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Abstract

Purpose To test the effect of anatomic variants of the prostatic apex overlapping the membranous urethra (Lee type clas-
sification), as well as median urethral sphincter length (USL) in preoperative multiparametric magnetic resonance imaging
(mpMRI) on the very early continence in open (ORP) and robotic-assisted radical prostatectomy (RARP) patients.
Methods In 128 consecutive patients (01/2018-12/2019), USL and the prostatic apex classified according to Lee types
A-D in mpMRI prior to ORP or RARP were retrospectively analyzed. Uni- and multivariable logistic regression models
were used to identify anatomic characteristics for very early continence rates, defined as urine loss of <1 g in the PAD-test.
Results Of 128 patients with mpMRI prior to surgery, 76 (59.4%) underwent RARP vs. 52 (40.6%) ORP. In total, median
USL was 15, 15 and 10 mm in the sagittal, coronal and axial dimensions. After stratification according to very early con-
tinence in the PAD-test (<1 g vs.> 1 g), continent patients had significantly more frequently Lee type D (71.4 vs. 54.4%)
and C (14.3 vs. 7.6%, p=0.03). In multivariable logistic regression models, the sagittal median USL (odds ratio [OR] 1.03)
and Lee type C (OR: 7.0) and D (OR: 4.9) were independent predictors for achieving very early continence in the PAD-test.
Conclusion Patients’ individual anatomical characteristics in mpMRI prior to radical prostatectomy can be used to predict
very early continence. Lee type C and D suggest being the most favorable anatomical characteristics. Moreover, longer
sagittal median USL in mpMRI seems to improve very early continence rates.
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Introduction

Mike Wenzel and Felix Preisser contributed to the work equally. . .
In the treatment of prostate cancer with radical prostatec-

tomy for local tumor control, sufficient postoperative func-
tional outcomes—mainly continence and potency—are of
major importance to provide high quality of life in men
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[1-4]. In the recent years, several surgical techniques, such
as nerve-sparing procedures or preservation of the “Full-
Functional-Length-Urethra” (FFLU) have been investigated
with the aim of improving early postoperative continence
rates after open (ORP) and robotic-assisted radical prosta-
tectomy (RARP) [5-9].

In shared decision making with prostate cancer patients
regarding treatment choice of radical prostatectomy vs.
radiation therapy, it is crucial to provide information and
predict the postoperative probability of functional outcomes
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like early continence. Several risk factors for higher risk of
postoperative incontinence as for example non-organ con-
fined disease, age, non-nerve-sparing surgery, prostate vol-
ume or Gleason score have been previously described [10,
11]. Moreover, multiparametric magnetic resonance imaging
(mpMRI) is nowadays frequently employed for prostate can-
cer diagnostics, staging and surgical planning purposes and
also individual anatomical characteristics can be visualized
and analyzed according to their influence on continence rates
after radical prostatectomy [12]. For example, the urethral
sphincter length measured in the preoperative mpMRI and
also the variation of the prostatic apex shape, classified as
four types as previously described by Lee et al. may yield the
potential to predict continence rates [13—17]. Nonetheless,
further validation of those predictors and interindividual
anatomical characteristics is needed, since mpMRI quality
improved in the recent years and RARP approach may allow
better visibility of anatomical structures. Moreover, to the
best of our knowledge the influence of these characteristics
on very early continence, defined as urine loss in the vali-
dated PAD-test within 24 h after catheter removal, has never
been investigated.

We addressed this void in analyzing our institutional
radical prostatectomy database according to very early
continence rates of the most recent patients who under-
went mpMRI prior to ORP or RARP between 01/2018 and
12/2019. We hypothesized that very early postoperative
continence rates differ according to the apex shape of the
prostate, classified as Lee types A-D, as well as urethral
sphincter length after ORP and RARP.

