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Abstract

Robotic-assisted kidney transplantation (RAKT) is an emerging minimally invasive alternative to open surgery that offers
potential benefits in selected recipients. Despite increasing international interest, its implementation across transplant
centers remains variable. This study aims to describe the current status, challenges, and perspectives on RAKT in Italy
through a nationwide survey. A web-based questionnaire was distributed to all active kidney transplant centers in Italy.
The survey collected data on institutional experience, surgical techniques, intraoperative technologies, perceived barriers,
and future directions. Responses were anonymized and analyzed descriptively. Twenty-one out of 39 centers responded
(54%). Nine centers were actively performing RAKT at the time of the survey. The median number of RAKT cases per
center was 5 (range 1-85), with Da Vinci Xi being the most used platform. Intraoperative tools such as indocyanine green
fluorescence and robotic Doppler were variably adopted to verify graft perfusion. Reported operative times ranged from
143 to 410 min (median 215 min), with low conversion rates. Main barriers to adoption included limited access to the
robotic platform and lack of structured training. All centers supported the creation of a national registry and expressed
interest in collaborative studies. This survey provides the first national overview of RAKT in Italy, highlighting both
technical feasibility and structural challenges. The findings support the need for coordinated training efforts, shared data,
and policy-level initiatives to foster equitable access to robotic transplant surgery.
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Introduction site infections (risk ratio [RR]=0.15), symptomatic lym-

phocele (RR=0.20), postoperative pain (mean difference
Robotic-assisted kidney transplantation (RAKT) has = —1.4 points), shorter incision length (mean difference
emerged over the past decade as a minimally invasive = —8.5 cm), and reduced hospital stay (mean difference
alternative to conventional open kidney transplanta- = —1.7 days), without compromising renal function or

tion (OKT), offering potential advantages in terms of
reduced postoperative pain, smaller incisions, fewer
wound-related complications, and faster recovery, while
maintaining comparable renal function and graft survival
outcomes [1-3].

These benefits have been consistently reported in the
literature. A recent meta-analysis of 11 comparative stud-
ies (482 RAKT vs. 1316 OKT) demonstrated that RAKT
was associated with significantly lower rates of surgical
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patient and graft survival [4].

Similar findings were confirmed by a more recent
meta-analysis including 16 studies and 2555 patients,
which highlighted reduced intraoperative blood loss,
lower pain scores, and decreased SSI rates, particularly
in obese recipients, with no significant differences in
functional outcomes compared to OKT [5].

Despite these encouraging results, RAKT remains a
technically demanding procedure characterized by a
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substantial learning curve. Evidence from high-volume
European centers suggests that approximately 35 cases
are required to achieve reproducibility in operative times,
complication rates, and functional outcomes [6]. In this
context, dedicated simulation-based training models
have been developed to facilitate skill acquisition, opti-
mize the learning curve, and support wider dissemination
of the technique [7].

At the European level, several multicenter prospective
observational studies, including those conducted by the
ERUS RAKT working group, have reported favorable
perioperative outcomes and acceptable mid-term func-
tional results across multiple institutions, confirming the
feasibility and safety of the robotic approach in experi-
enced hands [8].

One of the main technical concerns traditionally asso-
ciated with RAKT has been the potential for prolonged
warm ischemia time; however, this issue has been effec-
tively addressed by some centers through the adoption
of regional hypothermia techniques, such as the intra-
abdominal application of granular ice [9].

Although the literature also reports favorable out-
comes in technically challenging scenarios, including
grafts with multiple renal vessels, the diffusion of RAKT
remains fragmented and largely confined to selected
high-volume centers [10]. Moreover, robust evidence
from randomized controlled trials comparing RAKT and
OKT is still lacking, although at least one randomized
study protocol aimed at evaluating surgical complication
reduction has recently been registered [11].

Despite the growing international experience with
RAKT, the organizational and structural context in which
this technique is implemented varies substantially across
countries. Italy represents a particularly informative
setting, characterized by a heterogeneous distribution
of kidney transplant centers, variable access to robotic
surgical platforms, and non-uniform availability of struc-
tured training pathways. These factors may significantly
influence the adoption, diffusion, and sustainability of
RAKT programs, making a national-level assessment
especially relevant from both organizational and health
policy perspectives.

