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Abstract

Purpose To determine the correlation of preoperative fascia thickness (FT) and intraoperative fascia preservation (FP) with
erectile function (EF) after nerve-sparing robot-assisted radical prostatectomy (RARP).

Methods Our analysis included 106 patients, with localized prostate cancer and no erectile dysfunction (ED) before RARP,
assessed with preoperative 3 Tesla (3 T) multiparametric magnetic resonance imaging (MRI). FP score was defined as the
extent of FP from the base to the apex of the prostate, quantitatively assessed by the surgeon. Median fascia thickness (MFT)
per patient was defined as the sum of the median FT of 12 MRI regions. Preserved MFT (pMFT) was the sum of the saved
MEFT. The percentage of pFMT (ppMFT) was also calculated. Fascia surface (FS) was measured on MRI and it was combined
with FP score resulting in preserved FS (pFS) and percentage of pFS (ppFS).

Results FP score, pMFT, ppMFT, pFS and ppFS were significantly lower (p <0.0001) in patients with ED. In the multivariate
regression analysis, lower FP score [odds ratio (OR) 0.721, p=0.03] and lower ppMFT (OR 0.001, p=0.027) were inde-
pendent predictors of ED. ROC analysis showed the highest area under the curve for ppMFT (0.787) and FP score (0.767)
followed by pMFT (0.755) and ppFS (0.743).

Conclusions MRI-determined periprostatic FT combined with intraoperative FP score are correlated to postprostatectomy
EF. Based on the hypothesis that a thicker fascia forms a protective layer for the nerves, we recommend assessing FT pre-
operatively to counsel men for the odds of preserving EF after RARP.
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Introduction

Prostate cancer (PCa) is the most common non-cutaneous
cancer in men [1]. Radical prostatectomy is an integral
part in the management of localized PCa. Nevertheless,
surgery induces damage to nerves bundles surrounding
the prostate and is often associated with erectile dysfunc-
tion (ED). In an attempt to increase the quality of life of
patients who value their erectile function (EF), a nerve-
sparing prostatectomy is performed in confined PCa [2—4].

Initially, the periprostatic nerves were considered to
run mainly dorsolaterally to the prostate, but more recent
studies have demonstrated that nerves exist in the entire
circumference of the (multi-layered) periprostatic fas-
cia [5-8]. Multiparametric magnetic resonance imaging
(mpMRI) could be helpful to virtually prepare the best
nerve-sparing approach in a patient to improve EF [9-11].

Several scoring systems for nerve preservation have
been proposed: among others the risk-stratified approach
described by Tewari et al. [12, 13]. We recently proposed
an intraoperative scoring system that can be used by the
urologist to document and quantitatively assess the extent
of fascia preservation (FP) at different radial segments of
the prostate [14]. We reported that FP was predictive for
EF, however, extensive nerve sparing did not automatically
result in better postoperative EF in all men. Therefore,
other factors may determine EF. Other studies have shown
that tension on the neurovascular structures surrounding
the prostate adversely affect functional outcome [15, 16].

We hypothesize that a thicker fascia may (1) provide
a better natural protection of periprostatic nerves during
robot-assisted laparoscopic radical prostatectomy (RARP)
and (2) contain more periprostatic nerves. Both may result
in better EF outcome. As such, a preoperative means of
analysis of fascia thickness (FT) may have predictive value
for postoperative EF. The aim of our study was to deter-
mine whether the thickness of the periprostatic fascia as
assessed on preoperative MRI is correlated with EF in men
with PCa who underwent a nerve-sparing RARP.

