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Abstract

Introduction: Functional outcomes after robot-assisted radical pros-
tatectomy (RARP) greatly influence patient quality of life. Data 
regarding predictors of early continence, especially 1 month fol-
lowing RARP, are limited. Previous reports mainly address immedi-
ate or 3-month postoperative continence rates. We examine pre-
operative predictors of pad-free continence recovery at the first 
follow-up visit 1 month after RARP. 
Methods: Between January 2007 and January 2013, preoperative 
and follow-up data were prospectively collected for 327 RARP 
patients operated on by 2 fellowship-trained surgeons (AEH and 
KCZ). Patient and operative characteristics included age, body 
mass index (BMI), staging, preoperative prostate-specific antigen 
(PSA), prostate weight, International Prostate Symptom Score (IPSS), 
Sexual Health Inventory for Men (SHIM) score and type of nerve-
sparing performed. Continence was defined by 0-pad usage at 1 
month follow-up. Univariate and multivariate logistic regression 
models were used to assess for predictors of early continence. 
Results: Overall, 44% of patients were pad-free 1 month post-
RARP. In multivariate regression analysis, age (odds ratio [OR] 
0.946, confidence interval [CI] 95%: 0.91, 0.98) and IPSS (OR: 
0.953, CI 95%: 0.92, 0.99) were independent predictors of uri-
nary continence 1 month following RARP. Other variables (BMI, 
staging, preoperative PSA, SHIM score, prostate weight and type 
of nerve-sparing) were not statistically significant predictors of 
early continence. Limitations of this study include missing data 
for comorbidities, patient use of pelvic floor exercises and patient 
maximal activity. Moreover, patient-reported continence using a 
0-pad usage definition represents a semiquantitative and subjec-
tive measurement.
Conclusion: In a broad population of patients who underwent 
RARP at our institution, 44% of patients were pad-free at 1 month. 
Age and IPSS were independent predictors of early continence after 
surgery. Men of advanced age and those with significant lower 
urinary tract symptoms prior to RARP should be counselled on the 
increased risk of urinary incontinence in the early stages.

Introduction 

Urinary continence following robot-assisted radical pros-
tatectomy (RARP) is one of the main concerns for patients 
who undergo this procedure. It has been suggested that 
urinary continence has a higher impact on quality of life 
than sexual functioning.1 In the preoperative setting, data 
concerning this outcome can help with patient counselling 
by offering a more accurate and individualized prediction 
of expected results.

There is currently a lack of data regarding predictors of 
early continence 1 month following RARP for localized pros-
tate cancer. The early postoperative period can be stress-
ful and tiring for patients; we therefore sought to examine 
factors that can influence early continence recovery to 
improve preoperative counselling. Currently, studies mainly 
address the potential predictors of continence at 3, 6 and 
12 months post RARP. Specifically, Jeong and colleagues 
observed that age, prostatic apex shape and membranous 
urethral length are factors that are associated with conti-
nence recovery within 1 year.2 In a recent study, Galfano 
and colleagues found that a surgical technique sparing the 
Reitzus structures yielded higher early continence rates.3 
It has also been implied that younger age, positive surgi-
cal margins and absence of preoperative urinary inconti-
nence are clear predictors of better functional outcomes.4 
Finally, Sammon and colleagues concluded that the type 
of nerve-sparing performed and placement of a percutane-
ous suprapubic tube for bladder drainage postoperatively 
were independently predictive of never requiring a pad after 
RARP.5 According to a recently published consensus panel 
on post-RARP incontinence, the following were risk factors 
for UI after RARP: increased age, obesity, short membran-
ous urethral length on both preoperative and postoperative 
endorectal magnetic resonance imaging, post-prostatectomy 
anastomotic strictures, low institutional and/or surgeon case-
load, non-nerve sparing procedures, non-bladder neck pres-
ervation, and high prostate volume.6

Predictors of early continence following robot-assisted radical 
prostatectomy
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In this study, we conducted a multi-surgeon study to 
assess predictors of continence recovery after RARP at the 
1-month follow-up. 

Methods 

Data source 

After receiving institutional review board approval, we used 
a database of 604 RARP procedures performed at our institu-
tion from January 2007 to January 2013. Demographic infor-
mation, medical parameters, surgical details and functional 
outcomes were prospectively collected. Of the 604 patients, 
277 had incomplete data; the remaining 327 patients were 
included in this study cohort. During the period in which 
data was collected, we gathered data from cases performed 
by 4 surgeons. Pathologic and intraoperative characteristics 
were recorded for all patients, but surgeons other than KCZ 
and AEH did not record pad-usage systematically on follow-
up, therefore we only included data from patients operated 
on by KCZ and AEH.

