 18 participants (20.6%) are
actively involved in RAKT programs at institutions included in the European Association of Urology (EAU) Robotic Urol-
ogy Section (ERUS)-RAKT network.

Conclusion Leveraging the potential of simulation, wet-lab training, live porcine models, and experienced proctors, the
RAKT course performed at the EAU Skills Center in Orsi Academy represents the first structured teaching effort aiming to
offer surgeons a full immersion in RAKT to train the core technical skills.
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Introduction

Robot-assisted kidney transplantation (RAKT) is emerging as
a safe minimally invasive approach, and it has been increas-
ingly performed at selected referral institutions worldwide
[1]. Of note, a recent systematic review showed that approxi-
mately 30 cases are needed to achieve reproducible results
for both open KT (OKT) and RAKT [2], highlighting that
expertise in OKT and robotic urologic surgery could reduce
the learning curve for RAKT.

Unfortunately, despite recent progress in proficiency-
based curricula [3-5], surgical training in RAKT is still
unstructured and not grounded into formal credentialing
courses including simulation, dry/wet lab facilities, and
modular training with animal models [3-5].

In this scenario, offering training opportunities to sur-
geons interested in gaining proficiency in RAKT could
provide them the RAKT-specific skillset needed for a
“safer” learning curve within more structured curricula.

In this manuscript, we report our experience with the
training course on RAKT, developed by the European
Association of Urology (EAU) Robotic Urology Section

o

(ERUS) Robot-assisted Kidney Transplantation working
group at the EAU Skills Center in Orsi Academy (Melle,
Belgium), focusing on the value of a step-wise approach
and porcine models to observe the performance of RAKT.

Materials and methods

The hands-on 3-day course is carried out since 2016 three/
four times/year and is led by expert proctors with an exten-
sive experience in RAKT. The course allows participation
of maximum eight trainees/session, to ensure one proctor for
every two trainees. To maximize the course’s effectiveness,
a solid knowledge of robot-assisted surgery and OKT would
be desirable. All the practical sessions are performed using
the da Vinci Xi, X, or Si platforms (Intuitive, Sunnyvale,
USA).

The overview of the course structure is shown in Fig. 1
and includes the following activities:

— Day I: the first day includes a theoretical lesson on vas-
cular anastomoses, illustrating the peculiarities of this
pivotal step in the RAKT setting (Fig. 1A, B). Subse-

o Theoretical lessons on RAKT and training on ex-vivo porcine models
o RALDN on living pigs (beginner) or RAKT on living pigs

l—[ Day 1

Fig.1 Structure of the course on robot-assisted kidney transplantation
performed at the EAU Skills Center in Orsi Academy. The hands-on
training 3-day course is carried out at ORSI academy. During the first
day, a brief theoretical lesson on vascular anastomosis is carried out,
illustrating the peculiarities of RAKT (A, B). Subsequently, on an ex-
vivo porcine kidney model specifically prepared for the task, the train-
ees perform vascular anastomosis (C-E). During the second day, the
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] o Observation of a living donor RAKT or RAKAT at Ghent University Hospital

participants perform a complete RAKT on a living porcine model.
Each workstation (with a porcine model) is dedicated for two train-
ees. During all the steps, one trainee operates at the console and the
other one stays at the table, to optimize his/her table-assistance skills
(F—H). Finally, during the last day, trainees are invited to assist a real
living-donor RAKT or auto-transplantation at the University Hospital
of Ghent performed by one of the proctors.
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quently, the trainees attempt to replicate these principles
on an ex-vivo porcine kidney model specifically prepared
for the task (Fig. 1C-E). Then, according to the train-
ee’s skills and experience, a robot-assisted living donor
nephrectomy or RAKT in the living porcine model is
carried out (as both first surgeons at the dual console,
tutored by an expert proctor, and as bed-aside assistants);

— Day 2: the trainees attempt to perform all steps of RAKT
on the living porcine model (Fig. 1F-H). Each worksta-
tion (with a porcine model) is designed for two train-
ees. As shown in the Supplementary Video, training of
RAKT mirrors all the steps that are routinely performed
in real-life practice according to the Vattikuti-Medanta
technique [6—8], with few technical nuances according
to the swine anatomy as well as the proctors’ preference/
experience [9, 10] (Figs. 3,4, 5, 6).

