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Abstract

Objectives: To evaluate the surgical feasibility, perioperative safety, and early functional renal kinetics of to-
tally intracorporeal orthotopic neobladder reconstruction (ICNR) following robot-assisted radical cystectomy
(RARC) utilizing the novel modular Hugo™ RAS system.

Methods: We conducted a retrospective analysis of patients who underwent Hugo™ RAS-assisted RARC
and ICNR. Procedures were performed using a standardized four-arm configuration with continuous intra-
abdominal insufflation targeted at 12 mmHg. Bowel isolation and side-to-side continuity were established
laparoscopically via an assistant port. Non-linear smoothing was used to model the surgical learning curve and
longitudinal changes in serum creatinine were analyzed using paired ¢-tests.

Results: Seven patients successfully underwent the procedure without any open or conventional laparoscopic
conversions. The cohort had a median age of 70.0 years (IQR: 65.0-72.0) and a high comorbidity status (me-
dian Charlson Comorbidity Index: 5.0). The median total skin-to-skin surgical time was 290 minutes (IQR:
245-342), with platform docking requiring a highly reproducible median time of 19.0 minutes (IQR: 17.0-
21.0). Nonlinear modeling showed an encouraging operational learning curve, with surgical duration contract-
ing to an absolute low of 200 minutes by the sixth sequence. Median hospital length of stay was 4.0 days. No
Clavien-Dindo grade = III complications occurred; one patient developed a pulmonary thromboembolism after
discharge, which was managed with therapeutic anticoagulation.. Longitudinal analysis showed immediate
functional renal stability, yielding a uniform net decrease in serum creatinine levels at discharge relative to
baseline.

Conclusion: Hugo™ RAS-assisted RARC with fully ICNR is technically feasible, reproducible, and safe. The plat-
form’s modular architecture provides efficient multi-quadrant workflows, a surmountable learning curve, and
excellent early renal functional preservation.

Keywords: Bladder cancer robot-assisted radical cystectomy, intracorporeal urinary diversion, orthotopic
neobladder reconstruction, Hugo™ RAS system, learning curve
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carries substantial perioperative morbidity and prolonged
recovery. Over the past two decades, robot-assisted radi-
cal cystectomy (RARC) surged as a minimally invasive
alternative, with an increasing trend toward intracorpo-
real urinary diversion (ICUD), including orthotopic ileal
neobladder reconstruction [1, 2]. While early randomized
trials comparing RARC and open RC demonstrated lower
blood loss but inconsistent benefits in complication rates
and length of stay under extracorporeal workflows [3],
contemporary evidence suggests that the clinical advan-
tages of the robotic approach are optimized when preserv-
ing a completely intracorporeal environment [4].

Totally intracorporeal orthotopic neobladder reconstruc-
tion (ICNR) is among the most technically demanding
urological procedures, requiring advanced bowel manipu-
lation, urethro-ileal anastomosis and extensive suturing
under prolonged operative times. Early adoption was
restricted to pioneer, high-volume tertiary centers [5]. Ini-
tial historical experiences, such as the Karolinska series,
confirmed the feasibility, safety and oncological adequacy
of ICNR in selected cohorts [6]. Further single-center and
multicenter data verified its general reproducibility, dem-
onstrating that cumulative institutional experience signifi-
cantly improves perioperative metrics, operative time and
hospitalization lengths without compromising pathologi-
cal quality [5-7].

Technical refinements have enhanced functional recovery.
Posterior reconstruction techniques have been introduced
to facilitate tension-free urethro-neobladder alignment and
accelerate early continence [8]. Similarly, alternative con-
figurations have been explored to optimize pouch compli-
ance and volume [9]. Data from the International Robotic
Cystectomy Consortium confirm the global expansion
of ICNR, showing shorter lengths of stay and fewer re-
operations relative to extracorporeal approaches, though
readmission rates remain a challenge [10]. Nonetheless,
precise patient selection remains vital to achieving satis-
factory long-term functional and oncological endpoints
[10].