Surgical technique 

Both surgeons (KCZ and AEH) had overcome the learning 
curve, each with more than 200 robotic cases prior to the 
study. The surgical technique was performed as previously 
reported.7-10 Both surgeons used the barbed polyglyconate 
suture (V-Loc-suture, Covidien Inc.) for vesico-urethral 
anastomosis,11 which included posterior rhabdo-sphincter 
reconstruction.12

Outcome measures and definitions 

All patients completed International Prostate Symptom 
Score (IPSS) and Sexual Health Inventory for Men (SHIM) 
questionnaires preoperatively and at each follow-up visit. 
The recorded demographic and preoperative characteristics 
included as covariates in the analyses were age, body mass 
index (BMI), preoperative prostate-specific antigen (PSA), 
prostate size, IPSS, SHIM, type of nerve-sparing performed 
and pathologic stage. Both the SHIM and the IPSS were 
grouped by severity of the erectile dysfunction and lower 
urinary tracts symptoms, respectively. A strict definition of 
continence was used; continence was defined as a 0-pad 
scenario. Cases in which the patient used a security pad 
were sorted in the incontinent group. The first follow-up 
visit was at 1 month for the entire cohort. 

Statistical analyses 

Categorical distributions were reported as counts (%) and 
continuous variables as medians and interquartile range. The 
Chi-square test was used to assess differences in distribu-
tions among categorical variables. The Mann–Whitney U 
test was used to assess the difference in distributions among 
continuous variables. 

Univariable and multivariable logistic regression mod-
els were constructed to assess for predictors of continence 
1 month following surgery. All tests were two-sided, with 
a statistical significance set at p < 0.05. Statistical analy-
ses were performed with the software package SPSS (IBM 
Corporation, version 21, Armonk, NY). 

Results 

Overall, 44% of patients (144/327) achieved 0-pad con-
tinence 1 month after RARP (Table 1). When using a 0-1 
security pad definition for achievement of continence, 63% 
of patients (205/327) could be considered continent. Patients 
with return of continence requiring 0-pad usage tended to 
be younger and tended to have a lower preoperative IPSS 
(Table 1).

On univariable analysis, patient and operative character-
istics associated with continence 1 month following RARP 
were younger age (odds ratio [OR] 0.936, 95% confidence 
interval [CI] 0.90, 0.97), smaller prostate size (OR 0.983, 
95% CI 0.97, 1) and a moderate IPSS, low IPSS as referent 
(OR 0.521, 95% CI 0.32, 0.85) (Table 2).

On multivariable regression analysis, age (OR 0.95, CI 
95% 0.91, 0.98) and moderate IPSS (OR 0.549, CI 95% 
0.32, 0.93) were independent predictors of continence 1 
month following RARP (Table 3).  Other variables such as 
BMI, preoperative PSA, prostate weight, SHIM score, type of 
nerve-sparing and pathological staging were not statistically 
significant predictors of early continence. 

Discussion 

While many studies have evaluated predictors of urinary 
continence at 3, 6 and 12 months, few have examined 
the characteristics associated with return of continence 1 
month after RARP. Many definitions have been employed, 
including pad-free status, leak-free status and urinary func-
tion composite scores. As expected, studies using a more 
narrow definition achieved more conservative results.13 In 
this analysis, we examined patient, operative and pathologic 
characteristics associated with continence defined by a strict 
pad-free criterion. To our knowledge, this is the first study to 
evaluate predictors of continence 1 month following radical 
prostatectomy in a cohort consisting only of RARP proce-
dures. All 327 procedures were performed by fellowship-
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trained surgeons (KCZ and AEH) who had exceeded the 
learning curve for RARP.

In our group, 44% of patients were pad-free 1 month fol-
lowing RARP. Various continence rates are reported 1 month 
following RARP depending on the definition used. When 
using a strict 0-pad definition, authors have reported 1 month 
continence rates varying between 26 and 72%,14-17 while 
other studies reported rates varying between 65% and 85% 
for a 0-1 safety pad definition.18-20 Comparatively, in our 
cohort, the continence rate 1 month after RARP was 44% 
using a strict 0-pad definition, and 63% using a 0-1 safety 
pad definition.