To address this gap, we conducted a nationwide survey
involving all kidney transplant centers in Italy, with the
aim of evaluating the current extent of RAKT adoption,
surgical protocols, indications and contraindications,
logistical challenges, and interest in future multicenter
coordination. This study reports the results of the first
structured national survey on robotic-assisted kidney
transplantation in Italy.
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Materials and methods
Study design and objectives

This study was designed as a national cross-sectional survey
targeting all kidney transplant centers in Italy. The primary
objective was to assess the current adoption of RAKT, iden-
tify technical and logistical models, evaluate institutional
barriers, and explore future directions including training,
research, and the creation of a dedicated national registry.

Survey development

The questionnaire was developed by a panel of transplant
surgeons with experience in robotic surgery and kidney
transplantation. It consisted of 4 sections (33 questions
total), including both multiple-choice and open-ended
formats.

These are the 4 sections:

1. Background

2. Surgical Experience with RAKT and Technical
Preferences

3. Perceived Barriers, Training, and Indications

4. Logistical Aspects and Interest in Collaboration

The survey explored topics such as indications for RAKT,
platform availability, techniques used for vascular anasto-
mosis, the role of ICG and intraoperative Doppler ultra-
sound, management of multiple vessels, and the need for
proctoring or structured training programs.

The questionnaire was pilot-tested among three trans-
plant surgeons with experience in robotic surgery and kidney
transplantation to assess clarity, relevance, and complete-
ness. Feedback obtained during this pilot phase was used
to refine question wording and structure prior to national
dissemination.

The present survey was conceived as a baseline assess-
ment intended to inform future longitudinal data collection,
particularly through the development of a national RAKT
registry.

The complete questionnaire is available as Supplemen-
tary Material.

Distribution and data collection

The survey was distributed via email using a secure link to
a Google Forms platform. No personal, patient-related, or
institution-identifiable data were collected through the sur-
vey, and responses were recorded anonymously.

Invitations were sent to transplant program directors
or robotic surgery leads at each of the 41 Italian centers
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Table 1 Characteristics of participating centers and RAKT adoption

Characteristic

Centers performing RAKT (n=9) Centers not perform-

ing RAKT (n=12)

Centers with robotic platform

Centers performing RAKT

Median number of RAKT procedures (range)
Use of living donor transplantation

Use of deceased donor transplantation (for RAKT centers data refers to
use in the setting of RAKT)

Need for dedicated RAKT training
Interest in national RAKT registry

9 5

9 0

6 (1-85) N/A

8/9 (89%) 10/12 (83%)

DBD: 3/9 (33%); DCD: 1/9 (11%) DBD 12/12 (100%);
DCD 12/12 (100%)
11/12 (92%)

12/12 (100%)

9/9 (100%)
9/9 (100%)

authorized to perform kidney transplantation, as identified
through the official CNT (Centro Nazionale Trapianti) data-
base and updated contact lists.

Data collection was open from 16 April 2025 to 15 May
2025. Given the voluntary nature of survey participation,
a degree of response bias cannot be excluded. To mitigate
this risk, responses were collected anonymously and two
reminder emails were sent to non-responding centers prior
to the final deadline.

Data analysis

Responses were collected anonymously and analyzed
descriptively. Given the exploratory aim of the study, the
limited number of responding centers, and the heterogeneity
in institutional characteristics, the analysis was intentionally
restricted to descriptive statistics in order to avoid overinter-
pretation of the data.Categorical variables were reported as
frequencies and percentages. No inferential statistics were
performed, given the exploratory and descriptive nature of
the study.

The study did not involve patients or clinical data and
was therefore exempt from ethical committee approval.

Results

The results presented below represent a descriptive, self-
reported snapshot of current practices and are intended to
provide a national baseline for future multicenter studies and
policy planning rather than to support inferential analyses.