Methods
Study population

After approval of the local ethic committee, we identified all
patients (n=334) who underwent radical prostatectomy for
biopsy confirmed prostate cancer at the University Hospital
Frankfurt between 01/2018 and 12/2019 in the institutional
radical prostatectomy database. Patients without preopera-
tive mpMRI were excluded (n=206). All surgeons in this
patient cohort were experienced surgeons trained in high-
volume prostate cancer centers. Radical prostatectomy was
performed as ORP or RARP using FFLU-technique and
frozen sections for nerve-sparing surgery, as previously
described [6, 18].

mpMRI prior to radical prostatectomy: Lee type
definition and urethral sphincter length

mpMRI acquisition was performed as recommended (Euro-
pean Society of Urogenital Radiology ESUR guidelines) and
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previously described [19]. Moreover, according to the pre-
vious publication by Lee et al. and its value for continence
prediction, prostatic apex shape in the mpMRI was classified
as Lee type A-D in T2-weighted sequences [17]: Lee type A
was defined as a prostatic apex overlapping the membranous
urethra anteriorly and posteriorly. Lee type B and C were,
respectively, defined as an overlap of the prostatic apex of
the anterior or posterior membranous urethra. In addition,
Lee type D was defined as no observed overlap of the pros-
tatic apex over the membranous urethra in the mpMRI.

Moreover, urethral sphincter length and diameter were
measured (in millimeters [mm]) in sagittal, coronal and axial
directions in preoperative mpMRI (Fig. 1). All mpMRI anal-
yses were primarily performed by an experienced researcher
with special training in uropathological imaging in a blinded
fashion with regard to the study endpoint, supervised by a
board-certificated radiologist.

Continence rates after radical prostatectomy

Very early continence after ORP and RARP was defined as
continence within 24 h after removal of the transurethral
catheter. The catheter was removed after unsuspicious cys-
togram, routinely performed between the fifth to the sev-
enth day after surgery. A standardized assessment of very
early continence rates was performed in all patients with the
PAD-test within 24 h after catheter removal, as previously
described [10]. The PAD-test describes a comprehensible

Fig. 1 Urethral sphincter measurement in sagittal dimension in a
multiparametric MRI prior to radical prostatectomy
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and validated test which measures the amount of involuntary
urine loss while performing predefined physical activities
in 1 h (e.g., coughing, walking, climbing stairs). Prior to
the PAD-test, a pre-weighed collecting device was given
to the patient and after physically activities, the collecting
device was removed and reweighed. Very early continence
was defined as a urine loss <1 g in the PAD-test [20].

Statistical analyses

Descriptive statistics included frequencies and proportions
for categorical variables. Means, medians and interquartile
ranges (IQR) were reported for continuously coded varia-
bles. The Chi-square test was used for statistical significance
in proportions’ differences. The # test and Kruskal-Wallis
test examined the statistical significance of means’ and dis-
tributions’ differences.

Univariable and multivariable logistic regression models
were fitted to test the relationship between Lee types A-D
and urethral sphincter length in the preoperative mpMRI on
the very early postoperative continence. Logistic regression
models were set for the covariables age, prostate volume,
pT-stage, nerve-sparing procedure and surgical approach
(ORP vs. RARP). Statistically significant variables in uni-
variable models were used for additional multivariable logis-
tic regression models. All tests were two sided with a level
of significance set at p <0.05 and R software environment
for statistical computing and graphics (version 3.4.3) was
used for all analyses.

Results
Descriptive baseline characteristics

Between 01/2018 and 12/2019, 334 patients underwent radi-
cal prostatectomy for biopsy confirmed prostate cancer at
the University Hospital Frankfurt. Of these, 128 patients
had a preoperative mpMRI prior to radical prostatectomy
and were included in the final analyses. In total, 76 (59.4%)
patients underwent RARP vs. 52 (40.6%) ORP. Median
age and median PSA were 66 (IQR: 60-70) and 8.0 ng/ml
(IQR 6.0-11.5), respectively. In our cohort, 38 (29.7%), 16
(12.2%) and 29 (22.7%) patients inherited unfavorable char-
acteristics such as high risk D’amico score, cT-stage > 2c
and Gleason Score 8—10 (ISUP 4-5), respectively. Neurovas-
cular bundle preservation was performed on both sides in 92
(71.9%) and at one side in 24 (18.8%) patients. Overall, 49
(38.3%) patients had a very early continence with <1 g urine
loss in the PAD-test. Further stratification was performed
according to PAD-test<1 g vs.>1 g (Table 1).

mpMRI characteristics: urethral length and Lee
types

Median length of the urethral sphincter was 15 mm (IQR
12-17), 15 mm (IQR 12-17) in the entire cohort in the sagit-
tal and coronal dimension, respectively. Moreover, median
axial and coronal diameter of the urethral sphincter were
9 mm (IQR 8-10) and 10 mm (IQR 9-11). Proportions of
Lee type A, B, C and D were 21 (16.4%), 16 (12.5%), 13
(10.2%) and 78 (60.9%) in the entire cohort.