The evolution of ICUD has recently intersected with the
introduction of new modular robotic platforms, spurred
by the expiration of legacy patents. The Hugo™ RAS sys-
tem features independent patient-side arm carts, an open
console configuration, and flexible docking strategies
[11, 12]. Rocco et al. reported the first case of RARC and
ICNR with this platform, establishing technical feasibil-
ity without conversion, though the absence of integrated
robotic staplers necessitated laparoscopic stapling via as-
sistant ports [12]. Early multi-institutional data from the
European Association of Urology Robotic Urology Sec-
tion confirmed the multi-center reproducibility and short-
term safety of the platform across 29 patients [13].

At present, evidence regarding Hugo™ RAS-assisted
ICNR remains incipient. Key clinical questions persist
regarding the impact of modular arm carts on docking
complexity, operational workflows, and external collisions
during extensive multi-quadrant reconstructions [12, 13].
Furthermore, its reproducibility across broader surgical
settings, instrument ergonomics, long-term oncological

safety, and durable functional or urodynamic outcomes
remain uncharacterized [5, 6].
Here, we aimed to report our institutional experience with
Hugo™ RAS-assisted RARC and ICNR, evaluating surgi-
cal feasibility, perioperative parameters and early onco-
logical and functional results.

Materials and methods

Study design and patient selection

We conducted a retrospective, single-center review of
an institutional database tracking patients who under-
went RARC with ICNR using the Hugo™ RAS system
(Medtronic, Minneapolis, MN, USA). Patients were se-
lected for surgery based on standard international guide-
lines, including the presence of MIBC or high-risk, recur-
rent NMIBC refractory to intravesical therapies, in the
absence of bulky distant metastatic disease. The choice of
an orthotopic ileal reservoir rather than an ileal conduit
was dictated by a combination of clinical criteria, includ-
ing favorable age, a high functional status, adequate base-
line renal function, an absence of severe urethral stricture
disease, and motivated compliance with intensive postop-
erative bladder rehabilitation protocols.

Hugo™ RAS platform architecture and operating
room configuration

All procedures were carried out utilizing the modular,
multi-cart architecture of the Hugo™ RAS platform. Un-
like integrated, single-structure robotic setups, this system
relies on four independent, individual patient-side arm
carts surrounding the operating table. Surgeons operated
via an open-console setup utilizing HD 3D glasses with
infrared head-tracking safety sensors. Prior to standard
docking, patients were placed in a steep Trendelenburg
position (25° to 30°) with a split-leg configuration to al-
low unhindered access for the vaginal or rectal surgical
assistant. The positioning and angling of the independent
carts were structured to allow both extensive pelvic dis-
section and wide-field mid-abdominal bowel manipulation
without requiring intraoperative re-docking:

* Arm configuration and docking: a standard 4-arm linear/
semi-circular configuration was adopted.

* Trocar placement: dedicated 8 mm robotic trocars were
utilized for the automated arms. For assistant maneuvers,
including clip application, traction, and the insertion of
standard laparoscopic endoscopic stapling lines for bowel
division, a dedicated assistant port workflow was main-
tained (predominantly standard 12 mm or 5 mm laparo-
scopic ports).

* Insufflation: standard pneumoperitoneum was initiated
and tightly targeted at a continuous intra-abdominal pres-
sure of 12 mmHg.

Surgical technique and intracorporeal reconstruction
workflow

The surgical procedure was standardized across the series
and divided into distinct, consecutive phases executed en-
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tirely within the intracorporeal environment:

* RC and PLND: In male patients, a standard retrograde
or antegrade cystoprostatectomy was performed, sparing
neurovascular bundles when oncologically feasible. In
female patients, an anterior exenteration was carried out.
Standard bilateral PLND was finalized before reconstruc-
tive steps.

* Urethro-ileal anastomosis: the initial step of the recon-
struction began with the identification of the target ure-
thral stump. A tension-free urethro-enteric anastomosis
was performed using continuous barbed suturing, ensuring
precise mucosal alignment over an indwelling catheter.

