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Aim: The Robosling technique is a novel autologous fascial sling which supports the urethrovesical anastomosis in robotic radical 
prostatectomy (RARP) and has shown promise in improving early continence. Although curative surgery for prostate cancer is 
uncommonly offered to elderly patients aged ≥75, increase in active surveillance and overall life expectancy challenges this paradigm, 
though continence remains a challenge in this cohort. We sought to investigate the role of the Robosling technique in elderly patients 
to promote early return of continence.
Methods: Our prospective RARP database (2016–2023) was analysed, recording demographic, surgical, pathological and functional 
outcomes. The primary endpoint was defined as pad-free continence, 1-year post-operatively. Patients aged ≥75 undergoing RARP 
with or without Robosling were compared using Chi-square/Fisher-exact and t-tests with p<0.05 considered significant. Multinomial 
logistic regression was performed to account for confounders.
Results: 62 patients were included in the analysis (Robosling n=24). No significant differences were detected in surgical or 
pathological outcomes. Robosling was associated with improved pad-free continence rates from 6-months post-operatively (62.5% 
vs 30.0%, p=0.018) and sustained at 1-year (79.2% vs 30.0%, p<0.01). Mean pad-use was lower in the Robosling cohort at all time 
points (0.21 vs 1.0 pads at 1-year, p<0.05). On multivariate analysis, Robosling remained independently associated with improved pad- 
free continence (OR 0.11, 95% CI 0.03–0.37, p<0.001).
Conclusion: The Robosling technique is associated with significantly improved early and sustained pad-free continence rates in the 
elderly population in this single-surgeon study. While patient selection remains paramount, this intraoperative technique may mitigate 
a key quality-of-life concern in this cohort.
Keywords: prostate cancer, prostatectomy, elderly, procedure, robotic surgical, treatment outcome, urinary incontinence

Introduction
Curative surgery is uncommonly offered to elderly patients aged 75 and over for localised prostate cancer as traditionally, 
the survival benefits from a usually indolent disease are not considered to outweigh the significant adverse effects to 
quality-of-life following surgery.1 However, increasing overall life expectancy and advances in technical aspects of 
robotic-assisted radical prostatectomy (RARP) have challenged this paradigm.

Reported quality-of-life outcomes following RARP, particularly continence, have yielded discordant results, owing to 
differences in techniques, patient selection and inconsistencies in definition. However, cohorts examining elderly patients 
have consistently revealed higher rates of incontinence. Gondoputro et al reported only half of patients ≥75 years having 
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pad-free continence 1-year post-operatively, significantly lower when compared with matched younger counterparts.2 

Similarly, Mandel et al report continence rates of 86.5%, utilising a definition of continence as one safety pad per day, 
compared with over 90% in patients <70 years.3 Reducing the burden of incontinence in these patients can, therefore, be 
considered the rate-limiting step in considering proceeding with RARP.

We had previously demonstrated the possibility of equivalency in surgical, oncological and functional outcomes 
in elderly patients, with findings suggesting aspects of the technique serving a role in continence preservation.4 The 
Robosling, the primary continence technique utilised in this study, is a vascularised sling fascial flap, anchored to 
the pectineal ligaments bilaterally, to support the urethrovesical anastomosis (Figure 1). Robosling has been 
demonstrated to provide both early and sustained continence post-RARP in a non-randomised, prospective cohort 
setting.5

The aim of this study was to assess the utility and efficacy of the Robosling technique in reducing the burden of 
incontinence in elderly patients undergoing RARP.

Subjects and Methods
Study Design and Setting
Consecutive patients treated by four surgeons with RARP for localised prostate cancer at our two centres (Royal Prince 
Alfred Hospital, Chris O’Brien Lifehouse) between October 2016 to December 2023 were considered for the study. Data 
was analysed retrospectively from a prospectively maintained database RARP patients are routinely enrolled in. We 
performed subgroup analysis of the elderly population (≥75 years) to compare whether the use of the Robosling 
technique was associated with improved early and sustained continence. Robosling was performed by one surgeon, 
whilst all surgeons contributed to the control cohort.

Figure 1 The Robosling technique: (A) peritoneum is dissected off the posterior detrusor, (B) tunnelled underneath the bladder, (C) incorporated into the Rocco stitch and 
(D) tensioned laterally to the pectineal ligament.
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Technique
All patients in the study underwent RARP with the da Vinci surgical robot system (da Vinci Xi, Intuitive Surgical 
Incorporation, Sunnyvale, CA) with a transperitoneal anterior, six-port technique. Surgeon discretion was employed to 
determine indication for nerve-sparing, bladder neck reconstruction and pelvic lymph node dissection. The Rocco suture 
re-approximation of Denonvillier’s, posterior detrusor and posterior sphincter was routinely incorporated in the 
Robosling technique.