After stratification according to very early continence in
the PAD-test (<1 g vs.>1 g), a significant longer median
length of the urethral sphincter in sagittal dimension was
observed in the group with a PAD-test<1 gvs.>1 g (15 mm
[IQR 14-18] vs. 15.0 [IQR 12-17, p=0.03]. Conversely,
no differences in the coronal and axial dimensions of the
urethral length were observed between both groups (all
p>0.05). Furthermore, patients with a PAD-test <1 g after
catheter removal had significantly more frequently Lee type
D (71.4 vs. 54.4%) and C (14.3 vs. 7.6%, p=0.03) than
patients with a PAD-test> 1 g. Conversely, patients with a
PAD-test> 1 g had significantly more frequently Lee type A
(22.8 vs. 6.1%) and B (15.2. vs. 8.2%) in the mpMRI prior
to radical prostatectomy than patients with a PAD-test<1 g
(»p=0.03).

PAD-test<1 g vs. PAD-test>1g

In univariable logistic regression analyses (Table 2), the
length of the urethral sphincter in sagittal dimension (odds
ratio [OR] 1.2), prostatic apex Lee type C (OR 7.0) and D
(OR 4.9) and RARP (OR 2.7) were significant predictors
for a very early continence in the PAD-test (all p <0.05). In
multivariable analyses, median length of the urethral sphinc-
ter in the sagittal dimension (OR 1.03), as well as Lee type
C (OR 1.5) and D (OR 1.3) were independent predictors
for very early continence, defined as PAD-test<1 g (all
p <0.05). Conversely, RARP or ORP had no influence on
very early continence rates in multivariable logistic regres-
sion models (p > 0.05).

Discussion

We hypothesized that very early postoperative continence
rates differ according to the apex shape of the prostate, clas-
sified as Lee types A—D, as well as the urethral sphincter
length in mpMRI prior to surgery. We tested this hypothesis
in our institutional radical prostatectomy database and made
several noteworthy observations.

First, we made important observations according to the
prostatic apex shape and the median urethral sphincter
length. Specifically, the most common prostatic apex shape

@ Springer



1300

International Urology and Nephrology (2021) 53:1297-1303

Table 1 Patient characteristics of 128 patients who underwent radical
prostatectomy for biopsy confirmed prostate cancer between 01/2018
and 12/2019 at the University Hospital Frankfurt and received preop-

erative mpMRI, stratified by very early continence rates, classified by
PAD-test (0-1 g vs.>1 g)

Variable Overall PAD-test 0-1 g PAD-test>1g p value
n=128 n=49 (38.3%) n=79 (61.7%)
Age, in years
Median (IQR) 66 (60-70) 65 (60-68) 66 (60-72) 0.3
PSA, in ng/ml
Median (IQR) 8.0 (6.0-11.5) 7.0 (6.0-10.0) 8.0 (6.0-14.0) 0.04
Length of urethral sphincter, sagittal, in mm
Median (IQR) 15 (12-17) 15 (14-18) 15 (12-17) 0.03
Length of urethral sphincter, coronal, in mm
Median (IQR) 15 (12-17) 15 (13-18) 15 (12-17) 0.1
Diameter of urethral sphincter, axial, in mm
Median (IQR) 10 (9-11) 10 (9-11) 10 (9-11) 0.9
Diameter of urethral sphincter, coronal, in mm
Median (IQR) 9 (8-10) 9 (8-10) 9 (8-10) 0.2
Prostate volume, in ml
Median (IQR) 40 (30-50) 40 (30-45) 40 (29-50) 0.8
D’Amico score, n (%)
Low 12 (9.4) 9 (18.4) 3(3.8) <0.01
Intermediate 76 (59.4) 31(63.3) 45 (57.0)
High 38 (29.7) 8(16.3) 30 (38.0)
Missing information 2(1.6) 12.0) 1(1.3)
Lee type, n (%)
A 21(16.4) 3(6.1) 18 (22.8) 0.03
B 16 (12.5) 4(8.2) 12 (15.2)
C 13 (10.2) 7(14.3) 6 (7.6)
D 78 (60.9) 35(71.4) 43 (54.4)
pT-stage, n (%)
pT2 68 (53.1) 30 (61.2) 38 (48.1) 0.2
>pT3 60 (46.9) 19 (38.8) 41 (51.9)
Surgical approach, n (%)
ORP 52 (40.6) 13 (26.5) 39 (49.4) 0.02
RARP 76 (59.4) 36 (73.5) 40 (50.6)
Nerve sparing, n (%)
None 12 (9.4) 1(2.0) 11 (13.9) 0.1
Unilateral 24 (18.8) 8(16.3) 16 (20.3)
Bilateral 92 (71.9) 40 (81.6) 52 (65.8)
Surgical margin, n (%)
Negative 88 (68.8) 37 (75.5) 51 (64.6) 0.3
Positive 40 (31.2) 12 (24.5) 28 (35.4)