* Bowel isolation and intracorporeal neobladder formu-
lation: a 40—50 cm segment of healthy terminal ileum,
roughly 15-20 c¢cm proximal to the ileocecal valve, was
isolated. Bowel division and subsequent side-to-side
ileo-ileal continuity were re-established using standard
laparoscopic linear cutting staplers introduced via the as-
sistant port. The isolated loop was detubularized along its
antimesenteric border, folded into an orthotopic configu-
ration, and detubularized walls were closed extensively
using continuous absorbable suturing.

» Ureteroenteric anastomosis: ureters were dropped into
the posterior aspect of the newly formed pouch. Ure-
teroenteric reimplantation was completed using an open-
ended, continuous or interrupted suture technique over
temporary exteriorized double-J ureteral stents.

Perioperative care and follow-up protocols

Patients were managed with early mobilization, early
solid food introduction, and restrictive fluid management.
Serum creatinine was monitored at baseline (preoperative),
postoperative day 1 (POD 1), and at hospital discharge to
evaluate acute kidney injury. Postoperative complications
were recorded and graded according to the Clavien-Dindo
classification system. Severe complications were defined
as any event graded > III. Following discharge, patients
underwent clinical monitoring evaluating voiding effi-
ciency, post-void residual volumes, and structural pouch
dynamics.

Statistical analysis

Continuous variables were reported as medians with
interquartile ranges (IQR). Categorical variables were
summarized as absolute counts and percentages. Longitu-
dinal changes in paired serum creatinine over time were
analyzed using two-tailed paired t-tests for cases with
complete data records. To characterize the institutional
learning and operational optimization curve over time,
total surgical times were plotted chronologically by case
sequence. A non-parametric locally estimated scatterplot
smoothing (LOESS) curve was applied to model the visu-
al trajectory of operative times, allowing for a flexible da-
ta-driven assessment of surgical efficiency gains without
imposing a rigid linear structure. Statistical significance
was designated as a two-sided P < 0.05. All analyses were
conducted using R statistical software version 4.6.1.

Table 1. Baseline demographic characteristics and perioperative
outcomes of patients undergoing Hugo™ RAS robot-assisted radical
cystectomy with intracorporeal orthotopic neobladder reconstruction.
Total surgical time refers to skin-to-skin duration. Console time and
docking time specify platform-specific intraoperative metrics.

Variable n="7"

Age (years) 70.0 (65.0, 72.0)

Sex (%)
Female 1 (14%)
Male 6 (86%)

Charlson comorbidity index 5.00 (4.00, 5.00)

Total surgical time (min) 290 (245, 342)
Console time (min) 237 (210, 309)
Docking time (min) 19.0 (17.0, 21.0)
Estimated blood loss (mL) 1,075 (800, 1,275)
Unknown 3

Length of stay (days) 4.00 (3.00, 5.00)

Unknown 1

Note: 'Median (Q1, Q3); 1 (%)

Results

Baseline characteristics and perioperative outcomes

A total of 7 selected patients successfully underwent
Hugo™ RAS RARC with ICNR during the study pe-
riod. Baseline demographics and detailed intraoperative
parameters are summarized in Table 1. The cohort was
predominantly male (85.7%, n = 6) with a median age
of 70.0 years (IQR: 65.0—72.0). Patients presented with
a significant comorbidity burden, reflected by a median
Charlson Comorbidity Index of 5.0 (IQR: 4.0-5.0). Every
procedure was executed entirely with the robotic platform
without open or conventional laparoscopic conversion.
The modular architecture of the Hugo™ RAS system
achieved efficient intraoperative workflows. The median
total surgical skin-to-skin time was 290 minutes (IQR:
245-342), with a median console time of 237 minutes
(IQR: 210-309). Platform docking proved highly repro-
ducible, requiring a median time of 19.0 minutes (IQR:
17.0-21.0). Regarding perioperative safety and recovery
metrics, the median estimated blood loss was 1,075 mL
(IQR: 800-1,275; n = 4 available records). Postoperative
recovery was optimized within an accelerated pathway,
yielding an exceptionally short median length of hospital
stay of 4.0 days (IQR: 3.0-5.0; n = 6 available records).