— Day 3: after the hands-on training sessions, the partici-
pants are invited to assist a real living-donor RAKT or
auto-transplantation at the University Hospital of Ghent
performed by one of the proctors (K. D.).

Results

From January 2016 to July 2023, 87 surgeons from 23
countries (of which 36% from extra-European countries)
participated in the RAKT course performed at the EAU
Skills Center in Orsi Academy. Of these, 58/87 (67%) were

Participants to the ORSI Academy RAKT course
stratified by Country

w
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India Singapore

Israel Taiwan
Japan USA
Philippines

Fig.2 Graphical overview of the participants to the course on robot-
assisted kidney transplantation performed at the EAU Skills Center
in Orsi Academy, stratified by country (A) and surgical specialty (B).
Overall, 78 surgeons participated in the RAKT course. Among these,

urologists, while 27/87 (31%) were general surgeons and
2/87 (2%) were vascular surgeons (Fig. 2). To date, 18 par-
ticipants (20.6%) are actively involved in RAKT programs at
institutions included in the European Association of Urology
(EAU) Robotic Urology Section (ERUS)-RAKT network.

Discussion

Kidney transplantation is a multidisciplinary and challenging
field that has resisted innovation from a surgical standpoint for
the last 50 years [11]. After the development and the stand-
ardization of the surgical technique following the IDEAL rec-
ommendations [12], RAKT has been implemented in several
referral centers worldwide and increasingly performed in both
living- and deceased-donor settings [13, 14].

Considering the advantages of robotic platforms and the
current relevance of simulation in surgical training, several
proficiency-based progression training curricula have been
proposed and validated during the last years for several uro-
logical procedures [3].

In this scenario, while there is still lack of structured,
validated training curricula for RAKT, the EAU Skills
Center at Orsi Academy offers the first hands-on com-
prehensive course specifically designed to provide a
safe environment where transplant surgeons (urologists,
general surgeons, and vascular surgeons, Fig. 2) can be
trained in the technical skills required to complete vascular

Proportion of participants to the ORSI Academy RAKT
course stratified by surgical specialty

2%

31%

67%

[J General surgery
Urology

[ Vascular surgery

Spain (16), the United Kingdom (11), and Italy (9) showed the higher
number of participants. In addition, 54/78 (68%) trainees were urolo-
gists, while 25/78 (31%) were general surgeons and 1/78 (1%) was a
vascular surgeon
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Dissection of external iliac vessels

Fig. 3 Intraoperative snapshots showing the isolation of external iliac
vessels during a RAKT on a porcine model and on a human being.
The first phase is the identification of iliac vessels and the dissection
of the peritoneum above iliac vessels (A, B). Then, the isolation and
dissection of the external iliac artery from the lymphatic tissue is car-
ried out (C, D). Finally, the isolation and dissection of the external
iliac vein from the lymphatic tissue is completed (E, F)

anastomoses and all other RAKT-specific steps, being the
final aim to maximize patient safety while introducing
a RAKT program in clinical practice. Of note, trainees
can effectively perform all surgical steps of the procedure
(Figs. 3, 4, 5, 6), mirroring the same technique employed
at referral transplant centers worldwide [7]. The course
relies on the apprenticeship model [3], keeping a ratio
between trainer and trainees of 1:2 to provide a strong
relationship between them, with a gradual increase in
complexity and surgical skill acquisition. In addition, the
porcine model allows trainees to experience a large spec-
trum of unexpected intraoperative scenarios (i.e., adverse
events, instruments’ malfunction, etc.); managing such
events (under the guidance of expert proctors) may further
support the surgeons’ learning process and might be key
to minimize the risk of (or avoid) complications in future
real-life practice. In this regard, an ideal trainee may be
a surgeon with previous exposure in OKT and sufficient
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experience in robotic surgery to effectively acquire the
theoretical and practical skillset required to start a learn-
ing curve in RAKT.

