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Abstract: Robotic-assisted radical prostatectomy (RARP) has become the leading approach for radical
prostatectomy driven by innovations aimed at improving functional and oncological outcomes. The
initial advancement in this field was transperitoneal multiport robotics, which has since undergone
numerous technical modifications. These enhancements include the development of extraperitoneal,
transperineal, and transvesical approaches to radical prostatectomy, greatly facilitated by the advent
of the Single Port (SP) robot. This review offers a comprehensive analysis of these evolving techniques
and their impact on RARP. Additionally, we explore the transformative role of artificial intelligence
(AI) in digitizing robotic prostatectomy. AI advancements, particularly in automated surgical video
analysis using computer vision technology, are unprecedented in their scope. These developments
hold the potential to revolutionize surgeon feedback and assessment and transform surgical doc-
umentation, and they could lay the groundwork for real-time AI decision support during surgical
procedures in the future. Furthermore, we discuss future robotic platforms and their potential to
further enhance the field of RARP. Overall, the field of minimally invasive radical prostatectomy for
prostate cancer has been an incubator of innovation over the last two decades. This review focuses
on some recent developments in robotic prostatectomy, provides an overview of the next frontier in
AI innovation during prostate cancer surgery, and highlights novel robotic platforms that may play
an increasing role in prostate cancer surgery in the future.

Keywords: robotic-assisted radical prostatectomy; Single Port; pelvic fascia sparing; artificial intelligence;
continence

1. Introduction

Radical prostatectomy has experienced a wave of innovation over the past century.
Initially described by Hugh Hampton Young using the perineal approach in 1905 [1], the
procedure has undergone significant advancements leading to greatly improved oncologic
and functional outcomes over the last century. With the inception of Millin’s retropubic
approach in 1948 and the subsequent introduction of PSA and transrectal ultrasound
several decades later, there were marked reductions in morbidity and mortality due to
refinements in surgical techniques and early cancer detection [2–4]. While a vast majority
of the history of radical prostatectomy chronicles the open surgical approach, recent years
have seen a shift towards minimally invasive techniques.

Robotic-assisted radical prostatectomy (RARP), the latest development in this lineage,
has been both promising and a subject of debate. Introduced in 1998, the first robotic
platform revolutionized the field, equipped with a 3D camera for depth perception and
wristed instruments mimicking the dexterity of human hands [5]. By 2004, Menon et al.
began to document their pioneering technique for RARP [6]. This method dramatically
altered the surgical landscape for prostate cancer: recovery periods were reduced from
weeks to days, and the need for blood transfusions substantially decreased [7]. However,
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these promising results did not come without controversy. Despite the lack of prospective
randomized clinical trials proving its superiority over open prostatectomy, its ensuing
popularity among hospitals, physicians, and patients drove its widespread adoption. The
high cost of surgical robots, ranging between USD 3 and USD 4 million, led to disparities in
access to this technology across sociodemographic regions [8,9]. Furthermore, recent studies
have suggested that the primary determinant of outcomes is not the surgical tool used, but
rather the volume of cases undertaken by a center, with higher-volume centers consistently
demonstrating more favorable surgical outcomes [10–15]. Nonetheless, RARP has been
embraced as the gold standard approach to radical prostatectomy. In fact, 85% of all radical
prostatectomies were performed robotically by 2013 [16]. Retrospective data suggest that
RARP offers comparable oncologic and functional outcomes to open surgery, and its
minimally invasive nature reduces blood transfusion, shortens postoperative recovery
times, and may enhance patient quality of life [17].

With its relatively recent inception, RARP has continually evolved. This review seeks
to spotlight these recent technical innovations, assess the current state of RARP, and explore
promising new technologies in robotic surgery.

2. Single Port Surgery

The da Vinci robotic platform (Intuitive Surgical, Sunnyvale, CA, USA) is the most
commonly used modem in the field of robotic surgery [18]. For years, it employed a multi-
arm design, which was incrementally improved over several iterative editions of the da
Vinci robot. In an attempt to minimize the number of incisions and further reduce surgical
morbidity, surgeons began to attempt single-site radical prostatectomies with the multiport
robot, often achieved with all robotic trochars placed through a single laparoscopic gel-
port [19]. However, this posed several challenges, such as clashing of robotic instruments
due to inadequate working distance between ports, lack of triangulation, and limitations
during fine movements, such as suturing. In 2010, White et al. postulated that their single-
site RARP using the multi-arm da Vinci robot reduced instrument crossing, improved
ergonomics, and facilitated instrument tip articulation [19]. However, challenges with this
technique persisted, and single-site RARP with the multi-arm robotic platform achieved
only very limited adoption.

In 2018, the Food and Drug Administration approved the da Vinci Single Port (SP)
system for urologic surgery, ushering in a fresh, new wave of surgical innovation in
RARP. The new device had capabilities similar to its multiport predecessor; however, three
articulating endoscopic instruments and a camera were now inserted coaxially through a
single laparoscopic trochar [20]. Since its inception, several surgical centers have reported
their experiences. Herein, we will review the transperitoneal, extraperitoneal, perineal, and
transvesical approaches to RARP, many of which have been facilitated by the arrival of the
SP platform.

2.1. Transperitoneal Approach

The transperitoneal approach was the initial method utilized for RARP with the
novel SP platform, aiming to replicate well-established transperitoneal approaches from
the multi-arm platform [21,22]. Kaouk et al. presented their initial results from a cohort
of 46 patients who underwent this approach. The median length of the postoperative
hospital stay was 25.7 h, with 44/46 (95.6%) of patients requiring opioids. These patients
had a 90-day continence rate of 62.5%, positive surgical margins (PSMs) in 41.3%, and a
90-day undetectable PSA rate of 84.2% [23]. As surgical experience with the SP platform
grew, surgical morbidity and oncologic outcomes continued to improve. In a subsequent,
larger cohort of 238 patients, 138 cases were successfully performed without the need for
a separate assistant port site. The median postoperative hospital stay was 14 h, and the
PSM rate was 26.9%. Postoperative continence was reported as 40.2%, 63%, and 87.2% at
6 weeks, 3 months, and 6 months, respectively [24].
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Vigneswaran conducted a retrospective analysis of 45 patients undergoing SP RARP.
Of these, 30% were pain-free on the first postoperative day, and the median hospital length
of stay was one day. They observed high PSMs at 42%, which they attributed to the
prevalent use of nerve sparing and the high rate of locally advanced disease. Furthermore,
86% of patients exhibited recovery of urinary continence 90 days post-surgery [25].

Moschovas et al. compared the SP transperitoneal approach to the multiport method,
with 71 patients in each group. While they did not specify the postoperative length of stay,
they highlighted that no statistically significant differences existed between the groups. In
the Single Port SP cohort, positive surgical margins were observed in 17% of cases, with no
cases of biochemical recurrence (BR) in a median follow-up of 4.4 months. Postoperative
continence was achieved in 4.2%, 48%, and 68% at 7, 45, and 90 days, respectively [26].

Comparative results of multi-arm versus SP RARP during the early period of SP
adoption should be taken in context. Firstly, the relative novelty of the SP port approach
implies that these early cohorts were effectively comparing surgeons with mature multiport
experience to their early learning curve with SP. Moschovas et al. emphasized the value
of using an assistant port during this learning phase to avoid the unnecessary use of
excessive electrocautery [26]. Other challenges, such as a limited range of motion and a
lack of sweeping power, were also identified in the SP approach [27]. Nonetheless, despite
these challenges, early comparative studies suggested superior postoperative pain and
hospital length of stay with SP, without significantly compromising other perioperative
and oncologic outcomes [25]. As techniques and experience with SP evolved, outcomes
continued to further improve.

2.2. Extraperitoneal Approach

Following the early experience with transperitoneal SP RARP, the next adaptation
in this realm was the extraperitoneal approach. This method appeared to address some
of the limitations associated with the transperitoneal approach. Most notably, it bypasses
the peritoneal cavity, allowing for safe and technically reproducible results even among
patients with complex prior surgical histories [28]. The extraperitoneal approach also brings
with it other benefits, such as minimal peritoneal irritation from insufflation, reduced
bowel manipulation, and lesser requirements for steep Trendelenburg positioning [29].
However, it is worth noting that for patients who have previously undergone procedures
like inguinal hernia repair or kidney transplantation, there could be substantial scarring in
the extraperitoneal space, which might complicate this surgical approach [30].

Kim et al. shared their short-term outcomes from a cohort of 157 patients who under-
went extraperitoneal SP RARP, highlighting that 70% of these patients were discharged the
same day. They observed PSMs in 29% of cases and a BR rate of 8.3% at 9-month follow-up.
Additionally, 82.5% were continent and 64.4% achieved potency 9 months post-surgery [31].
Wilson et al. presented their findings from 60 patients treated with this approach, revealing
a median postoperative stay of 4.2 h, 23% incidence of PSMs, and 76% of patients achieving
continence at the 90-day mark [32]. Similarly, Kaouk et al. discussed their experience with
the first 10 patients treated with this approach: the median postoperative stay was recorded
as 0 days, PSMs were identified in 50% of the participants, and 50% were continent by the
90th day post-surgery [33].

Zeinab et al. compared the extraperitoneal and transperitoneal approaches retrospec-
tively, with each cohort consisting of 238 patients. Patients in the extraperitoneal cohort
had a significantly greater history of prior abdominal surgeries. While the extraperitoneal
cohort had a longer operative time and higher estimated blood loss, it also enjoyed a
significantly shorter postoperative length of stay (7.5 h vs. 14 h in extraperitoneal versus
transperitoneal, respectively). No significant differences were noted in intraoperative
complications, PSMs, or postoperative continence [24].

Collectively, these studies established the safety and efficacy of extraperitoneal ap-
proaches to RARP. Across most studies, surgeons acknowledge a pronounced learn-
ing curve, particularly during the initial early adoption period of this approach. How-



J. Clin. Med. 2024, 13, 359 4 of 18

ever, outcomes rapidly improved as familiarity and experience with the technique grew.
Despite being a relatively recent innovation, the extraperitoneal approach has already
showcased advantages over traditional transperitoneal RARP, such as reduced hospital
length of stay, while maintaining functional and oncologic outcomes comparable to the
transperitoneal method.

2.3. Perineal Approach

The perineal approach to radical prostatectomy was first described by Young in
1905 [1]. However, the subsequent description of open retropubic radical prostatectomy
largely replaced perineal approaches. The advent of robotic surgery generally replicated
open retropubic approaches, as attempts at robotic perineal RARP were often limited by
a tight working space and instrument clashing. With the development of the SP robot,
however, many of the shortcomings of perineal robotic RARP could theoretically be ad-
dressed. Robotics enhances both the visual clarity and surgical ergonomics of the perineal
approach [34]. Moreover, it offers an opportunity to avoid the peritoneal space, which may
be densely scarred in patients with a history of complex prior abdominal surgeries.

