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Background: Pelvic multiparametric magnetic resonance imaging (mpMRI)edetermined membranous
urethral length (MUL) and its surgical maximization have been reported to impact early- and long-term
pad-free urinary continence after robot-assisted radical prostatectomy (RARP).
Objective: The objective of this study was to present evidence (data and video) of important effects on
post-RARP continence recovery from both innate mpMRI-assessed and surgical preservation of MUL.
Design, setting and participants: Of 605 men undergoing RARP, 580 with complete follow-up were
included: Group 1, prior (N ¼ 355), and Group 2, subsequent (N ¼ 225) to technique change of MUL
maximization. Effect of innate, mpMRI-assessed MUL on postoperative continence was assessed.
Surgical procedure: Before technique change, the dorsal venous complex was stapled before transection
of the membranous urethra. After the change, the final step of extirpation was transection of the dorsal
venous complex and periurethral attachments, thus facilitating surgical maximization of MUL.
Measurements: Primary and secondary outcomes for technique change and mpMRI-assessed MUL were
both patient-reported 30-day and 1-year pad-free continence after RARP, respectively.
Results: Preoperative prostate-specific antigen, age, and disease aggressiveness were significantly
higher in Group 2. After technique change and surgical maximization of MUL, 30-day and 1-year pad-free
continence were both significantly improved (p < 0.05). In multivariate analysis, maximization of MUL
significantly increased the likelihood of both early- and long-term continence recovery. For men un-
dergoing MUL preservation, mpMRI-assessed MUL>1.4 cm also independently predicted higher 30-day
(odds ratio: 4.85, 95% confidence interval: 1.24-18.9) and 1-year continence recovery (odds ratio:
11.26, 95% confidence interval: 1.07-118).
Conclusions: Prostatic rotation and circumferential release of apical attachments and maximization of
MUL improves continence after RARP. Separately, innate MUL>1.4 cm independently increased 30-day
and 1-year continence recovery.
Patient summary: Surgeon efforts to maximize MUL during radical prostatectomy are highly encour-
aged, as maximally preserved MUL likely improves post-RARP continence recovery. In addition, indi-
vidual patients’ mpMRI-assessed MUL (approximately >1.4 cm) independently limits continence
recovery.
© 2020 Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under the
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1. Introduction

Early recovery of urinary continence is a central goal of robot-
assisted radical prostatectomy (RARP) 1-2. Incontinence is recog-
nized as the most important long-term outcome limiting the
benefit of RARP, such that post-RARP incontinence was cited as a
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major contributing factor to the 2012 United States Preventive
Services Task Force recommendation that complications of prostate
cancer treatment outweigh benefits of prostate-specific antigen
(PSA) screening 3. Even further, recovery of early continence is
closely correlated with the patient quality of life 4.

Membranous urethral length (MUL) has been explored both as a
preoperative indicator of early continence recovery after RARP as
well as the onewhich is amenable to surgical manipulation 5-15. The
first suggestion of a preoperative correlation was reported in 2002
by Coakley et al 12: men with longer multiparametric magnetic
resonance imaging (mpMRI)eassessed MUL were ostensibly “pre-
determined” to benefit from faster and more complete recovery of
urinary continence after open RARP. Subsequently, in 2004, van
Randenborgh et al 13 published the first findings of surgical maxi-
mization of MUL. Comparing 610 control RARP cases with 403
procedures performed with systematic preservation of the mem-
branous urethra, they found that pad-free continence significantly
improved from 76.02% to 88.4% 13. These findings were revisited
seven years later in 2011, by two different groups. First, Schlomm et
al 14 demonstrated a significant improvement in 7-day pad-free
continence after adoption of MUL maximization techniques dur-
ing open RARP. The same technique was then applied to RARP by
Hakimi et al 33, with similar success. Finally, Mungovan et al 15

published a systematic review that further focused on preexisting
mpMRI-assessed MUL, reporting that every extra millimeter of
MUL increased the odds of pad-free continence by 9%.

