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Abstract: Background: Retzius-sparing robot-assisted radical prostatectomy (RS-RARP) has been
shown to lead to better outcomes regarding early continence compared to standard anterior RARP
(SA-RARP). The goal of this study was to assess the feasibility and safety of implementing RS-RARP
in a tertiary center with experience in SA-RARP. Methods: From February 2020, all newly diagnosed
non-metastatic prostate cancer patients for whom RARP was indicated were evaluated for RS-RARP.
Data from the first 100 RS-RARP patients were prospectively collected and compared with data from
the last 100 SA-RARP patients. Patients were evaluated for Clavien Dindo grade ≥3a complications,
urinary continence after 2 and 6 weeks, 3, 6 and 12 months, erectile function, positive surgical
margins (PSMs) and biochemical recurrence (BCR). Results: There was no significant difference in
postoperative complications at Clavien-Dindo grade ≥3a (SA-RARP: 6, RS-RARP: 4; p = 0.292). At
all time points, significantly higher proportions of RS-RARP patients were continent (p < 0.001). No
significant differences in postoperative potency were observed (52% vs. 59%, respectively, p = 0.608).
PSMs were more frequent in the RS-RARP group (43% vs. 29%, p = 0.034), especially in locally
advanced tumors (pT3: 64.6% vs. 43.8%, p = 0.041—pT2: 23.5% vs. 15.4%, p = 0.329). The one-year
BCR-free survival was 82.6% vs. 81.6% in the SA-RARP and RS-RARP groups, respectively (p = 0.567).
The median follow-up was 22 [18–27] vs. 24.5 [17–35] months in the RS-RARP and SA-RARP groups,
respectively (p = 0.008). Conclusions: The transition from SA-RARP to RS-RARP can be safely
performed by surgeons proficient in SA-RARP. Continence results after RS-RARP were significantly
better at any time point. A higher proportion of PSMs was observed, although it did not result in a
worse BCR-free survival.

Keywords: radical prostatectomy; Retzius-sparing; urinary continence; erectile dysfunction;
biochemical recurrence; robotic surgery

1. Introduction

Prostate cancer is the second most prevalent cancer worldwide, with one in nine men
being diagnosed with the disease during their life. With an estimated 1.4 million diagnoses
and 375,000 deaths in 2020, prostate cancer is the second most commonly diagnosed and
fifth most lethal cancer in men [1].

Radical prostatectomy is, besides external beam radiation therapy and brachyther-
apy, a recommended treatment option for localized and selected cases of locally ad-
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vanced prostate cancer. Different surgical approaches have been reported, but all sur-
gical techniques—including open retropubic prostatectomy, laparoscopic prostatectomy
or robot-assisted radical prostatectomy—have a risk of temporary or persistent urinary
incontinence [2]. Urinary incontinence after radical prostatectomy may strongly affect the
quality of life of prostate cancer patients [2].

In the last decade, robot-assisted radical prostatectomy has gained popularity due
to its minimally invasive character and improved dexterity, with a decrease in blood loss,
postoperative pain, and duration of hospitalization [3]. In the standard anterior robot-
assisted radical prostatectomy (SA-RARP), the Retzius space is opened in a similar fashion
to the open retropubic and laparoscopic approach [4].

In 2010 Galfano, et al. [5] published an alternative surgical approach for robot-assisted
radical prostatectomy through the Douglas pouch in which the Retzius space remains
intact (Retzius-sparing robot-assisted radical prostatectomy, RS-RARP). This innovative
surgical technique avoids damage to the supportive fascial structures of the bladder. In
comparison to SA-RARP, the Santorini plexus, the endopelvic fascia, puboprostatic liga-
ments, and the detrusor apron remain intact in RS-RARP [6]. Different prospective trials
have reported better outcomes in terms of early continence in RS-RARP than SA-RARP,
with immediate continence results ranging from 51–76% for RS-RARP compared to 21–60%
in SA-RARP [7–10]. However, higher proportions of positive surgical margins have been
reported with uncertain biochemical recurrence-free survival results [10].

Therefore, the goal of this study was to assess the feasibility and safety of the im-
plementation of RS-RARP in a medium volume (ca. 100 cases/year) tertiary center with
experience in SA-RARP, with a special focus on functional and oncological outcomes.

