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Background: Studies regarding predictive factors of urinary continence following Retzius-sparing radical 
prostatectomy (RP) is limited. This study was designed to evaluate association of urethral parameters on 
preoperative magnetic resonance imaging (MRI) and immediate recovery of urinary continence following 
Retzius-sparing robot assisted radical prostatectomy (RS-RARP).
Methods: This retrospective cohort study enrolled 156 patients with clinically localized prostate cancer 
who underwent MRI before RS-RARP. We measured the following structures on preoperative MRI: minimal 
residual membranous urethral length (mRUL), peri-urethral sphincter complex (PSC) thickness, urethral 
wall thickness (UWT), the thicknesses of the levator ani muscle (LAM) and obturator internus muscle 
(OIM). Immediate urinary continence was defined as patients reported freedom from using safety pad within  
7 days after removal of urinary catheter. Patients were divided into two groups according the median of each 
parameter on MRI. We retrospectively analyzed the patients in term of preoperative clinical factors and 
postoperative urinary continence. 
Results: A total of 100 patients (64.1%) reported immediate urinary continence after RS-RARP. Immediate 
urinary continence was significantly more in patients with longer mRUL (≥8.70 mm) than in patients with 
shorter mRUL (<8.70 mm; P=0.000). On multivariable analysis, longer mRUL was significantly related to 
immediate urinary continence after RS-RAPA (odds ratio 8.265; P=0.000). PSC, UWT, LAM and OIM were 
not associated with immediate urinary continence.
Conclusions: Our results firstly demonstrated that preoperative mRUL measured on MRI was an 
independent predictor of immediate urinary continence following RS-RARP. Therefore, preservation of 
membranous urethra is still the anatomical basis of better urinary outcome after RS-RARP. 
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Introduction

Urinary continence is one of main complications of radical 
prostatectomy (RP) (1). With a better understanding of 
the anatomy of prostate and its surrounding structures and 
improvement in technology and technical modifications, 
more than 80% of patients underwent RP could recovery 
urinary continence in 1 year after surgery (2). However, 
early recovery of urinary continence following RP is 
still poor, with more than 70% of patients requiring 
pads at 6 weeks after RP (2). Consequently, several 
surgical techniques have been described to improve early 
recovery of urinary continence after robot-assisted radical 
prostatectomy (RARP) (3). In 2010, Dr. Bocciardi and his 
colleagues firstly described Retzius-sparing robot-assisted 
radical prostatectomy (RS-RARP) (4). In this approach, 
anterior structures in Retzius space such as pubourethral 
ligaments, Santorini plexus could be preserved, therefore 
leading to better continence outcome early after  
RS-RARP (5). Recently, results from two randomized 
controlled trials further confirmed the effect of RS-RARP, 
providing level 1 evidence supporting an earlier return of 
urinary continence in patients underwent RS-RARP (6,7).

Several preoperative factors have been shown to be 
associated with early recovery of continence after RARP. 
Biological patient-related factors, such as advanced age, 
higher BMI, lager prostate volume, and severe preoperative 
prostate symptom have been reported to be risk factor 
for continence outcome after RP (8). Furthermore, 
preoperative anatomic variables measured on magnetic 
resonance imaging (MRI), such as membranous urethra 
length (MUL) and periurethral supporting structures, 
have also been demonstrated to be associated with urinary 
continence outcome after RP (9). However, literature 
regarding predictive factors of urinary continence following 
RS-RARP is limited. The association between recovery of 
continence after RS-RARP and anatomic parameters on 
preoperative MRI is total unknown. 

Therefore, this retrospective cohort study was designed 
to evaluate the association of perioperative urethral 
structures measured on MRI and recovery of immediate 
urinary continence after RS-RARP to identify possible 
predictive parameter for recovery of urinary continence. 
Given the recent wider application of multiparameter MRI 
(mpMRI) in diagnosis and staging of prostate cancer, the 
results of this study could provide urologists solid predictive 
information regarding urinary continence after RS-RARP, 
also better understanding the anatomic basis of RS-RARP 

in improving early recovery of urinary continence. 