Methods
Patient population

The study was compliant with the Health Insurance Port-
ability and Accountability Act while informed consent
was waived for each patient. We retrospectively identi-
fied 106 patients between May 2010 and November 2013
who had localized PCa (cT1c—cT2c, Nx-NO, Mx-MO0) and
who were offered a 3 T endorectal coil mpMRI prior to
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RARP (> 6 weeks after biopsies). Additionally, inclusion
criteria were a preoperative International Index of Erectile
Function-Erectile Function (IIEF-EF) [17] Questionnaire
score > 20, an intraoperatively determined FP score and at
least one follow-up visit beyond 6 months after prostatec-
tomy in which EF was evaluated with the IIEF-EF score.
Patients were excluded when they had any prior or current
treatment for PCa, if prior transurethral resection of the
prostate was performed, if there were factors excluding
accurate reading of mpMRI such as movement artifacts
and if there were contraindications for nerve-preserving
prostatectomy.

Surgical procedure-FP score assessment

All RARP procedures were performed by two experienced
urologists with the da Vinci S(i) surgical robot system (Intui-
tive Surgical, Sunnyvale, CA, USA). During the procedures,
an attempt was made to preserve the periprostatic fascia tis-
sue, as described in our previous study [14]. In brief, the
extent of preservation was scored intraoperatively at 12 posi-
tions circumferentially to the prostate. The FP score ranged
from 0 to 12, scoring the intact fascia from base to apex on
the dodecagon around the prostate.

MRI measurements and image analysis

Details on MRI protocol and sequence application are pre-
sented in Supplementary Material 1. A semi-automated
macro in ImageJ was constructed to measure the fascia sur-
face (FS) and the FT in TIFF images. After manual deline-
ation of prostate and fascia outlines, 360 lines radiating out
from the centre were generated: one for each of the 360°.
The periprostatic fascia was divided into 12 (30°) parts,
corresponding to the FP score dodecagon (Supplementary
Fig. 1). The distances from the intersection of the prostate
contour to the intersection of the fascia boundary were col-
lected, as well as the surface area of the prostate, the total FS
and the surface area of the 12 different fascia regions. This
semi-automatic method provided a standardized approach,
while preserving the observer’s ability to delineate the
tissues. The mid-prostate level had the highest intraclass
correlation coefficient (ICC) among observers during the
delineation process compared to the base and axial level
(Supplementary Fig. 2).

Because normal distribution did not apply to the results
of the delineations, the median values of the measured thick-
nesses were used. The median fascia thickness (MFT) per
patient was defined as the sum of the median FT of the 12
regions on MRI. The preserved median fascia thickness
(pMFT) was the sum of the median thicknesses of the fas-
cia regions which were preserved; thus the pMFT is com-
posed of both FT and FP score. The percentage of preserved
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median fascia thickness (ppMFT) was calculated as pMFT
divided by MFT. The preserved fascia surface (pFS) was
the sum of the FS which was preserved and the percentage
of preserved fascia surface (ppFS) was calculated as pFS
divided by FS.

Periprostatic nerves and blood vessel density
assessment

To provide insight in the anatomy of the fascia regions,
nerves and blood vessels were stained and measured in
prostatectomy midsections of ten patients who underwent
a non-nerve-sparing RARP. Details of our staining method
are presented in Supplementary Material 1.

Outcome assessment

The primary outcome was postoperative EF, based on the
validated IIEF-EF at 12 months follow-up. Men were sub-
sequently divided in two groups; a group with ED (IIEF-
EF score <19, n=66) and a group without ED (IIEF-EF
score > 20, n=40). Nine different factors were defined as
possible predictors for postoperative ED: (1) age, (2) pre-
operative IIEF-EF score, (3) FP score, (4) MFT, (5) pMFT,
(6) ppMFT, (7) FS, (8) pFS and (9) ppFsS.

Statistical analysis

Comparison of clinical and pathologic characteristics
between ED and non-ED groups was done with Mann—Whit-
ney U tests. The Spearman’s rho correlation coefficient (r)
and the linear regression analysis (+*) were used to calculate
correlations between the different variable measurements.
A binary logistic regression analysis and the area under the
curve (AUC) of the receiver operating characteristics (ROC)
analysis were performed to determine the predictors of ED.
Odds ratios (OR) and 95% confidence intervals (CI) were
reported. Values of p <0.05 were considered statistically
significant. SPSS software ver. 22.0 (SPSS Inc., Chicago,
IL) and the R statistical package (R Foundation for Statisti-
cal Computing, Vienna, Austria) were used to perform the
statistical analysis.