2. Materials and Methods

RS-RARP was implemented on 7 February 2020 in our institution. All patients with
newly diagnosed prostate cancer for whom radical prostatectomy was indicated were
evaluated for RS-RARP. The decision to perform RS-RARP was of the surgeon’s choice,
and patients with anterior tumors close to the bladder neck continued to be treated with
‘classic’ SA-RARP. Our RS-RARP procedure has previously been described in detail [11]. In
brief, the RS-RARP procedure starts with the incision of the peritoneum above the vasa
deferentes up until the Douglas pouch, where the peritoneal fold is incised. The vasa
deferentes are dissected and cut at the tip of the seminal vesicles. Denonvilliers’ fascia is
peeled off of the seminal vesicles, and they are dissected completely. The lateral side of
the prostate is dissected by retracting the seminal vesicles medially. To facilitate access to
the prostate and bladder neck, stay sutures are placed on the upper part of the peritoneal
incision by use of a straight needle which is placed through the abdominal wall.

For a nerve-sparing approach, a plane is created between Denonvilliers’ fascia and the
prostatic fascia up to the apex of the prostate. The neurovascular bundle is peeled off of
the prostatic fascia laterally by blunt dissection. The prostatic pedicle is then clipped and
transected. The plane is followed anteriorly, and the bladder is peeled from the prostate.
Bladder neck dissection starts at its posterior side, just anteriorly of the seminal vesicles
and the bladder neck is isolated. After bladder neck transection, two marking sutures
are placed at the 6 and 12 o’clock positions to evert the mucosa and aid in vesicourethral
anastomosis. The anterior surface of the prostate is dissected, sparing Santorini’s plexus,
the puboprostatic/pubovesical ligaments and the Retzius space. The dissection continues
apically with transection of the urethra. A vesicourethral anastomosis is performed with
two barbed sutures, starting at the 12 o’clock position on the bladder neck and ending at
the 6 o’clock position on the urethra after complete and watertight approximation of the
bladder neck and urethra. After a leak test is performed, the peritoneal incision is closed
using a barbed suture [11]. SA-RARP was performed as described by Menon, et al. and
Bianchi et al. [4,12]. All surgical interventions were performed by two surgeons: N.L. is
an experienced robotic surgeon who previously performed about 800 cases of SA-RARP,
while C.V.P. was a novice robotic surgeon at the time of this study who had previously
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performed about 30 independent SA-RARP cases. The RS-RARP was started by N.L. after
analyzing the surgical technique from literature and online surgical videos. After 10 cases
successfully performed by N.L., C.V.P. started with the technique, was mentored by N.L.
and performed them independently after 10 performed cases.

Data from the first 100 RS-RARP patients were prospectively collected and compared
with the data from the last 100 SA-RARP patients before February 2020 (period: August
2018–January 2020). Data from the SA-RARP patients were retrospectively analyzed. No
performed RS-RARP case was excluded. In our center, the postoperative policy after both
RS-RARP and SA-RARP follows a standardized protocol in which the patient remains
hospitalized until the time of bladder catheter removal. The urinary catheter is removed on
postoperative day three without cystography in case of a negative intraoperative leakage
test. When the intraoperative leakage test is positive, a cystography is performed on
postoperative day three. The urinary catheter is only removed when this cystography
shows a watertight vesicourethral anastomosis. In the case of normal micturition after
catheter removal, the patient can leave the hospital on postoperative day three. Both
treatment groups were subjected to the same follow-up protocol with control visits at
2 weeks, 6 weeks, 3, 6, and 12 months postoperatively, at which the oncological and
functional results were evaluated, and possible complications were reported. All RS-RARP
patients had a minimum of 12 months follow-up.

Demographic, pre- and perioperative data were collected and compared between both
groups. Complications within 90 days after surgery were reported using the standardized
Clavien-Dindo classification for surgical complications [13]. Postoperative continence
status was categorized as continent (dry or loss of only some drops per day with the use of
maximal 1 safety pad) vs. incontinent [14]. Postoperative erectile function was assessed by
questioning the patient at each follow-up visit and was categorized as potent (defined as the
ability to achieve and sustain an erection firm enough for satisfactory sexual performance
through penetration with or without pharmacological assistance) vs. impotent.

