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Abstract

Kidney transplantation (KT) is the treatment of choice for patients with end-stage renal
disease, providing a better survival rate and quality of life compared to dialysis. Despite
the progress in the medical management of KT patients, from a purely surgical
standpoint KT has resisted innovations during the last fifty years. Recently, robot-
assisted KT (RAKT) has been proposed as an alternative approach to open surgery
especially thanks to its potential benefits for fragile and immunocompromised
recipients. While the first preliminary experience with a purely robotic KT, it was not
until 2014 that the role of RAKT has been valued thanks to the pioneering Vattikuti
Urology Institute-Medanta collaboration that conceptualized and developed a new
surgical technique for RAKT following the Idea, Development, Exploration,
Assessment, Long-term follow-up recommendations for introducing surgical
innovations into real-life practice. During the last years, mirroring the Vattikuti-
Medanta technique, several centers developed RAKT program worldwide, providing
strong evidence about the safety and the feasibility of this procedure. However, the
majority of RAKT are still performed in the living donor setting, as “eligible”
procedure, while, only a few centers have realized KT through a robotic approach in the
challenging scenario of cadaver donation. In addition, despite the spread of minimally-
invasive (predominantly robotic) surgery worldwide, many KTs are still performed in
an open fashion. Regardless of the type of incision employed by surgeons, open KT may
lead to non-negligible risks of wound complications, especially among obese patients.
Particularly, the assessment for KT should consider not only the added surgical
technical challenges but also the higher risk of postoperative complications. In this
context, robotic surgery could offer several benefits, providing a better exposure of the
surgical field and better instrument maneuverability as well as the possibility to
integrate other technological nuances, such as the use of intraoperative fluorescence
vascular imaging with indocyanine green to assess the ureteral vascularization before

the uretero-vesical anastomosis. Therefore, our review aims to report the more
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significant experiences regarding RAKT, focusing on the results and future

perspectives.
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Core Tip: Kidney transplantation (KT) is the treatment of choice for patients with end-
stage renal disease, providing a better survival rate and quality of life compared to
dialysis. Despite the progress in the medical management of KT patients, from a purely
surgical standpoint KT has resisted innovations during the last fifty years. Recently,
robot-assisted KT (RAKT) has been proposed as an alternative approach to open
surgery especially thanks to its potential benefits for fragile and immunocompromised
recipients. Therefore, our review aims to report the more significant experiences

regarding RAKT, focusing on the results and future perspectives.

EITRODUCTION

Kidney transplantation (KT) is the treatment of choice for patients with end-stage renal
disease, providing a better survival rate and quality of life compared to dialysis(!l.
Despite the progress in the medical management of KT patients, from a purely surgical
standpoint KT has resisted innovations during the last fifty years/?. Indeed, open
surgery remains the gold standard approach for KT according to the latest European
Association of Urology (EAU) guidelinesl®l. Recently, minimally invasive surgery (MIS)
[and in particular robot-assisted KT (RAKT)] has been proposed as an alternative
approach to open surgery especially thanks to its potential benefits for fragile and

immunocompromised recipients, in terms of peri- and postoperative outcomes, length
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of hospital stay, postoperative pain, wound infection rate, and cosmetic resultsl4. While
the spread of a pure laparoscopic approach was limited by the complexity of the
procedure and by long learning curves, the introduction of robotic surgery in this
setting has allowed to overcome these limitations thanks to the three-dimensional
vision, high magnification, elimination of hand tremor and the opportunity to take
advantage from the Endo-wrist technology.

In 2021, RAKT has become a reality at selected referral centers worldwide in the
setting of KT from living donors (LD), with several reports showing favorable outcomes
at a short- and mid-term follow-up. Yet, expanding the indications for RAKT from
deceased donors (DD) is still challenging due to specific technical and logistical issues(3l.
Herein we provide a comprehensive overview of the history of RAKT, focusing on the
evolution of the techniques proposed by different groups worldwide, as well as on the

specific challenges associated with the expansion of this approach for KT from DDs.