Methods

Between June 2017 and February 2019, patients with 
localized prostate cancer who underwent RS-RARP by the 
same surgeon (Dr. HG) at Nanjing Drum Tower Hospital 
were reviewed retrospectively. All Patients underwent 
multiparameter prostate MRI to evaluate extraprostatic 
extension and seminal vesicle invasion. Preoperative bone 
scan was applied to exclude the metastatic bone disease. 
Patients who with suspicious extraprostatic extension, 
seminal vesicle invasion, pelvic lymph nodes metastasis, or 
bone metastasis were excluded. Patients who had received 
neoadjuvant hormonal therapy or transurethral resection of 
the prostate were also excluded. Furthermore, patients with 
preoperative urinary incontinence were also excluded.

First, we calculated median values of each MRI 
parameter. According to median values of each MRI 
parameter, patients were divided into two groups. Differences 
in patient characteristics such as age, prostate volume, 
prostate-specific antigen (PSA), body mass index (BMI), 
preoperative international prostate symptom score (IPSS), 
nerve preservation, D’Amico risk group (10), biopsy 
Gleason score, positive surgical margin, extracapsular 
extension, seminal vesicle invasion and immediate urinary 
continence after RS-RARP between groups dichotomized 
by median values for each MRI parameter were analyzed. 
Next, univariable and multivariate analysis were performed 
to identify predictors associated with immediate urinary 
continence, including several factors likely to be related 
to postoperative immediate urinary continence, such as 
prostate volume, nerve preservation, preoperative IPSS, 
age, and BMI, and MRI parameters.

Surgery and follow-up

The technique of RS-RARP we used was similar to the 
transperitoneal approach described by Galfano et al. (4,5) and 
Lim et al. (11). In patients with PSA <10 ng/mL, Gleason 
score <7, and clinical stages T1-2a, bilateral nerve was 
preserved. For nerve-sparing technique, bilateral intrafascial 
plane was undertaken according the surgical technique 
described by Galfano et al. (4). While those who did not 
meet the item did not retain the nerve. For patients at high 
risk of prostate cancer, extended lymph node dissection 
was performed. Adjuvant/salvage treatments, salvage 
radiotherapy is performed for patients with persistent PSA 
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or biochemical recurrence. The catheter was removed 
between 7 and 10 days after operation, and discharged 
from hospital 3 to 5 days after operation. All patients were 
interviewed in the outpatient department every 3-month 
during the first year following RS-RARP to complete the 
questionnaire regarding urinary function or by telephone in 
case of missing questionnaires.

MRI measurements and imaging

The examinations were performed with a 3.0-T MR scanner 
(Ingenia, Philips Medical Systems, Best, The Netherlands). 
Patients were examined in the supine position. A  
16-channel phased array surface body coil was used. 
Coronal T2-weighted images were obtained with the 
following parameters: repetition time (TR), 4,050 ms; 
echo time (TE), 90 ms; slice thickness, 4 mm; intersection 
gap, 0.4 mm; field of view, 240×240 mm; matrix, 368×285. 
Sagittal T2-weighted imaging was performed with the 
following parameters: TR, 4,050 ms; TE, 90 ms; slice 
thickness, 4 mm; intersection gap, 0.4 mm; field of view, 
180×180 mm; matrix, 276×179. Transected T2-weighted 
images were obtained with the following parameters: TR, 
4,750 ms; TE, 80 ms; slice thickness, 3.5 mm; intersection 
gap, 1 mm; field of view, 220×300 mm; matrix, 276×226.