The endpoints of this study were Clavien-Dindo grade 3a or higher complications,
urinary continence after 2 and 6 weeks and 3, 6 and 12 months, postoperative erectile
function in preoperative potent men, positive surgical margin rate, PSA after 3 months
and 1-year biochemical recurrence-free survival. Biochemical recurrence was defined as
PSA >0.20 ng/mL or treatment with salvage radiotherapy. Salvage radiotherapy was
performed when three consecutive PSA rises occurred, even when PSA levels did not
exceed 0.2 ng/mL. A positive surgical margin was defined as a tumor extending into the
inked surface of the prostatectomy specimen at microscopic pathological examination.

Continuous variables were reported as the median and interquartile range (IQR)
and compared between both groups using the Mann–Whitney U test. Categorical vari-
ables were compared using the Chi-square or Fisher’s exact test whenever applicable.
A p-value < 0.05 was considered statistically significant. Urinary continence rates and
biochemical recurrence-free survival were calculated using Kaplan–Meier statistics and
compared between the two groups using the log-rank test. All statistical analyses were
performed using SPSS v28 statistical software (IBM SPSS, Chicago, IL, USA). The study
was conducted according to the guidelines of the Declaration of Helsinki and approved by
the Institutional Review Board of the Ghent University Hospital (EC UZG 2019/1506).

3. Results

A comparison of demographic and preoperative parameters between the SA-RARP
and RS-RARP groups is summarized in Table 1.

In the RS-RARP group, the total operative time was longer compared to the SA-RARP
group (160 min vs. 147.5 min, p = 0.005) (Table 2). Positive intraoperative leakage tests were
significantly more frequent in the RS-RARP group (17% vs. 7 %, p = 0.028). The incidence
of positive intraoperative leakage tests was significantly higher in cases 1–33 compared to
cases 67–99 (9/33 [27%] vs. 2/33 [6%], p = 0.044) of RS-RARP. There were no significant
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differences in estimated blood loss, duration of urinary catheterization or length of hospital
stay between the RS-RARP and SA-RARP groups (Table 2).

Table 1. Patient and tumor characteristics in the SA-RARP and RS-RARP groups (reported as N(%)
and median (interquartile range)).

SA-RARP (N = 100) RS-RARP (N = 100) p

Age (years) 67 (62–73) 66 (61–70) 0.166

BMI (kg/m2) 26.3 (24.1–28.5) 26.3 (24.3–29.0) 0.713

ASA-score 2 (2–2) 2 (2–2) 0.766

Prostate volume (mL) 45 (34–56) 44 (34–65) 0.756

PSA (ng/mL) 8.62 (6.16–10.79) 7.38 (5.37–10.60) 0.09

Previous prostate surgery 0.009
None 91 (91%) 100 (100%)
TURP 8 (8%) 0 (0%)
Other 1 (1%) 0 (0%)

Biopsy ISUP Grade Group 0.176
1 18 (18%) 15 (15%)
2 35 (35%) 34 (34%)
3 19 (19%) 32 (32%)
4 15 (15%) 13 (13%)
5 13 (13%) 6 (6%)

cT 0.005
T1c 26 (26%) 39 (39%)
T2 30 (30%) 29 (29%)
T3 3 (3%) 12 (12%)
T4 1 (1%) 0 (0%)
Missing 39 (39%) 18 (18%)

cN 0.32
N0 94 (94%) 98 (98%)
N1 3 (3%) 2 (2%)
Nx 2 (2%) 0 (0%)
Missing 1 (1%) 0 (0%)

cM 0.059
M0 66 (66%) 78 (78%)
Mx 34 (34%) 22 (22%)

MRI 0.063
PIRADS 1–2 4 (4%) 9 (9%)
PIRADS 3 12 (12%) 13 (13%)
PIRADS 4–5 78 (78%) 77 (77%)
Not performed/Missing 6 (6%) 1 (1%)

iT 0.155
T2 70 (70%) 63 (63%)
T3 18 (18%) 26 (26%)
No tumor 4 (4%) 10 (10%)
Not performed/missing 8 (8%) 1 (1%)

Index Lesion Location <0.001
Peripheral zone 63 (63%) 83 (83%)
Anterior zone 20 (20%) 4 (4%)
Multifocal (anterior and
posterior) 5 (5%) 2 (2%)

No MRI or no index
lesion 12 (12%) 11 (11%)

ASA: American Society of Anaesthesiologists; BMI: Body Mass Index; ISUP: International Society of Urological
Pathology; MRI: Magnetic Resonance Imaging; PSA: Prostate Specific Antigen; RS-RARP: Retzius-Sparing Robot-
Assisted Radical Prostatectomy; SA-RARP: Standard Anterior Robot-Assisted Radical Prostatectomy.
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Table 2. Intraoperative and early postoperative data in the SA-RARP and RS-RARP groups.