RAKT: A HISTORICAL PERSPECTIVE

During the last decades, selected referral centers have implemented MIS in the field of
KT from LDs. As such, a pure laparoscopic approach and subsequently RAKT were
performed as progressive steps to minimize the surgical morbidity of KT while
ensuring favorable functional and perioperative outcomes. Rosales et all°l reported their
first experience with a pure laparoscopic approach, introducing the kidney through a
Pfannenstiel incision and using topical ice slush and cold saline to keep 2 low graft
temperature. KT was completed with a median overall operative time of 240 min (53
min for vascular sutures), with a blood loss of 300 cm? and a hospital stay of 14 d. No
surgical complications were reported.

Then, Modi et all’l published a larger experience of 72 patients treated with
laparoscopic KT from LDs. The authors described the use of a Pfannenstiel incision and
four left-sided abdominal ports, and compared laparoscopic KT to open KT. The
authors found that laparoscopic KT was associated with a longer overall operative time

[223.8 min vs 175.7 min (P = 0.07), respectively] and a similar estimated glomerular
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filtration rate (eGFR) value at 3, 6, 12, and 18 mo. The mean wound length was 5.5 and

178 ecm (P = 0.0001) and the analgesic requirement was 1.4 and 3.2 mg morphine
equivalent in first 24 hr (P = 0.005) in the laparoscopic KT and open KT groups,
respectively. While other groups have attempted to use a laparoscopic approach to
perform KT from LDs, the spread of a pure laparoscopic approach among transplant
centers was limited by several issues, such as the prolonged rewarming time (that could
negatively impact graft outcomes), the complexity of surgical procedure, and the longer
learning curve for surgeons, which represents a barrier to the widespread adoption of
the technique across centers.

Therefore, thanks to the progressive spread of robotic surgery for the treatment of
urological diseases®l, and given the persistence of the unmet clinical need of
introducing MIS in the field of KT, the technique of RAKT was progressively codified
and developed by selected centers in United States, India and Europel®3], as shown in
Table 1. In particular, Hoznek et all'4l performed the first KT assisted by a robot using an
open incision and taking advantage of the robotic arms to perform the vascular
anastomoses. For the first time, this experience demonstrated that vascular anastomoses
for KT could be performed through the robotic platform.

While the first preliminary experience with a purely robotic KT was reported by
Giulianotti et all'5), it was not until 2014 that the role of RAKT has been valued thanks to
the pioneering Vattikuti Urology Institute-Medanta collaboration that conceptualized
and developed a new surgical technique for RAKTP- following the Idea,
Development,  Exploration, = Assessment, = Long-term  (IDEAL) follow-up
recommendations for introd ucing surgical innovations into real-life practicel'®l.

Such a technique, described in detail in the following sections of the review, allowed
to overcome the main limitations of a pure laparoscopic approach (i.e., long exposure of
the graft to high temperatures during vascular anastomosis; technical challenges
associated with performance of anastomoses laparoscopically leading to long learning
curves, etc.). This experience provided robust evidence showing the advantages of the

robotic technology for minimally-invasive KT, and the foundation for the spread of a
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structured step-by-step technique for robotic KT to other referral KT centers
worldwidel10],

A further major step in this direction was made by the EAU Robotic Urology Section
(ERUS), which created a specific working group to prospectively collect data from
patients undergoing RAKT from LDs at several European Institutions!'2l. Breda et all'2]
reported the results of a large multicenter prospective study by the ERUS-RAKT
working group, confirming the feasibility and safety of RAKT and highlighting the
reproducibility of the procedure by multiple surgeons with experience in both open KT
and robotic urologic surgery. In this study, excellent perioperative and functional
outcomes of RAKT were reported. An updated analysis from the ERUS-RAKT
prospective registry including almost 300 patients provided evidence on the favorable
mid-term outcomes of RAKT from LDsl"l. Lastly, the feasibility and safety of RAKT
from DDs were explored by the team of the University of Florencel®:: This preliminary
experience raised the bar for RAKT and led to a renowned enthusiasm for this
technique also in the broader setting of DDs. In fact, the University of Florence
experience confirmed that RAKT can be successfully performed also in the complex
setting of DDs, despite specific logistical and technical challenges. Of note, expanding
the indications for RAKT to DDs is a key unmet need for the Transplant Community,

aiming to increase the number of recipients who may benefit from MIS.