Although the results of the systematic review suggest stepwise
benefit of longer innate MUL, we questioned if surgical maximi-
zation could trump this effect of predetermined MUL. In this study,
we assessed the impact of surgically maximized MUL on early
continence with cutting the dorsal venous complex (DVC) without
prior stapling and stepwise release of the periurethral attachments,
while concurrently evaluating for impact of innate mpMRI-
assessed MUL.

2. Methods

2.1. Patients

A total of 605 men underwent RARP by a single surgeon: 370
cases undrwent our standard, previously described procedure
(stapling the DVC) 16-17, and 235 underwent RARP with surgical
maximization of the membranous urethra. Of the 370 cases before
technique change, 15 menwere excluded because of lack of follow-
up (Group 1, n ¼ 355). Of the 235 cases subsequent to technique
change, 10 men were similarly excluded because of lack of follow-
up (Group 2, n ¼ 225). Management protocol for both groups
included perioperative Kegel exercises and post-RARP discharge
with an indwelling urinary catheter that is removed 6-7 days after
RARP.

Data including continence status, patient age, preoperative
American Urological Association Symptom Score, PSA level, pros-
tate weight, estimated blood loss, body mass index, pathologic
stage, pathologic Gleason score, surgical margin status, and seminal
vesicle invasion status were prospectively collected and entered
into an electronic database under approval from an institutional
review board protocol (HS# 1998-84). Complications were tracked
via an institutional Data, Safety, and Monitoring Board and sys-
tematically recorded through postoperative Day 30.

2.2. Assessment of Preoperative MRI MUL

The impact of innate or preexisting preoperative MUL was
assessed in men undergoing RARP with urethral length preserva-
tion. One hundren twenty-three patients underwent standard
pelvic T3 MRIs (with and without contrast), and all studies were
assessed by a single, specialized pelvic MRI radiologist. MUL was
recorded from coronal and sagittal views of the pelvis, as the dis-
tance from the prostatic apex to the entry of the urethra into the
penile bulb 15. The radiologist was blinded to all clinical and urinary
continence outcomes.
2.3. Surgical Technique and Anatomic Considerations

RARP in Group 1 was performed as previously described using
an Ethicon Surgical Staplers J&J Medical Devices, Johnson and
Johnson 17. The anterior prostatic fat was removed, the endopelvic
fascia was incised bilaterally, and the puboprostatic ligaments were
transected to maximally release the apex so that the stapler could
be easily applied for ligation and transection of the DVC (Video clip
1). The entire prostate was then freed in preparation for the last
step: transection of the urethra and bagging the prostate.

In Group 2, to maximize preservation of MUL, the final step of
removing the prostate was transection of the DVC and apical at-
tachments (Video clip 2). The DVC is transected without ligation,
allowing for full rotation of the prostate and circumferential ten-
sionereduced release of the apical attachments: the external stri-
ated muscle and the membranous urethra. As experience dictated,
a more definitive attempt was made to extend MUL as much as
possible (Video clip 3). Reconstruction was the same throughout 17,
using a standard Rocco stitch 18 followed by a van Velthoven
anastomosis 19. Per standard technique, no drains were placed in
either group.

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.prnil.2019.12.005
2.4. Pad-free Continence Outcome Assessment

Since 2008, we have maintained a prospective, systematic, and
highly redundant protocol to independently assess patient-
reported “pad-free” continence status. We have extensively eval-
uated methods to accurately assess patient-reported time to pad-
free continence after RARP. The methods have been externally
audited and published and have shown to have reliable response
rates of 74.3% to 85.1% 20-24. Via this system, pad-free continence
was assessed in four ways. First, after catheter removal, all patients
were asked to keep a daily log of the number of urinary pads used
per 24 hours, to be electronically transmitted to our research team
once the patient had achieved three consecutive days without use
of pads. Second, patients were also given a prestamped “pad-free”
postcard that was also returned after three consecutive days of pad-
free status. We previously showed excellent correlation between
the pad-free cards and daily urinary pad logs in assessment of time-
to-continence recovery 24. Third, if we had no response after
30 days to either of the first two methods, patients were called by a
nonclinical research associate for pad status. If the patient was not
pad-free at 30 days, they were called again at 60 and 90 days, as
needed. Fourth, pad status was assessed via patient-reported
questionnaires at routine follow-up after RARP.
2.5. Learning Curve Analysis

