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Introduction: Urinary incontinence (Ul) is a wide-spread and feared side-effect of
conventional or even robot-assisted laparoscopic prostatectomy (RALP) due to its high
impact on patients’ quality of life (QoL). Non-maodifiable risk factors for Ul have already
been identified — on surgical and patient side. Yet, to our knowledge, focus thus far has
not been placed on functional aspects regarding general cognitive ability.

Materials and Methods: This is an observational single-center, prospective,
double-blinded evaluation of 109 RALPs performed between 07/2020 and 03/2021.
All patients underwent a Mini Mental State Examination (MMSE) prior to surgery to
evaluate their cognitive ability. Early post-prostatectomy incontinence (PPI) was evaluated
using a standardized 1 h pad test performed 24 h after removal of the urinary catheter.
The association between MMSE results and PPl were evaluated using univariate and
multivariate logistic regression models.

Results: Multivariate logistic regression analyses identified MMSE results and nerve
sparing (NS) as independent predictors for PPI in patients with an intermediate MMSE
result (25-27 points) having a 3.17 times higher risk of PPl when compared to patients
with a good MMSE result (>28) (95% Confidence Interval (Cl): 1.22-9.06, p = 0.023),
while patients without NS had a 3.53 times higher risk of PPl when compared to patients
with NS (95% Cl: 1.54-11.09, p = 0.006).

Conclusion: A lower cognitive ability should be treated as a non-modifiable risk-
factor for early PPI. In the future it could find its place as a clinical screening tool
to identify patients who require more attention especially in the pre-, but also in the
postoperative phase.

Keywords: prostate cancer, robot-assisted radical prostatectomy, predictor, post-prostatectomy incontinence,
cognitive ability, nerve sparing
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INTRODUCTION

Radical prostatectomy, aside from percutaneous radiation
or brachytherapy, still remains the gold standard for
curative treatment of localized prostate cancer. Despite
developments toward less invasive procedures, as seen in the
progressive establishment of the robot-assisted laparoscopic
prostatectomy (RALP), relevant side effects, such as urinary
incontinence (UI) still occur. Ul is one of the most pertinent
unwanted effects after RALP as it has a substantial impact
on patients quality of life (QoL) and on their lifestyles
overall (1).

Better visualization and performance of accurate incisions
in a very narrowed surgical field as well as the enlarged
view are some of the many propagated advantages of robot-
assisted surgeries in comparison to open approaches. Regarding
radical prostatectomy, the preservation of the external urethral
sphincter can be performed more safely than when using a
retropubic approach. Furthermore, the neurovascular supply
of the membranous urethra can be spared more precisely—
at least theoretically (2). However, a better outcome regarding
Ul in RALPs compared to open surgery is yet to be
proven (3).

Some studies suggest predictors of post-prostatectomy
incontinence (PPI) such as age at time of surgery, Body-
Mass-Index (BMI), prostate volume, and a history of previous
transurethral surgery on the prostate gland (4, 5).

Mechanisms leading to PPI are still not entirely understood.
Nevertheless, age at time of surgery seems to be one of
the most significant factors, since younger patients recover
quicker and more completely (6). But it remains unclear
whether physical fitness fully explains the observed effect
on PPIL. Besides the better physical fitness of younger
men, which could contribute to the better prognosis,
clinical observations lead to the assumption that mental
health also has a positive influence on the postoperative
continence outcome.

Ogurel et al. showed that there is a correlation between
cognitive ability and the appearance of a disease and its
course (7). They linked the Mini-Mental-State-Examination
(MMSE) with diabetic retinopathy and demonstrated
that a bad result in the MMSE correlates with a worse
prognosis of the retinopathy. Flaker et al. demonstrated
the same correlation between low MMSE results and an
increase of the appearance of vascular events and bleeding
in patients with atrial fibrillation under anticoagulation
therapy (8).

In our clinical experience, after observing patients undergoing
RALDP, there appears to be a difference in the PPI occurrence
between patients which cannot be explained by the common risk
factors such as past surgical procedures, age, or body fitness.
We suggest that there are further aspects aside from the already
proven non-modifiable risk-factors, patient- and surgical-sited,
which influence the outcome of UT after radical prostatectomy.

This study prospectively evaluates a possible correlation
between cognitive ability and early PPI after RALP. To our
knowledge this is the first study to examine this issue thus far.