The RAKT course performed at the EAU Skills Center
in Orsi Academy is not devoid of limitations. First, the
course requires a registration fee, which is lower for EAU
members (https://www.orsi-online.com). Second, the course
does not provide training in basic robotic or KT skills, which
should be considered as a prerequisite for effective training
in RAKT. Third, detailed data concerning the performance
of surgeons during RAKT training are not collected pro-
spectively, thereby hindering the assessment of the course’s
potential impact on the trainees’ learning curve using stand-
ardized and previously validated metrics. Finally, the train-
ing course is mainly focused on the console surgeon rather
than the entire operating theater team (scrub nurse, bed-side
assistant, etc.), whose knowledge, skills, and motivation
are key for successful integration of RAKT into a running
KT program. Yet, during the course, the trainees can get
clinically relevant insights on the operating room setup for
RAKT as well as on the specific tasks that need to be accom-
plished by each member of the team, including scrub nurses
and bed-side assistants.

In future, the course could be further improved by add-
ing online pre-course theoretical training materials, specific
exercises for vascular anastomoses on 3D-printed simula-
tors using disposable vessels [15] before modular training
in the live porcine model, as well as specific training in non-
technical skills applied to RAKT, given their value for a
successful RAKT program. Furthermore, the course could
provide specific step-by-step training to efficiently manage
the additional technical and logistical challenges of RAKT
from deceased donors [13]. Lastly, the clinical impact of
the course could be enhanced harnessing the power of aug-
mented reality-enhanced tele-proctoring platforms to offer
trainees an opportunity to be tutored after the course during
real-life RAKT until full proficiency is achieved (according
to standardized metrics [3]).

Conclusion

Leveraging the potential of simulation, wet-lab training,
live porcine models, and experienced proctors, the RAKT
course performed at the EAU Skills Center in Orsi Acad-
emy represents the first structured teaching effort aiming to
offer surgeons a full immersion in RAKT to train the core
technical skills required for safe development of a RAKT
program at their own institution within the umbrella of the
ERUS RAKT working group.
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Preparation of the graft
on the back-table

Preparation of the graft
on the back-table

Introduction of the graft & placement of the bull-dog clamps

Fig.4 Intraoperative snapshots showing the graft preparation during side, the graft preparation of porcine kidney and its management during
bench surgery and the introduction of the graft into recipients’ abdomen vascular anastomosis during RAKT is shown. To the right side, intraop-
during a RAKT on a porcine model and on a human being. On the left erative snapshots of the same surgical steps are reported

Graft reperfusion

Venous and arterial anastomoses

Fig.5 Intraoperative snapshots showing the performance of venous external iliac vessels using a running suture are shown. On the right
and arterial anastomoses and graft reperfusion during a RAKT on a side, after vascular anastomoses, intraoperative snapshots of the graft
porcine model and a human being. On the left side, the performance reperfusion (with or without indocyanine green) are reported

of end-to-side renal anastomoses between the graft renal vein and the
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Uretero-vesical anastomosis

Fig.6 Intraoperative snapshots showing the uretero-vesical anastomosis
during a RAKT on a porcine model and a human being. The uretero-
vesical anastomosis was performed according to a modified Lich-Gre-
goir technique using a 4-0 polydiaxone suture. In humans, a 6-Fr, 16-cm
double-J stent, introduced through the assistant port, is placed into the ure-
ter before completing the anastomosis. During this phase, developing an
adequate detrusor tunnel was relevant to provide an anti-reflux mechanism
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tary material available at https://doi.org/10.1007/s00345-024-04802-y.
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