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Objective: To compare the early and long-term recovery outcomes of post-prostatectomy incontinence (PPI) among patients 
undergoing Retzius-sparing robotic-assisted laparoscopic prostatectomy (RS-RARP), conventional 2-layer reconstruction, and con
ventional 3-layer total reconstruction.
Methods: We conducted a retrospective cohort study of 79 patients who underwent RARP by at a single tertiary center. Patients were 
grouped as RS-RARP (n=19), 2-layer RARP (n=30), and 3-layer RARP (n=30). The primary outcome was PPI recovery, defined as 
“pad-free”, which was evaluated at immediate, 1, 3, and 6 months after RARP to distinguish between early (immediate/1 month) and 
long-term (3/6 months) outcomes. Secondary outcomes included cystographic parameters like bladder neck (BN) angle and BN 
downward distance. Statistical analysis utilized ANOVA and Chi-square tests, with p<0.05 considered significant.
Results: All three groups achieved excellent long-term continence rates (≥96.7% at 6 months, p=0.723). The RS-RARP group 
demonstrated a borderline statistical advantage of early PPI recovery at the immediate timepoint (89.5% vs. 60.0% in the other two 
groups, p=0.049). A similar favorable clinical trend was observed at the 1-month follow-up, though the difference did not reach 
statistical significance (p=0.251). Cystographic analysis revealed a significant difference in mean BN angle (p=0.001): 128.5∘for RS- 
RARP, 107.7∘for 2-layer RARP, and 120.1∘for 3-layer RARP.
Conclusion: All three RARP techniques yield excellent long-term continence rates. RS-RARP demonstrated a favorable advantage in 
immediate PPI recovery, which supports the benefit of anterior structure preservation. However, the observed significant anatomical 
difference in BN angle did not translate into a statistically significant functional difference in long-term PPI recovery, highlighting the 
multifactorial etiology of continence restoration.
Keywords: robotic assisted radical prostatectomy, RARP, urinary incontinence, post-prostatectomy incontinence, RS-RARP, posterior 
repair, 3-layer reconstruction

Introduction
Prostate cancer remains a formidable global health challenge, and radical prostatectomy (RP) is the established standard 
of care for localized disease. The evolution of robotic-assisted laparoscopic prostatectomy (RARP) has refined the 
surgical approach, offering demonstrable benefits such as reduced blood loss, shorter hospital stays, and accelerated 
convalescence compared to traditional open surgery. Despite these technical advancements, however, post-prostatectomy 
incontinence (PPI) persists as a significant complication that substantially compromises a patient’s quality of life (QoL). 
Although high long-term continence rates are generally achieved, the period of early PPI can be profoundly psycholo
gically distressing for patients. Maximizing the preservation of urinary function remains a critical objective in modern 
urological surgery.1,2
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In pursuit of this functional goal, numerous technical modifications and reconstruction methods have been developed 
to enhance continence outcomes.3 The Retzius-sparing RARP (RS-RARP) technique, first described by Galfano et al in 
2010,4 represents a substantial methodological divergence from the conventional anterior approach. By avoiding 
dissection of the Retzius space, this technique is specifically designed to preserve the pubovesical complex and other 
critical anterior anatomical structures that support the bladder neck and urethra. Several studies have reported that RS- 
RARP is associated with a superior rate of early PPI recovery compared to conventional RARP, with some randomized 
controlled trials and meta-analyses demonstrating a significant short-term benefit, although long-term outcomes tend to 
converge.5,6

Conversely, conventional RARP techniques often prioritize meticulous reconstruction of the vesicourethral anasto
mosis to enhance PPI recovery [R4]. This encompasses sophisticated multi-layer reconstruction approaches aimed at 
supporting the residual urethral sphincter complex and mitigating anatomical distortion. For instance, conventional 
RARP with posterior wall repair or 3-layer reconstruction aims to provide robust support and re-establish the normal 
anatomical relationships of the pelvic floor.7–11 While these reconstruction techniques have proven effective, a direct 
head-to-head comparison evaluating the RS-RARP technique alongside 2-layer and 3-layer reconstructions within 
a single institution remains limited. Consequently, how these three distinct anatomical strategies differ in balancing 
early versus long-term functional recovery within the same clinical setting remains poorly defined.

To address this research gap, we conducted a retrospective cohort study to compare three distinct RARP techniques: 
RS-RARP, conventional 2-layer RARP (with posterior wall repair), and conventional 3-layer total reconstruction RARP 
(with posterior and anterior repair) within a single institutional context. The primary objective was to assess differences 
in PPI recovery rates at multiple post-operative time points and to investigate the role of post-operative cystography 
parameters, specifically the bladder neck (BN) angle and BN downward distance. These radiographic metrics provide an 
objective means to evaluate urinary tract restoration, as a wider BN angle reflects a more anatomically stable bladder 
base to withstand abdominal pressure, while a minimized downward distance indicates superior pelvic floor support.