MATERIALS AND METHODS

This is a single-institution, observational, double-blinded, and
prospective evaluation of patients who underwent RALP in
the department of urology at the University Medical Center
Goettingen between 07/2020 and 03/2021. The institutional
review board of the University Medical Center Goettingen
approved this study.

The indication for RALP was localized prostate cancer
detected by biopsy. All patients were staged according to
current guidelines (German-S3-Guidelines, EAU-Guidelines,
respectively) (9, 10).

Exclusion criteria were poor patient literacy, which could lead
to incorrect, bad MMSE results, and an interdisciplinary board
decision to initiate a multimodal therapy before surgery.

The outcome of interest was the occurrence of PPI and
its possible predictors. Is cognitive ability a suitable predictor
for PPI?

All patients were seen at least 1 day before surgery. After
study inclusion they underwent the MMSE by Folstein et al. (11),
always carried out by the same physician to prevent unequal
distortion of the data. Surgeons and patients had no information
about the test result (double-blinded). While 30 points are
always the maximum a patient can achieve, the further MMSE
subdivisions are defined inconsistently in literature. In this study,
the cut-offs were defined based on clinical performance in
the MMSE and the median (28+/-1.6), yielding the following
subdivisions: 28-30 points = no cognitive deficit, 25-27 points =
mild cognitive deficit, and <24 points = severe cognitive deficit.

During the preoperative assessment, patients were asked
if they had performed pelvic floor training, instructed by
physiotherapists, before surgery.

All RALPs were performed by one of three surgeons using
the DaVinci SI system. All surgeons had an experience of at
least more than 450 RALPs, each. The patient allocation was
randomized. The surgical techniques, e.g., preservation and
reconstruction of the pelvic floor, were standardized (e.g., Rocco
Stitch, etc.) (12). Preservation of the neurovascular bundle was
performed whenever the oncological option with respect to the
guidelines and the intraoperative findings was given and the
patient asked for it. Preoperative erectile function was evaluated
by the standardized IIEF questionnaire. For oncological safety we
performed a frozen section of the entire lateral part of the gland
surfacing the neurovascular bundle (from urethra to the bladder
neck) during the RALP. When there was a cancer-positive area
of the margin, the corresponding bundle was resected. Nerve
sparing (NS) was assigned categorially into “no NS,” “unilateral
NS” and “bilateral NS.” A transurethral catheter was placed in all
patients after surgery. No suprapubic catheters were used.

The post-operative course applied to the entire patient
collective was standardized with regard to the use of analgesics,
diet, and physiotherapy. The decision about the duration of the
transurethral catheter placement was dictated by the surgeons on
basis of the intraoperative course (planned for 5 or 7 days). Before
removing the tube, a radiological control (cystogram/retrograde
urethrocystography) was performed. If there was no leakage
of the contrast medium at the vesicourethral anastomosis, the
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catheter was removed accompanied by standardized instructions
by a physician to train the pelvic floor.

Patients stayed hospitalized for at least 24h after catheter-
removal and received standardized pelvic floor training by
physiotherapists within 5h after catheter removal. The patients
documented their voiding conditions using a standardized
micturition protocol for 24 h (voiding rates, amount per fraction,
pad usage, etc.). The next day urinary incontinence/continence
was examined again by a standardized 1h pad test (13) (see
Appendix 1). Before discharge, ultrasonography of post voiding
residual urine volume (PVR) was performed.

MMSE results were also categorized into “good” (no cognitive
deficit), “intermediate” (mild cognitive deficit) and “bad” (severe
cognitive deficit).

Categorical variables were described with absolute number
and corresponding percentage; continuous variables were
described using mean with standard deviation (SD), and median
with range. Statistical comparisons of categorical variables
between groups were performed using the Chi square test.
Continuous variables were compared using the Wilcoxon rank
sum test or Fishers exact test based on evaluation of normal
distribution by the Shapiro Wilks test. Binary univariate and
multivariable logistic regression was used for identification
of predictors. Variables were considered for inclusion in
multivariable models accordingly to their literature-based
influence on the outcome and based on statistical significance (p
< 0.1) from univariate logistic regression analysis and retained in
the final multivariable model if p < 0.05. The final multivariable
logistic regression models were assessed for goodness-of-fit
(calibration) with the Hosmer-Lemeshow test (14), and for
discrimination with the AUC statistic. All statistical analyses were
performed with R version 3.6.3 (R Core Development Team,
Vienna, Austria) and RStudio version 1.1.463 (RStudio Inc.,
Boston, MA). Statistical tests with p < 0.05 were considered
significant. All p-values are two-sided.

