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Introduction and Objectives: Surgical techniques such as preservation of the full

functional-length of the urethral sphincter (FFLU) have a positive impact on postoperative

continence rates. Thereby, data on very early continence rates after radical prostatectomy

(RP) are scarce. The aim of the present study was to analyze very early continence rates

in patients undergoing FFLU during RP.

Materials and Methods: Very early-continence was assessed by using the PAD-test

within 24 h after removal of the transurethral catheter. The PAD-test is a validated test

that measures the amount of involuntary urine loss while performing predefined physical

activities within 1 h (e.g., coughing, walking, climbing stairs). Full continence was defined

as a urine loss below 1g. Mild, moderate, and severe incontinence was defined as urine

loss of 1–10 g, 11–50 g, and >50 g, respectively.

Results: 90 patients were prospectively analyzed. Removal of the catheter was

performed on the 6th postoperative day. Proportions for no, mild, moderate and severe

incontinence were 18.9, 45.5, 20.0, and 15.6%, respectively. In logistic regression

younger age was associated with significant better continence (HR 2.52, p= 0.04), while

bilateral nerve-sparing (HR 2.56, p = 0.057) and organ-confined tumor (HR 2.22, p =

0.078) showed lower urine loss, although the effect was statistically not significant. In

MVA, similar results were recorded.

Conclusion: Overall, 64.4% of patients were continent or suffered only from mild

incontinence at 24 h after catheter removal. In general, reduced urine loss was recorded

in younger patients, patients with organ-confined tumor and in patients with bilateral

nerve sparing. Severe incontinence rates were remarkably low with 15.6%.
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INTRODUCTION

Beside achieving adequate oncological outcomes, ensuring suitable functional outcomes, thus the
preservation of erectile function and urinary continence, is a main goal after radical prostatectomy
(RP). Postoperative incontinence still continues to be one of the most defacing side-effect, affecting
about 9–16% of all patients after RP (1–4). The level of postoperative incontinence has an immense
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influence on patient’s quality of life (1). For instance, people
suffering from incontinence are more often afflicted with
depression or sexual dysfunction (5).

Most commonly sphincter injury and bladder dysfunction
are anatomically associated with postoperative urinary
incontinence (6, 7). Therefore, improvement of surgical
techniques is one of the main goals at RP to achieve improved
functional postoperative outcomes (8). The urethral sphincter
is part of an anatomic system complex including the pelvic
floor muscles and its complex structures as well as several
active and passive urethral closure mechanisms maintaining
continence. Anatomically the functional urethra is partly located
intraprostatically between the prostatic apex and the colliculus
seminalis (9). Not only the preservation of its length although
its anatomic fixation seems to be a determining factor to reach
maximal continence (9). Hence, the preservation of the full
functional-length of the urethral sphincter (FFLU) has been
reported to positively impact postoperative continence at 12
months after RP (9).

Moreover, it has been reported, that the apical dissection
during nerve sparing at RP itself improved long term continence
rates as well as faster continence recovery (10). This said, the
meticulous preparation of the urethra during FFLU and nerve-
sparing RP may reduce the sphincter trauma and result in
improved continence rates. Also patient characteristics [obesity
= body mass index (BMI) ≥ 30] age at RR and tumor stage
seem to have an influence on postoperative continence in
general (11–13).

While data about the influence of preservation of FFLU on
mid- and long-term continence rates is available, studies about
very early continence rates (within 24 h after removal of the
transurethral catheter) after RP are scant. Moreover, there is no
consent about the impact of possible factors influencing very
early continence such as BMI, age, nerve-sparing, and tumor
stadium. In consequence, the aim of the present study was to
report data on very early continence in patients undergoing FFLU
and to analyze further influencing factors.

MATERIALS AND METHODS

In January 2018, the surgical concept of FFLU was implemented
at our tertiary referral center. Data on very early continence was
prospectively collected in patients with a sufficient postoperative
cystogram on day 6 after RP undergoing RP with FFLU from
January 2018 to March 2019. Patients were excluded from
our analyses either because of missing data or because of an
insufficient anastomosis in the postoperative cystogram at day
6. Ninety-four out of one hundred and fifty patients in the
study period had their catheter removed at day 6 and underwent
the PAD test. Four patients were excluded due to missing data,
leaving 90 patients for the final analysis. Surgery was performed
either with an open (n = 45, 50%) or robotically-assisted
laparoscopic approach (n = 45, 50%). In all cases operation was
performed by individualized apical preparation along patient’s
anatomic landmarks. Furthermore, the individual length of the
external urethral sphincter was respected (9).

Outcome
Very early continence was defined as continence within
24 h after removal of the transurethral catheter. To assess
the rate of very early incontinence the so called PAD-test
was used. The PAD-test is a comprehensible and validated
test that measures the amount of involuntary loss of urine
while performing predefined physical activities within
1 h (14, 15).