Lenfant et al. studied their experience with a cohort of 26 patients, reporting a median
hospital stay of 23 h. A notable contrast was observed in the reduced need for postoperative
pain medications compared with patients who had undergone multiport transperitoneal
surgery. A high PSM rate of 65.4% was reported, hypothesized to stem from the narrow
surgical field, which hindered the introduction of a specimen retrieval bag. Interestingly,
only one patient showed signs of BR at the one-year mark. Furthermore, by the third month
post-surgery, 75% of the patients had regained continence [35].

Yu et al. reported on their cohort of 50 patients undergoing perineal RARP. They
observed PSMs in 10% of cases and just one instance of BR at the one-year follow-up.
Continence evaluations, stratified temporally by their first 20 and subsequent 30 patients,
revealed return of urinary continence rates of 32%, 42%, 79%, and 95% for the former
group, and 48%, 80%, 96%, and 100% for the latter—assessed at 1, 3, 6, and 12 months
postoperatively, respectively [36]. These findings underscore the learning curve associated
with this new approach, as surgical outcomes during the initial experience may not reflect
outcomes once the technique is mature.

Chang et al. outlined outcomes for their six-patient cohort, recording a median hospital
stay of 2 days, PSMs in 33%, and, by the end of the third postoperative month, 83% of
patients had achieved continence.

The nascent status of this approach and the paucity of prospective investigations and
randomized clinical trials make broad generalizations challenging. Nonetheless, these
small, initial studies suggest the safety and feasibility of perineal RARP, an innovative
approach reserved for only the most challenging situations in which extensive prior ab-
dominal surgery precludes retropubic approaches.

2.4. Transvesical Approach

Another approach leveraging the SP robot’s capability in tight anatomical spaces is
the transvesical approach. Initially described by Sawczyn et al., this approach provides
extraperitoneal access, avoids potential adhesions from prior abdominal surgery, and offers
maximal preservation of the Space of Retzius and also the Rectovesical Pouch [37].

Zeinab et al. studied 78 patients who underwent transvesical SP RARP, reporting a
median hospital stay of 5.5 h. PSMs were observed in 15% of patients, with one instance of
BR at six months. Postoperatively, continence rates were 72% at 6 weeks, 97% at 3 months,
and 100% at 6 months. Regarding potency, 52% of patients had a preoperative Sexual
Health Inventory for Men (SHIM) score ≥ 17, which decreased by 28.6% at six months
post-operation [38]. A subsequent study of 100 patients who underwent transvesical
SP RARP by the same surgeon confirmed a similar postoperative length of stay and
PSM rates, suggesting the safety and efficacy of this novel approach [39]. Deng et al.’s
retrospective cohort of 60 patients revealed PSMs in 15%, with 3 patients experiencing
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BR. A total of 90% of patients achieved continence immediately after catheter removal,
with 100% achieving continence by 3 months. The median preoperative International
Index of Erectile Function—5 (IIEF-5) score was 17, which decreased to 13 at 3 months
post-surgery [40]. Zhou et al. examined 72 patients, in whom PSMs were noted in 20.8%.
There was no recorded BR at six months following surgery. All patients achieved continence
within two weeks post-surgery. IIEF-5 scores were 11 preoperatively and remained stable
at 12 at the three-month follow-up [41].

These relatively small retrospective studies establish the safety and feasibility of
the transvesical approach to RARP. While the lack of long-term follow-up precludes a
comprehensive analysis of longitudinal oncologic outcomes, early results appear to im-
ply the oncologic safety of this approach. Early return of continence outcomes in these
initial studies are promising, and this approach warrants further evaluation in larger,
prospective studies.

2.5. SP Limitations

As with any new surgical technology, there are limitations of the SP robot that should
be taken into account. The SP robot excels in tight working spaces in which there may not
be enough working room to accommodate multi-arm robotic platforms. These include
transvesical, preperitoneal (i.e., extraperitoneal), and transperineal approaches. However,
the SP robot may be at a slight disadvantage compared to the multiport robot for the
transperitoneal approach, because the SP is limited to work within a confined working
space, and transperitoneal surgery requires broad instrument movements to optimize tissue
traction and blunt dissection within the peritoneal cavity. Thus, SP may be best suited
to extraperitoneal approaches, whereas traditional multiport robotic platforms may excel
inside the peritoneal cavity. Also, the SP robot arms may not have the same tensile strength
as the multiport robot, and thus for very large glands or very large median lobes in which
instrument strength is required, the SP may be less optimal.

3. Pelvic-Fascia-Sparing Techniques

Radical prostatectomy is highly effective for the treatment of localized prostate can-
cer [16]. However, this surgery does have notable impacts on patient quality of life,
including the risk for both short- and long-term urinary incontinence [42]. In an endeavor
to mitigate the impact of surgery on urinary function, numerous technical modifications
to RARP have been introduced. These largely focus on preserving or restoring key pelvic
anatomical structures that play a pivotal role in continence [43–46]. Techniques that pre-
serve the natural anatomy, such as bladder neck preservation and urethral length preserva-
tion, show promise in uniformly improving short-term urinary continence. Reconstructive
techniques, such as bladder neck reconstruction, reapproximation of Denonvillier’s fascia
to periurethral tissues (posterior reconstruction), and anterior urethral suspension, have
demonstrated somewhat inconsistent results [43,46–58]. In 2010, Galfano et al. introduced
a technique that focused on preserving the natural pelvic anatomy by sparing the space
of Retzius [59]. The posterior approach to the prostate preserves key anatomical struc-
tures implicated in urinary continence, such as the dorsal vein complex, the puboprostatic
ligaments, the detrusor apron, and the striated sphincter [60].

3.1. Retzius Sparing

Several prospective and randomized trials have evaluated the Retzius-sparing ap-
proach. The current review primarily focuses on postoperative urinary continence and
surgical margins. While the former generally showcases quite promising outcomes with
this technique, the latter remains under scrutiny. A limited number of studies have also
touched upon the preservation of sexual potency, albeit using heterogeneous endpoints.
Umari et al. presented a prospective series involving 282 patients who underwent Retzius-
sparing RARP. They reported an immediate postoperative continence rate of 70.4% and
a PSM rate of 15.6%. The team employed the IIEF-5 to evaluate sexual potency, noting
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median scores of 7.61, 7.83, 8.08, 9.03, and 8.90 at 1, 3, 6, 9, and 12 months, respectively [61].
Egan et al. detailed another prospective cohort comprising 70 patients. Their findings
included a twelve-month continence rate of 95%, a PSM rate of 34.3%, and a 65.7% rate of
sexual potency one year after surgery [62]. In the Retzius-sparing arm of a randomized
control trial, Menon et al. observed an immediate continence rate of 76%, improving to
96% six months later. The study also recorded a 25% PSM rate, with 86.5% of partici-
pants achieving erections sufficient for sexual intercourse 12 months after the operation.
Comparatively, in the anterior RARP control arm, 60% of patients achieved continence
at 3 months, 74% at 6 months, and 88% at 9 months. PSMs were seen in 13% of patients,
and 69.2% had erections sufficient for sexual intercourse at 12 months [63]. Several other
studies corroborate the efficacy of Retzius sparing in mitigating the impact of RARP on
urinary function, reporting continence rates ranging between 69% and 100% over various
postoperative periods and PSM rates spanning 23.3% to 28.2% [64–69]. These studies all
report quite dramatic improvements in early urinary control following Retzius-sparing
RARP, implying the integral role of anterior anatomic support of the bladder and urethra
in postoperative continence.

A recent meta-analysis that compared the Retzius-sparing technique to the standard
anterior approach in RARP revealed a notably higher immediate continence rate with the
Retzius-sparing approach (RR = 1.81; 95% CI = [1.26–2.60]). Continence rates at 3 and
6 months were also higher for the Retzius-sparing technique (RR = 1.57; 95% CI = [0.69–3.58]
and RR = 1.22; 95% CI = [0.89–1.66], respectively), though no discernible difference was
appreciated at 12 months (RR = 1.14; 95% CI = [0.98–1.32]). Reinforcing the concern of
elevated PSM rates with this approach, the meta-analysis identified a statistically significant
increase in PSM rates for ≤pT2 tumors following the Retzius-sparing approach ((RR) = 1.39;
95% (CI) = [1.01–1.91]). Collectively, these findings highlight the potential benefits of the
Retzius-sparing technique in enhancing early postoperative urinary continence, yet the
increased PSM rate is an area of ongoing concern. Although early urinary outcomes appear
promising, the lack of long-term follow-up in most studies precludes a comprehensive
analysis of the durable oncologic efficacy of this approach [70].

3.2. Hood Sparing

In hopes of replicating the anatomic preservation of anterior pelvic structures seen in
Retzius-sparing approaches while also aiming to mitigate the potentially unfavorable PSM
rates seen with Retzius sparing, Wagaskar et al. reported their experience with the “Hood-
sparing technique”. In their approach, the preserved anterior tissue following prostate
removal (including detrusor apron, endopelvic fascia, and puboprostatic ligaments) has
a “hood” appearance, which is thought to provide support to the membranous urethra,
external sphincter, and vesicourethral anastomosis [71]. In their series of 300 patients,
21% achieved early continence within one week of surgery, 83% in one month, and 91% at
three months. Shimmura et al. also reported similar results following their experience
with the Hood-sparing technique in combination with umbilical ligament preservation.
In their series of 42 patients undergoing this modified technique, 35.7% saw a return to
continence at 2 weeks, 69.1% at 1 month, 90.5% at 3 months, and 100% at 6 months [72].
Zhang et al. adapted the Hood-sparing technique for SP robots and also achieved similar
continence outcomes. Of 24 patients, 54% saw continence recovery at 1 week, 75% at
1 month, 92% at 3 months, and 96% at 12 months [73]. Similar outcomes are seen across
almost all studies regarding both early return to urinary incontinence as well as long-term
continence. Interestingly, the PSM rate was similar between Wagaskar et al. and Zhang et al.
at 6% and 8%, respectively, while Shimmura et al. reported a 16% PSM rate. Although there
are no prospective randomized trials to compare surgical techniques, these retrospective
studies show promise, as the “Hood-sparing technique” seems to offer promising urinary
continence results while potentially overcoming the PSM challenges associated with Retzius
sparing (Table 1).
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Table 1. Pelvic-fascia-sparing techniques in the literature.