RESULTS

109 patients, which were included into this study, were
considered for statistical evaluation of their data since they had
a complete postoperative follow up, meaning they showed a
complete pad test and a sufficient micturition protocol.

The average loss of urine in the pad test ranged from 0 to
328 ml. We categorized the patient population in two groups:
“Dry patients” with a loss of urine <2ml (n = 45) vs. “wet
patients” with a greater loss (n = 64).

Patients’ characteristics of both groups are shown in
Table 1, including their histopathological findings in the
prostatectomy specimen.

In the univariate analysis there was no significant difference
regarding age at time of surgery (p = 0.11), BMI (p = 0.55),
the prostate volume (p = 0.66), and the preoperative quality of
micturition and incontinence (IPSS/ICIQ) [p = 0.11 (IPSS), p =
0.77 (ICIQ)] between the “dry” and “wet” patient-group.

The histopathological characteristics (pT, pN, R status) in
the prostatectomy specimen of both groups [wet (>2ml) vs.

dry (<2 ml) patient group] are comparable. Most patients suffer
from a Gleason score 7 (7a/7b), but a locally advanced prostate
carcinoma (> pT3a). A more advanced carcinoma does not have
an influence on postoperative incontinence, since there is no
significant difference between the two groups in Gleason score (p
=0.5), pT status (p = 0.8), nodal status (p = 0.57), and resection
status (p = 0.46). Interestingly, the initial prostate specific antigen
(iPSA) value shows a significant difference between “dry” and
“wet” patients (p = 0.05), with more patients classified wet, when
they suffered a higher iPSA.

Patients who performed pelvic floor exercises preoperatively
performed equally as well in the MMSE as patients who did not
have pelvic floor training (28+4/-1.2 vs. 284/-1.4, p = 0.76).

Seven patients had a catheterization time of more than 8 days
(insufficient first cystogram). All these patients showed a “
pad test result. The catheter duration showed no significance
regarding PPI (p = 0.06).

Regarding the surgeons’ patient populations there was no
significant difference between the PPI outcome and the MMSE
(Tables 2, 3).

Univariate and multivariate logistic regression analyses
identified MMSE results and NS as independent predictors of
postoperative incontinence.

Upon multivariable analyses, patients with an intermediate
MMSE result had a 3.17 times higher risk of PPI when compared
to patients with a good MMSE (95% Confidence Interval
(CI): 1.22-9.06, p = 0.023), after adjustment for NS (Table 4).
Likewise, patients with no NS had a 3.93 times higher risk of PPI
(95% CI: 1.54-11.09, p = 0.006).

Model diagnostics revealed adequate model calibration and an
acceptable discrimination (AUC = 0.744).

wet”

DISCUSSION

UI severely influences daily life, as affected patients report a
dramatic loss of their QoL (15). These effects can even lead
to mental distress. Avery et al. describe the development of
depression in critical cases where UI detrimentally impairs the
QoL (16). Since PPI is a well-known and feared side effect of
RALP, much effort has been made in the past to understand the
physiology of this undesirable situation. The aim was to identify
predictors in order to counteract PPIL.

Micturition is a voluntary human function based
on a complex interaction of the peripheral and central
nervous system to coordinate the detrusor muscle and the
smooth and striated musculature of the urethra (external
sphincter) (17, 18). Since male incontinence has not
been researched as extensively as female incontinence,
the detailed pathophysiology of PPI remains unclear (2).
Nonetheless, surgical and patient risk factors leading to PPI
have been identified. Damage to the external sphincter as
a surgical cause for PPI seems obvious. Besides the muscle
itself, the neurovascular supply can also be impaired by
the surgery.

Individual patient-sited parameters identified thus far with
significant influence on PPI are older age (19, 20), a shorter

Frontiers in Surgery | www.frontiersin.org

January 2022 | Volume 8 | Article 812197


https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Reichert et al.

Predictor for PPI After RALP

TABLE 1 | Patient characteristics between the “dry” and the “wet” group.