SA-RARP (N = 100) RS-RARP (N = 100) p

Surgeon <0.001
NL 96 (96%) 71 (71%)
CVP 4 (4%) 28 (28%)
Missing 0 (0%) 1 (1%)

Operative time (mins) 147.5 (125–175) 160 (145–180) 0.005

Estimated blood loss (mL) 400 (150–400) 225 (100–300) 0.096

Positive lymph nodes 0 (0–0) 0 (0–0) <0.001

Nerve-sparing (%) 0.005
None 9 (9%) 6 (6%)
Unilateral 22 (22%) 43 (43%)
Bilateral 69 (69%) 50 (50%)
Missing 0 (0%) 1 (1%)

Intraoperative leak test 0.028
No leakage 93 (93%) 82 (82%)
Leakage 7 (7%) 17 (17%)
Missing 0 (0%) 1 (1%)

Duration of urinary catheter
stay (days) 3 (3–3) 3 (3–3) 0.382

Length of stay (days) 3 (3–3) 3 (3–3) 0.268
RS-RARP: Retzius-Sparing Robot-Assisted Radical Prostatectomy; SA-RARP: Standard Anterior Robot-Assisted
Radical Prostatectomy.

One case of RS-RARP was aborted due to the intraoperative finding of extreme
perivesical fibrosis after previous mitomycin C leakage. The abortion of surgery was,
therefore, not related to the surgical technique of RS-RARP. No case was converted from
RS-RARP to SA-RARP.

Postoperative complications are summarized in Table 3. Overall, significantly fewer
complications occurred in the RS-RARP group (p = 0.028). However, there was no significant
difference in postoperative complications Clavien-Dindo grade ≥3A between the SA-RARP
and RS-RARP groups (6% vs. 2%, respectively, p = 0.292).

Table 3. Postoperative complications according to Clavien-Dindo in the SA-RARP and RS-RARP groups.

Clavien-Dindo SA-RARP (N = 100) RS-RARP (N = 100) p

0 79 88

0.028

1 12 Urinary retention (11)
Abdominal wall hematoma (1) 9

Urinary retention (7)
Prolonged suprapubic pain (1)

Prolonged hematuria (1)

2 9
Wound infection (1)

Urinary tract infection (7)
Anastomotic leakage (1)

1 Infected lymfocele (1)

3A 0 1 Infected lymfocele (1)

0.2923B 4

Cholecystitis (1)
Hemoperitoneum (1)

Anastomotic leakage (1)
Obstructive pyelonephritis (1)

1 Gastrointestinal obstruction (1)

4A 1 Hypovolemic shock (1) 0

4B 1 Urosepsis (1) 0

RS-RARP: Retzius-Sparing Robot-Assisted Radical Prostatectomy; SA-RARP: Standard Anterior Robot-Assisted
Radical Prostatectomy.
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At all time points during postoperative follow-up, a significantly higher proportion of
patients in the RS-RARP group was continent (p < 0.001) (Figure 1). The immediate urinary
continence at two weeks postoperatively and continence at one year postoperatively were
significantly higher in the RS-RARP group (84% vs. 32% [p < 0.001] and 99% vs. 76%
[p < 0.001], respectively).
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Figure 1. Comparison of the relative continence rate at 2 weeks, 6 weeks, 3 months, 6 months and
12 months after surgery after RS-RARP (green line) and SA-RARP (blue line). A significant difference
in continence rate was observed between both groups at any time point after surgery (p < 0.001).

Functional and oncological outcomes are summarized in Table 4. A significantly
higher proportion of patients in the RS-RARP group were potent preoperatively (RS-RARP
63/100 vs. SA-RARP 48/100, p < 0.001). Of all patients who were potent preoperatively,
25/48 (52%) in the SA-RARP group and 37/63 (59%) in the RS-RARP group (p = 0.608)
regained potency during postoperative follow-up (Table 4).