Materials and Methods
This was a retrospective cohort study of 79 male patients who underwent RARP for localized prostate cancer at a single 
institution between 2015 and 2021. Prior to surgery, all patients were discussed within our institutional multidisciplinary 
team. Once RARP was confirmed as the recommended treatment option, patients underwent the procedure following 
thorough counseling. The specific surgical technique was selected based on the clinical judgment of the attending 
surgeon in alignment with the patient’s informed preference. The requirement for informed consent was waived by the 
Institutional Review Board (IRB) due to the retrospective nature of this case study. All surgical procedures were 
performed by two experienced surgeons (both with more than 200 cases before the cases enrolled in this study) to 
minimize inter-surgeon variability. Patients were categorized into three groups based on the surgical technique utilized: 
RS-RARP (n=19), conventional 2-layer RARP (n=30), and conventional 3-layer RARP (n=30).

Patient data were retrospectively collected from electronic medical records. The patient demographics and clinical 
characteristics were compiled for analysis, such as age, body mass index (BMI), initial PSA (iPSA), biopsy Gleason 
Score, and clinical T stage. Surgical and cystography parameters including BN sparing status, neurovascular bundle 
(NVB) preservation, BN angle and downward distance, and the presence of anastomotic leakage were also collected, 
while the cystographic parameters were measured on post-operative cystograms. Anastomotic leakage on cystography 
was indicated by contrast medium extravasation at the urethra-bladder neck junction. The BN angle was measured as the 
angle between the bladder neck and the bilateral bladder margins over the pelvic inlet, while the BN downward distance 
was defined as the length of the bladder neck below the lower margin of the pelvic inlet.

The primary outcome was PPI recovery, defined as a “pad-free” state (including the use of a pad for prevention only, 
but not actually needed). PPI recovery was assessed at immediate post-catheter removal and at 1-, 3-, and 6-months post- 
surgery.

All patients underwent a transperitoneal RARP using a 4-arm da Vinci Surgical System. For the 2-layer and 3-layer 
RARP groups, the extraperitoneal space was accessed, and the prostate was dissected using a standard anterior approach. 
Bladder neck sparing was performed whenever feasible. The 2-layer technique included a posterior wall repair with the 
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musculofascial posterior plate, while the 3-layer technique involved additional anterior reconstruction to restore the 
previously dissected periurethral tissue, pubovesical ligaments, and endopelvic fascia. For the RS-RARP group, the 
procedure was performed through the posterior approach, without violating the Retzius space, to preserve the anterior 
anatomical attachments of the bladder neck and urethra. The three surgical techniques were illustrated in Figure 1.

Univariate analysis was conducted to compare continuous and categorical variables among the three surgical groups. 
One-way ANOVA was used for continuous variables, and the Chi-square or Fisher’s exact test was applied for categorical 
variables. A p-value of less than 0.05 was considered statistically significant. Given the exploratory nature of this study, 
p-values were reported without formal adjustment for multiple time-point comparisons. A Bonferroni-corrected threshold 
of p< 0.0125 (0.05/4 time points) was utilized as a reference for strict statistical significance. Statistical analysis was 
performed using IBM SPSS version 22 (SPSS Inc).

Results
A total of 79 patients were included in the study cohort. The mean age was 66.5 ± 6.25 years, and the mean BMI was 
25.8 ± 3.3 kg/m2. Baseline demographic and clinical characteristics, including age, iPSA, and prostate volume, were 
comparable across the RS-RARP (n=19), 2-layer RARP (n=30), and 3-layer RARP (n=30) groups, with no statistically 
significant differences observed (p>0.05). The detailed characteristics were listed in Table 1.

Surgical and cystographical parameters between the groups were compared and listed in Table 2. The rate of bladder 
neck (BN) sparing varied significantly (p=0.008), with 89.5% (17/19) of patients in the RS-RARP group, 60.0% (18/30) 
in the 2-layer RARP group, and 90.0% (27/30) in the 3-layer RARP group undergoing BN sparing. Furthermore, the 
bladder neck angle, as measured on cystography, was also significantly different among the groups (p=0.001), with mean 
angles of 128.5° ± 20.2°, 107.7° ± 17.5°, and 120.1° ± 16.7° for the RS-RARP, 2-layer RARP, and 3-layer RARP groups, 
respectively. Neurovascular bundle preservation rates were not significantly different between the groups (p=0.976).