Results

Periprostatic distribution of peripheral nerves
and blood vessels

In the ten additional patients who underwent non-nerve-
sparing prostatectomy, the nerves and blood vessel densi-
ties in the different FP regions were calculated (Supplemen-
tary Fig. 3). These immunohistochemical analyses revealed

that on an average, the dorsolateral region (R4, R5, L4, L5)
contained the thickest fascia, the most FS (47.7% of total
amount), the highest peripheral nerve content (61.0% of total
peripheral nerves) and the highest amount of blood vessels
(52.5% of total number). Interestingly, a strong correlation
was observed between the distribution of the peripheral
nerves and the blood vessels (R”=0.94, p <0.0001). It has
to be mentioned that a great variation was observed between
patients. The variation in FT, FS, peripheral nerve density
and blood vessel density is illustrated in Supplementary
Fig. 4.

All these patients received preoperative T2-weighted
MRI of the prostate (Fig. 1a). Comparisons with the patho-
logical findings indicated that the FT and FS derived from
the ten associated MRI scans generated a similar distribu-
tion pattern (Fig. 1b, ¢). Quantitatively, however, the median
MFT and median FS as defined at pathology were 1.4 mm
and 170 (+ 60) mm?, while the same specimens yielded val-
ues of 3.8 and 550 mm? on MRI, respectively. Comparing
both datasets yielded a low correlation coefficient between
MRI and immunohistology for both the FT (R*=0.05) and
the FS (R>=0.50).

Preoperative MFT assessment

Clinical-pathological features in the study population (106
patients) are presented in Table 1. Five parameters were sig-
nificantly higher (p <0.0001) in patients without ED com-
pared to those with ED, namely: FP score, pMFT, ppMFT,
pFS and ppFS.

Age, preoperative IIEF score, the MFT and the FS were
not significantly different between patients with and without
ED (p=0.945, p=0.057, p=0.053 and p=0.431, respec-
tively). No significant correlation between median FT and
BMI [r=-0.072, p=0.463], age [r=0.123, p=0.272] and
preoperative prostate volume [r=0.028, p=0.778] was
observed.

Based on the MR images, the MFT and the FS per FP
region were determined and plotted in Fig. 1d, e. Compari-
son of these plots revealed differences in the ventral region
(R1-3, L1-3) of the prostate fascia. The fascia in the ventral
region is as thick as the fascia in the dorsolateral region,
however, it contained less FS compared to the dorsolateral
region.

Intraoperative FP score combined with preoperative
FT

In all of the 106 patients who underwent (partly) sparing
prostatectomy, one or more FP regions were spared; the FP
score range was 1-12 (mean 5.7 +2.5). The frequency of
sparing plotted per region is presented in Fig. 1f, reveal-
ing that most sparing occurred in the dorsal region (R4-6,
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Fig.1 a A preoperative MRI of the prostate, the boundary of the
prostate and the fascia are drawn to determine the fascia thickness. b,
¢ These spiderplots show the (b) FT and the (c) FS of the ten patients
who underwent a non-sparing prostatectomy. d, e These spiderplots
show the (d) FT and the (e) FS of the 106 patients who underwent
(partly) fascia-sparing prostatectomy. f This spiderplot shows how

L4-6). On average, 21.49 (+10.98) mm FT and 329
(+ 168) mm? FS were spared on a patient scale. In Fig. 1g,
h, the spared FT and FS of the spared regions (based on FP
score) is summed up, which showed that most fascia was
preserved in the dorsolateral region.