Overall, a significantly higher proportion of positive surgical margins was observed
in the RS-RARP group compared to the SA-RARP group (43% vs. 29%, p = 0.034). When
stratified for pathological T-stage, a significantly higher proportion of positive surgical
margins was observed in the RS-RARP group in locally advanced prostate cancer (64.6% vs.
43.8%, p = 0.041), but not in localized prostate cancer (pT2: 23.5% vs. 15.4%, p = 0.329). In
both groups, 85/100 (85%) patients had an undetectable PSA at 3 months postoperatively
(p = 1). Biochemical recurrence was observed in 27/100 (27%) of SA-RARP patients vs.
23/100 (23%) of RS-RARP patients (p = 0.540). Median time to biochemical recurrence
was 17 (11–29) months vs. 19 (14–26) months (p = 0.394) in the SA- and RS-RARP groups,
respectively. The one-year biochemical recurrence-free survival rate was 82.6% vs. 81.6% in
the SA-RARP and RS-RARP groups, respectively (p = 0.587, Figure 2). Salvage radiotherapy
was performed in 21/100 (21%) patients in both groups (p = 0.605). Of all patients who
underwent salvage radiotherapy, 4/21 (19%) patients in the RS-RARP group and 8/21
(38%) patients in the SA-RARP group had a combination of ISUP 4-5 + pT3 + R1 disease
(p = 0.17). Median follow-up in the SA-RARP and RS-RARP groups was 24.5 [17–35] vs.
22 [18–27] months, respectively (p = 0.008).
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Table 4. Functional and oncological outcomes in the SA-RARP and RS-RARP groups.

SA-RARP (N = 100) RS-RARP (N = 100) p

Preoperative potency (N = 200) <0.001
Impotent 31 (31%) 27 (27%)
Potent 48 (48%) 63 (63%)
Missing 21 (21%) 9 (9%)

Postoperative potency in preoperatively
potent men (N = 111) 0.608

Impotent 21 (44%) 25 (40%)
Potent 25 (52%) 37 (59%)
Missing 2 (4%) 1 (1%)

Pathology T stage 0.38
T2 52 (52%) 51 (51%)
T3a 32 (32%) 38 (38%)
T3b 16 (16%) 10 (10%)
Missing 0 (0%) 1 (1%)

Pathology N stage <0.001
pN0 49 (49%) 34 (34%)
pN1 10 (10%) 0 (0%)
pNx 41 (41%) 65 (65%)
Missing 0 (0%) 1 (1%)

Pathology ISUP Grade Group 0.344
1 5 (5%) 5 (5%)
2 43 (43%) 41 (41%)
3 24 (24%) 34 (34%)
4 13 (13%) 6 (6%)
5 15 (15%) 13 (13%)
Missing 0 (0%) 1 (1%)

Surgical margins
T2 R0 44 (84.6%) 39 (76.5%) 0.329

R1 8 (15.4%) 12 (23.5%)
T3 R0 27 (56.3%) 17 (35.4%) 0.041

R1 21 (43.8%) 31 (64.6%)
Overall R0 71 (71%) 56 (56%) 0.034

R1 29 (29%) 43 (43%)
Missing 0 (0%) 1 (1%)

Patients with undetectable PSA at 3 months
postoperatively (ng/mL) 85 (85%) 85 (85%) 1.000

Biochemical recurrence 0.540
No 73 (73%) 76 (76%)
Yes 27 (27%) 23 (23%)
Missing 0 (0%) 1 (1%)

Postoperative radiotherapy 0.605
No 77 (77%) 78 (78%)
Adjuvant 1 (1%) 0 (0%)
Salvage 21 (21%) 21 (21%)
Missing 1 (1%) 1 (1%)

Development of metastatic PCa 2 (2%) 0 (0%) 0.157

Follow-up (months) 24.5 (17–35) 22 (18–27) 0.008
ISUP: International Society of Urological Pathology; PCa: Prostate Cancer; PSA: Prostate Specific Antigen; RS-
RARP: Retzius-Sparing Robot-Assisted Radical Prostatectomy; SA-RARP: Standard Anterior Robot-Assisted
Radical Prostatectomy.

To evaluate predictors for biochemical recurrence after RS-RARP, a univariate and
multivariate logistic regression analysis was performed in the RS-RARP group (Table 5).
Significant covariates in univariate regression were selected for multivariate logistic re-
gression. Pathological T-stage proved to be an independent predictor for biochemical
recurrence after RS-RARP (OR 14.99 [2.77–81.11], p = 0.002).
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Table 5. Univariate and multivariate logistic regression analysis for biochemical recurrence in the
RS-RARP group.