The sagittal T2-weighted FSE sequences allowed for 
minimal residual membranous urethral length (mRUL) 
to be measured parallel to the membranous urethra from 
the inferior edge of the levator ani muscle (LAM) to 
the superior margin of the bulbospongiosus muscle (12) 
(Figure 1A). Coronal T2-weighted sequences were used to 
measure peri-urethral sphincter complex (PSC) thickness, 
the thicknesses of the LAM, and obturator internus muscle 
(OIM) (Figure 1B). We measured PSC from the urethral 
midline to lateral margin of the converging LAM. We 
measured LAM from the extreme length converging on the 
urethra immediately caudal to the apex of prostate. And we 
measured OIM in its wider part. We measured membranous 
urethra in its wider part in the transected T2-weighted 
sequences before entering in the prostate and defined 
it as urethral wall thickness (UWT) (13) (Figure 1C). 
Measurements of the above MRI parameters were taken in 
a blind manner. All data were collected in centimeters with 
two decimal places.

Continence evaluation

We were used the Expanded Prostate Cancer Index 

Composite (EPIC) instrument to evaluated urinary 
continence (14). All patients were considered as continence 
when they used no small safety liner or no pad at all. 
Immediate continence was defined as patients reported 
freedom from using any pad within 7 days after the urinary 
catheter was removed (6). All patients were subsequently 
reviewed within 7 days after the urinary catheter 
was removed to evaluate their urinary continence by 
accomplishing the self-administered questionnaire.

Statistical analysis

The Mann-Whitney U test was used for continuous data, 
and the chi-squared test or fisher exact test was used for 
categorical date. Continuous nonnormally distributed 
variables were presented as the median and interquartile 
range (IQR). Logistic regression analysis was applied for 
univariable and multivariable analysis to identify predictors 
of immediate urinary continence. All data analyses were 
performed using SPSS 21.0 statistical software (IBM SPSS, 
Chicago, IL, USA). A confidence interval (CI) of 95% was 
assumed, and a P value <0.05 was considered significant.

Results

Median values for mRUL, PSC, LAM, OIM, and UWT 
were 8.70, 17.79, 8.85, 19.43, and 10.42 mm, respectively. 
Table 1 shows patients’ basic characteristics compared 
between the two groups dichotomized by median values. 
BMI ≥25 Kg/m2 rate was significantly lower in the groups 
with shorter PSC (<17.79 mm) (25.0%), LAM (<8.85 mm) 
(25.6%) and UWT (<10.42 mm) (23.4%) than in the groups 
with longer PSC (≥17.79 mm) (47.5%), LAM (≥8.85 mm) 
(47.4%) and UWT (≥10.42 mm) (49.4%; P=0.004, 0.005, 
and 0.001 respectively). Patients with OIM <19.43 mm 
were significantly older than those with OIM ≥19.43 mm 
(P=0.000), and the volume of prostate was larger than those 
with OIM ≥19.43 mm (P=0.030). 

Follow-up data showed that there were 100 (64.1%) 
patients reported freedom from using pad within 7 days 
after removal of urinary catheter. Table 1 also shows the 
rate of immediate urinary continence was significantly 
higher in the groups with longer mRUL than in the groups 
with shorter mRUL (rate: 80.8% vs. 47.4%, P=0.000). In 
contrast, no significant differences were found between 
longer and shorter PSC groups (rate: 63.7% vs. 64.5%, 
P=0.925), LAM groups (rate: 66.7% vs. 61.5%, P=0.504), 
OIM groups (rate: 66.7% vs. 61.5%, P=0.504), or UWT 
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groups (rate: 65.8% vs. 62.3%, P=0.650).
On univariate regression analysis for the recovery of 

immediate urinary continence, longer mRUL [odds ratio 
(OR) 4.654; P=0.000] was significantly associated with the 
recovery of immediate urinary continence. Larger prostate 
volume (OR 0.979; P=0.032), severe preoperative IPSS (OR 
0.341; P=0.029), and older age (OR 0.895; P=0.000; Table 2)  
were all significantly associated with delayed recovery 
(Table 2). On multivariate regression analysis, mRUL (OR 
8.265; P=0.000), severe IPSS (OR 0.245; P=0.018), and age 

(OR 0.897; P=0.001; Table 2) were significant predictors of 
immediate urinary continence after RS-RARP (Table 2).