The Robosling technique utilises an autologous vascularised fascial flap of peritoneum, harvested from the posterior 
aspect of the bladder prior to mobilisation. A broad base is maintained to ensure vascularity (Figure 1A). Following the 
prostatectomy, lymph node dissection (where relevant) and haemostasis, the peritoneal flap is transferred under the 
bladder (Figure 1B) and incorporated into the rectourethralis and bladder neck using a 3–0 V-Loc suture as the Rocco 
suture (Medtronic®, Minneapolis, USA) (Figure 1C). After vesico-urethral anastomosis, the corners of the fascial sling 
are then suture tensioned to the inguinal ligament of Cooper using a 3–0 V-Loc suture and secured with two Hem-o-lok 
clips (Teleflex®, Philadelphia, USA) (Figure 1D). As these sutures are tensioned, the anastomosis, posterior detrusor and 
sphincter are lifted upwards.

Variables and Study Outcomes
Patients were analysed for baseline demographic (age, body mass index [BMI], prostate-specific antigen [PSA], prostate 
volume), pathological (ISUP [International Society of Urological Pathology] Grade Group on biopsy, pathological 
T-score, positive surgical margin, pelvic lymph node dissection) and technical variables (bladder neck reconstruction, 
nerve sparing status, Robosling, use of Rocco suture).

Post-operatively, patients were followed up routinely at 6 weeks, 3, 6 and 12 months. The primary endpoint was 
complete continence at 1-year measured as zero-use of incontinence safety pads per 24-hours. Secondary endpoints 
included absolute number of incontinence pads per day, total operating time (min), blood loss (mL), 30-day complication 
rate (Clavien-Dindo classification I–IIIa/IIIb-IV), biochemical recurrence at 1-year (defined as PSA > 0.02ng/L).

Statistical Methods
Cohorts were compared with Chi-squared and Fisher-exact tests (categorical variables) and t-tests (continuous variables). 
Univariate logistic regression was performed to determine relationship between baseline and technical variables with 
pad-free continence at the 1-year endpoint. Variables with significant association on univariate analysis (p<0.1) were 
entered into a backward multivariate regression model to determine adjusted odds ratios (aOR) with p<0.05 considered 
statistically significant. Statistical analysis was performed using Statistical Package for Social Science (SPSS version 
31.0, IBM, USA).

Ethics approval with a waiver of consent was approved for this manuscript by the institutional Human Research 
Ethics Committee (Sydney Local Health District Human Research Ethics Committee, approval number X23-0292). 
Waiver of consent was pursued due to the quantity of records and participation carrying no more than low risk. Patient 
confidentiality was maintained by de-identification of data. The study was conducted in accordance with the ethical 
principles stipulated by the Declaration of Helsinki.

Results
A total of 64 patients were included in the study (Robosling; n=24, control; n=40). Baseline demographic, intraoperative 
technical and pathological variables are compared in Table 1. Both cohorts displayed similar characteristics in terms of 
age, BMI, PSA and pathology although the Robosling group had an overall larger prostate volume (50.0 mL vs 29.3 mL, 
p=0.026) and fewer bladder neck reconstructions performed (0% vs 60%, p<0.001).

Primary Outcomes
Overall, the Robosling cohort was associated with significantly improved pad-free continence at 1-year post-operatively 
(79.2% vs 30.0%, p<0.001), with results displayed in Table 2. Significant differences in proportion of patients who were 
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pad-free were detected from 6-months post-operatively. Mean pad usage over 24 hours was lower in the Robosling cohort 
at all post-operative timepoints (6-weeks; 1.42 vs 2.15, p=0.021, 1-year; 0.21 vs 1.03 pads, p=0.002).