Operative workflow and optimization curve

The chronological evolution of total surgical times (skin-
to-skin duration) showed an encouraging operational
learning and optimization profile (Figure 1). The initial
phase of the experience was characterized by expected
procedural adjustments, with operative times ranging
between 245 and 342 minutes across the first three cases.
However, as the institutional surgical team and console
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Figure 1. Operational optimization
curve for Hugo™ RAS robot-assisted
radical cystectomy and intracorporeal
orthotopic neobladder reconstruction.
Scatter plot with a local polynomial re-
gression fitting line (LOESS) displaying
the chronological sequence of cases
(x-axis) against the total surgical
time in minutes (y-axis, skin-to-skin
duration). The trajectory illustrates a
distinct procedural optimization trend,
transitioning from early technical
adaptation phases (peaking at 342-360
minutes) to an institutional efficiency
) benchmark of 200-290 minutes by the
conclusion of the initial series. This
progression highlights the platform's
technical reproducibility and a relatively
rapid learning curve for experienced
robotic teams transitioning to modular
6 multi-cart architectures.

surgeons accumulated familiarity with the platform’s
independent arm configurations and modular docking me-
chanics, a noticeable trend toward efficiency emerged. By
the sixth sequential procedure, total surgical time dropped
to an absolute cohort low of 200 minutes, subsequently
stabilizing at 290 minutes for the final case. This chrono-
logical contraction in operative time occurred without
any compromise in intraoperative safety or constructive
precision, signaling an efficient institutional transition
to the Hugo™ RAS platform for high-complexity multi-
quadrant pelvic reconstructions.

Pathological analysis

Among the 4 patients with complete pathological staging

available, a complete pathological response to neoadju-
vant chemotherapy (ypTONO) was observed in 2 patients
(50.0%). The remaining 2 patients exhibited downstaged
or localized disease, consisting of ypTON1 (25.0%, n = 1)
and ypTIN2 (25.0%, n = 1). Regarding specimen quality
and oncological safety, surgical margins were evaluable
in 2 cases and were strictly negative; no positive surgical
margins were recorded. Histological subtyping among
available specimens (n = 3) reported conventional uro-
thelial carcinoma in 1 patient (33.3%), invasive urothe-
lial carcinoma with glandular differentiation in 1 patient
(33.3%), and focal urothelial dysplasia without evidence
of residual invasive tumor in 1 patient (33.3%). Nuclear
grading was unavailable across the cohort due to the high

p =0.0049 **

Figure 2. Longitudinal trajectory and
stability of renal function following
Hugo™ RAS robot-assisted radical

p =0.238

1 cystectomy and intracorporeal orth-
otopic neobladder reconstruction.

p = 0.397

Serum Creatinine (mg/dL)

Preoperative Postoperative

Clinical Evaluation Point

1 Individual patient trajectories (grey
connecting lines) and boxplots illustrating
serum creatinine distribution across
three distinct perioperative timepoints:
preoperative baseline, postoperative day 1
(Postoperative), and at hospital discharge.
Statistical significance was determined
using two-tailed paired t-tests on available
pairs.

At Discharge
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rate of complete pathological responses and missing regis-
try segments.

Changes in renal function over time

Serum creatinine values were evaluated longitudinally at
preoperative baseline, on POD 1, and at hospital discharge
to assess the impact of Hugo™ RAS-assisted radical
cystectomy and ICNR on renal preservation (Figure 2).
The median preoperative serum creatinine was 1.12 mg/
dL (IQR: 1.11-1.67). Following surgery, renal function
demonstrated immediate stability, with a median creati-
nine of 1.19 mg/dL (IQR: 1.03—1.45) on POD 1, without
significant deviation from baseline (P = 0.397). By the
time of hospital discharge, functional parameters signifi-
cantly improved or stabilized across the cohort, yielding a
median creatinine of 0.88 mg/dL (IQR: 0.77—1.14). Paired
longitudinal analysis showed that among all patients with
complete baseline and discharge records (n = 5), 100%
exhibited a net decrease in serum creatinine levels at dis-
charge relative to their preoperative values (P = 0.005).
This uniform stabilization reflects the safety of the ICNR
approach and confirms the absence of early acute kidney
injury or severe obstructive uropathy.