Total (n = 109) Dry (n = 45) Wet (n = 64) p-value
Age (years) Median (min; max) 65 (48;79) 64 (48;78) 66 (51;79) 0.11
BMI BMI <24 1(10.1%) 3(27.3%) 8 (72.7%) 0.55
BMI 24-<30 77 (70.6%) 35 (45.5%) 42 (54.5%)
BMI 30-<35 7 (15.6%) 6 (35.3%) 1(64.7%)
BMI >35 4 (3.7%) 1(25.0%) 3 (75.0%)
iPSA (ng/ml) <4 7 (6.4%) 2 (28.6%) 5 (71.4%) 0.05
4-<10 67 (61.5%) 32 (47.8%) 5 (52.2%)
10-<20 22 (20.2%) 10 (45.5%) 2 (54.5%)
>20 3(11.9%) 1(7.7%) 12 (92.3%)
Prostate volume (ml) <40 52 (47.7%) 21 (40.4%) 1(59.6%) 0.66
40-90 54(49.5%) 22(40.7%) 2 (59.3%)
>90 3(2.8%) 2 (66.7%) 1(33.3%)
IPSS (preoperative) <8 62 (58.5%) 31 (50.0%) 31 (50.0%) 0.1
8-19 37 (34.9 %) 13 (35.1%) 24 (64.9%)
20-35 7 (6.6%) 1(14.3%) 6 (85.7%)
ICIQ (preoperative) No incon. 76 (76.0%) 33 (43.4%) 43 (56.6%) 0.77
Light incon. 7 (17.0%) 7 (41.2%) 10 (58.8%)
Mid incon. 2 (2.0%) 1(50.0%) 1(50.0%)
Severe incon. 5 (5.0%) 1(20.0%) 4 (80.0%)
pT status pT2 7 (15.6%) 8 (47.1%) 9 (52.9%) 0.8
pT3-4 92 (84.4%) 37 (40.2%) 55 (59.8%)
pN status pNO 100 (92.6%) 42 (42.0%) 58 (58.0%) 0.57
pN1 8 (7.4%) 2 (25.0%) 6 (75.0%)
R status RO 79 (72.5%) 35 (44.3%) 44 (55.7%) 0.46
R1 29 (26.6%) 10 (34.5%) 19 (65.5%)
R2 1(0,9%) 0 1(100%)
GS 6 3(2,8%) 1(33.3%) 2 (66.7%) 0.50
7 80 (73.4 %) 35 (43.8%) 45 (56.2%)
8 7 (6.4%) 1(14.3%) 6 (85.7%)
9 9 (17.4%) 8 (42.1%) 11 (57.9%)
NS Unilateral NS 35 (32.1%) 21 (60.0%) 14 (40.0%) 0.01
Bilateral NS 35 (32.1%) 15 (42.9%) 20 (57.1%)
No NS 39 (35.8%) 9 (23.1%) 30 (76.9%)
Pelvic floor training preoperative Yes 7 (15.6%) 9 (62.9%) 8 (47.1%) 0.54
No 53 (48.6%) 20 (37.7%) 33 (62.3%)
Unknown (35 8%) 16 (41.0%) 3 (59.0%)
MMSE Good 0 (66.7%) 34 (48.6%) 36 (51.4%) 0.01
Intermediate (31 4%) 7 (21.2%) 6 (78.8%)
Bad 2 (1.9%) 2 (100%) 0
Catheterization time (after RALP) <7 days 102 (93.6%) 45 (44.1%) 57 (65.9%) 0.06
>8 days 7 (6.4%) 0 7 (100%)

min, minimum, max, maximum, BMI, Body Mass Index; iPSA, initial prostate specific antigen; ml, milliliter; IPSS, international prostate symptom score; ICIQ, international consultation
of continence questionnaire; incon., incontinence; GS, Gleason Score; NS, nerve-sparing; MMSE, Mini-Mental-State-Examination.

(preoperative) membranous urethral length (21), or a bigger
gland volume (19, 22), since these factors are associated with less
striated muscle tissue (23).

It is proposed that patients with non-modifiable risk
factors should be offered more intense targeted preoperative
physiotherapy interventions (24). Those interventions focus on
training the striated urethral sphincter.

To what extent pelvic floor exercises (pre- and post-
operatively) have an influence on the convalescence of
continence after radical prostatectomy remains uncertain.
Furthermore, the instructions for suitable pelvic floor exercises
are not standardized. The traditional “standard of care” includes
non-standardized verbal and written instructions to teach
standardized pelvic floor exercises (“Kegel-exercises”) (25)

Frontiers in Surgery | www.frontiersin.org

4 January 2022 | Volume 8 | Article 812197


https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Reichert et al.

Predictor for PPI After RALP

TABLE 2 | Distribution of patients in “dry” and “wet” between the surgeons.