IQR interquartile range, PSA initial prostate-specific antigen

was Lee type D (61%), followed by A (16%), B (13%) and C
(13%). Moreover, longest median urethral sphincter length
was measured in sagittal dimension and was 15.1 mm (IQR
12.4-17.1). These observations are quite interesting, since
geographical differences may exist regarding to the prostatic
apex shape and the length of the median urethral sphinc-
ter. For example, in the first described classification of the
prostatic apex shape overlapping the urethra by Lee et al.,
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the majority of patients harbored Lee type A (38%) and the
minority Lee type C (15%). Since Lee et al. demonstrated
that the different anatomical shapes of the prostate apex
influence urinary continence after radical prostatectomy, it is
very important to investigate those geographical differences
for comparisons and real-world application [17]. Moreover,
also the median urethral length in sagittal dimension seems
to differ across geographical areas. For example, in several
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Table 2 Univariable and multivariable logistic regression models predicting very early continence after radical prostatectomy, defined as PAD-

test0-1g

Univariable analysis Multivariable analysis

OR CI2.5% CI97.5% p value OR 2.5% 97.5% p value
Length of urethral sphincter, sagittal, in mm 1.15 1.03 1.29 0.01 1.03 1.01 1.05 0.037
Length of urethral sphincter, coronal, in mm 1.12 1.00 1.27 0.06 - - - -
Diameter of urethral sphincter, axial, in mm 1.02 0.81 1.28 0.9 - - - -
Diameter of urethral sphincter, coronal, in mm 1.18 0.94 1.49 0.2 - - - -
Lee type A Ref (1.0) - - - - - - -
B 2.00 0.38 11.74 0.4 1.15 0.85 1.55 0.4
C 7.00 1.47 41.67 0.02 1.53 1.10 2.11 0.01
D 4.88 1.50 22.06 0.02 1.27 1.01 1.59 0.04
Age 0.98 0.93 1.03 0.4 - - - -
Prostate volume, in ml 0.99 0.96 1.01 0.3 - - - -
Surgical approach ORP Ref (1.0) - - - - - - -
RARP 2.70 1.27 6.00 0.01 1.17 0.99 1.39 0.1
pT2 stage Ref (1.0) - - - - - - -
pT3-4 0.59 0.28 1.20 0.1 - - - -
No nerve sparing Ref (1.0) - - - - - - -
Uni-/bilateral nerve sparing 7.76 1.44 144.3 0.1 - - - -

OR Odds ratio, CI confidence interval, PSA prostate-specific antigen, ORP open radical prostatectomy, RARP robotic-assisted radical prostatec-

tomy

studies and a meta-analysis by Mungovan et al., the median
urethral length was mostly comparable to our findings in
North American and European studies, while in Asian men,
the median urethral sphincter length seemed to be shorter
and ranged from 10.4 to 13.3 mm [14, 21, 22]. However,
when determining Lee type and measuring urethral sphincter
length, interobserver variability might be present and influ-
ence the results.