Variable Odds Ratio 95% CI p

Univariate Logistic Regression

iPSA 1.14 1.03–1.26 0.011

pT
pT2 Ref
pT3 19.06 4.15–87.53 <0.001

Lymphovascular invasion
No Ref
Yes 11.25 1.11–114.05 0.041

Surgical margin status
R0 Ref
R1 3.21 1.21–8.53 0.019

ISUP Grade Group
1 Ref
2–3 3.39 × 108 / 1.00
4–5 1.79 × 109 / 1.00

Multivariate Logistic Regression

iPSA 1.13 1.00–1.28 0.054

pT
pT2 Ref
pT3 14.99 2.77–81.11 0.002

Lymphovascular invasion
No Ref
Yes 13.52 0.85–216.28 0.066

Surgical margin status
R0 Ref
R1 2.05 0.56–7.54 0.281

CI: Confidence Interval; PSA: Prostate Specific Antigen.
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4. Discussion

The goal of this study was to evaluate the safety of switching from SA-RARP to RS-
RARP by surgeons standardly performing SA-RARP. The results of this study show that
shifting from a standard anterior to a Retzius-sparing approach is indeed safe, without
a significant increase in high-grade complications or bleeding. The significantly longer
operative time and the higher proportion of positive intraoperative leakage tests in RS-
RARP that were encountered in this study can be attributed to the technical learning curve
a surgeon has to pass through, as was previously reported by Galfano et al. [15]. However,
since the duration of catheter stay and hospital stay were equal in both the RS-RARP and
SA-RARP groups in our study, the observed statistical differences in operative time and
positive leakage tests do not seem clinically relevant.

At every postoperative time point, continence was significantly better in the RS-RARP
group compared to the SA-RARP group. The two-week continence rate in the RS-RARP
group (84%) is higher compared to previously published data, in which early continence
rates of 51–76% have been reported [7,9,16–18]. Since our definition of continence was
similar to other published data [9,15,19–22], this could be due to small differences in
surgical approach and techniques, which we described in detail previously [11].

The one-year postoperative continence rate in our study was similar to previously
reported data, in which one-year continence rates after RS-RARP of 90–100% have been
reported [17,19–21,23,24]. The one-year continence rate after SA-RARP in our study is at
the lower bound of those reported in literature, which greatly vary between 70–95% [25,26].
When comparing the continence rate between the RS-RARP and SA-RARP at one year
postoperatively, a significantly higher continence rate remained in the RS-RARP group in
our study. The previously published literature is contradictory regarding this topic. Meta-
analyses of Rosenberg et al. [10], Phukan et al. [27], and Barakat et al. [14] did not show
a difference in one-year continence rates between RS-RARP and SA-RARP populations,
whereas meta-analyses of Checcucci, et al. [28] and Tai, et al. [29] did find a significant
difference in one-year continence rates between both groups. The significant difference in
continence rate between the RS-RARP and SA-RARP groups of this study may have been
influenced by uncontrolled confounders, as 8% of SA-RARP patients underwent previous
TURP, whereas none of the RS-RARP patients underwent TURP before.

After SA-RARP, the one-year continence rate varies substantially and is dependent on
several factors, including the surgeon’s experience and annual caseload [25]. The one-year
continence rate of RS-RARP, on the other hand, is rather similar between series [17,19–21,23,24].
This may explain the contradicting results of several meta-analyses comparing SA-RARP to
RS-RARP. Although both our surgeons were at the beginning of their learning curve for RS-
RARP, patients treated with RS-RARP already had good short- and long-term continence,
demonstrating that continence outcome may be less dependent on the surgeon’s experience
in RS-RARP compared to SA-RARP.

We observed no significant difference in erectile function recovery between SA-RARP
and RS-RARP patients. Of the preoperatively potent patients, 59% of the RS-RARP group
recovered its sexual function during follow-up. This is in line with previously published
results of Galfano et al. [15] and Egan et al. [21], who reported, respectively, 52% and
65.7% of potent preoperative patients regained their sexual function during follow-up.
A meta-analysis by Barakat et al. [14] also did not find a significant difference in erectile
function recovery between RS-RARP and SA-RARP.