Center participation and general adoption

A total of 21 transplant centers out of 39 invited (54%
response rate) participated in the national survey (Table 1).
Among these, 9 centers (43%) reported having performed at
least one RAKT.

Although the overall response rate among Italian kidney
transplant centers was approximately 50%, all centers known
to have performed robotic-assisted kidney transplantation at

the time of the survey responded, ensuring complete cover-
age of active national RAKT experience.

The earliest reported RAKT procedure was performed
in 2010 at the University of Pisa and has been previously
described as the first European case of robotic kidney trans-
plantation [12].

Subsequent adoption occurred gradually, with additional
centers initiating RAKT programs from 2013 onward and a
clear acceleration observed between 2021 and 2024. Most
centers introduced RAKT within 0-3 years after imple-
menting robotic surgery, with a mean interval of 1.5 years
between the two milestones; this finding reflects only a tem-
poral association without any cause-effect relation.

Among the 9 centers that provided a quantitative esti-
mate, the median number of RAKT procedures performed
was 5, with a wide inter-center variability (range: 1 to 85
procedures). While some centers are still in an early phase
of adoption, others have reached substantial case volumes,
indicating growing institutional experience and consolida-
tion of the technique.

Reported RAKT case numbers reflect the cumulative
experience of each center up to the time of survey comple-
tion, with procedures performed over variable time spans
depending on center experience and program maturity.

Surgical technique and logistics

Among the 9 centers currently performing RAKT, the Da
Vinci Xi platform was the most widely used (n=8), fol-
lowed by Da Vinci Si, which was employed in the earli-
est European case and has since been upgraded to Xi. All
centers reported using a supine position, with the majority
favoring a Trendelenburg tilt (n="7), and two centers adopt-
ing alternative setups such as flat supine or flank elevation.
Techniques for intraoperative verification of optimal
graft perfusion were variably adopted across centers. Indo-
cyanine green (ICG) fluorescence was used routinely in 3
centers and selectively in 3 others, while 3 centers did not
use it. Robotic Doppler ultrasound was more widely imple-
mented, with 6 centers reporting routine use, 2 using it
selectively, and only 1 center not employing it at all.
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Regarding vascular anatomy, all centers performing
RAKT reported that multiple renal vessels are not consid-
ered an absolute contraindication, but rather are evaluated
on a case-by-case basis according to anatomical complexity
and team experience.

The reported skin-to-skin operative time varied consider-
ably across centers, ranging from 143 to 410 min, with a
median duration of 215 min.

Finally, 6 out of 9 centers (67%) reported conducting
a dedicated clinical and imaging follow-up protocol for
RAKT recipients, while the others followed standard post-
transplant care.

Importantly, 16 out of 21 total responding centers
(76%)—including both those performing and not yet per-
forming RAKT—identified access to the robotic platform
and intra-hospital logistics as a relevant barrier to the imple-
mentation or expansion of RAKT programs.

As part of the learning curve analysis, centers were asked
whether they performed donor nephrectomy, as this may
contribute to robotic proficiency in RAKT. Robotic-assisted
procurement was the predominant technique (n=6), fol-
lowed by laparoscopic procurement (n=2), and both
approaches being used depending on the case in one center.

Clinical outcomes

Reported intraoperative complication rates were generally
low across centers. While 2 centers explicitly reported no
complications, others cited isolated events such as a venous
laceration or technical challenges related to graft placement,
particularly in early cases. No center reported a standard-
ized intraoperative complication rate exceeding 5%.

As for conversion to open surgery, 7 out of 9 centers
(78%) reported a 0% conversion rate. One center reported a
rate below 5%, and another above 10%.

Postoperative vascular and urological complications
were similarly rare. The majority of centers (n=6) reported
no such complications to date.

Postoperative hospital stay was reported in categorical
ranges. Most centers (5 out of 9) indicated a mean length of
stay between 8 and 10 days, while the remaining reported
either 5-7 days (n=3) or less than 5 days (n=1). Direct
comparison with national open kidney transplantation
length-of-stay data was not performed, as such data were
not collected within the scope of the survey.