Surgeon Total Dry Wet p-value
1 21 (19.3%) 7 (33.3%) 14 (66.7%) 0.56
29 (26.6%) 11 (37.9%) 18 (62.1%)
59 (54.1%) 27 (45.8%) 32 (54.2%)
TABLE 3 | Difference between surgeon groups and MMSE distribution.
MMSE Surgeon 1 Surgeon 2 Surgeon 3 p-value
Good 18 (19.8%) 25 (27.5%) 48 (562.7%) 0.56
Intermediate 10 (20.0%) 12 (24.0%) 28 (56.0%)
Bad 0 1(20.0%) 4 (80.0%)

TABLE 4 | Univariate and multivariate logistic regression regarding PPI.

Outcome ORunivariate ORmultivariate
MMSE Good (reference) 1 -
Intermediate 3.51 (1.40-9.73, 3.17 (1.22-9.06,
p =0.010) p = 0.023)
Bad No OR calculated No OR calculated
NS (binary) NS (reference) 1 -
No NS 3.53 (1.51-8.89, 3.93 (1.54-11.09,
p = 0.005) p = 0.006)

before surgery and instructions for the patient to use them after
the procedure (26). The AUA 2019 guidelines describe the use
of preoperative pelvic floor exercises as follows: “effectiveness
of pelvic floor muscle exercise (PFME)/ pelvic floor muscle
training (PFMT) has not been definitively shown in the
preoperative period.” Nevertheless, the practice continues to be
recommended (27).

Overall, sufficient pelvic floor contraction seems to have
a substantial impact on postoperative continence. However,
training of pelvic floor contraction requires a high level of
willingness, coordination, etc. of the patient, as these muscle
contractions are “new” to the male patient and such maneuvers
are not routinely performed. To our knowledge, no research has
been done so far to evaluate how the cognitive status influences
the interaction with the muscle-contraction after RALP.

Screening tools for patients’ general mental abilities (or
disabilities) have so far been insufficient to confirm mental
diagnoses. There are various screening tests available, and it is
up to the medical professionals to choose the tool they consider
most appropriate (28).

However, the MMSE has itself established to be the
appropriate tool in clinical practice, as it can also be carried
out by physicians who are not neurologically/ psychiatrically
experienced. It takes <10 min and has a specificity of 89% with
a sensitivity of 81% (28). It has also been shown that the MMSE
has a better sensitivity in detecting mild cognitive impairment
than other tests, which have a slightly higher overall sensitivity,
but are more related to dementia (29).

As described above, the ability of voluntary micturition is
a very complex interaction between nervous circles. Voiding
happens subconsciously. After radical prostatectomy, the
structure of the pelvic floor and the continence mechanisms in
men change dramatically. To be able to achieve continence, the
patient has to be able to interact with the pelvic floor consciously.

The posed question therefore considers whether sufficient
cognitive ability is a prerequisite for effect pelvic floor training
to prevent incontinence and/ or to what extent a cognitive deficit
could correlate with a PPL

In our study, the multivariate logistic regression analysis
identified the result of the MMSE as an independent predictor of
PPI with patients with a worse MMSE having higher risk of UI.
Interestingly, the effect size was almost as high as for NS surgery
(OR 3.17 vs. 3.93).

The MMSE provides information about the cognitive
ability. Therefore, the results suggest that a cognitive
deficit is associated with a worse postoperative outcome
in terms of continence. It remains unclear whether the
increased incontinence rates as a result of cognitive
impairment are due to poor execution of the pelvic floor
exercises or whether they are associated with reduced
body awareness hindering continence training. Further
investigations must be performed to distinguish the
underlying pathophysiology.

It remains unclear whether the conclusion that pelvic floor
training improves post-operative continence can be drawn at all,
despite many studies existing up to date. A systematic review
from 2020 showed in the long-term analysis that there was
no difference in terms of PPI between patients who started
pelvic floor exercises immediately postoperatively and the control
group that did not perform any exercises (30). Similar results
are reported by the 2015 Cochrane Review, in which there was
no significant difference in the 12-month continence rate in
2.736 men between those who received PFME and/ or PMFT
and those who did not (57% UI in the intervention group and
62% in the control group after 12 months (OR 0.85, 95% CI
0.60-1.22) (31).