Study Authors Chang et al. [66] Umari et al. [60] Egan et al. [61] Menon et al. [62] Abdel Raheem [63] Qiu et al. [64]

Approach Retzius sparing Retzius sparing Retzius sparing Retzius sparing Retzius sparing Retzius sparing

Study design Retrospective (n = 30) Prospective (n = 282) Prospective (n = 70) Randomized Control Trial
(n = 60) Prospective (n = 125) Randomized Control Trial

(n = 55)

Age (yr),
median
(IQR)

64 +/− 7 63 (57–69) 62 (55–69) 61.0 (55–67) 62 (56.5–67.5) 68 (62–71)

BMI
(kg/m2),
median
(IQR)

na 26 (21–31) 28.4 (23.7–33.1) 27.9 (26.1–30.6) 27.9 (26.1–30.6) 24.2 (22.3–26.4)

PSA (ng/mL),
median
(IQR)

18 +/− 19 6.4 (4.6–9.1) 7.2 (4–10.4) 5.7 (4.7–7.4) 7.0 9.1 (5.6–15.1)

Biopsy
Gleason

Score (%)
na

GS 6: 15.6
GS 7: 69.1

GS 8+: 13.1
na GS 6: 30

GS 7: 70

GS 6: 31
GS 7: 50

GS 8+: 19

GS 6: 43.6
GS 7: 38.1

GS 8+: 18.2

Clinical T
stage (%) na

T1: 37.2
T2: 42.9
T3: 19.9

T1: 71.4
T2: 18.6
T3: 10

T1: 67
T2: 32
T3: 1.7

na
T1c: 12.7

T2a–T2b: 70.9
T2c: 16.4

Risk
Category

(%)
na

D’Amico
Low: 11.3
Int: 51.4

High: 37.2

na
NCCN
Low: 23
Int: 77

na
D’Amico

Low/intermediate: 65.5
High: 34.5

IPSS (IQR) na na na 7 (3–12) na 1 (0–4)

Sexual Health Inventory
for Men (SHIM) (IQR) na na na 20 (14–24) na na

International Index of
Erectile Function—5 (IIEF) na

Baseline: 19.4
1 mo: 7.6
6 mo: 8.1

12 mo: 8.9

na na na na

Operative time (min),
median (IQR) 211.83 (168.86–254.8) 150 (120–170) na 160 (141–180) na 105 (85–125)

Console time (min),
median (IQR) na 110 (90–138) 130 +/− 26.1

mean +/− SD 115 (98–130) na na

Length of stay (day),
median (IQR) na 2 (2–2) 1.1 +/− 0.4

mean +/− SD 1 (1–1) na na



J. Clin. Med. 2024, 13, 359 8 of 18

Table 1. Cont.

Study Authors Chang et al. [66] Umari et al. [60] Egan et al. [61] Menon et al. [62] Abdel Raheem [63] Qiu et al. [64]

Blood loss (mL),
median (IQR) 150 +/− 109 79 (28) 100 (75–200) 75 (50–100) 225 (162–288) 200 (200–300)

Transfusion (%) na 5 (1.8) na na na na

Complications,
Clavien–Dindo grade (%) na

Clavien–Dindo
1: 3
2: 7
3: 5

4–5: 0

na na na
I: 5.5
II: 0
III: 0

IV–V: 0

Pathologic
stage (%)

pT2: 16
pT3: 14

pT2: 70.6
pT3: 29.4

pT2: 67.1
pT3a: 20

pT3b: 12.9

≤pT2: 55
pT3a: 35
pT3b: 10

pT2: 74
pT3: 22
pT4: 4

na

Positive Surgical
Margin (%) 0.2 15.6 34.3

Organic confined disease
(≤pT2c): 15.2

Extra-prostatic disease
(≥pT3a): 37

25.0 23.6

Early continence

1 week: 73%
1 month: 91%
3 months: 94%
6 months: 98%

Immediate: 70.4% na
Immediate: 60%
3 months: 74%
6 months: 88%

3 months: 73%
6 months: 82%

12 months: 90%

Immediate: 69%
6 months: 88%

12 months: 93%

Study Authors Asimakopoulos et al. [65] Sayyid et al. [67] Wagaskcar et al. [70] Shimmura et al. [71] Zhang et al. [72]

Approach Retzius sparing Retzius sparing Hood sparing Hood sparing Hood sparing

Study design Randomized Control Trial
(n = 39) Prospective (n = 100) Prospective (n = 300) Retrospective (n = 42) Retrospective (n = 24)

Age (yr),
median
(IQR)

66 (61–71) 61.0 (57.0–66.0) 64 (58–68) 74.0 (70.0–80.0) 70.0 (64.5–76.5)

BMI
(kg/m2),
median
(IQR)

na 29.0 (26.0–32.0) 27
(25–29) 23.9 (21.9–26.7) 24.9 (22.7–26.8)

PSA (ng/mL),
median
(IQR)

7 (5.5–8.3) 8.8 (6.4–12.0) 6 (4–8) 9.2 (5.3–14.0) 17.0 (3.5–36.4)

Biopsy
Gleason

Score (%)

GS 6: 69.2
GS 7: 30.7

GS 6: 19
GS 7: 62

GS 8+: 19

GS 6: 16
GS 7: 65

GS ≥8: 19

GS 6: 5
GS 7: 62

GS ≥8: 33

GS 6: 13
GS 7: 54

GS ≥8: 33
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Table 1. Cont.

Study Authors Asimakopoulos et al. [65] Sayyid et al. [67] Wagaskcar et al. [70] Shimmura et al. [71] Zhang et al. [72]

Clinical T
stage (%)

T1c: 77
T2a–T2b: 20.5

T2c: 2.5

≤T2: 73
≥T3: 27

T1: 51
T2: 35
T3: 14

T1: 21
T2: 76
T3: 3

T1: 25
T2: 37
T3: 38

Risk
Category

(%)
na

D’Amico
Low: 24
Int: 49

High: 27

CAPRA
Low: 12
Int: 66

High: 22

na

D’Amico
Low: 12
Int: 50

High: 38

IPSS (IQR) na 9.0 (5.0–13.0) 8 (4–14) na 15 (13–22)

Sexual Health Inventory
for Men (SHIM) (IQR) na na na na na

International Index of
Erectile Function—5 (IIEF) na na 57 (35–67) na na

Operative time (min),
median (IQR) 179.8 (138.9–220.7) na 169 (147–195) 151.5 (131.0–168.0) 182.5 (141.0–208.3)

Console time (min),
median (IQR) na 120.0 (105.0–142.0) 118.5 (100–141) 121.5 (103.0–141.0) na

Length of stay (day),
median (IQR) na 1.0 (1.0–1.0) na na na

Blood loss (mL),
median (IQR) na 100.0 (50.0–200.0) 150.0 79.0 (50.0–135.0) 170.0 (25.0–300.0)

Transfusion (%) na 0.0 0.0 na 0.0

Complications,
Clavien–Dindo grade (%) na na

I: 2.3
II: 5.7
III: 1.7

na I–II: 12.5
III–V: 0

Pathologic
stage (%)

pT2: 53.8
pT3a: 35.9
pT3b: 7.7

≤pT2: 66
≥pT3: 34

pT2: 81
pT3: 19

pT2: 67
pT3: 24

pT2: 38
pT3: 62

Positive Surgical
Margin (%) 28.9 27.0 6.0 16.0 8.0

Early continence

Immediate: 51%
1 month: 81%

3 months: 90.5%
6 months: 90.5%

3 months: 59%
12 months: 97%

1 week: 21%
1 month: 69%
3 months: 91%

2 weeks: 36%
1 month: 69%
3 months: 91%

6 months: 100%

1 week: 54%
1 month: 75%
3 months: 92%

na: not applicable.
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Several explanations have been postulated for these observations. The Hood-sparing
technique may offer a more accessible and replicable approach, as it largely replicates the
traditional anterior approach to RARP with which many surgeons already have familiarity.
These factors may play a role in the reduced incidence of PSMs observed with Hood sparing
as opposed to Retzius sparing, while still preserving much of the anatomic support believed
to be responsible for postoperative urinary continence [71,72,74].

In order to validate these findings and better understand the efficacy of both Hood-
sparing and Retzius-sparing approaches, large-scale, prospective, randomized controlled
trials are necessary. To our knowledge, there is one such trial underway. A prospective,
multi-centered, randomized controlled trial termed the “PARTIAL” trial aims to compare
pelvic-fascia-sparing techniques (including both Retzius and Hood sparing) against the
conventional anterior approach to RARP. The results from this trial will be pivotal in
providing definitive evidence regarding the impact of these novel surgical approaches.

4. Preserving Erectile Function

In addition to urinary control, erectile dysfunction is the other major impact of radical
prostatectomy on patient quality of life. Despite Walsh and Donker’s landmark descrip-
tion of peri-prostatic neural anatomy in 1982 [75], achieving a consistent return of erectile
function following radical prostatectomy remains challenging. Although patient factors
play a critical role in postoperative sexual function, several intra-operative technical con-
siderations are also of interest. This section focuses on a novel concept in this field: the
use of dehydrated human amnion/chorion membrane (dHACM) allografts placed on the
neurovascular bundles during surgery, which is postulated to accelerate the early return of
sexual function. Perinatal tissue membranes are recognized sources of cytokines, growth
factors, and neurotrophic factors that can mitigate the inflammatory response and improve
potency outcomes [76]. dHACM contains growth factors known to stimulate epithelial cell
migration and proliferation, such as PDGF-AA, PDGF-BB, TGFα, TGFβ1, bFGF, EGF, and
GCSF. These are thought to work synergistically to initiate the healing process. Addition-
ally, dHACM houses various chemokines and cytokines (IL-4, 6, 8, and 10), which may
contribute to its roles in reducing inflammation, promoting angiogenesis, and enhancing
wound healing [77].

Translating these principles into practice, Ogaya-Pinies et al. compared 235 patients
who received bilateral placement of dHACM grafts around the neurovascular bundle
during RARP with 705 who did not. The mean time to recovery of sexual function was
significantly shorter in the graft group at 2.37 months compared to 3.94 months in the
comparison group. Significant differences were observed in groups that underwent both
full and partial nerve sparing. Importantly, the placement of dHACM allografts did not
impact PSM or BR [78]. Patel et al. shared their experience with dHACM allograft place-
ment in 58 patients. While they observed no significant difference in potency or continence
outcomes, they did find a marked reduction in the mean time to achieving both, including a
mean time to potency of 1.34 months and a mean time to continence of 1.21 months among
patients with graft placement compared to 3.39 months and 1.83 months, respectively, in
the control arm. Furthermore, at the most recent follow-up, postoperative SHIM scores
were 16.2 in the allograft group versus 9.1 in the control group [79]. Razdan retrospectively
analyzed a large cohort of 1400 patients undergoing RARP, 700 of whom received dHACM
allografts. They concluded that dHACM allograft placement was independently associated
with a higher likelihood of achieving erectile recovery at 1 year. Furthermore, patients
receiving allografts during surgery were 3.86 times more likely to achieve potency at any
given time point after surgery when compared to their control group [80].

Although the current data are retrospective, they hold promise for optimizing erectile
function after RARP. Currently, a prospective, randomized, placebo-controlled trial is
underway [81], which should provide further clarity on the role of dHACM allografts in
postoperative erectile recovery after RARP.



J. Clin. Med. 2024, 13, 359 11 of 18

5. Lymph Node Dissection

As discussed, the Single Port (SP) robot introduces innovative surgical approaches,
including transvesical, preperitoneal, and transperineal methods. These approaches, while
groundbreaking in their minimal invasiveness and precision, present certain limitations
in accessing iliac and obturator lymph nodes, which are integral to comprehensive lymph
node dissection (LND). For a more extensive LND, particularly in the case of extended
pelvic lymph node dissection, the transperitoneal approach utilizing the da Vinci Xi robotic
system may be the most optimal approach [82]. This approach facilitates a broader and more
thorough exploration of the lymphatic territories due to better exposure to the iliac vessels
and presacral area, particularly with transperitoneal approaches. Recent advancements in
lymph node visualization techniques, including, notably, the application of indocyanine
green (ICG), have significantly enhanced the efficacy of lymphatic dissection. The use
of ICG in conjunction with near-infrared fluorescence imaging has shown promise in
improving the identification and mapping of lymph nodes during surgery, as evidenced
by the emerging literature [83–85]. This technological synergy not only augments surgical
precision but also potentially improves oncological outcomes by enabling more accurate
lymph node staging and removal.