Barriers and perspectives
Several institutional and organizational barriers to the
implementation or expansion of RAKT programs were iden-

tified by the responding centers. The most frequently cited
obstacles included limited access to the robotic platform,
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intra-hospital logistical constraints, lack of structured train-
ing programs, and skepticism from other surgical teams or
hospital management. The type of perceived barriers did
not substantially differ between centers actively performing
RAKT and those not yet performing the procedure; there-
fore, barriers are reported jointly rather than stratified by
center activity status.

Regarding initial implementation, 5 centers reported hav-
ing performed their first RAKT with the in-theatre presence
of a proctor, while 4 centers proceeded independently.

When asked about training needs, 20 out of 21 centers
(95%) expressed a clear need for dedicated RAKT-specific
training, while only one center reported no such requirement.

The vast majority of centers expressed strong interest
in national coordination efforts. Specifically, 18 centers
declared interest in joining a national multicenter study, one
center was undecided, and only one declined participation.

Furthermore, all 21 centers (100%) supported the cre-
ation of a national RAKT registry and expressed willingness
to receive updates and participate in future collaborative
initiatives.

Discussion

The survey findings have been interpreted in terms of orga-
nizational models, training needs, and policy implications
relevant to the diffusion of RAKT at a national level.

The Italian national survey on robotic-assisted kidney
transplantation (RAKT) revealed a still fragmented adoption
of the technique, despite increasing international evidence
supporting its safety and efficacy. In particular, centers that
have already adopted RAKT reported promising outcomes,
with very low conversion rates and manageable complica-
tion profiles.

Several recipient populations could particularly benefit
from the minimally invasive nature of RAKT. Among these,
obese patients—traditionally at higher surgical risk—have
shown substantial advantages [5].

Similarly, data from Kishore et al. [1] support the safe
use of RAKT in obese recipients, showing comparable
long-term outcomes to open transplantation.

These findings are consistent with the international lit-
erature, where RAKT has demonstrated high feasibility, low
perioperative morbidity, and excellent functional outcomes.
The self-reported data from Italian centers participating in
this survey appear to align with these published results, fur-
ther supporting the broader applicability of the technique,
but require formal evaluation, especially regarding long
term functional outcomes.

From a health policy perspective, access to robotic plat-
forms remains one of the major structural obstacles. Kidney
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transplantation itself plays a central role in reducing long-
term healthcare expenditures associated with end-stage kid-
ney disease [13].

Although robotic surgery entails substantial upfront costs,
available evidence suggests that postoperative length of stay
may be comparable between robotic-assisted and open kid-
ney transplantation; therefore, the overall economic impact
of RAKT remains uncertain and highly context-dependent,
in the absence of formal cost-effectiveness analyses [14].

Training and institutional readiness are also key factors.
The survey highlighted the need for structured education:
95% of centers expressed the need for specific RAKT train-
ing, and many started their programs under proctoring.
Simulation-based training models, proctoring, and stepwise
implementation strategies may represent effective tools to
support safe, reproducible, and scalable adoption of RAKT
across centers. An interesting model have been recently
published by the European Association of Urology [15].

The experience gained from robotic donor nephrec-
tomy—already performed in several centers—may serve as
a technical bridge toward RAKT implementation.

The unanimous interest in establishing a national registry
and the widespread support for a multicenter collaborative
study confirm a strong willingness to coordinate efforts.
These initiatives would allow for:

Shared guidelines

Standardized training

Real-world cost-effectiveness evaluations, and
Broader access to innovation for fragile patient groups

Some limitations are inherent to the design of the study,
including its cross-sectional nature, self-reported data, and
lack of centralized clinical outcome validation. The absence
of inferential or comparative analyses, such as comparisons
between centers performing and not performing RAKT,
represents a further limitation of the study and reflects its
exploratory design. Moreover, the low response rate and the
limited number of centers performing RAKT may reduce
the generalizability of the findings.

In this perspective, the present survey may be regarded
as a first exploratory phase, providing the organizational
foundation for subsequent national registry-based studies
integrating survey data with prospective clinical outcomes.
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supplementary material available at https://doi.org/10.1007/s13304-0
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