Regarding functional outcomes, PPI recovery rates were assessed at multiple time points. Although the RS-RARP 
group demonstrated numerically higher rates of continence recovery at immediate post-catheter removal (89.5% vs. 
60.0% for the other two groups), 1 month (94.7% vs. 76.7% and 83.3%), and 3 months (100% vs. 90.0% and 93.3%), 
these differences did not achieve statistical significance (p=0.059, p=0.251, p=0.373, respectively). However, in pairwise 
comparisons, the RS-RARP group demonstrated a borderline statistical advantage in immediate dry rate when compared 
with the other two reconstruction groups (p=0.049). This difference did not retain strict significance after Bonferroni 
correction (p< 0.0125). Consequently, this finding should be interpreted cautiously as a favorable clinical trend. At 6 
months post-surgery, all three groups achieved excellent continence rates (RS-RARP: 100.0%, 2-layer RARP: 96.7%, and 
3-layer RARP: 96.7%), and the differences were not statistically significant (p=0.723). The detailed data and illustrated 
figure were shown as Table 2 and Figure 2.

Figure 1 Illustration of 3 different surgical techniques. (A) 2-layer RARP, (B) 3-layer RARP, (C) RS-RARP.
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Table 1 Clinicopathological Patient Characteristics

Mean/N SD, range/percentage

General Characteristics

Age 66.5 6.25, 48–80 Year-old
Height 166.6 5.5, 154.8–184.6 cm

Weight 71.5 9.9, 48.3–96.5 kg

BMI 25.8 3.3, 17.6–34.5 kg/m2
Prostate volume 44.2 18.3–114.3 gm

Previous TURP Yes 5 6.30%

No 79 93.70%

Tumor Characteristics

Initial PSA 20.6 31.0, 1.9–227.0 ng/mL

Biopsy GS ≦6 9 11.4%

7 50 63.3%
8 5 6.3%

≧9 14 17.7%

Clinical stage cT1 3 7.6%
cT2 53 67.1%

cT3 23 29.1%

Surgical Characteristics

Surgery method RS 19 24.10%
2-layer 30 38.00%

3-layer 30 38.00%

NVB preservation No 12 15.2%
Unilateral 13 16.5%

Bilateral 54 68.4%

Bladder neck sparing Yes 62 78.5%
No 17 21.5%

Surgical margin Negative 38 51.9%

Positive 41 48.1%

Functional outcome

AUR after Foley removal Yes 5 6.30%

No 74 93.70%

PPI Recovery Time Immediate 53 67.1%
4 weeks 66 83.5%

12 weeks 74 93.7%
24 weeks 77 97.5%

Undetectable PSA <0.1 Yes 58 73.4%

No 21 26.6%
Undetectable PSA <0.025 Yes 43 54.4%

No 36 45.6%

BCR Yes 35 44.3%
No 44 55.7%

Abbreviations: BMI, body mass index; PSA, prostate specific antigen; EBL, estimated blood loss; NVB, 
neurovascular bundles; PPI, post-prostatectomy incontinence.

https://doi.org/10.2147/CMAR.S604780                                                                                                                                                                                                                                                                                                                                                                                                                                                   Cancer Management and Research 2026:18 4

Lin et al                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 2 Clinical Comparison Between Different Surgical Methods

RS-RARP 2-Layer RARP 3-Layer RARP Univariate Analysis

(N=19) (N=30) (N=30) p value

Clinical Parameters

Age 65.4 ± 7.3 67.1 ± 5.9 64.5 ± 5.9 0.281
Body height 165.6 ± 5.1 167.4 ± 5.5 166.3 ± 5.8 0.550

Body weight 69.7 ± 6.8 72.5 ± 12.2 71.5 ± 9.3 0.642

BMI 25.4 ± 2.9 25.8 ± 3.9 25.9 ± 3.1 0.877
iPSA 18.4 ± 20.0 30.1 ± 45.4 12.4 ± 10.5 0.067

Prostate volume 37.1 ± 12.8 50.1 ± 20.5 42.8 ± 20.8 0.080

Previous TURP
Yes 0 (0%) 1 (3.3%) 4 (13.3%) 0.121

No 19 (100%) 29 (96.7%) 26 (86.7%)
T stage

T2 10 (52.6%) 16 (53.3%) 18 (60%) 0.446

T3 9 (47.4%) 14 (46.7%) 12 (40%)