A higher proportion of positive surgical margins was observed in the RS-RARP
group in this study. The overall positive surgical margin rate of 43% in our study was
higher compared to previously reported positive surgical margin rates of RS-RARP of
25–30.6% [15,19,30]. This may be related to the high number of 48% pT3 tumors in this
series, whereas Dalela et al. [19] (who reported a positive surgical margin rate of 25% in
RS-RARP) only reported on patients with low- or intermediate-risk prostate cancer. Our
high number of positive surgical margins in pT3 tumors of 64.6% is comparable to the
positive surgical margin rate of 67.5% in pT3b tumors of RS-RARP patients reported by
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Abdel Raheem et al. [30]. Furthermore, this positive surgical margin rate is comparable to
a previously published series of 1384 consecutive patients who underwent SA-RARP, in
which positive surgical margins of 60.5% were encountered in patients with pT3-4 [31].

Although a higher proportion of positive surgical margins occurred in the RS-RARP
group, no significant difference in biochemical recurrence was observed in comparison to
the SA-RARP group. The one-year biochemical recurrence-free survival was similar in both
groups, and the number of patients that needed salvage therapy was equal in both groups.

The one-year biochemical recurrence-free survival in the RS-RARP group of our study
(81.6%) is lower than the previously reported one-year biochemical recurrence-free survival
of 92.1% after RS-RARP [30], and the overall biochemical recurrence rate in the RS-RARP
group in this study (23%) is higher than the previously reported overall biochemical
recurrence rate of 14.8% after RS-RARP [30]. This may largely be explained by the high
number of locally advanced and high-risk tumors included in this study. Galfano et al.
reported similar biochemical recurrence results of 27.5% at an equal median follow-up
of 22 months in a high-risk prostate cancer patient cohort undergoing RS-RARP [32].
Furthermore, biochemical recurrence in this study was more strictly defined than in other
studies, in which biochemical recurrence was solely defined as PSA >0.20 ng/mL.

The significantly higher proportion of positive surgical margins in the RS-RARP group
may be influenced by different factors. First and foremost, the learning curve of the surgeon
has a crucial impact. Galfano, et al. reported that even after 50 cases the number of surgical
margins does not significantly decrease [15]. Secondly, we hypothesize that a proportion of
the positive surgical margins, as described in the pathology reports, may have been false
positive due to tears in the prostatic capsule caused by intraoperative traction. In such cases,
a ‘positive’ surgical margin would not have led to tumor tissue remaining in the surgical
field, thus not resulting in biochemical recurrence. With RS-RARP, the surgeon remains
closer to the prostate, and dissection is more blunt than sharp as compared to SA-RARP,
especially at the bladder neck and anterior prostate. This hypothesis is supported by the
fact that the higher number of positive surgical margins is not correlated with a higher
number of patients with a biochemical recurrence, although follow-up is sufficiently long
to establish biochemical recurrence. Furthermore, surgical margin status proved not to be
an independent predictor for biochemical recurrence in the RS-RARP group.

Different randomized controlled trials reported on a head-to-head comparison of
the SA-RARP and RS-RARP techniques. Asimakopoulos et al. [7] reported immediate
continence results of 21% and 51% after SA-RARP and RS-RARP, respectively (p = 0.001).
The recovery of urinary continence after RS-RARP was significantly faster with only 1 day
compared to 21 days for SA-RARP (p = 0.02). Overall positive surgical margins were
reported in 28.2% of RS-RARP cases, which was significantly higher than the 10.0% positive
surgical margins in the SA-RARP group. Biochemical recurrence was not assessed by
Asimakopoulos et al. Dalela et al. [19] reported significantly higher continence results for
the RS-RARP technique, with 71% of patients being continent 1 week after catheter removal
compared to 48 in the SA-RARP group (p = 0.01). The median time to continence was
2 and 8 days after catheter removal in the RS-RARP and SA-RARP groups, respectively
(p = 0.02). Overall, positive surgical margins occurred in 25% and 13% of the RS-RARP
and SA-RARP groups, respectively. However, only low and intermediate-risk prostate
cancer patients were included in this study. Qiu et al. [17] also reported significantly
higher immediate continence results of 69.1% after RS-RARP compared to 30.9% after
SA-RARP. No significant differences in PSMs (14.5% vs. 23.6% in SA-RARP and RS-RARP,
respectively) or BCR-FS were observed in this study.