A lower cognitive ability should be treated as a non-
modifiable parameter just as the anatomical features mentioned
above. The fact that an intermediate MMSE result is associated
with a worse QoL after RALP, due to PPI, reveals new
opportunities in the way patients should be advised. MMSE
could be seen as a predictor of the PPI outcome and
should lead to a better preparation of the patient before
surgery. In our study population, preoperatively performed
PFME/ PFMT does not significantly affect the PPI outcome.
But this contradicts other studies (2). It could be assumed
that patients with a better MMSE performed PFME/ PEMT
more frequently before surgery. However, our data shows that
there was no difference in MMSE results between patients
who carried out preoperative PFME/ PFMT and those who
did not.

No studies are available thus far that evaluate cognitive ability
and conscious use of the external sphincter urethrae. It would
be interesting to evaluate whether poor MMSE results lead to
insufficient PEME/ PFMT with subsequent PPL. Implementing
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the MMSE in the urological clinical “every-day” practice should
therefore be the next step.

Our data only refer to the immediate early incontinence after
radical prostatectomy. The extent to which early continence is
indicative of long-term continence is a controversial dispute.
Therefore, it must be shown how the proven correlation reflects
in a long-term follow-up.

In this trial there is no difference in incontinence incidence
between the high-risk group and the rest of the patient group. We
cannot confirm the results of other studies stating that a high-risk
prostate cancer constellation is a risk factor for PPI (32), despite
the R status in our population.

The natural course of prostate carcinoma with or without
therapy forbids establishing the MMSE as a contributing
parameter in the decision-making for or against an oncological
resection. The RALP is the only therapy that provides a better
oncological outcome of the localized disease than watchful
waiting (33). Therefore, primarily treating these patients with
a different method other than RALP, e.g., by external beam
radiation, is not a feasible option, but it can be a tool
to help indecisive patients in their treatment choice. In the
future, the MMSE may contribute to tipping the scale toward
a better postoperative QoL for patients while maintaining a
good oncological prognosis, finding its place as a screening
tool to identify patients who need more attention in the
preoperative phase.

Although this is a prospective study and the first evaluating
this research question, there are some limitations worth
mentioning: the results only represent the very early continence
situation after RALP. Of course, this is the phase of the
convalescence where the striated muscle is targeted consciously
before transferring it into the unconscious. Further on, the
results of this study should be correlated with the long-
term incontinence rates. Finally, the patient cohort must be
enlarged, for example in a multi-center trial, to avoid potentially
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CONCLUSION

The results of this prospective trial suggest that cognitive decline
is associated with a worse post-operative outcome in terms of
early continence. To our knowledge this study targets this issue
for the first time.

A cognitive disability (confirmed by MMSE testing) should
be treated as a non-modifiable parameter for PPI. MMSE could
be seen as a predictor of the PPI outcome and should lead to a
better preparation of the patient before surgery. The results of
this study should be compared further on with the long-term
incontinence rates.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of the University
Medical Center Goettingen. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MR and MM: contributed to conception, design of the study,
and wrote the first draft of the manuscript. MM: organized the
database. LT, MR, and IP: performed surgery. AU: performed
the statistical analysis. All authors contributed to manuscript
revision, read, and approved the submitted version.

in patients with diabetic retinopathy. Niger J Clin Pract. (2015)
18:786-9. doi: 10.4103/1119-3077.163274

8. Flaker GC, Pogue J, Yusuf S,
Granger CB, et al. Cognitive
control in patients with atrial
And  Outc. (2010) 3:277-83. doi:
884171

9. Mottet N, Cornford P, van den Bergh RCN, Briers E, De Santis M, Gillessen
S, et al. EAU guidelines prostate cancer. In: Edn. Presented at the EAU Annual
Congress Milan 2021. Arnhem: EAU Guidelines Office (2021). Available online
at: http://uroweb.org/guidelines/compilations- of-all- guidelines/

10. Leitlinienprogramm  Onkologie  (Deutsche — Krebsgesellschaft, — Deutsche
Krebshilfe, AWMEF): S3-Leitlinie Prostatakarzinom, Langversion 6.0, 2021.
Available online at: http://www leitlinienprogramm- onkologie.de/leitlinien/
prostatakarzinom/ (accessed August 13, 2021).

11. Folstein ME Folstein SE, Mc Mugh PR. “Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician.
] Psychiatr Res. (1975) 12:189-98. doi: 10.1016/0022-3956(75)90
026-6

12. Patel VR, Coelho RE Palmer ], Rocco B. Periurethral suspension stitch
during robot-assisted laparoscopic radical prostatectomy: description of
the technique and continence outcomes. Eur Urol. (2009) 56:472-
8. doi: 10.1016/j.eururo.2009.06.007

Pfeffer MA, Goldhaber SZ,
function and anticoagulation
fibrillation. Cir Cardiovasc Qual
10.1161/CIRCOUTCOMES.109.