As experience grew with the new technique, we queried the
database for 30-day continence rates for evidence of a learning
curve. Because of the need for just 30-day follow-up, we were able
to expand this analysis up to 500 men. Thirty-day continence rates
were also assessed in a similar manner in Group 1.

https://doi.org/10.1016/j.prnil.2019.12.005


Table 1
Baseline characteristics of patients prior (Group 1) and subsequent (Group 2) to
surgical technique change

Demographics Group 1
(N ¼ 355)

Group 2
(N ¼ 225)

P

Mean SD Mean SD

Age (years) 61.6 7.51 62.8 7.45 0.054
Preoperative IIEF-5 19.54 7.11 18.63 7.23 0.136
PSA (ng/mL) 6.77 6.87 10.22 17.89 0.007
Prostate weight (g) 53.44 20.90 54.21 22.59 0.676
Estimated blood loss 109 39.1 96.0 36.4 <0.001
Change in Hgb(a) 3.0 1.4 2.5 1.4 <0.001
AUASS 8.69 6.94 8.08 6.72 0.292
Body mass index 26.79 3.51 26.73 3.61 0.968

N % N % p

Pathological stage 0.049
pT2 242 68.2 135 60
pT3/pT4 113 31.8 90 40

Pathological Gleason score 0.007
�6 91 25.6 41 18.6
7 225 63.4 135 61.1
�8 39 11 45 20.3

SVI 22 6.2 32 14.2 0.002
Overall PSM 30 8.5 45 20.1 <0.001
pT2 apical 8 2.3 10 4.4 0.148

SD, standard deviations; AUASS, American Urological Association symptom score;
PSA, prostate-specific antigen; IIEF-5, International Index of Erectile Function - 5;
SVI, Seminal Vesicle Invasion. Bold indicates p<0.05.
(a) Calculated as the difference between preoperative and 24-hour postoperative
Hgb values.
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2.6. Statistical Analysis

Statistical analysis was conducted in SPSS, version 25, © Inter-
national Business Machines Corporation (IBM) Corporation. The
primary and secondary outcome measures were 30-day and 12-
month pad-free continence, respectively. A tertiary outcome mea-
sure of time-to-continence recovery was also assessed. Two-sided
student t tests were used to compare continuous variables. The
Fisher exact and Pearson's chi-square tests were used to compare
categorical variables. Univariate associations between patient
characteristics and continence recovery at 30 days and 12 months
after RARP were examined using Pearson correlations. Multivariate
associations between patient characteristics and continence re-
covery at 30 days and 12 months were analyzed using logistic
regression models, adjusting for age, pathologic Gleason score,
preoperative PSA, seminal vesicle involvement, pT2-positive mar-
gins, preoperative IIEF-5 International index of Erectile Function 5
(IIEF-5) score, and nerve-sparing status.

A p-value of < 0.05 was considered to be statistically significant,
and variables that had significant univariate associations were
included in the final multivariate models. Finally, time-to-conti-
nence recovery, as adjusted for significant covariates, was analyzed
in cox regression modeling and plotted as a 1 - [% survival] curve,
stratified by technique change. Post hoc, a linear regression model
was fitted to 30-day continence recovery curves to assess for
learning curve effect after technique change. Goodness of fit was
assessed with an R2 coefficient of determination.