Before starting the test, patients void to empty the
bladder completely. After putting on a pre-weighed
collecting device, patients drink 500ml of water and
rest for 15min. Afterwards, the patient has to move
around for half an hour. In the following, patients are
asked to perform several predefined physical activities
within 15min (e.g., coughing, walking, climbing stairs).
At the end the collecting device is removed and
reweighed (Figure 1).

The grade of continence is distinguished in different
levels. Full continence is defined as an urine loss below
1 g. Mild, moderate and severe incontinence are defined
as an urine loss of 1–10 g, 11–50 g, and >50 g, respectively
(14, 15). In our analyses patients were stratified according
to the different levels of continence/incontinence.
Moreover, the influence of complete, partial or no
intraoperative nerve-sparing, BMI, age, and pT-stage
were assessed.

Statistical Analysis
Descriptive statistics included frequencies and proportions for
categorical coded variables. Medians and interquartile ranges
(IQR) were reported for continuously coded variables. Uni-
and multivariable logistic regression models were used to test
the relationship between very early continence and patients’
characteristics such as BMI, age, nerve-sparing, and tumor
stadium. All tests were two sided with a level of significance
set at p < 0.05. We used the statistical software Stata for
our analysis (version 14 for Windows, StataCorp LP, College
Station, TX).

FIGURE 1 | Procedure of PAD-test.
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RESULTS

Overall, 90 patients that underwent RP with FFLU were analyzed
(Table 1). Median BMI was 26.0 kg/m2 and median age was
66.3 years. 62.2% of all patients had an organ-confined tumor.
Bilateral/ unilateral nerve sparing was performed in 74.4%/23.3%
of cases. Median loss of urine in PAD test was 5 g (Interquartile
range 1–20 g). In general, very early continence rates were high
in patients undergoing RP with FFLU. 18.9% of patients (n= 17)
showed no incontinence 24 h after removal of the transurethral
catheter. 45.5% (n = 41) of the sample suffered from mild
incontinence. Moderate incontinence was documented in 20.0%
of patients (n= 18), while severe incontinence occurred in 15.6%
(n = 14). In sum, 64.4% of all patients (n = 58) were completely
continent or showed only a mild form of incontinence at that
early time-point after removal of the transurethral catheter.

In univariable logistic regressionmodels predicting no or mild
incontinence (<10 g) younger age (≤66 years) was significantly
associated with lower loss of urine in PAD test (OR 2.52, 95%-CI:
1.03–6.17, p = 0.04). Conversely, obese patients showed similar
continence rates in comparison to normal weighed patients (OR:
1.21, 95%-CI: 0.51–2.88, p = 0.7). Furthermore, bilateral nerve
sparing and organ-confined pT-stage showed lower urine loss,
although the effect was statistically not significant (HR: 2.56, p
= 0.057 and HR: 2.22, p = 0.078, respectively). After adjustment
in multivariable logistic models the results mentioned above
remained qualitatively the same (Table 2). After adjustment for
pT stage, nerve-sparing technique, age, and BMI, younger age
remained an independent predictor for no or mild incontinence
(OR: 2.83, 95%-CI: 1.08–7.43, p= 0.03).

DISCUSSION

The preservation of continence after RP is an important aspect
in the treatment of patients with prostate cancer. Postoperative
incontinence has a strong influence of patient’s quality of life (1).
Several different factors like age, BMI, tumor stadium, or nerve
sparing seem to have influence on postoperative continence rates.
Nevertheless, data about their individual role and their individual
impact on postoperative continence varies (11–13, 16, 17).

TABLE 1 | Patient characteristics.

Age median (IQR) 66.3 (60–70)

BMI median (IQR) 26.0 (24.4–28.6)

Nerve sparing

no% n = 2 (2.2%)

unilateral % n = 21 (23.3%)

bilateral % n = 76 (74.4%)

Organ-confined (%) n = 56 (62.2%)

Loss of urine median (IQR) 5 g (1–20 g)

Continence (<1g) n = 17 (19%)

Mild incontinence (1–10 g) n = 41 (45.5%)

Moderate incontinence (11–50 g) n = 18 (20%)

Severe incontinence (<50g) n = 14 (15.5%)

In general, a high level of postoperative continence and
erectile function can be achieved nowadays (18–22). Recovery of
continence has thereby to be seen as a process.While data on very
early continence is rare, it is known that the majority of men are
continent at month 3 after RP and recovery exceeds up to about
90% 1 year after RP and beyond (16, 17).

Therefore, the aim of the present study was to analyze
continence rates within 24 h after removal of the catheter. To
the best of our knowledge, no other study using a standardized
and validated PAD test at this early timepoint is available. Our
analysis demonstrated some noteworthy findings.