6. Artificial Intelligence in Radical Prostatectomy

The recent surge in artificial intelligence (AI) has garnered interest across all fields of
medicine and surgery. AI has recently been used in RARP to evaluate surgical performance
and predict clinical outcomes. Although validated assessment tools, such as the Global
Evaluative Assessment of Robotic Surgery, have proven to be predictive of certain surgical
outcomes, their reliance on manual review of surgical videos introduces a subjective
element and makes the process of surgeon assessment labor-intensive [86–88]. In 2018,
Hung et al. introduced the first example of the utility of machine learning algorithms in
evaluating surgical performance during RARP. By using automated performance metrics
(APM) as the training input and length of stay (indicative of surgeon experience) as the
outcome, they trained algorithms that accurately predicted the length of stay following
RARP in 78 patients. Out of the three models assessed, the Random Forest—50 machine
learning model achieved a predictive accuracy of 88.5%, giving it significant prognostic
value in surgical duration, hospital length of stay, and foley catheter duration [89].

In another study, Hung et al. once again sought to utilize different machine learning
algorithms to predict postoperative urinary continence in patients undergoing RARP.
The authors demonstrated that a deep learning model was able to predict postoperative
continence and that surgeons with more efficient APMs achieved higher continence rates at
3 and 6 months postoperatively [90].

Most recently, Schuler et al. reported their experiences with AI in predicting surgeon
caseload and expertise in nerve-sparing RARP. A total of 35 urologists were categorized
as high-volume or low-volume surgeons based on a case threshold of 250 nerve-sparing
RARPs. These urologists completed demographic surveys, reviewed simulated case presen-
tations, and performed simulated nerve-sparing RARP. Features for the machine learning
methods were generated from robotic objective performance indicators, video-based surgi-
cal gestures, and model-based force sensors. The machine learning methods were utilized
to create models to judge surgeon experience, and the models were tested to ensure reli-
ability. A logistic regression (LR) model achieved 96% accuracy in predicting individual
surgeon experience [91].

Overall, there is much potential in utilizing AI to objectively assess surgical perfor-
mance and predict clinical outcomes. Additionally, AI has shown promise in automatically
detecting the key steps of surgery during RARP [92]. Step detection serves as the foun-
dation for numerous potential future applications of AI in surgery, including surgeon
education and training, quality benchmarking, optimizing operating room logistics, and
potentially even real-time intraoperative decision support during surgery in the future.
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7. Novel Robotic Platforms

Lastly, this review will highlight emerging robotic platforms. To date, the vast ma-
jority of RARPs have been performed using the da Vinci platform from Intuitive Surgical.
However, in recent years, several promising alternatives have emerged. The Hugo RAS
(Medtronic, Minneapolis, MN, USA) robot boasts the most available literature amongst
novel robotic surgical platforms. Distinct from the conventional da Vinci robot, the Hugo
incorporates standalone arm carts for each robotic arm, a unique controller design, and
an open-console setup featuring three-dimensional (3D) high-definition glasses. The first
documented case series was reported by Bravi et al., detailing their experiences with six
patients undergoing RARP with the Hugo system [93]. In 2023, the same group published
a comprehensive comparative study contrasting the Hugo robot and the da Vinci, which
included 164 patients in the Hugo cohort and 378 in the da Vinci cohort. Although not
statistically significant, the Hugo robot exhibited a slightly extended median operative
time of 180 min compared to the da Vinci’s 165 min, which likely reflects the learning
curve associated with a novel surgical platform. The median duration of hospital stay was
similar across both groups, with no notable variations in postoperative complications or
PSMs [94]. Alfano et al. retrospectively assessed fifteen patients treated using the new
platform, noting a median operative duration of 235 min and only a single postoperative
complication (gastrointestinal bleed due to gastritis). The average hospital stay was two
days [95]. Ragavan et al. also conducted a comparative study between the Hugo and da
Vinci robots, with each robot utilized in 17 patients. The results indicated no meaningful
differences in total operative and docking times, hospital stay duration, PSMs, continence,
or PSA at a 3-month follow-up. The only significant difference between groups was the da
Vinci robot’s superior median lymph node yield, a discrepancy the researchers speculated
might stem from the higher prevalence of T3/high-risk disease patients in the da Vinci
group [96]. Marques-Montiero et al. presented the inaugural series of extraperitoneal RARP
performed with the Hugo platform. Their findings revealed median console and operative
times of 152 and 210 min, respectively. The average hospital stay was two days, with a
single postoperative complication observed within the first thirty days [97]. A recurring
challenge emphasized across studies was the longer docking time due to the involvement
of multiple independent carts. However, Bravi et al. opined that increased familiarity could
mitigate this issue, as their team ultimately managed to achieve comparable operative
times without variations in margin rates or functional outcomes when compared to the da
Vinci robot [94].

The Revo-i® robotic platform (Meere Company Inc.) is another new robot that has
shown promise for RARP. Comprising a four-arm robotic operation cart, a surgeon control
console, a high-definition vision cart, and reusable endoscopic tools, the platform’s first
documented use for RARP was presented by Chang et al. in 2018. Their findings showed
median console and operative durations of 92 and 182 min, respectively. Four patients
experienced PSM, with one single instance of BR 3 months after surgery [98]. A study by
Alip et al. compared the Revo-i platform with the da Vinci, including 33 patients for each
robotic system. The da Vinci robot displayed significantly reduced console, operative, and
suturing durations, whereas the Revo-i robot led to a notably shorter hospitalization period.
Notably, all surgeries were performed by a single, highly experienced robotic surgeon.
While the authors acknowledged a learning curve associated with the new system, they
emphasized the need for prospective, randomized clinical studies to genuinely discern the
platform’s potential RARP.

Finally, the Versius® surgical robotic system (CMR Surgical, Inc., Cambridge, United
Kingdom) has also been explored in RARP. Preliminary reports of its usage involve a
pre-clinical study conducted on cadavers [99]. Featuring a modular design, the Versius®

system employs dual-console capability, allowing two surgeons to operate independently
in different anatomical areas concurrently [100]. To our knowledge, only one RARP involv-
ing a living patient has been documented with this platform, executed by Rocco et al. The
procedure was completed safely, and the authors drew attention to the Versius model’s
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distinct features. These include a specialized controller handgrip (comprising a camera
and clutch) without pedal control, a handgrip-located energy control attribute, and an
instrument length measuring 30 cm [101]. The Versius® surgical robotic system’s efficacy
was further validated in a preclinical cadaveric study. This study, adhering to IDEAL-D
recommendations, evaluated the system using three-arm and four-arm bedside unit setups.
Prostatectomies were successfully completed with both setups, with minor adjustments
for surgeon preference. Instrument challenges, particularly with the Monopolar Curved
Scissor tip and Needle Holders, were noted and addressed in response to surgeon feedback.
Additionally, the system’s versatility was demonstrated by successfully performing cystec-
tomies, suggesting its broader applicability in urological procedures [102]. Further clinical
use was explored in a study with 18 patients undergoing RARP for localized prostate cancer,
marking a significant step towards clinical application. This study documented median
setup, console, operative, and total surgery times, along with the time for bilateral pelvic
lymphadenectomy. Notably, no complications or limitations related to the Versius system
were reported, and the patients exhibited promising recovery outcomes, including a high
rate of continence at two months post-operation. This study underscores the feasibility,
safety, and reproducibility of RARP using the Versius system, highlighting its potential for
broader clinical adoption [103].

As novel robotic platforms continue to evolve, prospective randomized comparisons
across robotic devices should be pursued to help guide surgeons and hospitals as they
weigh various options for purchasing and deploying new surgical robots in their practices.

8. Conclusions

RARP is constantly evolving in an effort to reduce surgical morbidity and optimize
patient outcomes. From the curation of a multitude of diverse technical approaches to the
development of entirely new surgical platforms and artificial intelligence tools, several
innovations have offered notable benefits for patients. Although new surgical and techno-
logical developments warrant continued study, RARP serves as an incubator for surgical
innovation, and we are excited to witness continued progress in the surgical treatment of
men with prostate cancer.

Author Contributions: Conceptualization: A.H.M. and A.K.; methodology, A.H.M. and A.K.;
writing—original draft preparation, A.H.M. and A.M.; writing—review and editing, A.H.M., M.K.T.,
I.F., P.S., V.S., A.M., R.H.T., S.A.B. and A.K.; supervision, A.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Thomas P. and Elizabeth S. Grainger Urology Fellowship Fund.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

BR Biochemical recurrence
IIEF-5 International Index of Erectile Function—5
PSM Positive surgical margins
RARP Robotic-assisted radical prostatectomy
SHIM Sexual Health Inventory for Men
SP Single Port

References
1. Young, H.H., VIII. Conservative Perineal Prostatectomy: The Results of Two Years’ Experience and Report of Seventy-Five Cases.

Ann. Surg. 1905, 41, 549–557. [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/17861624


J. Clin. Med. 2024, 13, 359 14 of 18

2. Millin, T. Retropubic prostatectomy. J. Urol. 1948, 59, 267–280. [CrossRef] [PubMed]
3. Hudson, M.A.; Bahnson, R.R.; Catalona, W.J. Clinical use of prostate specific antigen in patients with prostate cancer. J. Urol. 1989,

142, 1011–1017. [CrossRef] [PubMed]
4. Ragde, H.; Aldape, H.C.; Bagley, C.M., Jr. Ultrasound-guided prostate biopsy. Biopty gun superior to aspiration. Urology 1988, 32,

503–506. [CrossRef] [PubMed]
5. Ballantyne, G.H.; Moll, F. The da Vinci telerobotic surgical system: The virtual operative field and telepresence surgery. Surg. Clin.

N. Am. 2003, 83, 1293–1304. [CrossRef] [PubMed]
6. Menon, M.; Tewari, A.; Peabody, J.; Shrivastava, A.; Kaul, S.; Bhandari, A.; Hemal, A. Vattikuti Institute prostatectomy, a technique

of robotic radical prostatectomy for management of localized carcinoma of the prostate: Experience of over 1100 cases. Urol. Clin.
N. Am. 2004, 31, 701–717. [CrossRef] [PubMed]

7. Patel, V.R.; Sivaraman, A.; Coelho, R.F.; Chauhan, S.; Palmer, K.J.; Orvieto, M.A.; Camacho, I.; Coughlin, G.; Rocco, B. Pentafecta: A
new concept for reporting outcomes of robot-assisted laparoscopic radical prostatectomy. Eur. Urol. 2011, 59, 702–707. [CrossRef]

8. Kaye, D.R.; Mullins, J.K.; Carter, H.B.; Bivalacqua, T.J. Robotic surgery in urological oncology: Patient care or market share? Nat.
Rev. Urol. 2015, 12, 55–60. [CrossRef]

9. Vaessen, C. Location of robotic surgical systems worldwide and in France. J. Visc. Surg. 2011, 148 (Suppl. S5), e9–e11. [CrossRef]
10. Anceschi, U.; Morelli, M.; Flammia, R.S.; Brassetti, A.; Dell’Oglio, P.; Galfano, A.; Tappero, S.; Vecchio, E.; Martiriggiano, M.;

Luciani, L.G.; et al. Predictors of trainees’ proficiency during the learning curve of robot-assisted radical prostatectomy at
high—volume institutions: Results from a multicentric series. Cent. Eur. J. Urol. 2023, 76, 38–43.