Intraoperative and postoperative complications

No major clinical intraoperative complications occurred
during any of the procedures. However, technical or
system-related incidents were documented in 2 out of the
7 cases (28.6%). Specifically, these consisted of transient
instability in the pneumoperitoneum maintenance system,
where the surgical team experienced minor difficulties
keeping the insufflation pressure constant at the target 12
mmHg. These pneumatic variations were managed safely
intraoperatively without requiring conversion to an open
approach or interrupting the surgical flow.

Postoperative complications and follow-up data were
evaluable in 4 patients. Minor complications occurred in 2
patients (50.0%), both classified as Clavien-Dindo Grade
II, which resolved completely with standard management
during the initial hospital stay. Regarding late or post-dis-
charge adverse events, 1 female patient (14.3% of the total
cohort; 25.0% of the evaluable follow-up cohort) required
an unplanned hospital readmission due to a confirmed pul-
monary thromboembolism. She was successfully managed
with systemic therapeutic anticoagulation alone, without
invasive intervention, and recovered without further dete-
rioration. Additionally, this patient experienced early void-
ing dysfunction/incomplete bladder emptying following
catheter removal, which was managed conservatively with
a temporary indwelling Foley catheter to monitor reser-
voir dynamics and capacity during outpatient follow-up.
Apart from the thromboembolic event described above,
no complications of Clavien-Dindo Grade > III were re-
corded.

Discussion

In this single-center retrospective study, our series dem-

onstrates the safety, technical feasibility, and procedural
reproducibility of performing total ICNR following RC
using the Hugo™ RAS system. All seven complex cases
were completed entirely through the robotic platform
without open or conventional laparoscopic conversion.
The low median docking time (19.0 minutes) and highly
favorable median length of hospital stay (4.0 days) indi-
cate that the modular architecture can seamlessly support
efficient workflows. Our findings contribute an early in-
stitutional validation that high-complexity, multi-quadrant
pelvic surgery and bowel reconstruction can be success-
fully achieved with this novel platform without compro-
mising immediate perioperative safety, contributing to
show its expanding utility in advanced oncologic urology.
Assessment of our learning curve shows a notable chrono-
logical contraction in total operative time, which dropped
to a cohort minimum of 200 minutes by the sixth pro-
cedure. This rapid stabilization highlights a highly sur-
mountable learning curve for surgical teams already expe-
rienced in robotic surgery, aligning with early efficiency
gains observed during the implementation of this multi-
cart system for other complex pelvic procedures [14]. A
key structural feature of the Hugo™ RAS system is its
independent arm configuration, which allows for custom-
izable positioning to achieve dual-zone visualization with-
out requiring intraoperative re-docking [11]. However,
because the platform currently lacks integrated robotic
stapling instruments, bowel isolation and side-to-side con-
tinuity required standard laparoscopic staplers managed
via an assistant port [11-13]. This technical workflow de-
mands close synchronization between the console surgeon
and the bedside assistant to optimize ergonomics and pre-
vent external cart collisions.

The intraoperative and postoperative safety profiles in our
cohort compare favorably with established multi-center
benchmarks. The technical incidents involving transient
pneumoperitoneum instability around the target 12 mmHg
represent a platform-specific nuance that was managed
safely without interrupting the surgical flow. Postopera-
tively, the absence of high-grade complications during the
early recovery window highlights the constructive preci-
sion enabled by the system. In larger contemporary series
utilizing established robotic systems, major 30-day post-
operative complication rates for intracorporeal diversions
frequently range from 10% to 20% [4, 13]. Furthermore,
the single post-discharge readmission for a pulmonary
thromboembolism highlights the persistent, system-inde-
pendent risk of thromboembolic events inherent to major
pelvic oncologic surgery, re-emphasizing the necessity
of strict adherence to standard extended mechanical and
pharmacological thromboprophylaxis protocols [15].