SURGICAL TECHNIQUE FOR RAKT
The Vattikuti-Medanta technique RAKT from LDs

IDEAL phase 0-1: The introduction of the Vattikuti-Medanta technique for RAKT with
regional hypothermia following the IDEAL recommendations represents a milestone
for the development and spread of RAKT worldwidel'?l. The IDEAL phase 0-1 involves
the preliminary ideation of a new procedure/technique that could provide benefits for
patients. After this, authors could use animal models or cadavers to evaluate and

modify the initial procedure to optimize results during real clinical cases(?l.
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First, to reduce the exposure of the graft to longer ischemia time, the authors tested a
new technique to keep the graft temperature low within the pelvis, introducing 240-300
mL of ice slush in the abdomen during > 300 robot-assisted laparoscopic radical
prostatectomies. In addition, based on previous experiences in robot-assisted
laparoscopic radical prostatectomy and robotic partial nephrectomy, they employed the
GelPOINT® device (Applied Medical Resources Corp, Rancho Santa Margarita, CA,
United States) to provide an easy access to the intraperitoneal environment, allowing
safe positioning of the graft into the surgical field, as well as of the ice slush to achieve
renal hypothermiall8l. Later, to simulate a real procedure, four autotransplantations
with such a robotic approach were performed in two cadavers. During the first
procedure, the authors replicated the Giulianotti technique, highlighting relevant
difficulties in performing the ureterovesical anastomosis without undocking the robot
platform™. As such, for the following procedures, the cadaver was placed in a
lithotomic position with a 15°-20° Trendelenburg tilt, and the robot was positioned
between the patient’s legs mirroring the configuration for robot-assisted laparoscopic

radical prostatectomy!?l.

IDEAL phase 2A: Patient and trocar positioning: The ideal phase 2A aimed to evaluate
the safety and the efficacy of the new procedure in a few patients in a small prospective
studyllel. The absolute contraindications were the presence of significant atherosclerosis
plaques at the level of the iliac vessels, prior bilateral KTs, previous major abdominal
surgery, second transplant, simultaneous dual or multiple organ transplant and second
transplantation. After confirming the feasibility of RAKT in a cadaver model with the
introduction of specific technical nuances, Menon et all'®l reported their first experience
with RAKT from LDs in carefully selected patients.

In particular, the recipient was positioned as previously describedll. A 4-5 cm
periumbilical Eision was performed for the GelPOINT® device. The port configuration
included: (1) One 12-mm port for the camera and one 8-mm port for the assistant,

placed within the GelPOINT device (to minimize the abdominal incisions); (2) Three 8-
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mm ports for the robotic arms; and (3) One 12-mm assistant port placed in the right iliac
fossa. The da Vinci robotic platform (Intuitive Surgical, Sunnyvale, CA, United States)
was docked between the patient’s legs. After skeletonization of external iliac vessels, the
surgeon created an extraperitoneal pouch over the psoas muscle to allocate the graft
after completion of the vascular anastomoses. The graft was placed in a gauze jacket
filled with ice and then introduced into the pelvis using the GelPOINT device.
Subsequently, 180-240 mL of ice slush were introduced in the pelvis through modified
Toomey syringes to achieve adequate regional hypothermia.

A distal bulldog clamp followed by a proximal clamp was placed on the external iliac
vein. Then, a longitudinal venotomy with cold scissors was performed, and an end-to-
side tomosis between the graft renal vein and the external iliac vein was completed
in an end-to-side fashion using a running ePTFE suture (Gore-Tex CV-6; W. L. Gore &
Associates Inc, Flagstaff, AZ, United States)0l. Before the suture had been finished, the
lumen of the external iliac vein was flushed with heparinized solution through a 4.8 Fr
ureteric catheter, introduced through the assistant port. In the end, the graft vein was
clamped, and the previously placed bulldog clamps were released and positioned
proximally and then distally on the external iliac artery. Initially, the arteriotomy was
made with cold scissors; thereafter, a laparoscopic aortic punch (Teleflex-Medical Inc,
Research Triangle Park, NC, United States) was employed to create a circular hole. A
continuous end-to-side anastomosis was realized between the external iliac and the
graft artery using the Gore-Tex CV-6 suture.