Discussion

The result of this retrospective cohort study revealed that 
the rate of postoperative immediate urinary continence in 
patients with longer mRUL was significantly higher than in 
those with shorter mRUL. Multivariate regression analysis 
also confirmed that mRUL was an independent predictor 

A

B C

Figure 1 Measurements of magnetic resonance imaging (MRI). (A) Sagittal T2-weighted FSE sequences allowed for minimal residual 
membranous urethral length (mRUL) from the lower margin of the levator ani muscle (puboperinealis muscle) to the upper margin of 
the bulbospongiosus muscle in a direction parallel with the membranous urethra to be measured. Membranous urethra length (MUL) 
was measured parallel to the membranous urethra from the inferior edge of the prostate apex to the superior margin of the penile bulb; 
(B) coronal T2-weighted sequences were used to measure peri-urethral sphincter complex (PSC) thickness, the thicknesses of the levator 
ani muscle (LAM), and obturator internus muscle (OIM); (C) urethral wall thickness (UWT) was measured on transected T2-weighted 
sequences.
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of postoperative immediate urinary continence. To the 
best of our knowledge, this is the first study to explore the 
association between urethral parameters on preoperative 
MRI and postoperative urinary outcome following RS-
RARP and to reveal that mRUL as an objective and 
quantitative predictor of immediate continence following 
RS-RARP. 

RS-RARP was well demonstrated to be associated 
with improved recovery of early continence by several 
studies (5-7,15). The updated results from one published 
randomized controlled trial showed that differences in 
urinary continence observed early after surgery were muted 
at 12 months follow-up (15). Therefore, in the present 
study, we set immediate urinary continence as the primary 
outcome as described in two randomized controlled trials 
(6,7). In the present study, more than 50% of patients could 
achieve immediate continence after removal of catheter, 
revealing the advantage of RS-RARP in preserving urinary 
function. However, there is still part of patients could not 
return to immediate continence after surgery, leading to the 
anxiousness of patients due to the lack of information on 
predicting the status and duration of urinary incontinence. 
Therefore, it is important to identify possible predictors 
of continence early after RS-RARP, which could relieve 
the anxiousness of patients, as well as offer prognostic 
information to surgeons when counselling patients in 
clinical practice prior to surgery and when explaining a 
delay in continence recovery following surgery.

Given the recent advances that have led to the wider 
application of MRI for diagnosis and clinical staging 
of prostate cancer (16), many studies have shown the 
great correlation between anatomic variables such as 
preoperative MUL and periurethral supporting structures. 
In particularly, longer MUL has been considered to 
be significantly associated with better postoperative 
continence recovery following RP (13,17,18). MUL has 
been considered to be a prognostic risk factor for overall 
continence recovery including the early recovery after  
RP (9). Compare to those biological factors for predicting 
urinary continence, MUL is more objective and easy to 
quantify. Therefore, a comprehensive understanding of 
MUL is potentially of value to predict urinary continence 
after RP. However, there is no standardized method to 
measure MUL because it’s both boundaries are unclear on 
MRI. Furthermore, part of MUL would be damage during 
surgery. Therefore, Satake et al. proposed mRUL as a new 
parameter to reflect MUL (12). Compared to MUL, mRUL 
has clear boundaries on MRI, from the lower margins of the T
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levator ani to upper margin of the bulbospongiosus muscles  
(Figure 1). Also, mRUL usually could be preserved without 
damage during surgery. Therefore, we applied mRUL in 
this study as a possible predictor of urinary continence 
following RS-RARP. The results showed that mRUL can be 
used as a novel predictor of immediate urinary continence 
after RS-RARP. It is easy to speculate that patients with 
longer mRUL can retain a complete longer urethral 
sphincter, resulting in high urethral closure pressure after 
RS-RARP (9). In the first paper describing RS-RARP, Dr. 
Bocciardi and his colleagues proposed that better urinary 
continence outcome following RS-RARP was theoretically 
due to the preservation of anatomical structures, such 
as Aphrodite’s veil, Santorini plexus, and pubourethral 
ligaments (4). From the results of the present study, it 
revealed that preservation of membranous urethra is still the 
basis of better urinary continence outcome. There was no 
significant difference in the rate of postoperative immediate 
urinary continence between long and short groups of 
other MRI parameters, indicated that they may have no 
correlation with immediate urinary continence after RS-
RARP.