11. Carlsson, S.; Jaderling, F.; Wallerstedt, A.; Nyberg, T.; Stranne, J.; Thorsteinsdottir, T.; Carlsson, S.V.; Bjartell, A.; Hugosson, J.;
Haglind, E.; et al. Oncological and functional outcomes 1 year after radical prostatectomy for very-low-risk prostate cancer:
Results from the prospective LAPPRO trial. BJU Int. 2016, 118, 205–212. [CrossRef]

12. Vickers, A.J. Editorial comment on: Impact of surgical volume on the rate of lymph node metastases in patients undergoing
radical prostatectomy and extended pelvic lymph node dissection for clinically localized prostate cancer. Eur. Urol. 2008, 54,
802–803. [CrossRef] [PubMed]

13. Begg, C.B.; Riedel, E.R.; Bach, P.B.; Kattan, M.W.; Schrag, D.; Warren, J.L.; Scardino, P.T. Variations in morbidity after radical
prostatectomy. N. Engl. J. Med. 2002, 346, 1138–1144. [CrossRef] [PubMed]

14. Vickers, A.J.; Bianco, F.J.; Gonen, M.; Cronin, A.M.; Eastham, J.A.; Schrag, D.; Klein, E.A.; Reuther, A.M.; Kattan, M.W.; Pontes,
J.E.; et al. Effects of pathologic stage on the learning curve for radical prostatectomy: Evidence that recurrence in organ-confined
cancer is largely related to inadequate surgical technique. Eur. Urol. 2008, 53, 960–966. [CrossRef] [PubMed]

15. Novara, G.; Ficarra, V.; Mocellin, S.; Ahlering, T.E.; Carroll, P.R.; Graefen, M.; Guazzoni, G.; Menon, M.; Patel, V.R.; Shariat, S.F.;
et al. Systematic review and meta-analysis of studies reporting oncologic outcome after robot-assisted radical prostatectomy. Eur.
Urol. 2012, 62, 382–404. [CrossRef]

16. Fantus, R.J.; Cohen, A.; Riedinger, C.B.; Kuchta, K.; Wang, C.H.; Yao, K.; Park, S. Facility-level analysis of robot utilization across
disciplines in the National Cancer Database. J. Robot. Surg. 2019, 13, 293–299. [CrossRef] [PubMed]

17. Coughlin, G.D.; Yaxley, J.W.; Chabers, S.K.; Occhipinti, S.; Samaratunga, H.; Zajdlewicz, L.; Teloken, P.; Dunglison, N.; Williams, S.;
Lavin, M.F.; et al. Robot-assisted laparoscopic prostatectomy versus open radical retropubic prostatectomy: 24-month outcomes
from a randomised controlled study. Lancet Oncol. 2018, 19, 1051–1060. [CrossRef]

18. Freire, M.P.; Choi, W.W.; Lei, Y.; Carvas, F.; Hu, J.C. Overcoming the learning curve for robotic-assisted laparo-scopic radical
prostatectomy. Urol. Clin. N. Am. 2010, 37, 37–47. [CrossRef]

19. White, M.A.; Haber, G.P.; Autorino, R.; Khanna, R.; Forest, S.; Yang, B.; Altunrende, F.; Stein, R.J.; Kaouk, J.H. Robotic
laparoendoscopic single-site radical prostatectomy: Technique and early outcomes. Eur. Urol. 2010, 58, 544–550. [CrossRef]

20. Kaouk, J.H.; Haber, G.P.; Autorino, R.; Crouzet, S.; Ouzzane, A.; Flamand, V.; Villers, A. A novel robotic system for single-port
urologic surgery: First clinical investigation. Eur. Urol. 2014, 66, 1033–1043. [CrossRef]

21. Dobbs, R.W.; Halgrimson, W.R.; Madueke, I.; Vigneswaran, H.T.; Wilson, J.O.; Crivellaro, S. Single-port robot-assisted laparoscopic
radical prostatectomy: Initial experience and technique with the da Vinci®SP platform. BJU Int. 2019, 124, 1022–1027. [CrossRef]

22. Kaouk, J.; Bertolo, R.; Eltemamy, M.; Garisto, J. Single-Port Robot-Assisted Radical Prostatectomy: First Clinical Experience Using
the SP Surgical System. Urology 2019, 124, 309. [CrossRef] [PubMed]

23. Kaouk, J.; Aminsharifi, A.; Wilson, C.A.; Sawczyn, G.; Garisto, J.; Francavilla, S.; Abern, M.; Crivellaro, S. Extraperitoneal versus
Transperitoneal Single Port Robotic Radical Prostatectomy: A Comparative Analysis of Perioperative Outcomes. J. Urol. 2020,
203, 1135–1140. [CrossRef] [PubMed]

24. Abou Zeinab, M.; Beksac, A.T.; Ferguson, E.; Kaviani, A.; Moschovas, M.C.; Joseph, J.; Kim, M.; Crivellaro, S.; Nix, J.; Patel, V.;
et al. Single-port Extraperitoneal and Transperitoneal Radical Prostatectomy: A Multi-Institutional Propensity-Score Matched
Study. Urology 2023, 171, 140–145. [CrossRef] [PubMed]

25. Vigneswaran, H.T.; Schwarzman, L.S.; Francavilla, S.; Abern, M.R.; Crivellaro, S. A Comparison of Perioperative Outcomes
Between Single-port and Multiport Robot-assisted Laparoscopic Prostatectomy. Eur. Urol. 2020, 77, 671–674. [CrossRef] [PubMed]

26. Moschovas, M.C.; Bhat, S.; Sandri, M.; Rogers, T.; Onol, F.; Mazzone, E.; Roof, S.; Mottrie, A.; Patel, V. Comparing the Approach
to Radical Prostatectomy Using the Multiport da Vinci Xi and da Vinci SP Robots: A Propensity Score Analysis of Perioperative
Outcomes. Eur. Urol. 2021, 79, 393–404. [CrossRef] [PubMed]

https://doi.org/10.1016/S0022-5347(17)69374-1
https://www.ncbi.nlm.nih.gov/pubmed/18903535
https://doi.org/10.1016/S0022-5347(17)38972-3
https://www.ncbi.nlm.nih.gov/pubmed/2477559
https://doi.org/10.1016/S0090-4295(98)90029-2
https://www.ncbi.nlm.nih.gov/pubmed/3059657
https://doi.org/10.1016/S0039-6109(03)00164-6
https://www.ncbi.nlm.nih.gov/pubmed/14712866
https://doi.org/10.1016/j.ucl.2004.06.011
https://www.ncbi.nlm.nih.gov/pubmed/15474597
https://doi.org/10.1016/j.eururo.2011.01.032
https://doi.org/10.1038/nrurol.2014.339
https://doi.org/10.1016/j.jviscsurg.2011.04.004
https://doi.org/10.1111/bju.13444
https://doi.org/10.1016/j.eururo.2008.05.019
https://www.ncbi.nlm.nih.gov/pubmed/18514384
https://doi.org/10.1056/NEJMsa011788
https://www.ncbi.nlm.nih.gov/pubmed/11948274
https://doi.org/10.1016/j.eururo.2008.01.005
https://www.ncbi.nlm.nih.gov/pubmed/18207316
https://doi.org/10.1016/j.eururo.2012.05.047
https://doi.org/10.1007/s11701-018-0855-9
https://www.ncbi.nlm.nih.gov/pubmed/30062641
https://doi.org/10.1016/S1470-2045(18)30357-7
https://doi.org/10.1016/j.ucl.2009.11.005
https://doi.org/10.1016/j.eururo.2010.06.040
https://doi.org/10.1016/j.eururo.2014.06.039
https://doi.org/10.1111/bju.14864
https://doi.org/10.1016/j.urology.2018.10.025
https://www.ncbi.nlm.nih.gov/pubmed/30367924
https://doi.org/10.1097/JU.0000000000000700
https://www.ncbi.nlm.nih.gov/pubmed/31846392
https://doi.org/10.1016/j.urology.2022.10.001
https://www.ncbi.nlm.nih.gov/pubmed/36244472
https://doi.org/10.1016/j.eururo.2020.03.031
https://www.ncbi.nlm.nih.gov/pubmed/32279904
https://doi.org/10.1016/j.eururo.2020.11.042
https://www.ncbi.nlm.nih.gov/pubmed/33357994


J. Clin. Med. 2024, 13, 359 15 of 18

27. Noh, T.I.; Tae, J.H.; Shim, J.S.; Kang, S.H.; Cheon, J.; Lee, J.G.; Kang, S.G. Initial experience of single-port robot-assisted radical
prostatectomy: A single surgeon’s experience with technique description. Prostate Int. 2022, 10, 85–91. [CrossRef]

28. Semerjian, A.; Pavlovich, C.P. Extraperitoneal Robot-Assisted Radical Prostatectomy: Indications, Technique and Outcomes. Curr.
Urol. Rep. 2017, 18, 42. [CrossRef]

29. Akand, M.; Erdogru, T.; Avci, E.; Ates, M. Transperitoneal versus extraperitoneal robot-assisted laparoscopic radical prostatectomy:
A prospective single surgeon randomized comparative study. Int. J. Urol. 2015, 22, 916–921. [CrossRef]

30. Khalil, M.I.; Joseph, J.V. Extraperitoneal Single-Port Robot-Assisted Radical Prostatectomy. J. Endourol. 2021, 35 (Suppl. S2),
S100–S105. [CrossRef]

31. Kim, J.E.; Kaldany, A.; Lichtbroun, B.; Singer, E.A.; Jang, T.L.; Ghodoussipour, S.; Kim, M.M.; Kim, I.Y. Single-Port Robotic Radical
Prostatectomy: Short-Term Outcomes and Learning Curve. J. Endourol. 2022, 36, 1285–1289. [CrossRef] [PubMed]

32. Wilson, C.A.; Aminsharifi, A.; Sawczyn, G.; Garisto, J.D.; Yau, R.; Eltemamy, M.; Kim, S.; Lenfant, L.; Kaouk, J. Outpatient
Extraperitoneal Single-Port Robotic Radical Prostatectomy. Urology 2020, 144, 142–146. [CrossRef] [PubMed]