At completion of the arterial anastomosis, the graft renal vessels were clamped and
the external iliac artery declamped. If no signs of bleeding were observed, all clamps
were removed to revascularize thﬁgraft. The graft was inspected for color, turgor and
on-table diuresis, and gently placed in the extraperitoneal pouch (closed by
approximating the previously prepared peritoneal flaps) taking care not to stretch the
vascular anastomoses. Lastly, the ureteroaesical anastomosis was performed according
to a modified Lich-Gregoire technique using a 4-0 polydiaxone suture (Ethicon Inc,

Cincinnati, OH, United States). A 6 Fr, 16-cm double-] stent, introduced through the
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assistant port, was placed into the ureter before completing the anastomosis. During
this phase, developing an adequate detrusor tunnel was relevant to provide an anti-
reflux mechanism. The stent was generally removed 3 wk after RAKT in the outpatient

clinic.

ERUS-RAKT technique for RAKT from LDs

In 2018 the ERUS RAKT working group reported their first multicenter prospective
study on RAKT from LD enrolling 120 enrolled patients('2l. All European centers
followed a standardized operative protocol, based on the Vattikuti-Medanta experience
with the introduction of a few technical nuances. The patient was placed in a lithotomy
position with a 20°-30° Trendelenburg tilt. After the introduction of the GelPOINT
through a linear periumbilical incision of 6 cm, the other four ports were placed, in the
same position reported by Menon et alllVl. However, in 4 female recipients, the
introduction of the graft was provided through a transvaginal Gel POINT. In all cases, a
2 cm incision of the GelPOINT cap was made to guarantee the introduction of ice slush
with a modified Toomey tip syringe. After placing the clarﬁj on the external iliac vein
and the realization of the venotomy using Potts scissors, an end-to-side anastomosis
between the graft vein and the external iliac vein was made with a 6/0 Gore-Tex® CV-6
TTc-9 or THc-12 needle. The suture was tied to secure the posterior wall of the
anastomosis at the proximal angle, and then it was completed until the distal to avoid
stenosis. For the artery, the bulldog clamps placement on the external iliac artery were
finalized to perform a preliminary incision with cold scissors, completed Eing a
laparoscopic aortic punch. In the beginning, both vascular anastomoses require passing
the needle in the external iliac vessel in an outside-inside diﬁction and then inside-
outside through the graft vessel. However, while during the venous anastomosis the
knot was tied immediately, and only then the needle was passed outside-inside through
the renal vein to start the running suture, during the artery anastomosis, the knot was
created to a loop left outside after the passage of the needle through the graft vessel

outside-inside. Finally, the vesicoureteral anastomosis was realized following the
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principles of the Lich-Gregoir technique over a pre-placed 4.8-Fr, 12-cm double-]
stent(12],

During the procedure, an adequate management of vascular anastomosis was
mandatory to reduce the risk of severe postoperative complications. In particular,
avoiding intimal injury, through a careful manipulation of graft vessels was a key step
during RAKT. In addition, as suggested by Gallioli ef all®], a complete learning curve
could be useful to achieve reproducible intra- and postoperative outcomes. Finally, the
exclusion criteria to perform RAKT have been modified during the last years, but the
main issues are currently represented by severe calcification at the level of the iliac

vessels and previous bilateral KTI'71.

Technical nuances for RAKT from DD: The University of Florence experience

After the development of RAKT from LD, some centers tried to widen the indications
for RAKT including grafts from DDs. The main contraindications in these series were:
(1) The presence of atherosclerotic plaques at the level of the iliac vessels; (2) Previous
multiple major abdominal surgery; (3) Absolute contraindications for robotic surgery;
and (4) Previous bilateral KT. In this context, the transplant multidisciplinary team
must deal with specific issues from both organizational and technical standpoints due
to the “emergency scenario” and the time-depending nature of the intervention. To the
best of our knowledge, the largest experience of RAKT from DD was reported by our
group, proposing specific technical nuances to improve surgical technique while

ensuring maximal patient and graft safety!>1°l.