Frontiers in Surgery | www.frontiersin.org

January 2022 | Volume 8 | Article 812197


https://doi.org/10.1188/03.ONF.229-238
https://doi.org/10.1038/s41585-021-00445-5
https://doi.org/10.1111/j.1464-410X.2004.04951.x
https://doi.org/10.1007/s00345-003-0388-2
https://doi.org/10.1159/000030216
https://doi.org/10.1177/0300060517715396
https://doi.org/10.4103/1119-3077.163274
https://doi.org/10.1161/CIRCOUTCOMES.109.884171
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://www.leitlinienprogramm-onkologie.de/leitlinien/prostatakarzinom/
http://www.leitlinienprogramm-onkologie.de/leitlinien/prostatakarzinom/
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/j.eururo.2009.06.007
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Reichert et al.

Predictor for PPI After RALP

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Klarskov, P, Hald T. Reproducibility and reliability of urinary incontinence
assessment with a 60min test. scand. J Urol Neph. (1984) 18:293-
8. doi: 10.3109/00365598409180199

Hosmer DW Jr, Lemeshow S. Applied Logistic Regression. 2nd ed. New York,
NY: John Wiley & Sons Inc.

Haglind E, Carlsson S, Stranne J, Wallerstedt A, Wilderang U, Thorsteinsdottir
T, et al. Urinary incontinence and erectile dysfunction after robotic versus
open radical prostatectomy: a prospective, controlled, nonrandomized trial.
Eur Urol. (2015) 68:216-25. doi: 10.1016/j.eururo.2015.02.029

Avery JC, Stocks NP, Duggan P, Braunack-Mayer A, Taylor AW,
Goldney RD, et al. Identifying the quality of life effects of urinary
incontinence with depression in an Australian population. BMC Urol.
(2013) 13:11. doi: 10.1186/1471-2490-13-11

Griffiths D. Neural control of micturition in humans: a working model. Nat
Rev Urol. (2015) 12:695-705. doi: 10.1038/nrurol.2015.266

De Groat WC, Griffiths D, Yoshimura N. Neural control of the lower urinary
tract. Compr Physiol. (2015) 5:327-96. doi: 10.1002/cphy.c130056

Heesakkers J, Farag F, Bauer R, Sandhu J, Ridder D, Stenzl A. Pathophysiology
and contributing factors in prostatectomy incontinence: a review. Eur Urol.
(2017) 71:936-44. doi: 10.1016/j.eururo.2016.09.031

Matsushita K, Kent MT, Vickers AJ, Bodman C, Bernstein M, Touijer KA, et al.
Preoperative predictive model of recovery of urinary continence after radical
prostatectomy. BJU Int. (2015) 116:577. doi: 10.1111/bju.13087

Mungovan SE Sandhu JS, Akin O, Smart NA, Graham PL, Patel MI, et
al. Preoperative membranous urethral length measurement and continence
recovery following radical prostatectomy: a systematic review and meta-
analysis. Eur Urol. (2017) 71:368-78. doi: 10.1016/j.eururo.2016.06.023
Sandhu JS, Eastham JA. Factors predicting return  of
continence after radical prostatectomy. Curr Rep.  (2010)
11:191-7. doi: 10.1007/s11934-010-0108-6

Strasser H, Tiefenthaler M, Steinlechner M, Eder I, Bartsch G, Konwalinka
G. Age dependent apoptosis and loss of rhabdosphincter cells. J Urol. (2000)
164:1781-5. doi: 10.1016/S0022-5347(05)67106-6

Dubbelman YD, Groen J, Wildhagen MEF, Rikken B, Bosch JLH.
Urodynamic quantification of decrease in sphincter function after
radical prostatectomy: relation to postoperative continence status and
the effect of intense pelvic floor muscle exercises. Neurourol Urodyn. (2012)
31:646-51. doi: 10.1002/nau.21243

Kegel AH. Progressive resistance the
restoration of the perineal muscles. Am ] Obstet Gynecol.
56:238-48. doi: 10.1016/0002-9378(48)90266-X

Hall LM, Aljuraifani R, Hodges PW. Design of programs to train pelvic
floor muscles in men with urinary dysfunction: systematic review. Neurourol
Urodyn. (2018) 37:2053-87. doi: 10.1002/nau.23593

early
Urol

functional
(1948)

exercise in

27.

28.

29.