33. Kaouk, J.; Valero, R.; Sawczyn, G.; Garisto, J. Extraperitoneal single-port robot-assisted radical prostatectomy: Initial experience
and description of technique. BJU Int. 2020, 125, 182–189. [CrossRef] [PubMed]

34. Kaouk, J.H.; Akca, O.; Zargar, H.; Caputo, P.; Ramirez, D.; Andrade, H.; Albayrak, S.; Laydner, H.; Angermeier, K. Descriptive
Technique and Initial Results for Robotic Radical Perineal Prostatectomy. Urology 2016, 94, 129–138. [CrossRef] [PubMed]

35. Lenfant, L.; Garisto, J.; Sawczyn, G.; Wilson, C.A.; Aminsharifi, A.; Kim, S.; Schwen, Z.; Bertolo, R.; Kaouk, J. Robot-assisted
Radical Prostatectomy Using Single-port Perine-al Approach: Technique and Single-surgeon Matched-paired Comparative
Outcomes. Eur. Urol. 2021, 79, 384–392. [CrossRef] [PubMed]

36. Yu, C.; Xu, L.; Ye, L.; Zheng, Q.; Hu, H.; Ni, K.; Zhou, C.; Xue, D.; Cheng, S.; Wang, H.; et al. Single-port robot-assisted perineal
radical prostatectomy with the da Vinci XI system: Initial experience and learning curve using the cumulative sum method. World
J. Surg. Oncol. 2023, 21, 46. [CrossRef] [PubMed]

37. Guilherme Sawczyn, A.A.; Garisto, J.; Valero, R.; Kaouk, J. Single-port transvesical robotic simple prostatectomy using the novel
SP® surgical system: Technical aspects. Urol. Video J. 2020, 5, 100022. [CrossRef]

38. Abou Zeinab, M.; Beksac, A.T.; Ferguson, E.; Kaviani, A.; Kaouk, J. Transvesical versus extraperitoneal single-port robotic radical
prostatectomy: A matched-pair analysis. World J. Urol. 2022, 40, 2001–2008. [CrossRef]

39. Ramos-Carpinteyro, R.; Ferguson, E.L.; Chavali, J.S.; Geskin, A.; Soputro, N.; Kaouk, J. Single-port Transvesical Robot-assisted
Radical Prostatectomy: The Surgical Learning Curve of the First 100 Cases. Urology 2023, 178, 76–82. [CrossRef]

40. Deng, W.; Jiang, H.; Liu, X.; Chen, L.; Liu, W.; Zhang, C.; Zhou, X.; Fu, B.; Wang, G. Transvesical Retzius-Sparing Versus Standard
Robot-Assisted Radical Prostatectomy: A Retrospective Propensity Score-Adjusted Analysis. Front. Oncol. 2021, 11, 687010.
[CrossRef]

41. Zhou, X.; Deng, W.; Li, Z.; Zhang, C.; Liu, W.; Guo, J.; Chen, L.; Huang, W.; Lei, E.; Zhang, X.; et al. Initial experience and
short-term outcomes of single-port extraperitoneal transvesical robot-assisted radical prostatectomy: A two-center study. Transl.
Androl. Urol. 2023, 12, 989–1001. [CrossRef] [PubMed]

42. Holt, J.D.; Gerayli, F. Prostate Cancer Screening. Prim. Care 2019, 46, 257–263. [CrossRef] [PubMed]
43. Patel, V.R.; Coelho, R.F.; Palmer, K.J.; Rocco, B. Periurethral suspension stitch during robot-assisted laparoscopic radical

prostatectomy: Description of the technique and continence outcomes. Eur. Urol. 2009, 56, 472–478. [CrossRef]
44. Ma, X.; Tang, K.; Yang, C.; Wu, G.; Xu, N.; Wang, M.; Zeng, X.; Hu, Z.; Song, R.; Yuh, B.; et al. Bladder neck preservation

improves time to continence after radical prostatectomy: A systematic review and meta-analysis. Oncotarget 2016, 7, 67463–67475.
[CrossRef] [PubMed]

45. Kojima, Y.; Takahashi, N.; Haga, N.; Nomiya, M.; Yanagida, T.; Ishibashi, K.; Aikawa, K.; Lee, D.I. Urinary incontinence after
robot-assisted radical prostatectomy: Pathophysiology and intraoperative techniques to improve surgical outcome. Int. J. Urol.
2013, 20, 1052–1063. [CrossRef] [PubMed]

46. Vora, A.A.; Dajani, D.; Lynch, J.H.; Kowalczyk, K.J. Anatomic and technical considerations for optimizing recovery of urinary
function during robotic-assisted radical prostatectomy. Curr. Opin. Urol. 2013, 23, 78–87. [CrossRef]

47. Lee, D.I.; Wedmid, A.; Mendoza, P.; Sharma, S.; Walicki, M.; Hastings, R.; Monahan, K.; Eun, D. Bladder neck plication stitch: A
novel technique during robot-assisted radical prostatectomy to improve recovery of urinary continence. J. Endourol. 2011, 25,
1873–1877. [CrossRef]

48. von Bodman, C.; Matsushita, K.; Savage, C.; Matikainen, M.P.; Eastham, J.A.; Scardino, P.T.; Rabbani, F.; Akin, O.; Sandhu, J.S.
Recovery of urinary function after radical prostatectomy: Predictors of urinary function on preoperative prostate magnetic
resonance imaging. J. Urol. 2012, 187, 945–950. [CrossRef]

49. Noguchi, M.; Kakuma, T.; Suekane, S.; Nakashima, O.; Mohamed, E.R.; Matsuoka, K. A randomized clinical trial of suspension
technique for improving early recovery of urinary continence after radical retropubic prostatectomy. BJU Int. 2008, 102, 958–963.
[CrossRef]

50. Sugimura, Y.; Hioki, T.; Yamada, Y.; Fumino, M.; Inoue, T. An anterior urethral stitch improves urinary incontinence following
radical prostatectomy. Int. J. Urol. 2001, 8, 153–157. [CrossRef]

51. Coelho, R.F.; Chauhan, S.; Orvieto, M.A.; Sivaraman, A.; Palmer, K.J.; Coughlin, G.; Patel, V.R. Influence of modified posterior
reconstruction of the rhabdosphincter on early recovery of continence and anastomotic leakage rates after robot-assisted radical
prostatectomy. Eur. Urol. 2011, 59, 72–80. [CrossRef] [PubMed]

https://doi.org/10.1016/j.prnil.2021.10.003
https://doi.org/10.1007/s11934-017-0689-4
https://doi.org/10.1111/iju.12854
https://doi.org/10.1089/end.2021.0440
https://doi.org/10.1089/end.2021.0885
https://www.ncbi.nlm.nih.gov/pubmed/35906798
https://doi.org/10.1016/j.urology.2020.06.029
https://www.ncbi.nlm.nih.gov/pubmed/32619598
https://doi.org/10.1111/bju.14885
https://www.ncbi.nlm.nih.gov/pubmed/31386793
https://doi.org/10.1016/j.urology.2016.02.063
https://www.ncbi.nlm.nih.gov/pubmed/27233935
https://doi.org/10.1016/j.eururo.2020.12.013
https://www.ncbi.nlm.nih.gov/pubmed/33357990
https://doi.org/10.1186/s12957-023-02927-9
https://www.ncbi.nlm.nih.gov/pubmed/36782247
https://doi.org/10.1016/j.urolvj.2019.100022
https://doi.org/10.1007/s00345-022-04056-6
https://doi.org/10.1016/j.urology.2023.05.027
https://doi.org/10.3389/fonc.2021.687010
https://doi.org/10.21037/tau-23-98
https://www.ncbi.nlm.nih.gov/pubmed/37426596
https://doi.org/10.1016/j.pop.2019.02.007
https://www.ncbi.nlm.nih.gov/pubmed/31030827
https://doi.org/10.1016/j.eururo.2009.06.007
https://doi.org/10.18632/oncotarget.11997
https://www.ncbi.nlm.nih.gov/pubmed/27634899
https://doi.org/10.1111/iju.12214
https://www.ncbi.nlm.nih.gov/pubmed/23841851
https://doi.org/10.1097/MOU.0b013e32835b0ae5
https://doi.org/10.1089/end.2011.0279
https://doi.org/10.1016/j.juro.2011.10.143
https://doi.org/10.1111/j.1464-410X.2008.07759.x
https://doi.org/10.1046/j.1442-2042.2001.00273.x
https://doi.org/10.1016/j.eururo.2010.08.025
https://www.ncbi.nlm.nih.gov/pubmed/20801579


J. Clin. Med. 2024, 13, 359 16 of 18

52. Brien, J.C.; Barone, B.; Fabrizio, M.; Given, R. Posterior reconstruction before vesicourethral anastomosis in patients undergoing
robot-assisted laparoscopic prostatectomy leads to earlier return to baseline continence. J. Endourol. 2011, 25, 441–445. [CrossRef]
[PubMed]

53. Krane, L.S.; Wambi, C.; Bhandari, A.; Stricker, H.J. Posterior support for urethrovesical anastomosis in robotic radical prostatec-
tomy: Single surgeon analysis. Can. J. Urol. 2009, 16, 4836–4840. [PubMed]

54. Kim, I.Y.; Hwang, E.A.; Mmeje, C.; Ercolani, M.; Lee, D.H. Impact of posterior urethral plate repair on continence following
robot-assisted laparoscopic radical prostatectomy. Yonsei Med. J. 2010, 51, 427–431. [CrossRef] [PubMed]

55. Menon, M.; Muhletaler, F.; Campos, M.; Peabody, J.O. Assessment of early continence after reconstruction of the periprostatic
tissues in patients undergoing computer assisted (robotic) prostatectomy: Results of a 2 group parallel randomized controlled
trial. J. Urol. 2008, 180, 1018–1023. [CrossRef]

56. Tan, G.; Srivastava, A.; Grover, S.; Peters, D.; Dorsey, P., Jr.; Scott, A.; Jhaveri, J.; Tilki, D.; Te, A.; Tewari, A. Optimizing
vesicourethral anastomosis healing after robot-assisted laparoscopic radical prostatectomy: Lessons learned from three techniques
in 1900 patients. J. Endourol. 2010, 24, 1975–1983. [CrossRef] [PubMed]

57. Sammon, J.D.; Muhletaler, F.; Peabody, J.O.; Diaz-Insua, M.; Satyanaryana, R.; Menon, M. Long-term functional urinary outcomes
comparing single- vs double-layer urethrovesical anastomosis: Two-year follow-up of a two-group parallel randomized controlled
trial. Urology 2010, 76, 1102–1107. [CrossRef]

58. Kalisvaart, J.F.; Osann, K.E.; Finley, D.S.; Ornstein, D.K. Posterior reconstruction and anterior suspension with single anastomotic
suture in robot-assisted laparoscopic radical prostatectomy: A simple method to improve early return of continence. J. Robot.
Surg. 2009, 3, 149–153. [CrossRef]

59. Galfano, A.; Ascione, A.; Grimaldi, S.; Petralia, G.; Strada, E.; Bocciardi, A.M. A new anatomic approach for robot-assisted
laparoscopic prostatectomy: A feasibility study for completely intrafascial surgery. Eur. Urol. 2010, 58, 457–461. [CrossRef]