Surgical Parameters

NVB preservation

No 2 5 5 0.976

Unilateral 3 5 5
Bilateral 14 20 20

BN sparing

No 2 12 3 0.008**
Yes 17 18 27

Cystography Parameters

Downward BN 0.64 ± 0.84 1.05 ± 0.66 1.00 ± 0.53 0.094

BN angle 128.5 ± 20.2 107.7 ± 17.5 120.1 ± 16.7 0.001**
Anastomosis leakage

No 15 17 25 0.157

Yes 4 12 5

PPI Recovery

Immediate dry

Yes 17 18 18 0.059

No 2 12 12
Dry on 1M

Yes 18 23 25 0.251

No 1 7 5
Dry on 3M

Yes 19 27 28 0.373

No 0 3 2
Dry on 6M

Yes 19 29 29 0.723

No 0 1 1

Note: **p value< 0.01. 
Abbreviations: PSA, prostate specific antigen; BMI, Body mass index; TURP, transurethral resection of prostate; BN, 
bladder neck; NVB, neurovascular bundle.
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Figure 2 Comparison of PPI outcome between 3 different surgical techniques.
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Discussion
In the context of surgical anatomy, multiple factors have been identified to influence continence recovery.12 These 
include maximizing urethral length, careful management of the dorsal vein complex, intrafascial nerve-sparing techni
ques, BN sparing approaches, preservation of the puboprostatic ligaments, and restoration of urethral anatomical support. 
During the reconstructive phase, which aims to restore anatomy, three principal techniques have been developed for 
RARP beyond the standard urethro-vesical anastomosis: posterior repair (PR),7 anterior reconstruction (AR),8 and total 
reconstruction (TR).9,10 In contrast to these reconstruction methods, RS-RARP employs a preservation strategy, main
taining the pubovesical complex and other crucial anterior anatomical structures supporting the bladder neck and urethra 
to facilitate early PPI recovery. Both the reconstruction and preservation methods ultimately aim to enhance the recovery 
of PPI. Our previous research demonstrated that the recovery of PPI following RARP was correlated to preoperative 
patient status, intraoperative reconstructive techniques, and postoperative bladder neck position.10 In the current study, 
we further stratified patients by surgical approach to compare the impact of different pelvic floor preservation and 
reconstruction techniques on PPI recovery. Due to a paucity of direct comparisons between RS-RARP and conventional 
RARP with posterior repair or total reconstruction, most existing comparisons are based on systemic reviews and meta- 
analyses.

This retrospective cohort study compared the efficacy of three distinct RARP techniques on post-operative continence 
recovery. The primary findings indicate that all three techniques yield excellent long-term PPI recovery rates (over 96% 
at 6 months). Notably, intergroup analyses revealed that the RS-RARP group demonstrated a borderline statistical 
advantage in immediate PPI recovery (p=0.049), which should be interpreted cautiously as an encouraging clinical 
trend rather than a definitive conclusion. Although this significant superiority did not remain in PPI recovery at 1, 3, and 
6 months. The advantage of the RS-RARP group in achieving early continence is consistent with findings from several 
other reports. A retrospective case series by Liao et al13 found that RS-RARP provided a significantly better immediate 
continence result compared to the retropubic approach (75.6% vs. 26.1%).13 Similarly, a large propensity score-matched 
analysis of 1863 patients by Lee et al14 demonstrated that RS-RARP was associated with a significantly superior PPI 
recovery rate over a 6-month period.14 Another comparative study found that RS-RARP resulted in a significantly higher 
proportion of continent patients at all time points up to 12 months, though it was concurrently associated with a higher 
positive surgical margin rate.15

The mechanism underlying the early continence benefit of the Retzius-sparing approach is widely believed to be the 
preservation of crucial anatomical structures within the anterior pelvic space.2 By leaving the pubovesical complex, 
detrusor apron, and other supporting ligaments intact, the bladder neck and urethra maintain their natural anatomical 
suspension. This preservation may prevent the downward displacement of the bladder neck and sustain the optimal 
vesicourethral junction angle, both of which are critical for immediate PPI recovery. Our study’s finding that the RS- 
RARP group had the largest mean BN angle (128.5∘) supports this hypothesis, suggesting a less distorted vesicourethral 
junction compared to the conventional groups.

In addition to the PPI recovery comparison, we performed an analysis of post-operative cystography patterns. Post- 
operative cystography has become a valuable modality for assessing the anatomical outcomes of surgery and predicting 
continence recovery. Features such as the BN angle, the position of the bladder neck relative to the pubic symphysis, and 
the presence of anastomotic leakage have been identified as key predictors of PPI recovery.16 A narrow vesical angle and 
a downward-positioned bladder neck are associated with a slower and less favorable recovery of urinary control.17,18 

Therefore, analyzing these parameters alongside functional outcomes provides critical insight into the mechanisms by 
which different surgical techniques affect continence. Our study found a statistically significant difference in the BN 
angle among the three groups, with the 2-layer RARP group having the sharpest mean angle (107.7∘). However, this 
anatomical difference did not translate into a statistically significant difference in PPI recovery.