To assess the impact of innate MUL on continence, the afore-
mentioned analysis was repeated for Group 2 patients with pre-
operative, mpMRI-assessed MUL. Receiver operator characteristic
curves were generated with 30-day continence as the outcome
measure, and a cutoff of 1.4 cm was determined to maximize
sensitivity (93.2%) and specificity (88.1%). Using this cutoff, a power
analysis was conducted based on level 0.05 (two-sided) test of
equality of the probability for overall continence comparing pa-
tients with innate MUL>1.4 cm with those with innate
MUL�1.3 cm. A power analysis was performed based on our initial
experience, where patients with an MUL>1.4 cm recovered long-
term pad-free continence 100% of the time, compared with 85%
for patients with MUL�1.3 cm. Using this effect size, mpMRI-
assessed MUL of 120 patients was required to achieve 90% power
for detection of a 15% increase in the probability of continence.

3. Results

3.1. Demographics and Safety

Table 1 presents the demographics of both groups. By happen-
stance, the change in technique occurred approximately at the
same time as the Grade D recommendation by the US Task Force
against PSA screening in 2012. 25-26 Hence, preoperative age, PSA
levels, clinical Gleason Grade (cGG), the number of cores involved,
and % core involvement were higher among Group 2 men pre-
senting for RARP, and pathologically, there was significantly more
advanced disease (pGS, p-stage, and positive surgical margins,
p < 0.05). Regarding safety of technique change, there were no
significant increases in major or minor complications, estimated
blood loss, 24-hour change in hemoglobin, or rate of pT2-positive
surgical margins.

3.2. Urinary Continence Recovery

The accumulated patient-reported questionnaire response rates
were 96.0% and 95.7% in Groups 1 and 2, respectively. In unadjusted
analyses, the 30-day pad-free continence rates in Groups 1 and 2
were 28.2% (100/355) and 55.6% (125/225), respectively
(p < 0.0001). The 1-year pad-free continence rates were 88.7% (315/
355) and 93.8% (211/225), respectively (p¼ 0.0441). After adjusting
for the aforementioned covariates, technique change improved
both 30-day [odds ratio (OR): 3.671, 95% confidence interval (CI):
2.522-5.342] and 1-year continence recovery (OR: 1.886, 95% CI:
1.002-3.592) [Table 2]. Fig. 1 depicts adjusted KaplaneMeier time-
to-continence recovery curves between Group 1 and Group 2
(p < 0.0001). Both age and technique change were the only sig-
nificant predictors of an earlier time-to-continence and 1-year
continence recovery [Table 3] .

3.3. Impact of MRI-assessed Preoperative MUL

A total of 123 (34.6%) from Group 2 had a preoperative, MRI-
assessed MUL. The average MUL was 1.83 cm, with 16 (13%) hav-
ing an MUL<1.4 cm and 107 (87%) with MUL�1.4 cm, and clinical
demographics were compared in Supplemental Table 1a. Thirty-
day pad-free continence in these groups was 31.3% (5/16) and 59.8%
(64/107), respectively (p¼ 0.033). Similarly, 1-year continence rates
were 75% (12/16) and 96.2% (101/105), respectively (p ¼ 0.0174).

In multivariate analysis, both categorical MUL>1.4 cm (OR:
4.851, 95% CI: 1.241-18.961) and age (OR: 0.925, 95% CI: 0.873-
0.980) were significant predictors of 30-day continence recovery
(Supplemental Table 2a). MUL>1.4 cm (OR: 11.255, 95% CI: 1.070-
118.407) was the only significant predictor of 1-year continence
recovery (Supplemental Table 2b).