Predictors for postoperative ED

In the univariate binary logistic regression analysis (Sup-
plementary Table 1), lower IIEF-EF score (OR 0.829,
CI 0.701-0.980, p =0.028), lower FP score (OR 0.694,
CI 0.571-0.843, p <0.001), lower pMFT (OR 0.923,
CI 0.884-0.963, p<0.001), lower ppMFT (OR 0.007,
CI 0.001-0.884, p <0.001), lower pFS (OR 0.996, CI
0.993-0.998, p=0.002) and lower ppFS (OR 0.009, CI
0.001-0.095, p <0.001) were predictors of ED. In the mul-
tivariate regression analysis, lower FP score (OR 0.721, CI
0.537-0.968, p=0.03) and lower ppMFT (OR 0.001, CI
0.000-0.374, p=0.027) were independent predictors of ED.

The predictive value of the five factors which were differ-
ent between the two groups (FP score, pMFT, ppMFT, pFS
and ppFS) was assessed using ROC analysis. This analysis
showed the highest AUC for ppMFT (0.787) and FP score
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often the 12 FP regions are spared during the (partly) fascia sparing
prostatectomy. g In this spiderplot, the thicknesses (d) of the spared
regions (f) are summed up. h In this spiderplot, the surface (e) of the
spared regions (f) is summed up. All graphs are normalized. FP fas-
cia preservation, FS fascia surface, FT fascia thickness

(0.767) followed by pMFT (0.755), ppFS (0.743), and pFS
(0.703). These findings indicate that the predictive value of
the FP score can be further improved when the thickness
(or to a lesser extent the surface) of the saved fascia regions
is taken into account during the planning of the procedure.

ROC analysis with ED as outcome (cut-off IIEF
score < 19) showed also that the AUC of pMFT remained
0.755 if the thickness of the regions R&L 1-3 was not taken
into account. However, after removing the influence of the
thickness of the regions R4 and L4, the AUC dropped to
0.724 and it dropped even further after removing the influ-
ence of the regions RS and L5 (0.706). Hence, these results
(Formulas in Supplementary Material 1) underline the
importance of the dorsolateral region in the postoperative
IIEF.

Cut-off IIEF score

Patients were divided into groups (ED or no ED postopera-
tively) based on their IIEF score, the cut-off IIEF score <19
for ED was based on the literature. When the cut-off was var-
ied in the range IIEF score <1 to <29, the predictive values
of the five predictors from the previous ROC analysis varied
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Table 1 Summmy of patient Men without erectile Men with erectile P value
characteristics dysfunction (n =40) dysfunction (n=66)
No. clinical stage (%)
cTlc 13 (32.5) 19 (28.8)
cT2a 8 (20) 15 (22.7)
cT2b 13 (32.5) 16 (24.2)
cT2c 6 (15) 16 (24.2)
Median age at time of RARP, years (IQR) 63.5 (58-63) 63.9 (59.5-67.7) 0.945
Median preoperative IIEF-EF score (IQR) 29 (27.2-30) 28 (25-30) 0.057
Median prostate volume (TRUS), cc (IQR) 39 (30-49) 40 (29-50) 0.924
Median BMI, kg/m? (IQR) 25.7 (23.7-26.7) 26.2 (24.8-28) 0.096
Median area of prostate, mm? (IQR) 1322 (1014-1604) 1341 (1066-1611) 0.605
Median FP score (IQR) 6 (7-8) 4.5 (3-6) <0.001
Median MFT, mm (IQR) 46.7 (40.9-55.4) 40.7 (35.2-51) 0.053
Median pMFT, mm (IQR) 25 (18.2-34.2) 16.3 (11.5-21.6) <0.001
Median ppMFT (IQR) 0.59 (0.48-0.72) 0.41 (0.28-0.53) <0.001
Median FS, mm? (IQR) 635.7 (483.2-857.7) 571 (468-743) 0.431
Median pFS, mm? (IQR) 365 (266-510) 260 (172-377) <0.001
Median ppFS (IQR) 0.63 (0.49-0.78) 0.44 (0.31-0.6) <0.001