Multiple studies have previously demonstrated that age 
is one of the main predictors of return of continence at 6 
weeks, 3 months and 12 months following RARP.21-24 In a 
study assessing time to continence following RARP, Mendiola 
and colleagues have demonstrated that younger men will 
likely have an earlier return of continence compared to older 
men. However, continence outcomes were equal among age 
groups after 1 year of follow-up.25 To our knowledge, this is 
the first study to report age as an independent predictor of 
urinary continence at 1 month in a cohort consisting purely 

of robot-assisted procedures. This finding can be useful for 
patient counselling prior to surgery to better manage early 
postoperative expectations; physicians can affirm with greater 
confidence that men 55 years old and younger are more 
likely to be completely pad-free 1 month after surgery. In 
our study, 57% of men in this age group did not need pads 
1 month following RARP. Conversely, men over 65 can be 
advised that continence is less likely; our data indicated that 
only 33% are pad-free 1 month after surgery.

We also demonstrated that a moderate IPSS is an indepen-
dent predictor of pad usage 1 month following RARP. This 
finding has been reported by Shikanov and colleagues; they 
showed a higher likelihood of continence at 1 year with a 
lower baseline IPSS. These authors have hypothesized that 
higher preoperative IPSS likely represents detrusor overactivity 
due to benign prostatic hyperplasia (BPH), which may contrib-
ute significantly to incontinence after surgery.23 Our study did 
not demonstrate high IPSS as independently associated with 
this outcome. This could be due to a relatively low number 
of patients who had a high preoperative score in our cohort.

It has been demonstrated that prostate volume is an inde-
pendent predictor of recovery of urinary function after radi-

Table 1. Comparison of demographics and operative characteristics between patients who were continent at 1 month 
following a RARP and the remaining cohort

Total (n = 327)
Continent at 1 month  

(n = 144)
Incontinent at 1 month  

(n = 183)
p value

Age, median (IQR) 60 (55–65) 59 (54–63) 62 (57–66) 0.001

   ≤55  88 50 (57%) 38 (43%) 0.002

   56-65 166 70 (42%) 96 (58%)

   ≥66 73 24 (33%) 49 (67%)

BMI, median (IQR) 27 (25–30) 27 (24–29) 27 (25–30) 0.118

Preoperative PSA, median (IQR) 5.3 (4.2–7.4) 5.0 (4.1–7.1) 5.6 (4.2–7.6) 0.164

Prostate weight, median (IQR) 45 (37–57) 44 (36–54) 47 (38–60) 0.055

Preoperative IPSS 0.025

   Mild (0–7) 198 99 (50%) 99 (50%)

   Moderate (8–19) 108 37 (34%) 71 (66%)

   Severe (20–35) 21 8 (38%) 13 (62%)

Preoperative SHIM 0.107

   No ED (22–25) 162 80 (49%) 82 (51%)

   Mild (17–21) 82 32 (34%) 50 (61%)

   Mild to moderate (12–16) 36 18 (50%) 18 (50%)

   Moderate (8–11) 10 2 (20%) 8 (80%)

   Severe (1–7) 37 12 (32%) 25 (68%)

Nerve-sparing 0.089

   None 74 28 (38%) 46 (62%)

   Unilateral 52 18 (35%) 34 (65%)

   Bilateral 201 98 (49%) 103 (51%)

pStage 0.632

   T2 236 102 (43%) 134 (57%)

   T3 91 42 (46%) 49 (54%)
RARP: robot-assisted radical prostatectomy; IQR: interquartile range; IPSS: International prostate symptom score; PSA: prostate-specific antigen; SHIM: sexual health inventory for men; ED: 
erectile dysfunction.
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cal prostatectomy.26,27 In a study by Jeong and colleagues, 
prostate volume was independently associated with conti-
nence at 12 months in a cohort consisting equally of RARP 
and RRP operated patients, although it was a predictor of 
0-pad usage at 1 and 3 months following prostatectomy.27 

It has been suggested that wider dissection of the bladder 
neck for large prostates can contribute to this association.28 
While smaller prostate volume was associated with conti-
nence at 1 month on univariate analysis, this characteristic 
was not an independent predictor of continence on multi-
variate analysis.

It has been reported that SHIM score is a predictor of con-
tinence recovery at 3, 6 and 12 months.22,23,29 Our analyses 
did not show a statistically significant association at 1 month. 
It has also previously been suggested that degree of nerve 
sparing is associated with improved postprostatectomy func-
tional urinary outcomes immediately after catheter removal, 
as well as over the first postoperative year.5,30 In our study, 
nerve sparing was not associated with improved continence 
following RARP. Some studies have suggested that BMI, stag-
ing and preoperative PSA were predictors of continence at 3 
and 12 months; however, our analyses did not demonstrate 
these variables as predictors of early continence. 