30.

31.

32.

33.

Sandhu JS, Breyer B, Comiter C, Eastham JA, Gomez C, Kirages DJ, et al.
Incontinence after prostate treatment: AUA/SUFU guideline. J Urol. (2019)
202:369-78. doi: 10.1097/JU.0000000000000314

Norris, DR, Clark MS, Shipley S. The mental status examination. Am Fam
Phys. (2016) 94:635-41. doi: 10.4324/9780429040191-5

Tsoi KKE, Chan JYC, Hirai HW, Wong SYS, Kwok TCY. Cognitive tests to
detect dementia: a systematic review and meta-analysis. JAMA Int Med. (2015)
175:1450-8. doi: 10.1001/jamainternmed.2015.2152

Hall LM, Neumann P, Hodges PW. Do features of randomized controlled trials
of pelvic floor muscle training for postprostatectomy urinary incontinence
differentiate successful from unsuccessful patient outcomes? A systematic
review with a series of meta-analyses. Neurouro Urodyn. (2020) 39:533-
46. doi: 10.1002/nau.24291

Anderson CA, Omar MI, Campbell SE, Hunter KE Cody D,
Glazener CMA. Conservative management for postprostatectomy
urinary  incontinence.  Cochrane  Database ~ Syst ~ Rev.  (2015)

1:CD001843. doi: 10.1002/14651858.CD001843.pub5

Haga N, Takinami R, Tanji R, Onagi A, Matsuoka K, Koguchi T, et al.
Comprehensive approach for postprostatectomy incontinence in the era of
robot-assisted radical prostatectomy. Fukushima ] Med Sci. (2017) 63:46-
56. doi: 10.5387/fms.2017-15

Bill-Axelson A, Holmberg L, Ruutu M, Garmo H, Stark JR, Busch C,
et al. Radical prostatectomy versus watchful waiting in early prostate
cancer. New Engl ] Med. (2011) 364:1708-17. doi: 10.1056/NEJMoa
1011967

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Reichert, Popeneciu, Uhlig, Trojan and Mohr. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Surgery | www.frontiersin.org

January 2022 | Volume 8 | Article 812197


https://doi.org/10.3109/00365598409180199
https://doi.org/10.1016/j.eururo.2015.02.029
https://doi.org/10.1186/1471-2490-13-11
https://doi.org/10.1038/nrurol.2015.266
https://doi.org/10.1002/cphy.c130056
https://doi.org/10.1016/j.eururo.2016.09.031
https://doi.org/10.1111/bju.13087
https://doi.org/10.1016/j.eururo.2016.06.023
https://doi.org/10.1007/s11934-010-0108-6
https://doi.org/10.1016/S0022-5347(05)67106-6
https://doi.org/10.1002/nau.21243
https://doi.org/10.1016/0002-9378(48)90266-X
https://doi.org/10.1002/nau.23593
https://doi.org/10.1097/JU.0000000000000314
https://doi.org/10.4324/9780429040191-5
https://doi.org/10.1001/jamainternmed.2015.2152
https://doi.org/10.1002/nau.24291
https://doi.org/10.1002/14651858.CD001843.pub5
https://doi.org/10.5387/fms.2017-15
https://doi.org/10.1056/NEJMoa1011967
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Reichert et al.

Predictor for PPI After RALP

APPENDIX 1

PAD TEST (13): The pad test was performed as follows:

Documentation of the pad weight.
Emptying the bladder prior to test begin.
Placement of the pad in front of the meatus.
Asking the patient to:

Drink 500 ml water or tea in 20 min,

Go for a walk including taking the stairs for 30 min,
Cough hard 10 times,

Step on the spot for 10 min,

Do ten deep squats,

Wash their hands with warm water for 1 min, and
Micturate and measure the urine volume.

0O 0O O O O O O

e Ultrasound analysis to evaluate the residual urine volume.
e Weighing of the used pad.

After the pad test, following parameters were documented: Pad
weight at the beginning of the test, pad weight at the end of
the test, urinary volume micturated, and residual urine volume
after emptying the bladder. The loss of urine into the pad was
distinguished binarily into the categories “good continence” (<2
ml) and “bad continence” (>2 ml) (“dry” vs. “wet”). These cut-
offs were chosen to distinguish the completely “dry” patients
from the rest. Because of the risk of measurement errors, 2 ml
were chosen instead of 0-1 ml pad weight difference between the
beginning and the end of the test. The same scale was consistently
used to measure the pad weight.
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