Significant and relevant baseline demographic and technical characteristics of prostate volume, operating surgeon, 
nerve spare status, bladder neck reconstruction were included into the multivariate regression analysis to account for 

Table 1 Baseline Demographic, Intraoperative Technical and Pathological 
Variables Compared Between Cohorts

Characteristics Robosling Control p

N 24 40

Age, years 76.7 (1.34) 76.3 (1.55) 0.308

BMI, kg/m2 26.46 (2.69) 26.27 (3.46) 0.818

PSA, preoperative, ng/L 10.82 (12.85) 8.82 (4.54) 0.383

Prostate volume, mL 50.0 (19.31) 29.3 (9.11) 0.026

ISUP Grade Group on biopsy, n (%) 0.588
1 0 (0) 1 (2.5)

2 8 (33.3) 11 (25.0)

3 6 (25.0) 9 (22.5)
4 5 (20.8) 5 (12.5)

5 5 (20.8) 15 (37.5)

Pathological T-score, n (%) 0.422

T2 7 (29.2) 14 (35.0)

T3 17 (70.8) 27 (65.0)

Pelvic lymph node dissection, n (%) 18 (75.0) 18 (45.0) 0.019

Bladder neck reconstruction, n (%) 0 (0) 24 (60.0) < 0.001

Nerve sparing, n (%) 7 (29.2) 9 (22.5) 0.551

Rocco suture, n (%) 24 (100) 39 (97.5) 0.435

Note: Statistically significant results (p<0.05) have been indicated by bold text.

Table 2 Post-RARP Continence, Defined by Pad-Free Proportion 
and Pad-Use Rates Compared Between Cohorts

Outcome Robosling Control p

Continence, zero-pad use, n (%)
6 weeks 6 (25.5) 4 (10.0) 0.157

3 months 9 (37.5) 6 (15.0) 0.066

6 months 15 (62.5) 12 (30.0) 0.018
1 year 19 (79.2) 12 (30.0) < 0.001

Continence, mean pad use
6 weeks 1.42 (1.25) 2.15 (1.44) 0.021
3 months 0.96 (0.96) 1.95 (1.41) 0.002
6 months 0.38 (0.50) 1.08 (0.94) <0.001
1 year 0.21 (0.42) 1.03 (1.33) 0.002

Note: Statistically significant results (p<0.05) have been indicated by bold text.
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confounders (Table 3). Robosling was the only variable associated with pad-free continence at 1-year post-operatively 
(OR 0.11, 95% CI 0.03–0.37, p<0.001) on multivariable analysis.

Secondary Outcomes
Outcomes of surgical and oncological safety are summarised in Table 4. Operating time and blood loss were higher in the 
non-Robosling cohort. The non-Robosling cohort was also associated with increased overall length of stay (3.54 vs 2.32 
days, p=0.007). Major complication (defined as Clavien-Dindo Grade III or higher) was higher in the Robosling cohort 
(8.3 vs 2.5%, p=0.551) but was not statistically significant as overall rates were low. No statistically significant 
differences were detected between the two cohorts in terms of surgical margin positivity (25% vs 37.5%, p=0.30) and 
biochemical (PSA) recurrence rates at 1-year post-operatively (8.3% vs 12.5%, p=0.48).

Table 3 Association Between Post-Operative Incontinence (Any Pad Usage) at 1-Year Post-Operatively with 
Baseline Characteristics from Logistic Regression Analysis

Variable Univariate Analysis Multivariate Analysis

R2 Coefficient (95% CI) p R2 Coefficient (95% CI) p

Pre-operative prostate volume 0.023 1.02 (0.94–1.12) 0.607 0.212

Positive surgical margin 0.006 1.40 (0.49–4.00) 0.533

Nerve spare 0.008 0.66 (0.21–2.06) 0.472

T3 disease 0.021 1.87 (0.64–5.42) 0.250

Operating time 0.033 2.23 (0.75–6.65) 0.151

Blood loss 0.065 2.93 (1.04–8.26) 0.042 1.72 (0.50–5.85) 0.388

Robosling 0.212 0.11 (0.03–0.37) < 0.001 0.11 (0.03–0.37) <0.001

Bladder neck reconstruction 0.175 7.06 (2.17–22.97) 0.001 2.96 (0.73–11.93) 0.128

Surgeon 0.147 0.36 (0.17–0.76) 0.008 0.75 (0.36–1.56) 0.435

Note: Statistically significant results (p<0.05) have been indicated by bold text.