Our results, demonstrating a significant anatomical difference in the BN angle, yet lacking a corresponding significant 
functional difference in continence, may suggest that while the BN angle is an important factor, it is not the sole 
determinant of continence recovery. Other variables, such as the functional integrity of the urethral sphincter complex, 
the length of the membranous urethra, and overall pelvic floor muscle tone, are also crucial.5 Beyond these surgical 
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factors, BMI and postoperative management play pivotal roles in functional outcomes. An increased BMI is frequently 
associated with a larger prostate volume and increased intrapelvic fat, which restricts the pelvic working space, thereby 
escalating the technical difficulty of apical dissection and subsequent reconstruction. Furthermore, post-operative 
interventions, ranging from early pelvic floor muscle training and medical therapies to subsequent anti-incontinence 
procedures, represent significant clinical confounders that can actively alter the observed long-term PPI recovery 
timeline. Accounting for these baseline characteristics and treatment modalities is essential for an accurate, multi
dimensional evaluation of continence rehabilitation.19,20 The anatomical reconstruction techniques, such as the 2-layer 
and 3-layer approaches, may potentially compensate for a sub-optimal BN angle through other mechanisms, such as 
increasing the functional urethral length or providing robust posterior support.21 This complexity underscores the 
multifactorial nature of post-operative continence and the imperative for a holistic view that considers both anatomical 
and functional factors.

This study is subject to several limitations. Its retrospective, single-center design limits the generalizability of the 
findings to other institutions. The relatively small sample size, particularly in the RS-RARP group (n=19), represents 
a significant limitation. To address this, a post-hoc power analysis was performed for the immediate PPI recovery rate 
(89.5% vs. 60.0%), yielding a statistical power of 67.6%. This indicates that while a favorable clinical trend is evident, 
the comparison was somewhat underpowered to establish an absolute functional superiority, leaving a small possibility 
of a Type II error. Based on our observed effect size (h = 0.71), a future balanced prospective study would require at 
least 32 patients per arm to achieve a standard statistical power of 80%. Therefore, the borderline p-value (p=0.049) 
should be interpreted with appropriate caution, serving as an encouraging signal for further large-scale validation. 
Furthermore, the definition of continence as a pad-free binary outcome does not fully capture the complete spectrum 
of urinary control, such as the use of one safety pad per day or occasional leakage. Future studies should adopt more 
objective and standardized measures of incontinence, including the 24-hour pad weight test and validated patient- 
reported outcome measures such as the I-QOL and IIQ-7 questionnaires, to provide a more precise and multi
dimensional assessment of functional recovery.22,23 Additionally, technique assignment was inherently surgeon- 
dependent, as each surgical technique was primarily performed by a specific experienced surgeon. Therefore, surgeon- 
related factors may have partially influenced the observed outcomes despite all surgeons having surpassed their 
learning curves. Future prospective studies utilizing a single-surgeon design across different technical arms are 
warranted to minimize this potential confounding effect. Ultimately, a larger randomized controlled or multi-center 
trial would be necessary to confirm the observed numerical trends and to establish the definitive clinical superiority 
regarding early PPI recovery.

Conclusion
In conclusion, this exploratory study suggests that all three RARP techniques examined in this study, including 
RS-RARP, 2-layer RARP, and 3-layer RARP, result in excellent long-term continence rates. The functional 
advantage of the RS-RARP technique was strictly limited to a favorable clinical trend benefit in the immediate 
dry rate, with no sustained statistical significance observed at the 1-, 3-, and 6-month follow-up. This observed 
pattern, supported by existing literature, highlights the potential benefit of preserving the anterior anatomical 
structures for short-term PPI recovery. While cystography revealed significant differences in bladder neck angles 
between the groups, this did not translate to a statistically significant difference in long-term continence, 
emphasizing that PPI recovery is a complex, multifactorial process. However, given the exploratory nature, 
small sample size, and lack of multivariate control in this series, these findings should be interpreted with caution 
as hypothesis-generating clinical trends. Future large-scale, prospective studies are warranted to further investigate 
the nuanced interplay between surgical technique, anatomical reconstruction, and the functional recovery of 
continence following RARP.

Data Sharing Statement
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