60. Davis, M.; Egan, J.; Marhamati, S.; Galfano, A.; Kowalczyk, K.J. Retzius-Sparing Robot-Assisted Robotic Prostatectomy: Past,
Present, and Future. Urol. Clin. N. Am. 2021, 48, 11–23. [CrossRef]

61. Umari, P.; Eden, C.; Cahill, D.; Rizzo, M.; Eden, D.; Sooriakumaran, P. Retzius-Sparing versus Standard Robot-Assisted Radical
Prostatectomy: A Comparative Prospective Study of Nearly 500 Patients. J. Urol. 2021, 205, 780–790. [CrossRef] [PubMed]

62. Egan, J.; Marhamati, S.; Carvalho, F.L.F.; Davis, M.; O’Neill, J.; Lee, H.; Lynch, J.H.; Hankins, R.A.; Hu, J.C.; Kowalczyk, K.J.
Retzius-sparing Robot-assisted Radical Prostatectomy Leads to Durable Improvement in Urinary Function and Quality of Life
Versus Standard Robot-assisted Radical Prostatectomy Without Compromise on Oncologic Efficacy: Single-surgeon Series and
Step-by-step Guide. Eur. Urol. 2021, 79, 839–857. [PubMed]

63. Menon, M.; Dalela, D.; Jamil, M.; Diaz, M.; Tallman, C.; Abdollah, F.; Sood, A.; Lehtola, L.; Miller, D.; Jeong, W. Functional
Recovery, Oncologic Outcomes and Postoperative Complications after Robot-Assisted Radical Prostatectomy: An Evidence-Based
Analysis Comparing the Retzius Sparing and Standard Approaches. J. Urol. 2018, 199, 1210–1217. [CrossRef] [PubMed]

64. Abdel Raheem, A.; Hagras, A.; Ghaith, A.; Alenzi, M.J.; Elghiaty, A.; Gameel, T.; Alowidah, I.; Ham, W.S.; Choi, Y.D.; El-Bahnasy,
A.H.; et al. Retzius-sparing robot-assisted radical prostatectomy versus open retropubic radical prostatectomy: A prospective
comparative study with 19-month follow-up. Minerva Urol. Nefrol. 2020, 72, 586–594. [CrossRef] [PubMed]

65. Qiu, X.; Li, Y.; Chen, M.; Xu, L.; Guo, S.; Marra, G.; Rosenberg, J.E.; Ma, H.; Li, X.; Guo, H. Retzius-sparing robot-assisted
radical prostatectomy improves early recovery of urinary continence: A randomized, controlled, single-blind trial with a 1-year
follow-up. BJU Int. 2020, 126, 633–640. [CrossRef] [PubMed]

66. Asimakopoulos, A.D.; Topazio, L.; De Angelis, M.; Finazzi Agrò, E.; Pastore, A.L.; Fuschi, A.; Annino, F. Retzius-sparing versus
standard robot-assisted radical prostatectomy: A prospective randomized comparison on immediate continence rates. Surg.
Endosc. 2019, 33, 2187–2196. [CrossRef] [PubMed]

67. Chang, L.W.; Hung, S.C.; Hu, J.C.; Chiu, K.Y. Retzius-sparing Robotic-assisted Radical Prostatectomy Associated with Less
Bladder Neck Descent and Better Early Continence Outcome. Anti-Cancer Res. 2018, 38, 345–351.

68. Sayyid, R.K.; Simpson, W.G.; Lu, C.; Terris, M.K.; Klaassen, Z.; Madi, R. Retzius-Sparing Robotic-Assisted Laparoscopic Radical
Prostatectomy: A Safe Surgical Technique with Superior Continence Outcomes. J. Endourol. 2017, 31, 1244–1250. [CrossRef]

69. Dalela, D.; Jeong, W.; Prasad, M.-A.; Sood, A.; Abdollah, F.; Diaz, M.; Karabon, P.; Sammon, J.; Jamil, M.; Baize, B.; et al. A
Pragmatic Randomized Controlled Trial Examining the Impact of the Retzius-sparing Approach on Early Urinary Continence
Recovery After Robot-assisted Radical Prostatectomy. Eur. Urol. 2017, 72, 677–685. [CrossRef]

70. Barakat, B.; Othman, H.; Gauger, U.; Wolff, I.; Hadaschik, B.; Rehme, C. Retzius Sparing Radical Prostatectomy Versus Robot-
assisted Radical Prostatectomy: Which Technique Is More Beneficial for Prostate Cancer Patients (MASTER Study)? A Systematic
Review and Meta-analysis. Eur. Urol. Focus 2022, 8, 1060–1071. [CrossRef]

71. Wagaskar, V.G.; Mittal, A.; Sobotka, S.; Ratnani, P.; Lantz, A.; Falagario, U.G.; Martini, A.; Dovey, Z.; Treacy, P.-J.; Pathak, P.; et al.
Hood Technique for Robotic Radical Prostatecto-my-Preserving Periurethral Anatomical Structures in the Space of Retzius and
Sparing the Pouch of Douglas, Enabling Early Return of Continence Without Compromising Surgical Margin Rates. Eur. Urol.
2021, 80, 213–221. [CrossRef] [PubMed]

72. Shimmura, H.; Banno, T.; Nakamura, K.; Murayama, A.; Shigeta, H.; Sawano, T.; Kouchi, Y.; Ozaki, A.; Yamabe, F.; Iizuka, J.;
et al. A single-center retrospective comparative analysis of urinary continence in robotic prostatectomy with a combination of
umbilical ligament preservation and Hood technique. Int. J. Urol. 2023, 30, 889–895. [CrossRef] [PubMed]

https://doi.org/10.1089/end.2010.0251
https://www.ncbi.nlm.nih.gov/pubmed/21401397
https://www.ncbi.nlm.nih.gov/pubmed/19796460
https://doi.org/10.3349/ymj.2010.51.3.427
https://www.ncbi.nlm.nih.gov/pubmed/20376897
https://doi.org/10.1016/j.juro.2008.05.046
https://doi.org/10.1089/end.2009.0630
https://www.ncbi.nlm.nih.gov/pubmed/20973740
https://doi.org/10.1016/j.urology.2010.05.052
https://doi.org/10.1007/s11701-009-0151-9
https://doi.org/10.1016/j.eururo.2010.06.008
https://doi.org/10.1016/j.ucl.2020.09.012
https://doi.org/10.1097/JU.0000000000001435
https://www.ncbi.nlm.nih.gov/pubmed/33086025
https://www.ncbi.nlm.nih.gov/pubmed/32536488
https://doi.org/10.1016/j.juro.2017.11.115
https://www.ncbi.nlm.nih.gov/pubmed/29225060
https://doi.org/10.23736/S0393-2249.20.03830-8
https://www.ncbi.nlm.nih.gov/pubmed/32748620
https://doi.org/10.1111/bju.15195
https://www.ncbi.nlm.nih.gov/pubmed/32741099
https://doi.org/10.1007/s00464-018-6499-z
https://www.ncbi.nlm.nih.gov/pubmed/30426256
https://doi.org/10.1089/end.2017.0490
https://doi.org/10.1016/j.eururo.2017.04.029
https://doi.org/10.1016/j.euf.2021.08.003
https://doi.org/10.1016/j.eururo.2020.09.044
https://www.ncbi.nlm.nih.gov/pubmed/33067016
https://doi.org/10.1111/iju.15227
https://www.ncbi.nlm.nih.gov/pubmed/37345368


J. Clin. Med. 2024, 13, 359 17 of 18

73. Zhang, H.; Ning, Z.; Jia, G.; Zhang, G.; Wang, J.; Liu, H.; Tao, B.; Wang, C. Modified hood technique for single-port robot-assisted
radical prostatectomy contributes to early recovery of continence. Front. Surg. 2023, 10, 1132303. [CrossRef] [PubMed]

74. Galfano, A.; Secco, S.; Dell’Oglio, P.; Rha, K.; Eden, C.; Fransis, K.; Sooriakumaran, P.; Sanchez De La Muela, P.; Kowalczyk, K.;
Miyagawa, T.; et al. Retzius-sparing robot-assisted radical prostatectomy: Early learning curve experience in three continents.
BJU Int. 2021, 127, 412–417. [CrossRef] [PubMed]

75. Walsh, P.C.; Donker, P.J. Impotence following radical prostatectomy: Insight into etiology and prevention. J. Urol. 1982, 128,
492–497. [CrossRef]

76. Fetterolf, D.E.; Snyder, R.J. Scientific and clinical support for the use of dehydrated amniotic membrane in wound management.
Wounds 2012, 24, 299–307. [PubMed]

77. Koob, T.J.; Rennert, R.; Zabek, N.; Massee, M.; Lim, J.J.; Temenoff, J.S.; Li, W.W.; Gurtner, G. Biological properties of dehydrated
human amnion/chorion composite graft: Implications for chronic wound healing. Int. Wound J. 2013, 10, 493–500. [CrossRef]

78. Ogaya-Pinies, G.; Palayapalam-Ganapathi, H.; Rogers, T.; Hernandez-Cardona, E.; Rocco, B.; Coelho, R.F.; Jenson, C.; Patel, V.R.
Can dehydrated human amnion/chorion membrane accelerate the return to potency after a nerve-sparing robotic-assisted radical
prostatectomy? Propensity score-matched analysis. J. Robot. Surg. 2018, 12, 235–243. [CrossRef]

79. Patel, V.R.; Samavedi, S.; Bates, A.S.; Kumar, A.; Coelho, R.; Rocco, B.; Palmer, K. Dehydrated Human Amnion/Chorion
Membrane Allograft Nerve Wrap Around the Prostatic Neurovascular Bundle Accelerates Early Return to Continence and
Potency Following Robot-assisted Radical Prostatectomy: Propensity Score-matched Analysis. Eur. Urol. 2015, 67, 977–980.
[CrossRef]

80. Razdan, S.; Bajpai, R.R.; Razdan, S.; Sanchez, M.A. A matched and controlled longitudinal cohort study of dehydrated human
amniotic membrane allograft sheet used as a wraparound nerve bundles in robotic-assisted laparoscopic radical prostatectomy:
A puissant adjunct for enhanced potency outcomes. J. Robot. Surg. 2019, 13, 475–481. [CrossRef]

81. Barski, D.; Gerullis, H.; Ecke, T.; Boros, M.; Brune, J.; Beutner, U.; Tsaur, I.; Ramon, A.; Otto, T. Application of Dried Human
Amnion Graft to Improve Post-Prostatectomy Incontinence and Potency: A Randomized Exploration Study Protocol. Adv. Ther.
2020, 37, 592–602. [CrossRef] [PubMed]

82. Horstmann, M.; Vollmer, C.; Schwab, C.; Kurz, M.; Padevit, C.; Horton, K.; John, H. Single-centre evaluation of the extraperitoneal
and transperitoneal approach in robotic-assisted radical prostatectomy. Scand. J. Urol. Nephrol. 2012, 46, 117–123. [CrossRef]
[PubMed]