3.4. Learning Curve Assessment

As our surgical experience progressed with the specific intent of
increasing MUL (particularly posteriorly), we queried continence
outcomes to assess for a learning curve. Fig. 2 illustrates a learning
curve effect in Group 2 30-day continence rates (R2 ¼ 0.392) in our
initial 500 patients, whereas no learning curve was identified in
Group 130-day continence rates. In Fig. 3a, the line of transection of



Table 2
Multivariate regression model of variables predicting 30-day continence

Variables B SE Wald p OR 95% CI

Low High

Technique change 1.3 0.191 46.126 <0.001 3.671 2.522 5.342
Age (cont.) 0.043 0.014 9.564 0.002 1.044 1.016 1.073
Preoperative PSA (<10 v. >10 [ref]) �0.005 0.008 0.373 0.541 0.995 0.979 1.011
pT2, positive margins �0.924 0.544 2.884 0.089 0.397 0.137 1.153
Preoperative IIEF-5 (cont.) �0.025 0.015 2.652 0.103 0.976 0.947 1.005
Nerve-sparing (any v. none [ref]) �0.789 0.582 1.835 0.176 0.454 0.145 1.423
Constant �1.648 1.168 1.992 0.158 0.192

CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; SE, standard error.
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the urethra few millimeters from the prostatic apex can be seen. As
our experience progressed, we specifically addressed longer ure-
thral length by releasing and transecting the urethra right at the
prostatic apex (Fig. 3b). A statistically significant stepwise increase
in 30-day continence rates from 50.8% to 67.7% was seen in the
most recent 120 patients, p < 0.05.

4. Discussion

The first major publication regarding MUL by Coakley et al 12

highlighted MRI-assessed MUL as an independent impactor of
continence recovery after RARP. In their report, there was no
mention that surgical preservation of MUL was a mechanism to
increase continence recovery after RARP. It was not until 2004 and
Fig. 1. Adjusted analysis Cox regression model of variabl
2011 that van Randenborgh et al 13 and Schlomm et al 14 demon-
strated convincing evidence that surgeons could physically pre-
serve greater MUL during open RARP, to improve both time-to-
continence and overall continence rates. An important question is
whether surgical preservation can overcome an unfavorable innate
MUL; alternatively, do both factors remain? In this regard, our
study is the first to report that both findings, longer innate MUL and
the surgical preservation of MUL, dramatically impact continence.
Not only do our results further support that preservation of every
millimeter of MUL is a critical factor surgeons can adapt but our
analysis also supports that an innate component of MRI-assessed
MUL 15, independent of surgical preservation, impacts time-to-
continence and overall urinary pad-free continence after RARP.
es predicting time-to-continence recovery is shown.



Table 3
Multivariate regression model of variables predicting overall continence

Variables B SE Wald p OR 95% CI

Low High

Technique change 0.635 0.329 3.726 0.044 1.886 1.002 3.592
Age (cont.) �0.063 0.023 7.415 0.006 0.939 0.897 0.982
Preoprative PSA (<10 v. >10 [ref]) �0.232 0.411 0.32 0.572 0.793 0.354 1.774
pT2, positive margins 0.438 0.79 0.307 0.580 1.549 0.329 7.288
Preoperative IIEF-5 (cont.) 0.014 0.021 0.447 0.504 1.014 0.973 1.057
Nerve-sparing (any v. none [ref]) �0.838 0.635 1.745 0.187 0.432 0.125 1.5
Constant 5.61 1.948 8.291 0.004 273.067

CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; SE, standard error.