BMI body mass index, FP fascia preservation, FS fascia surface, FT fascia thickness, MFT median fascia
thickness, /IEF-EF International Index of Erectile Function-Erectile Function, /QR interquartile range, pF'S
preserved fascia surface, pMFT preserved median fascia thickness, ppMFT percentage of preserved median
fascia thickness, ppFS percentage of preserved fascia surface, RARP robot-assisted laparoscopic radical
prostatectomy, TRUS transrectal ultrasound

with an optimum at the cut-off IIEF score <12 or<13. At
this optimum, the AUC for the five factors (Supplementary
Fig. 5) which were significantly related to postoperative ED
were: FP score (0.812), pMFT (0.834), ppMFT (0.818), pFS
(0.777) and ppFS (0.815). The differences between the AUC
values depended on the cut-off chosen, but were most con-
sistent in the range of a cut-off IIEF score <10 to <20. In
this range, the mean difference in AUC values between the
FP score and pMFT was 0.015, whereby the pMFT proved
to be a slightly stronger predictor than the FP score.

Discussion

To our knowledge, this is the first study that examines the
correlation of preoperative MRI-assessed FT and intraop-
erative FP score with postoperative EF. Preoperative MRI
enabled quantification of periprostatic anatomy that allowed
a better prediction of postoperative EF outcome. Patients
without ED after nerve-sparing prostatectomy had a thicker
fascia on preoperative MRI compared with ED patients
independent of the extent of nerve preservation, although
this difference was at the edge of statistical significance
(»p=0.053). Moreover, FT was not correlated with estab-
lished prognostic factors of ED such as body mass index
(BMI), age and preoperative prostate volume.

To find an explanation for the association between FT and
ED we studied vessel and nerve density. We observed that
there was poor correlation between histological- and MRI-
determined FT while vessel and nerve density overlapped.
Based on these observations from histology, we studied the
role of location of FP on outcome and we confirmed earlier
findings that, regardless of FT sparing, the dorsolateral tis-
sue is strongly correlated with improved erectile function
outcome [14]. We assume that FT itself contributes to pres-
ervation of EF by forming a solid, protective layer for the
neurovascular bundles that withstands extensive traction and
manipulation during surgery. Kwon et al. [18] made obser-
vations that support our hypothesis but did only assess the
thickness of the dorsolateral fascia on the prostate where
the neurovascular bundle was assumed. In our analysis, we
present data of the entire circumference of the prostate.

Based on the results of bivariate and ROC analyses FP
score, ppMFT, pFMT and ppFS were the best predictors of
postoperative EF preservation accounting for the observation
that the preservation of a thicker and more dense fascia are
inversely correlated with ED outcome. These observations
emphasize our theory about the fascia as a protective layer
additionally enhanced by higher nerve density. In accordance
to our results, Di Paolo et al. [19] recently observed that the
decrease in MRI-measured periprostatic neurovascular fibers
was correlated with ED. Our method of measuring FT could
be combined with the risk-stratified approaches such as the

@ Springer



314

World Journal of Urology (2019) 37:309-315

neural-hammock sparing of Tewari et al. [4] for optimal pre-
diction of ED outcome.

Limitations

Several limitations to the present study are evident. We have
not taken into account the intraoperative use of bipolar or
monopolar coagulation or the use of surgical clips. To assess
EF, we used the IIEF-EF questionnaire which does not take
into account possible social-psychological issues as a reason
for ED. In addition, the interobserver correlation for the FT
assessment was poor to moderate, which could be attributed
to the complex anatomy of the prostate and adjacent structures
[6, 20]. Interobserver variability in target definition has been
demonstrated in a multitude of studies and at various anatomic
sites [21-23]. A more reproducible delineation of structures
can be achieved by specific educational interventions [24-26].
Finally, FP score does not take into account the location of the
preserved facia in the circumference of the prostate. Moreover,
FP score and our predictive model should be validated in larger
patients’ populations in other institutes.

Conclusion

Periprostatic FT determined in MR images combined with
intraoperative FP score were correlated to postprostatectomy
EF outcome. The MRI analysis indicated a large anatomical
heterogeneity in FT between patients, as was the case in his-
tologic evaluation of the fascia. This study is a step closer to
provide a more personalized approach in counseling a patient
who consider RARP as treatment for PCa.
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