A particularly encouraging finding was the early preser-
vation of renal function, with all patients with complete
paired records showing a net stabilization or decrease in
serum creatinine levels by the time of hospital discharge.
This uniform downward trend indicates the successful
avoidance of early acute kidney injury and confirms the
absence of high-grade, clinically significant ureteroenteric
or urethro-ileal anastomotic obstruction. These functional
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results are supported by preliminary evaluations of other
newly developed robotic systems, which suggest that pre-
cise multi-jointed articulation and stable high-definition
magnification facilitate reliable, watertight running sutures
during delicate intracorporeal anastomoses [16].

Our study had some strengths and limitations. The main
strength of our study lies in providing one of the first
focused series describing fully ICNR with the modu-
lar Hugo™ RAS system, complemented by structured
chronological tracking of surgical efficiency and granular
reporting of early renal kinetics. Nonetheless, some limi-
tations must be acknowledged to adequately interpret our
findings. First, the retrospective nature and small cohort
size reflect an early institutional experience, which limits
generalizability and statistical power. Second, complete-
ness of follow-up and pathological documentation was
constrained for several registry segments due to the highly
contemporary nature of the cohort. Finally, long-term
functional endpoints such as standardized 12-month uro-
dynamic compliance assessments, daytime and nighttime
continence rates, and definitive oncological survival met-
rics remain to be established [10]. Large-scale, prospec-
tive multi-center comparative trials against established
robotic systems are required to definitively establish the
long-term clinical and economic profile of this platform.
Our initial institutional experience demonstrates that
totally ICNR following RC is technically feasible and re-
producible utilizing the modular, multi-cart architecture of
the Hugo™ RAS system. Despite the platform’s current
lack of integrated robotic stapling devices, the surgical
team achieved stable and efficient intraoperative work-
flows characterized by low docking times and an encour-
aging chronological contraction in total operative skin-
to-skin duration, stabilizing well below five hours by the
conclusion of the initial series. Furthermore, our protocol
yielded excellent early perioperative safety profiles, an ex-
ceptionally brief median hospital stay within an optimized
recovery pathway, and a uniform post-discharge stabili-
zation of serum creatinine levels confirming immediate
functional renal preservation. While these early outcomes
highlight the platform’s capability to successfully sup-
port high-complexity, multi-quadrant reconstructive pel-
vic procedures without major technical failures or high-
grade complications, they represent the results of a highly
selected, single-center cohort. Prospective, large-scale
multi-center registries with long-term follow-up remain
necessary to definitively establish the comparative cost-
effectiveness, oncological safety, and durable functional
or urodynamic superiority of this novel robotic platform
against conventional surgical standards.

Conclusions

Our initial institutional experience demonstrates that
robot-assisted radical cystectomy with intracorporeal neo-
bladder reconstruction using the Hugo™ RAS platform is
technically feasible and can be successfully implemented
for complex urinary diversion without conversion to open

surgery. Across this early series, the platform enabled
completion of all reconstructive steps intracorporeally,
with reproducible docking times, an encouraging reduc-
tion in operative duration over consecutive cases, and
acceptable perioperative safety despite the technical com-
plexity of the procedure.

Early postoperative outcomes were favorable, includ-
ing short hospital stays, preservation of renal function,
and a low incidence of major complications. Although
isolated technical issues related to pneumoperitoneum
maintenance were encountered, these were managed in-
traoperatively without compromising procedural comple-
tion or patient safety. The observed learning curve further
suggests that increasing institutional familiarity with the
modular architecture of the Hugo™ RAS system may
translate into progressive improvements in operative effi-
ciency. Consequently, these findings should be interpreted
as preliminary and hypothesis-generating rather than de-
finitive evidence of superiority or equivalence.
Nevertheless, this report provides one of the earliest
descriptions of intracorporeal orthotopic neobladder re-
construction performed with the Hugo™ RAS system
and supports its potential applicability to highly complex
multi-quadrant pelvic surgery. Larger prospective, mul-
ticenter studies with longer oncological and functional
follow-up are warranted to validate these preliminary
findings and to determine the reproducibility, cost-effec-
tiveness, and long-term outcomes of this emerging robotic
platform.
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