Bench surgery

The harvesting procedure is performed according to established protocoll?l. In case of
grafts from donors after circulatory death, a hypothermic machine perfusion device is
employed for graft preservation before RAI% During the bench surgery, the graft is
perfused with Celsior® solution. Then, the anterior margin of the vein is shaped by

cutting a small part of venous tissue to provide better visualization of its posterior
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margin. In addition, if a right-sided graft is available, increasing the length of the right
vein using an inferior vena cava patch is always considered; yet, RAKT using right-
sided grafts from DDs appears feasible even without a caval patch thanks to the
advantages of the robotic platform, as demonstrated for RAKT in LD settingl21l.

Of note, if severe atherosclerotic plaques are observed at the level of the aortic
Carrel’s patch, the surgeon may remove them, realizing the arterial anastomosis
without the patch. In case of multiple vessels, the surgeon usually reconstructs them to
perform a single anastomosis (i.e., using a side-to-side anastomosis between two renal
arteries in a “pantaloon” fashion), as shown in several experiences(222; alternatively, a
small polar artery can be anastomosed to the inferior epigastric artery with a separate
arterial anastomosis/'?. When the kidney is prepared, it is placed into a gauze jacket
filled with ice to proyide less traumatic handling and to maintain graft hypothermia.
Finally, a 5-Fr, 12-cm double-] stent is routinely pre-placed into the ureter during bench

surgery to facilitate the subsequent uretero-vesical anastomosis.

Surgical technique for RAKT from DDs

At our Institution, all RAKTs followed the principles of the Vattikuti-Medanta
technique with the progressive introduction of specific nuances during the learning
curvelll. Specifically: (1) A Pfannestiel rather than a periumbilical incision is used for
the GelPOINT® (or the Alexis® Wound Protectors/Retractors, Applied Medical
Resources Corp, United States) placement improving aesthetic results and
providing closer access to the iliac vessels (Figure 1); (2) The GelPOINT® device is
placed only after adequate preparation of iliac vessels, bladder, and extraperitoneal
pouch to reduce the potential risk of bladder injury; (3) The venotomy is realized with
curve scissors and then a two-continuous suture is completed for the posterior and
anterior plate of the venous anastomosis. First, the anterior part is performed from 12 to
6 o'clock position knotting at 6 o’clock, and then the posterior one is completed from 6
to 12 o’clock position; and (4) The arteriotomy is realized with cold scissors without the

use of a laparoscopic aortic punch. In addition, considering the higher risk of
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atherosclerotic plaques at the level of the external iliac arteries for recipient in DD
setting, the anastomosis is performed using two runninﬁ sutures (in Gore-Tex 5/0
instead of 6/0). After the realization of the posterior plate using a running suture from
12 to 6 o'clock position, without knotting at the end, the anterior wall is completed with
another running suture from 6 to 12 o’clock position. Then, the two ends are tied
together at 6 o’clock. This technique provides to establish the correct tension of the
anastomosis considering the characteristics of both the graft and iliac vessels. If the
Carrel’s patch is suitable, it can be removed, mirroring the anastomosis during RAKT in
LD setting.

Regarding the assessment of graft and ureter reperfusion, our group proposed the
use of intraoperative indocyanine green fluorescence videography to complement the
intraoperative visual and ultrasound-based e&aluation of the graft after completion of
the vascular anastomoses/®l. In any case, the graft is allocated in the previously
prepared extraperitoneal pouch by reapproximating the two peritoneal flaps prepared
at the beginning of the procedure (Figure 2): This step has been shown to offer a safe
access for diagnostic and therapeutic percutaneous procedures during the postoperative
period, as reported by Campi et al 1251 without any type of postprocedural

complications?®l,

OUTCOMES OF RAKT FROM LD SETTING

During the last ten years, several studies have been reported showing the feasibility and
safety of RAKT in the B setting. Menon et all!¥ published their experience of the first
25 RAKTs, reporting a mean console, warm ischemia, arterial, and venous anastomotic
times of 135 min, 2.4 min, 12 min, and 13.4 min, respectively. In addition, no delayed
graft function (DGF) orearly surgical postoperative complications were observed, while
at 6 mo of follow-up two patients underwent re-exploration, and one patient died of
congestive heart failure. Subsequently, Ahlawat et all?l published a preliminary
comparison of 50 and 175 patients who had undergone RAKT and open KT,