There are several limitations of our study. First, this was 
a retrospectively analyzed study with a small overall group. 
Our study was done at a single centre and no baseline uro-
dynamic study was done to verify the presence of detru-

sor hyperactivity preoperatively. We did not collect data 
on the consistency of preoperative pelvic floor exercises 
and training – which plays a significant role in postopera-
tive continence. Particularly for 1 month outcomes, patient 
maximal physical activity was not collected. This would 
have played a significant role in stress urinary incontinence 
events if one were to be more sedentary and not performing 
usual activities. We did not assess comorbidities or study 
specifically for neurological conditions and diabetes. Finally, 
patient-reported achievement of continence by a zero-pad 
usage definition was a semiquantitative measurement with 
a subjective aspect.

It is clear that other predictive factors with stronger pre-
dictive ability are needed, beyond the traditional factors 
discussed above. We recently published a report on a novel 
uroflow Stop Test at the time of catheter removal post-RARP. 
Our results yielded a very powerful discrimination ability at 
1, 3 and 6 months postoperatively with pad-free continence 
rates in positive versus negative Stop Test groups of 62% 
versus 7% (p < 0.001), 85% versus 28% (p < 0.001), and  
93% versus 67% (p = 0.001), respectively.31

Conclusion 

In a broad population of patients who underwent RARP at 
our institution, 44% of patients were pad-free at 1 month. 
Age and IPSS were independent predictors of early conti-

Table 2. Univariable regression analysis for predictors of 
continence 1 month following RARP

Univariable OR 
(95% CI)

p value

Age (continuous) 0.936 (0.90, 0.97) <0.001

BMI (continuous) 0.957 (0.91, 1.01) 0.111

Preoperative PSA (continuous) 1.002 (0.96, 1.04) 0.911

Prostate weight (continuous) 0.983 (0.97, 1) 0.017

Preoperative IPSS (Mild [0–7] as 
referent)

   Moderate (8–19) 0.521 (0.32, 0.85) 0.008

   Severe (20–35) 0.615 (0.24, 1.55) 0.303

Preoperative SHIM (No ED [22–25] as 
referent)

   Mild (17–21) 0.656 (0.38, 1.13) 0.126

   Mild to moderate (12–16) 1.025 (0.5, 2.11) 0.947

   Moderate (8–11) 0.256 (0.05, 1.24) 0.091

   Severe (1–7) 0.492 (0.23, 1.05) 0.065

Nerve-sparing (None as referent)

   Unilateral 0.870 (0.42, 1.82) 0.712

   Bilateral 1.563 (0.91, 2.7) 0.108

pStage ≥pT3a (pT2 as referent) 1.126 (0.69, 1.83) 0.632
RARP: robot-assisted radical prostatectomy; OR: odds ratio; CI: confidence interval; IPSS: 
International prostate symptom score; PSA: prostate-specific antigen; SHIM: sexual health 
inventory for men; ED: erectile dysfunction.

Table 3. Multivariable regression analysis for predictors of 
continence 1 month following RARP

Multivariable OR 
(95% CI)

p value

Age (continuous) 0.95 (0.91, 0.98) 0.012

BMI (continuous) 0.965 (0.91, 1.02) 0.229

Preoperative PSA (continuous) 1.019 (0.98, 1.06) 0.377

Prostate weight (continuous) 0.996 (0.98, 1.01) 0.620

Preoperative IPSS (Mild [0–7] as 
referent)

   Moderate (8–19) 0.549 (0.32, 0.93) 0.027

   Severe (20–35) 0.745 (0.26, 2.12) 0.581

Preoperative SHIM (No ED [22–25] as 
referent)

   Mild (17–21) 0.888 (0.49, 1.62) 0.698

   Mild to moderate (12–16) 1.468 (0.66, 3.29) 0.35

   Moderate (8–11) 0.285 (0.06, 1.45) 0.131

   Severe (1–7) 0.816 (0.36, 1.87) 0.631

Nerve-sparing (None as referent)

   Unilateral 0.655 (0.3, 1.44) 0.291

   Bilateral 1.114 (0.59, 2.1) 0.738

pStage ≥ pT3a (pT2 as referent) 1.093 (0.64, 1.87) 0.744
RARP: robot-assisted radical prostatectomy; OR: odds ratio; CI: confidence interval; IPSS: 
International prostate symptom score; PSA: prostate-specific antigen; SHIM: sexual health 
inventory for men; ED: erectile dysfunction.
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nence after surgery. Men of advanced age and those with 
significant lower urinary tract symptoms prior to RARP 
should be counselled appropriately on the increased risk of 
urinary incontinence in the early stages after surgery.
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