Table 4 Secondary Outcomes (Surgical and Pathological) Compared 
Between Cohorts

Outcome Robosling Control p

n 24 40

Operating time, hr 3.13 (0.9) 5.29 (1.4) <0.001

Blood loss, mL 150 (175) 300 (275) <0.001

Length of stay, days 3.54 (2.25) 2.32 (0.75) 0.007

Complications, ≥C-D Grade III, n (%) 2 (8.3) 1 (2.5) 0.551

Positive surgical margin, n (%) 6 (25) 15 (37.5) 0.303

Biochemical recurrence at 1-year, n (%) 2 (8.3) 5 (12.5) 0.702

Note: Statistically significant results (p<0.05) have been indicated by bold text.
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Discussion
Our results demonstrate minor alterations to surgical technique can result in significant improvements in the short- and 
longer-term continence of elderly men undergoing RARP. The odds of incontinence requiring any pad use were nearly 
90% lower following RARP with Robosling compared to without, accounting for covariates.

Importantly, we have demonstrated that this technique does not compromise on the primary objective of RARP in 
oncological safety, illustrated by the equivalence in surgical margin positivity and biochemical recurrence rates, at least 
in the short term. Disease severity in this study population was relatively high, with T3 or higher disease in around two- 
thirds of the patients in both cohorts (Robosling 70.8 vs control 65.0%, p=0.422). This is likely primarily a consequence 
of patient selection, given that most elderly men with low or intermediate risk prostate cancer may opt for surveillance or 
watchful waiting approaches to management.

From a technical standpoint, the Robosling technique has been demonstrated to have no significant repercussions to 
intraoperative complexity. Operating time is not meaningfully extended, with the step requiring an additional 16 min, on 
average to complete, with no significant differences detected in blood loss or complication rate in prior trials.5 The longer 
operating time and increased blood loss in our control cohort in this subgroup analysis is likely secondary to the 
proportion of patients who underwent bladder neck reconstruction; overall, neither factor showed association with 
continence endpoints.

Performing RARP in elderly men has been controversial, given that many patients may not have any significant 
survival benefits and risk severe impacts to quality-of-life. Therefore, the ability to maintain continence in this 
population, more than their younger counterparts, is of utmost importance. It has been traditionally suggested that 
elderly men are at higher risk of severe incontinence following radical prostatectomy,3 however the utilisation of RARP 
has been potentially shown to limit these adverse effects.6–9 The aetiology of post-prostatectomy incontinence is still 
poorly understood and almost certainly multifactorial, though a number of processes have been associated, including 
bladder denervation,10 loss of urethral length11 and damage to the native urinary sphincteric complex.12,13 Several 
hypotheses have been suggested to account for the differences that elderly men in particular face, which include loss of 
support structures around the male urethral complex14 and age-related atrophy of the rhabdosphincter.15 It is therefore 
logical that preservation or and attempt at reconstruction of native supportive structures would improve continence, and 
this has been shown in other techniques including the “Rocco stitch”.16

The paramount consideration in RARP in elderly men remains to be patient selection. Clearly, not every patient will 
derive benefit from operative intervention and meaningfully less so if the alternative is the potential for intractable 
incontinence. It is not within the scope of this study to guide this decision-making pathway, however, these results do 
offer promise in reducing the burden of morbidity associated with intervention and may therefore swing the balance in 
decision-making. Furthermore, trends in life expectancy and management of localised prostate cancer predict a growing 
proportion of elderly men pursuing active surveillance and eventual radical treatment,17 reinforcing the needs to address 
worse continence outcomes in this cohort following RARP.

The major limitation of this study is in its methodology as a non-randomised, retrospective, single-surgeon study. 
There is, therefore, significant risk of bias, particularly in the context of a control group with heterogeneity and results 
may not be generalisable until validated in a multi-surgeon and ideally randomised setting. Of note, surgeon discretion 
was utilised in terms of nerve-sparing, lymph node dissection and bladder neck reconstruction, which have debated 
impact on overall continence post-RARP. Rates of these differed between study and control cohorts and potentially 
significantly confound our results. We attempted to account for these factors, including surgeon experience with 
multivariate analysis, which demonstrated no significant association (OR 0.75, 95% CI 0.36–1.56, p=0.435), but 
ultimately this would not completely account for all confounders. Furthermore, our data did not assess other functional 
outcomes of this technique, including erectile function or other patient-reported quality-of-life metrics which play 
a significant role, particularly when considering RARP in elderly men. Overall, our results are in keeping with a prior 
prospective, non-randomised cohort study on Robosling, which demonstrated favourable continence outcomes in both 
objective and patient-reported measures.5
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The Robosling technique is associated with significantly improved early and sustained pad-free continence rates in the 
elderly population in this single-surgeon retrospective study. While patient selection remains paramount, this intraopera
tive technique may mitigate a key quality-of-life concern in this cohort.
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