Apart from these RCTs, different prospective and retrospective observational studies
compared the efficacy and safety of RS-RARP and SA-RARP cohorts. Umari et al. [8]
prospectively compared 201 SA-RARP to 282 RS-RARP patients. Immediate urinary conti-
nence was higher in the RS-RARP group (70.4% vs. 58.1%, p = 0.02). PSMs were reported
in 15.6% and 13.9% of RS-RARP and SA-RARP, respectively (p = 0.600), with 33.7% and
20.3% of PSMs in pT3 patients, respectively (p = 0.254).
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Lim et al. [18] compared data of 50 RS-RARP patients with 50 SA-RARP patients after
propensity-score matching. They reported an overall PSM rate of 14% in both RS-RARP and
SA-RARP patients (p = 1.00) and a PSM rate in pT3 disease of 41.7% and 22.2% for RS-RARP
and SA-RARP, respectively (p = 0.64). At 4 weeks postoperatively, 70% of RS-RARP patients
and 50% of SA-RARP patients were continent (p = 0.04). Lee et al. [33] compared data
from 609 RS-RARP patients with 609 SA-RARP patients after propensity-score matching.
No significant differences in complications or PSMs were observed between both groups.
The continence rates at 1 month postoperatively were 45% and 9.0% in the RS-RARP and
SA-RARP groups, respectively, which rose to 98% and 77% by month six postoperatively
(p < 0.001).

Egan et al. [21] retrospectively evaluated the results of 140 consecutive RARPs
(70 SA-RARP + 70 RS-RARP). No significant difference in complications was observed. At
12 months postoperatively, 97.6% and 81.4% of patients in the RS-RARP and SA-RARP
groups, respectively, were continent (p = 0.002). The time to continence recovery was
significantly faster in the RS-RARP group (44 vs. 131 days, p < 0.001). Positive surgical
margins were observed in 34.3% and 30.0% of RS-RARP and SA-RARP patients, respec-
tively (p = 0.590), with BCR occurring in 12.9% and 18.6% of patients in the RS-RARP and
SA-RARP groups, respectively (p = 0.357). However, the median follow-up of RS-RARP
patients was significantly shorter, reaching only 12.3 months.

Anil et al. [34] reported on an analysis of data from a cohort of 50 RS-RARP and
50 SA-RARP patients and retrospectively assessed the safety of the switch from an anterior
to a posterior approach. They did not report a significant difference in erectile function
recovery, early urinary continence recovery, continence recovery at 1 year postoperatively
or positive surgical margins. Biochemical recurrence was observed in 14% and 12% of
RS-RARP and SA-RARP patients, respectively (p = 0.766). Remarkably, no cT3 tumors were
included in this study.

This study has several limitations. Firstly, this is a non-randomized study that is
prone to bias. Patients with tumors close to the bladder neck or in the anterior part of
the prostate were actively withheld from inclusion in the RS-RARP group. This selection
bias may compromise the generalizability of the results of this study. Furthermore, the
retrospective analysis of the SA-RARP data is inextricably linked to a certain level of bias
in which missing data may have affected data analysis. Secondly, the Gleason score at the
positive surgical margin and the extent of positive surgical margins were not reported as
they are unknown. However, this information is highly relevant as some positive surgical
margins may harbor a large burden of aggressive disease, while others hold a low volume
of low-grade residual tumors. Since a lower Gleason score at the positive surgical margin
is independently associated with a shorter margin length and a decreased risk of early
biochemical recurrence [35], this information could have influenced the interpretation of
the results of this study. Thirdly, the follow-up of the RS-RARP group is shorter than the
follow-up of the SA-RARP group. This could have influenced the incidence of biochemical
recurrence and, with that, the need for salvage radiotherapy and the possible impact of such
therapies on functional outcomes. Nevertheless, we are convinced that the follow-up is
sufficiently long to allow a reliable interpretation of the oncological and functional outcomes
and, thus, a reliable comparison of both groups. Thirdly, erectile function was evaluated by
questioning patients at each follow-up visit. However, validated questionnaires were not
used to assess erectile function, which may have influenced the erectile function outcome
assessment. Finally, this is a single institution evaluation from a tertiary center with a
relatively small sample size, which may influence the generalizability of the results.

5. Conclusions

The transition from SA-RARP to RS-RARP can be performed safely by surgeons
proficient in SA-RARP without a significant increase in complications, intraoperative blood
loss, catheter duration, or hospital stay. In our hands, functional results of RS-RARP are
significantly better with higher proportions of continent patients at any time point after
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surgery. Oncologically, a higher proportion of positive surgical margins was observed,
although this did not lead to worse oncological outcomes at 22 months follow-up. Further
follow-up is necessary to validate these results. Patients eligible for RS-RARP should be
informed about the higher risk of positive surgical margins.
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