83. Claps, F.; Pablos-Rodríguez, P.d.; Gómez-Ferrer, Á.; Mascarós, J.M.; Marenco, J.; Collado Serra, A.; Ramón-Borja, J.C.; Calatrava
Fons, A.; Trombetta, C.; Rubio-Briones, J.; et al. Free-indocyanine green-guided pelvic lymph node dissection during radical
prostatectomy. Urol. Oncol. 2022, 40, 489.e19–489.e26. [CrossRef]

84. Baio, R.; Intilla, O.; Di Mauro, U.; Pane, U.; Molisso, G.; Sanseverino, R. Near-infrared fluorescence imaging with intraoperative
administration of indocyanine green for laparoscopic radical prostatectomy: Is it a useful weapon for pelvic lymph node
dissection? J. Surg. Case Rep. 2022, 2022, rjab614. [CrossRef] [PubMed]

85. Claps, F.; Ramírez-Backhaus, M.; Mir Maresma, M.C.; Gómez-Ferrer, Á.; Mascarós, J.M.; Marenco, J.; Collado Serra, A.; Ramón-
Borja, J.C.; Calatrava Fons, A.; Trombetta, C.; et al. Indocyanine green guidance improves the efficiency of extended pelvic lymph
node dissection during laparoscopic radical prostatectomy. Int. J. Urol. 2021, 28, 566–572. [CrossRef]

86. Hussein, A.A.; Ghani, K.R.; Peabody, J.; Sarle, R.; Abaza, R.; Eun, D.; Hu, J.; Fumo, M.; Lane, B.; Montgomery, J.S.; et al.
Development and Validation of an Objective Scoring Tool for Robot-Assisted Radical Prostatectomy: Prostatectomy Assessment
and Competency Evaluation. J. Urol. 2017, 197, 1237–1244. [CrossRef] [PubMed]

87. Goldenberg, M.G.; Goldenberg, L.; Grantcharov, T.P. Surgeon Performance Predicts Early Continence After Robot-Assisted
Radical Prostatectomy. J. Endourol. 2017, 31, 858–863. [CrossRef] [PubMed]

88. Ghani, K.R.; Miller, D.C.; Linsell, S.; Brachulis, A.; Lane, B.; Sarle, R.; Dalela, D.; Menon, M.; Comstock, B.; Lendvay, T.S.; et al.
Measuring to Improve: Peer and Crowd-sourced Assessments of Technical Skill with Robot-assisted Radical Prostatectomy. Eur.
Urol. 2016, 69, 547–550. [CrossRef]

89. Hung, A.J.; Chen, J.; Che, Z.; Nilanon, T.; Jarc, A.; Titus, M.; Oh, P.J.; Gill, I.S.; Liu, Y. Utilizing Machine Learning and Automated
Performance Met-rics to Evaluate Robot-Assisted Radical Prostatectomy Performance and Predict Outcomes. J. Endourol. 2018, 32,
438–444. [CrossRef]

90. Hung, A.J.; Chen, J.; Ghodoussipour, S.; Oh, P.J.; Liu, Z.; Nguyen, J.; Purushotham, S.; Gill, I.S.; Liu, Y. A deep-learning model
using automated performance metrics and clinical features to predict urinary continence recovery after robot-assisted radical
prostatectomy. BJU Int. 2019, 124, 487–495. [CrossRef]

91. Schuler, N.; Shepard, L.; Saxton, A.; Russo, J.; Johnston, D.; Saba, P.; Holler, T.; Smith, A.; Kulason, S.; Yee, A.; et al. Predicting
Surgical Experience After Robotic Nerve-sparing Radical Prostatectomy Simulation Using a Machine Learning-based Multimodal
Analysis of Objective Performance Metrics. Urol. Pract. 2023, 10, 447–455. [CrossRef] [PubMed]

92. Vasdev, R.; Khanna, A. PROSTATE CANCER Artificial Intelligence in Radical Prostatectomy. AUA News, 19 September 2023.
93. Bravi, C.A.; Paciotti, M.; Sarchi, L.; Mottaran, A.; Nocera, L.; Farinha, R.; De Backer, P.; Vinckier, M.-H.; De Naeyer, G.; D’Hondt,

F.; et al. Robot-assisted Radical Prostatectomy with the Novel Hugo Robotic System: Initial Experience and Optimal Surgical
Set-up at a Tertiary Referral Robotic Center. Eur. Urol. 2022, 82, 233–237. [CrossRef]

https://doi.org/10.3389/fsurg.2023.1132303
https://www.ncbi.nlm.nih.gov/pubmed/37206347
https://doi.org/10.1111/bju.15196
https://www.ncbi.nlm.nih.gov/pubmed/32745367
https://doi.org/10.1016/S0022-5347(17)53012-8
https://www.ncbi.nlm.nih.gov/pubmed/25876055
https://doi.org/10.1111/iwj.12140
https://doi.org/10.1007/s11701-017-0719-8
https://doi.org/10.1016/j.eururo.2015.01.012
https://doi.org/10.1007/s11701-018-0873-7
https://doi.org/10.1007/s12325-019-01158-3
https://www.ncbi.nlm.nih.gov/pubmed/31782131
https://doi.org/10.3109/00365599.2011.637957
https://www.ncbi.nlm.nih.gov/pubmed/22171645
https://doi.org/10.1016/j.urolonc.2022.08.005
https://doi.org/10.1093/jscr/rjab614
https://www.ncbi.nlm.nih.gov/pubmed/35355579
https://doi.org/10.1111/iju.14513
https://doi.org/10.1016/j.juro.2016.11.100
https://www.ncbi.nlm.nih.gov/pubmed/27913152
https://doi.org/10.1089/end.2017.0284
https://www.ncbi.nlm.nih.gov/pubmed/28557582
https://doi.org/10.1016/j.eururo.2015.11.028
https://doi.org/10.1089/end.2018.0035
https://doi.org/10.1111/bju.14735
https://doi.org/10.1097/UPJ.0000000000000426
https://www.ncbi.nlm.nih.gov/pubmed/37347812
https://doi.org/10.1016/j.eururo.2022.04.029


J. Clin. Med. 2024, 13, 359 18 of 18

94. Bravi, C.A.; Balestrazzi, E.; De Loof, M.; Rebuffo, S.; Piramide, F.; Mottaran, A.; Paciotti, M.; Sorce, G.; Nocera, L.; Sarchi, L.; et al.
Robot-assisted Radical Prostatectomy Performed with Different Robotic Platforms: First Comparative Evidence Between Da
Vinci and HUGO Robot-assisted Surgery Robots. Eur. Urol. Focus 2023. [CrossRef] [PubMed]

95. Alfano, C.G.; Covas Moschovas, M.; Montagne, V.; Soto, I.; Porter, J.; Patel, V.; Ureña, R.; Bodden, E. Implementation and
outcomes of Hugo (TM) RAS System in robotic-assisted radical prostatectomy. Int. Braz. J. Urol. 2023, 49, 211–220. [CrossRef]
[PubMed]

96. Ragavan, N.; Bharathkumar, S.; Chirravur, P.; Sankaran, S. Robot-Assisted Laparoscopic Radical Prostatectomy Utilizing Hugo
RAS Platform: Initial Experience. J. Endourol. 2023, 37, 147–150. [CrossRef]

97. Marques-Monteiro, M.; Teixeira, B.; Mendes, G.; Rocha, A.; Madanelo, M.; Mesquita, S.; Vital, J.; Vinagre, N.; Magalhães, M.;
Oliveira, B.; et al. Extraperitoneal robot-assisted radical prostatectomy with the Hugo RAS system: Initial experience of a tertiary
center with a high background in extraperitoneal laparoscopy surgery. World J. Urol. 2023, 41, 2671–2677. [CrossRef] [PubMed]

98. Chang, K.D.; Abdel Raheem, A.; Choi, Y.D.; Chung, B.H.; Rha, K.H. Retzius-sparing robot-assisted radical prostatectomy using
the Revo-i robotic surgical system: Surgical technique and results of the first human trial. BJU Int. 2018, 122, 441–448. [CrossRef]

99. Thomas, B.C.; Slack, M.; Hussain, M.; Barber, N.; Pradhan, A.; Dinneen, E.; Stewart, G.D. Preclinical Evaluation of the Versius
Surgical System, a New Robot-assisted Surgical Device for Use in Minimal Access Renal and Prostate Surgery. Eur. Urol. Focus
2021, 7, 444–452. [CrossRef]

100. Farinha, R.; Puliatti, S.; Mazzone, E.; Amato, M.; Rosiello, G.; Yadav, S.; De Groote, R.; Piazza, P.; Bravi, C.A.; Koukourikis, P.; et al.
Potential Contenders for the Leadership in Robotic Surgery. J. Endourol. 2022, 36, 317–326. [CrossRef]

101. Rocco, B.; Turri, F.; Sangalli, M.; Assumma, S.; Piacentini, I.; Grasso, A.; Dell’Orto, P.; Calcagnile, T.; Sarchi, L.; Bozzini, G.; et al.
Robot-assisted Radical Prostatectomy with the Versius Robotic Surgical System: First Description of a Clinical Case. Eur. Urol.
Open Sci. 2023, 48, 82–83. [CrossRef]

102. Vasdev, N.; Charlesworth, P.; Slack, M.; Adshead, J. Preclinical evaluation of the Versius surgical system: A next-generation
surgical robot for use in minimal access prostate surgery. BJUI Compass 2023, 4, 482–490. [CrossRef] [PubMed]

103. De Maria, M.; Meneghetti, I.; Mosillo, L.; Collins, J.W.; Catalano, C. Versius robotic surgical system: Case series of 18 robot-assisted
radical prostatectomies. BJU Int. 2023. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.euf.2023.08.001
https://www.ncbi.nlm.nih.gov/pubmed/37634969
https://doi.org/10.1590/s1677-5538.ibju.2023.9902
https://www.ncbi.nlm.nih.gov/pubmed/36515619
https://doi.org/10.1089/end.2022.0461
https://doi.org/10.1007/s00345-023-04571-0
https://www.ncbi.nlm.nih.gov/pubmed/37668717
https://doi.org/10.1111/bju.14245
https://doi.org/10.1016/j.euf.2020.01.011
https://doi.org/10.1089/end.2021.0321
https://doi.org/10.1016/j.euros.2022.11.019
https://doi.org/10.1002/bco2.233
https://www.ncbi.nlm.nih.gov/pubmed/37334028
https://doi.org/10.1111/bju.16156
https://www.ncbi.nlm.nih.gov/pubmed/37604773

	Introduction 
	Single Port Surgery 
	Transperitoneal Approach 
	Extraperitoneal Approach 
	Perineal Approach 
	Transvesical Approach 
	SP Limitations 

	Pelvic-Fascia-Sparing Techniques 
	Retzius Sparing 
	Hood Sparing 

	Preserving Erectile Function 
	Lymph Node Dissection 
	Artificial Intelligence in Radical Prostatectomy 
	Novel Robotic Platforms 
	Conclusions 
	References