Furthermore, we found that severe preoperative 
IPSS and advanced age were important factors affecting 
immediate urinary continence recovery after RS-RARP in 
the multivariate regression analysis. Preoperative prostate 
symptom and age have been well demonstrated to be 
biological factors affecting urinary continence recovery 

after RP (19). Some studies have shown that patients with 
lower preoperative IPSS recover more quickly after surgery 
(20,21). It has been hypothesized that severe preoperative 
IPSS may be due to overactivity of detrusor caused by 
benign prostatic hyperplasia, which may delay the recovery 
of continence after RP (22). It is reported that increased age 
is associated with the inferior continence recovery after RP 
(23,24). The density of striated muscle cells decreases with 
age (25), which may be the main reason for the increased 
incidence of urinary incontinence with advancing age after 
surgery. 

In the present study, we found that PSC, LAM and 
UWT are all associated with BMI, but no reports of these 
could be found in the literature. So we don’t know the 
underlying mechanism. Also, we found patients with OIM 
<19.43 mm were older than those with OIM ≥19.43 mm, 
and the volume of prostate was larger than those with 
OIM ≥19.43 mm. It has been hypothesized that the OIM 
atrophies with age (26), and the volume of the prostate 
increases with age (27). That might be able to explain 
patients with OIM <19.43 mm had greater age that those 
with OIM ≥19.43 mm.

According to the current literature, positive surgical 
margin is 15.6% for pT2 cases, while 38.53% for patients 
with pT3 disease (28). In the present study, ~46% 
patients were with extracapsular extension confirmed by 
postoperative histopathology (Table 1), which could explain 
the higher positive surgical margin (~25%) in our cohort. 

Table 2 Logistics regression analysis of immediate urinary continence

Variable
Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

mRUL (mm) 4.654 2.271 9.536 0.000* 8.265 3.359 20.339 0.000*

Prostate volume (mL) 0.979 0.961 0.998 0.032* 0.981 0.959 1.004 0.107

Nerve preservation 1.571 0.729 3.388 0.249 1.186 0.466 3.023 0.720

Bilateral vs. none

Preoperative IPSS 0.032* 0.022*

Mild 1 Referent – 1 Referent –

Moderate 4.095 0.496 33.815 0.191 4.055 0.431 38.191 0.221

Severe 0.341 0.130 0.898 0.029* 0.245 0.077 0.784 0.018*

Age (y) 0.895 0.847 0.946 0.000* 0.897 0.839 0.959 0.001*

BMI ≥25 vs. <25 (kg/m2) 0.739 0.377 1.451 0.380 0.591 0.258 1.353 0.213

*, P<0.05. CI, confidence interval; OR, odds ratio; mRUL, minimal residual membranous urethral length; BMI, body mass index; IPSS, 
international prostate symptom score.
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Several limitations need to be considered in this study. 
First, this was a single-institution research, and the cohort 
was comparatively small. Second, we used patient-reported 
pad usage to define the state of urinary continence, which 
was not an objective quantitative measurement. Finally, 
although surgery was performed by the same experienced 
surgeon using the same technique, the nuance of surgical 
techniques in each operation might have affected 
postoperative urinary continence. However, we believe 
that our study correctly reflect the importance of mRUL 
for immediate urinary continence after RS-RARP. When 
measuring the parameters by MRI, we did not know the 
patient’s postoperative urinary continence state, so there 
was no bias. Nevertheless, multicenter prospective studies 
are needed to validate the repeatability of our results.

Conclusions

In conclusion, the present study revealed that preoperative 
mRUL measured on MRI was an independent predictor 
of immediate urinary continence following RS-RARP. 
Combined with age and preoperative prostate symptom 
score, mRUL could give physicians important predictive 
information of immediate recovery of urinary continence 
after RS-RARP. 
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