respectively. No difference in terms of early postoperative functional outcomes was
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reported (median creatinine 1.2 and 1.3 mg/dL, in RAKT and open KT group,
respectively). No DGF was observed, while one patient in the RAKT group and four in
the open KT underwent post-transplant dialysis. In addition, during the early follow-
up, three deaths were observed (one in the RAKT group and two in the open KT,
respectively). Recently, the final results of this experience (IDEAL phase 2B) have been
published. Particularly, 126 patients undergone RAKT and 378 open KT (1:3 matched
cohort) were included, reporting a lower rate of wound infections (0% vs 4%, P = 0.023),
of symptomatic lymphoceles at 36 mo (0% vs 7%, P = 0.003), of DGF (0% vs 2.3%, P =
0.081) and reduced postoperative pain with the robotic approach. At a median follow-
up of 24.7 and 23.2 mo, for RAKT and open KT group respectively, no differences in
terms of graft survival were observed {95.2% [95% confidence interval (CI): 86-99.3] vs
96.3% (95%CI: 93.1-99.4), P = 0.266].

Another relevant experience was reported by Breda et all'2, presenting the
preliminary results of ERUS RAKT working group from 12Q_patients who underwent
RAKT. In this multicentre prospective observational study, the median operative and
vascular suture time was 250 and 38 min, respectively. The median estimated blood loss
was 150 mL and no major intraoperative complications were reported. Two patients
needed open conversion and in five cases (4.2%), surgical management was requested
for intraperitoneal hematoma. The median eGFR 58.0 mL/min on postoperative day 30.
Then, Territo et all28] updated this study reporting the results of 291 RAKTs from LD
and highlighting a shorter opa'ative time after the first 120 cases (265 min vs 230 min, P
= (0.005). The mean overall surgical and re-warming time was 244 (70.5) and 53.16
(15.27) min, respectively. In all, five (2%) were lost due to thrombosis and one due to
acute rejection. Two patients had arterial stenosis, three had incisional hernias, six had
ureteric stenosis, and nine had lymphoceles. Finally, Musquera et all'”l described the
mid-terms outcomes of 291 RAKT from LDs procedures. Overall, 22 cases of early major
postoperative complications (defined as Clavien-Dindo Complication > 2) were
recorded while after more than 90 d from RAKT 16 cases of major postoperative

complications were observed, including one patient who died for pulmonary
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thromboembolism, two cases of arterial stenosis, three of incisional hernias, two of
ureteric stenosis, one of angioplasty, and seven of lymphoceles. However, regarding the
functional outcomes, the authors reported a progressive improvement of the eGFR (60
mL/min/1.73 m? at last follow-up). The median hospital stay ranged between 7 and 14
dl'217], but it could be influenced by several items, such as hospital policies and patient-
related factors. Despite the favorable results, several issues still limit the spread of
RAKT from living (and deceased) donors worldwide, including the technical and
logistical complexity of the procedure, as well as limited evidence regarding its learning
curve. Sood et alllll analysed the learning curve of RAKTs with regional hypothermia
from LDs, stratifying the recipients into three groups according to the robotic and open
KT experience of the surgeons. Of note, they observed that the learning curve for RAKT
was minimal for surgeons who had prior robotic and KT experience. These results were
confirmed by Ahlawat et al?®l who described a short learning curve in RAKT for
experienced surgeons in KT and robotic surgery, achieving optimal skills within ten
cases. However, the authors suggested that further improvements could be observed
for the first 20-25 cases.

Later, Gallioli et all®! published the results of a multicenter study including the five
highest-volume centersof the ERUS RAKT working group. They demonstrated that the
Trifecta, defined as no major intra/postoperative complications, no delayed graft
function and rewarming time < mean + 2 SD (= 48.6 min), was achieved in 75% of cases
after a minimum of 35 procedures. Notably, all graft losses took place during the first
ten RAKTs, raising concerns regarding potential technical errors during the very first
cases of the robotic series, and highlighting the need of proper modular training for
surgeons wishing to start their experience with RAKT. In brief, the authors suggested
that at least 35 procedures could be necessary to achieve reproducibility in surgical
time, complications rate, and functional results. In conclusion, while further prospective
studies are needed to define the differences in the learning curve of open and robotic
KT (adjusting for all patient- and provider-specific factors), centers that are interested in

developing RAKT programs may benefit from existing courses on RAKT (i.e., Orsi
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Academy, Belgium) and from the expertise gained by multicentre collaborations such as
the ERUS-RAKT working group. Standardized proficiency-based training curricula are

warranted.