The surgical concept of FFLU shows high rates of very early
continence. This is a novel finding as, almost all available data
about postoperative continence rates focus rather on mid-or
long term results. For example, Schlomm et al. showed that the
preservation of the FFLU had a positive impact on postoperative
continence rates. They compared continence rates 12month after
RP in patients with or without FFLU. Whereas, 50.1% of patient
with FFLU were continent, continence rates were significantly
worse in patients without FFLU (30.9%) 1 week after removal
of the catheter (9). Twelve months after surgery patients with
FFLU still showed better continence rates compared to patients
operated without FFLU (96.9 and 94.7%). This finding is in
concordance with our results, showing that continence rates 24 h
after removal of the transurethral catheter are in general high in
patients undergoing RP with FFLU. The only data available for
very early continence (24 h after catheter removal) is reported
without the FFLU technique and measured by PAD use rather
than PAD test—and therefore are not comparable (23).

Furthermore, we could not show BMI to have an effect on
very early continence. The influence of BMI on postoperative
continence is controversially discussed in the literature. One
study by Khoder et al. reported that obesity has a negative effect
on postoperative continence at week 3 after surgery (12). In
contrast Mandel et al. showed that obesity had no significant
impact on postoperative continence 12 months after RP (11).
Similar data, undermining that BMI has no significant influence
on postoperative incontinence, comes from Mulholland et al.
who examined the influence of BMI on continence after
laparoscopic RP (24). Data about the influence of age on
postoperative continence also varies. Zorn et al. concluded that
younger men (<60 years) were significantly earlier continent

TABLE 2 | Uni- and multivariable logistic regression model predicting no or mild

urine loss (≤10g) in PAD test.

Univariable Multivariable

OR 95%-CI p-value OR 95%-CI p-value

Age < 66 2.52 1.03–6.17 0.043 2.83 1.08–7.43 0.03

Age ≥ 66 Ref. Ref.

pT2 2.22 0.91–5.40 0.078 2.57 0.98–6.71 0.05

≥pT3

BMI < 26 1.21 0.51–2.88 0.66 1.07 0.42–2.73 0.88

BMI ≥ 26 Ref. Ref.

Bilateral NS 2.56 0.93–6.77 0.06 2.04 0.85–6.68 0.09

No/unilateral NS Ref. Ref.
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compared to men older than ≥60 years at month 12 and 6
after RP. However, after 1 year of follow-up continence rates
were similar among younger and older men (25). On the other
hand, Labanaris et al. showed that selected men older than 75
years had excellent continence rates (at 12 months, ≤75 years
92.8% vs. ≥ 75 years 86.9%), although results were worse than
in younger patients after robotic-assisted laparoscopic RP (26).
In our study, age was the only significant factor influencing
the very early continence. Younger patients (≤66 years) showed
significant better continence rates compared to patients older
than 66 years (p < 0.05).

There is still no consensus about the effect of preservation
of neurovascular bundles (NB) on postoperative continence. In
their study, Michl et al. showed that the level of postoperative
incontinence depends on the surgical approach during RP,
with or without initial nerve-sparing technique, not on the
preservation of neurovascular bundles itself. Postoperative
continence rates were almost the same in patients with
preservation of the neurovascular bundles or with secondary
resection, after initial neurovascular bundle preservation. In
contrast, continence rates were significantly worse in patients
with no nerve-sparing technique a priori (27). On the other hand,
several studies show that nerve sparing itself has a positive effect
on postoperative continence. For example Kim et al. showed
that continence rates were significantly higher in patients with
bilateral than in patients with unilateral or no nerve-sparing
1 year after surgery (28, 29). Even patients with preoperative
erectile dysfunction showed better postoperative continence rates
when nerve-sparing was performed (30). Our study undermines
the importance of (bilateral) nerve-sparing showing a positive
effect, despite in a non-significant fashion, on postoperative
continence rates also at a very early timepoint.

The current study has several limitations. One limitation is
the lack of control group of patients without FFLU. This would
help to analyze the impact of FFLU on very early continence
rates inmore detailed fashion. Furthermore, our study lacks long-
term follow-up to compare very early and long-term continence
rates. Additionally it is difficult to conclude that factors affecting
mid-and long-term continence rates might automatically have
a similar influence on very-early continence. Moreover, only
patients with catheter removal at day 6 postoperative were
included in our study. This might lead to some kind of selection
bias. Last but not least, all surgeries were performed by high-
volume surgeons, which might have affected our results and may
vary from other institutions. Nevertheless, to the best of our
knowledge, this is the first study evaluating very early continence
after RP with FFLU.

In summary, very early continence rates within 24 h after
removal of the catheter are high in patients undergoing RP
with FFLU. 64.4% of patients were continent or suffered only
from mild incontinence at that early time-point after RP. Age
was an independent predictor for incontinence. In general, a
reduced urine loss was recorded in younger patients, patients
with organ-confined tumors and in patients with bilateral nerve
sparing during RP (the last two with statistically insignificant
effects). Severe incontinence rates were remarkably low with
15.6%. Nevertheless, a larger patient cohort with longer follow-
up is needed to correlate the results of very-early continence with
long-term continence.
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