Second, we also made important observations after strat-
ifying our cohort by PAD-test result<1 g vs.>1 g. Spe-
cifically, patients with very early continence after catheter
removal after radical prostatectomy harbored significantly
more often none (Lee type D, 71 vs. 54%) or a posterior
overlap (Lee type C, 14 vs. 8%) of the prostatic apex on
the membranous urethra. Moreover, Lee type C and D were
independent positive predictors for very early continence
in multivariable logistic regression models. Comparing our
findings with other studies, highest rates of urinary conti-
nence in the first publication by Lee et al. [17] were found in
Lee type B or C 3 months after surgery. Since surgical tech-
niques have impressively improved since the time of publi-
cation by Lee et al. and geographical differences in patients
according to Lee types may exist as mentioned above, as
well as the different analyzed timepoints for continence, the
heterogeneity of both studies does not allow direct compari-
sons. It can be assumed that Lee type D (no prostatic apex
overlap on the urethra) might be most favorable anatomical
variant for surgeons to perform surgical techniques such as

FFLU and this might reflect the high rates of very early post-
operative continence [10, 22].

In addition, a significant longer median urethral length
in the sagittal dimension in the mpMRI prior to radical
prostatectomy was observed in patients with very early
continence rates (PAD-test<1 g). Moreover, median
sagittal urethral length was also an independent predic-
tor for very early continence (OR 1.03) in multivariable
logistic regression models after adjusting for the influ-
ence of surgical approach and techniques. These findings
are very important since it can help clinicians to predict
very early continence rates after catheter removal with the
preoperative MRI and can provide a realistic preoperative
continence prediction for the patients, despite the influ-
ence of for example, surgical approach, FFLU or nerve-
sparing technique [5]. To the best of our knowledge, no
previous study investigated the effect of Lee types and
urethral sphincter length on very early continence out-
comes, defined as continence measurement within 24 h
after removal of the catheter after radical prostatectomy.
In consequence, our data cannot be directly compared to
other investigations. However, several studies reported a
significant influence of the urethral length on continence
rates, using different follow-up durations and continence
definitions. For example, Kim et al. reported a significant
influence of median urethral length on continence rates,
defined as a PAD-test <2 g, 3 months after surgery [21].
Moreover, Ko et al. reported a significant influence of a
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median urethral length > 14 mm on 30-day continence
rates, defined as pad-free continence [23]. It is of note
that since we used a stricter cutoff for the definition of
continence (<1 g in PAD-test) and the PAD-test was per-
formed within 24 h after catheter removal, we believe that
our findings even stronger emphasize and corroborate the
effect of the urethral length on the urinary continence in
an unbiased fashion.

Finally, we also made important observations between the
comparison of ORP vs. RARP on continence rates. Patients
with a PAD-test<1 g underwent more frequently RARP
than ORP. However, after multivariable adjustment for dif-
ferences in patient characteristics, the surgical approach did
not influence very early continence rates, defined as PAD-
test result of <1 g within 24 h after catheter removal. These
findings are also important in the context of an often-stated
argument of better visibility of anatomical structures with a
RARP approach [24]. However, the same findings of no dif-
ference between RARP and ORP approach, after adjustment
for age differences, were observed in a recently published
comparison of a Martini-Klinik series with 10,790 radical
prostatectomy patients regarding to continence rates 3 and
12 months after surgery [25].

Our study has several limitations and should first be inter-
preted in its retrospective design. Second, sample size limi-
tations might impair statistical significance in some of the
analyses. Third, even though all mpMRI were analyzed by an
experienced specialist in urologic imaging who was super-
vised by a board-certificated radiologist interobserver vari-
ability cannot be ruled out. Moreover, only patients with an
mpMRI and catheter removement during the in-hospital stay
were included, which may have led to a selection bias. Fourth,
both surgical approaches (ORP and RARP) represent methods
with different learning curves and surgery was performed by
different surgeons. Those factors may have influenced very
early continence rates. Unfortunately, other endpoints with
longer follow-up duration were not available. Prospective
studies are needed to further validate or reject our findings.

Taken together, our findings demonstrate that the anatom-
ical prostate apex shape of Lee type C and D in the mpMRI
prior to surgery provided the best prediction for very early
continence rates after catheter removal after radical pros-
tatectomy. Moreover, our data also demonstrated that the
median urethral length of the sphincter in sagittal dimension
in mpMRI predicted very early continence rates. According
to the comparison of ORP vs. RARP, no differences existed
according to very early continence rates after consideration
of Lee types and urethral length. These findings are impor-
tant with regard to the increasing numbers of performed
mpMRI prior to radical prostatectomy and should be con-
sidered by clinicians for patients’ information and surgical
planning purposes.
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