RAKT FROM DECEASED-DONORS: CHALLENGES AND PRELIMINARY
RESULTS

Since its inception, RAKTs has been primarily developed as an “elective” procedure in
the LD setting. Considering the limited available evidence, as well as several logistical
challenges, many teams might have concerns regarding the feasibility and safety of
RAKT in a more complex scenario such as that of DDs. Indeed, RAKT from DDs is a
challenging procedure, demanding great efforts from organizational standpoints and
with only few preliminary experiences worldwidel'>171931-3] Particularly, Vignolini et
all®! published the results of their structured RAKT program, based on a previous solid
experience in open KT and RAKT from LDs.

The authors defined 5 essential phases to determine the technical and logistical
feasibility of performing RAKT in case of DDs. Initially, the availability of the dedicated
surgical team must be ensure, while the recipient is admitted to the Nephrology Unit to
perform careful anesthesiologic and preoperative work-up. Then, the availability of the
robotic operating room must be verified, aiming to start RAKT within 16 h from the
organ procurement surgery, in order to keep the overall ischemia time < 24 h{34. Finally,
a careful graft evaluation on the bench is critical to individualize the indication for
RAKT (i.e, open KT is preferred in case of multiple vessels which cannot be
reconstructed to perform a single vascular robotic anastomosis).

Despite these specific challenges, preliminary experiences coming from selected
referral centers worldwide provided the proof of the concept that RAKT (in experienced
hands) can be safely perform from DDs, with favorable short- and mid-term outcomes,
even during the pandemicl51933 To the best of our knowledge, our experience
represents the largest series so far on RAKT from unselected DDs[%3]. At a median

follow-up of 16 mo [interquartile range (IQR) 7-22], recipients showed good functional
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results with a median eGFR of 57 mL/min/1.73 m? (IQR 45-76); only two patients
needed dialysis treatment at the last follow-up. The safety profile of RAKT from DDs in
terms of major (Clavien-Dindo grade > 3) surgical complications was also promising.
These favorable preliminary findings were confirmed by an updated analysis
comparing RAKT and open KT from DDs at our centerP’l. Overall, there were no
significant differences between the RAKT and open KT cohorts in terms of baseline
donor-, graft- and recipient-related characteristics, expect for a significantly higher
proportion of pre-emptive recipients in the RAKT cohort (40.0% vs 4.9%, P = 0.0001), a
significantly lower American Society of Anesthesiologists score among patients
undergoing RAKT (2 vs 3, P = 0.033). The re-warming and the vascular ﬂastomosis
time did not significantly differ between RAKT and open KT (47 min vs 28 min, P = 0.2;
15 min vs 18 min, P = 0.2, respectively).

There were no significant differences between RAKT and open KT in terms of median
hospital stay (13 d) as well as the major postoperative complication rate. However, the
RAKT group was associated with a significantly lower blood transfusion rate (14.3% vs
222%, P = 0.008). At the last follow-up, no differences were observed between the two
groups in terms of mid-term graft function. Despite lack of randomization, our
experience provides further evidence supporting the non-inferiority of RAKT as
compared to open KT from DDs, provided careful patient selection, adequate surgical
training and availability of a framework allowing performance of RAKT even in “non-
elective” conditions (i.e., weekends, night, etc.). However, our technique is not devoid of
limitations. In particular, all candidates for RAKT are evaluated with a computed
tomography (CT) scan before surgery to identify atherosclerotic plaques at the level of
the external iliac vessels, that remains an absolute contraindication for the procedure. In
addition, in case of atherosclerotic lesions of the renal vessels, the characteristics of
polypropylene needle could provide advantages compared to Gore-Tex, but it is not
suitable for robotic surgery. For these reasons, a carefully preoperative evaluation of
patients is needed to tailor the surgical approach in light of patients’ characteristics,

especially when the procedure will carry out as an emergency.
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DISCUSSION OF THE EVIDENCE AND FUTURE PERSPECTIVES