Fig. 2. Learning curve of 30-day continence (per 50 patients) is shown.
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The primary finding of our study is that a technique change of
surgical preservation followed by further attempts of maximization
of MUL improved early continencedboth 30-day and time to pad-
free. The major strength of our study was the consistent nature and
quality of patient-reported continence data collection before and
after the change in technique. Critical to the reliability of the
findings is data collection outside the outpatient/hospital setting.
To this end, we reduced bias as our patients mailed or faxed their
outcomes to us. This highly systematic, prospective, and redundant
Fig. 3. (A) Membranous urethral length (MUL) preparation early after technique change. Com
prostatic apex (blue). (B) MUL preparation after learning curve, demonstrating stretching an
greater traction, transected right on the prostate (blue), with less striated sphincter include
mechanism corroborated the two means of assessing patient-
reported time to pad-free continence 23. Both daily urinary pad
logs and/or pad-free continence postcards demonstrated excellent
correlation in assessing patient-reported pad-free continence
(R2 ¼ 0.98). By happenstance, changes in the United States prostate
cancer screening practices in 2012 were coincident 25-26 with our
technique change and created significant demographic differences
between Groups 1 and 2. However, evenwith older men and higher
PSA levels in Group 2, the unadjusted 30-day continence rate
pared with (A) (below), there is transection of more striated sphincter, further from the
d rotating to maximally preserve MUL. Compared with (A) (above), the urethra is under
d.
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increased from 28% (Group 1) to 56% (Group 2). After controlling for
these factors in multivariate analysis, only age and technique
change were significant predictors of continence. The effects of age
were modest compared with MUL preservation: a patient in Group
2 was estimated to be 3.77 times more likely to recover pad-free
continence at 30 days and 1.81 times more likely to recover by 1
year after RARP.

We observed and suggest that transecting the DVCwithout prior
ligation (i.e., stapled, in our case) enhances tension-free, stepwise,
and circumferential release of periurethral attachments. Before the
completion of dividing the veins of the DVC, bleeding can impede
visualization, complicating this approach. Fortunately, owing to the
ambient pressure of the pneumoperitoneum (12 mmHg, which can
be safely elevated to 18 mm for 5-10 minutes), once the veins are
fully transected, minimal bleeding ensues until the prostate is
removed. Althoughbleedingmay initially beunnerving, itwasnever
clinically relevant as no patient required transfusion. As noted in
Table 1, the difference in preoperative and postoperative hemoglo-
bin levels reduced from 3.0 to 2.5. Similar to Bianchi et al , we found
no impact on our positive surgical margin rate.With experience, we
also learned that themore the prostatewas rotated, the easier it was
to completely dissect the membranous urethra circumferentially,
especially posteriorly. Comparing Fig. 2 with Fig. 3, greater MUL (in
blue)wasmaximized as the urethrawas transected closer and closer
to the prostate.With experience and continued improvement noted
in Fig. 2, there was a stepwise increase in 30-day continence rates,
further inferring the importance of each millimeter of preservation
and supporting themillimeter bymillimeter benefit, as predicted by
Mungovan et al in 2017 15.

Limitations of the present study include a retrospective, single-
surgeon study design. Assessment of technique change in a single
surgeon reliably reduced variability in outcomes; it does not allow
for the generalized applicability of a multicentered randomized
control trial (RCT). However, RCTs are limited, as they are designed
to control for a single confounder. By necessity, multicentered
surgical RCTs are susceptible to at least two confounders: technique
adoption and surgeon variability. Our personal experience with a
multicentered high-volume-surgeon RCT revealed a significant
impact of surgeon variability on powering 28-30. Given that we
found a 30-fold difference in 30-day continence rates, the present
study would require more than 120 patients per surgeon to
attenuate the variability in surgical outcomes. The accompanying
expenses and administrative oversight are typically prohibitive 31-

32.
Previous studies primarily from Asia and Europe, combined

with the present analysis, support the impact of innate MRI-
assessed MUL and the importance of surgical maximization.
However, given that this practice is more common among Asian
centers, our findings suggest the need for increased emphasis of
MUL maximization in Europe and the United States. Our findings
also demonstrate that regardless of the benefit in maximizing MUL,
an innate “predetermined” length of native membranous urethra
less than approximately 1.4 cm reduces both 30-day and 1-year
continence recovery. This innate MUL threshold appears to exist
for about 15% of men.
5. Conclusion

Our findings add further support to both the innate impact of
MRI-assessed MUL as well as the impact of each millimeter of MUL
spared on early- and long-term pad-free continence. In our expe-
rience, the present technique of prostatic rotation and circumfer-
ential release of apical attachments effectively maximizes MUL
during RARP.
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