Despite the development and spread of minimally-invasive (predominantly robotic)
surgery worldwide, many KTs are still performed in an open fashion. Regardless of the
type of incision employed by surgeons, open KT may lead to non-negligible risks of
wound complications(®, especially among obese patients. In addition, considering the
fragility of KT recipients, there is certainly a window of opportunity for new surgical
techniques to minimize the morbidity of KT allowing faster recover and better patient-
reported outcomesl®). As such, RAKT has the potential to reduce specific KT-related
surgical complications such as wound dehiscence/ infection, symptomatic lymphoceles,
postoperative pain, as well as to minimize the length of hospitalization. RAKT might
also improve the cosmetic result of KT. All these potential advantages of RAKT are
most promising for overweight/obese recipientsl%], who represent a patient population
at a higher risk of postoperative adverse events. As universally known, the obese
“pandemic” is nowadays spread in developed countries, affecting a large part of the
population. Although obesity is not considered an absolute contraindication for KT,
European and United States data have shown that this condition is associated with a
higher likelihood to be overcome during the kidney allocation process, reducing the
chance of receiving transplantation!!?. The assessment of obese recipients for KT should
consider not only the added surgical technical challenges but also the higher risk of
postoperative complications, while remaining the best treatment optionl#42l. In this
context, robotic surgery could offer several benefits, providing a better exposure of the
surgical field and a better instrument maneuverability.

However, the optimal indications as well as the ideal body mass index (BMI) to
perform RAKT is still under debate. Recently, some experiences regarding the outcomes
for obese patients and morbidity obese ones (BMI =30 and 35 kg/m?2, respectively) have
been reported, highlighting benefits in terms of postoperative wound infection if
compared to open KTH441 In addition, Spaggiari et all44l have recently published the

results about the simultaneous realization of RAKT and sleeve-gastrectomy, improving
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the patients’ compliance and outcomes. The available evidence suggests potential
advantages even in terms of learning curve. As previously reported, surgeon’s
background has a limited impact to perform RAKT; what really matter is the previous
surgeons’ exposure to robotic surgery and open KT['1l. However, considering the major
exposure to minimally-invasive surgery and expertise in ureteral diseases, urologists
may have advantages, if compared to other specialties (e.g., general surgeons, transplant
surgeons), as well as the skills to manage significant postoperative complications (e.g.,
ureteral stricture).

On this regard, while Musquera et all'’] reported two patients treated through open
ureteral reimplantation for stenosis, Campi et all3’l reported two cases of endoscopic
management for ureteral complications in DD setting. Therefore, the best surgical
approach to treat urological complications should be evaluated in light of patients” and
related-problems characteristics (endoscopic, minimally-invasive surgery or open
approach). Despite the development of a RAKT program from DD could be extremely
challenging from both a technical and organizational standpoint, Campi et all3]
proposed the realization of a dedicated pathway, avoiding any impact on donors’
management from both a clinical and organizational standpoint, even in the DD setting.
To move the field forward, specific challenges of RAKT (especially in the DD setting)
must be overcome. These include the need of a dedicated, highly qualified surgical
team (trained in robotic surgery), and higher direct costs as compared to open KT.
While an estimated increased cost of 15000 USD per RAKT has been reported if
compared to open approachPll, the higher availability of platforms will hopefully
reduce the costs of robotic technology, mitigating the financial downside of RAKT in
the future. This might potentially allow a more significant penetrance of the robotic

technology among KT centers in Europe and worldwide.

CONCLUSION

In conclusion, the vast majority of RAKTs so far have been performed using grafts from

LDs in carefully selected recipients, and have been shown to achieve optimal early and

18 / 19




mid-term outcomes (which are at least non-inferior to those of open KT based on the
current literature). Yet, to date, no randomized controlled trial has been conducted
comparing RAKT to the gold-standard open approach: As such, several clinical and
research questions (such as the reproducibility of RAKT outside referral high-volume
centers) remain unanswered. In addition, only a few preliminary experiences have been
reported on the outcomes of RAKT from DDs. In this scenar'& critical steps need to be
taken to implement the technique and the logistics aiming to increase the number of
recipients who may benefit from minimally-invasive surgery and “making RAKT ready
for the prime time”. Large randomized prospective multicenter studies are eagerly
warranted to address these unmet clinical needs, defining the best indications and

limits of robotic surgery for KT.
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