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Abstract
There is limited scientific literature regarding the management outcomes for end-stage erectile dysfunction (ED) following
radical cystoprostatectomy (RCP). This study aims to evaluate the surgical outcomes of penile prosthesis (PP) implantation.
A retrospective analysis over 17 years (2004–2017) was performed from the clinical records of patients in four tertiary
referral centres, whom previously had undergone RCP, followed by PP implantation for end-stage ED. Outcome measures
include both intra and postoperative complications, operative duration, a 5-point Likert hematoma scale as well as length of
hospital stay. Additionally, a matched-pair cohort analysis was performed, dividing patients in 2 groups according to the
type of urinary diversion (neobladder versus ileal conduit/cutaneous ureterostomy). The median time elapsed between RCP
and PP implantation was 38 months (IQR 20–56). The median follow-up was 18 months (IQR 12–156). A 3-piece inflatable
PP was implanted in 43 patients (91.5%) whereas a semirigid device was implanted in the remainder. Reservoir position was
extra-peritoneal (utilising a separate abdominal incision) in 24 patients (54.8%), while an ectopic high-submuscular
placement was preferred in the remainder. PP infection and mechanical failure occurred in 1 (2.1%) and 3 cases (6.3%)
respectively. The comparative analysis of surgical outcomes did not show any statistically significant difference between the
two groups. Our evidence suggests that PP implantation in patients with refractory ED following RCP may represent a
safe and effective procedure associated with a low incidence of complications. The main limitation of this study is
represented by the non-randomised, retrospective nature as well as the lack of patients’ functional outcomes and the limited
follow-up.

Introduction

Radical cystoprostatectomy (RCP) currently represents the
gold standard treatment for men with localized, muscle-
invasive, or refractory high risk bladder cancer (BCa) [1, 2].
Sexual dysfunction following RCP frequently occurs and
may have significant negative implications for patients’
quality of life [2–4]. Penile prosthesis (PP) implantation
is widely recognised as the gold standard treatment
for medically refractory erectile dysfunction (ED) [4].
Unfortunately, there remains limited scientific literature
regarding the management of the end-stage ED secondary
to RCP [5]. The aim of the present study is to evaluate the
surgical outcomes of PP implantation in this group of
patients. To the best of our knowledge, the current study
represents the first of its kind based on a multicentric series
of patients.

* Mirko Preto
mirko.preto@gmail.com

1 Urology Clinic – “Città della Salute e della Scienza” – Molinette
Hospital, University of Turin, Turin, Italy

2 Urology department, Cardarelli Hospital, Napoli, Italy
3 Urology department, University College of London Hospital,

London, UK
4 Urology department, Careggi Hospital, University of Florence,

Florence, Italy
5 Urology department, Parini Hospital, Aosta, Italy
6 Urology department, Federico II Hospital, University of Naples,

Naples, Italy

http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-019-0171-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-019-0171-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-019-0171-6&domain=pdf
mailto:mirko.preto@gmail.com


Materials and methods

Study setting and patients

From December 2004 to September 2017, a review was
performed of a series of patients who had undergone RCP,
developed medically rarefractory ED and subsequently
had a PP placed. Four tertiary referral centers were
involved in the study. Data was retrospectively extra-
polated from patients’ clinical records and operative
notes. An independent blinded review of the extrapolated
data was performed by MF and MP to prevent bias.
Patients with incomplete clinical records or follow-up
were excluded from the study.The prostheses were either
3-piece inflatable devices (AMS 700 CX® or AMS 700
CXR®, Boston Scientific, USA) or semirigid devices
(Genesis®, Coloplast, Denmark).

Surgical technique

An antibiotic prophylaxis (first/second generation cepha-
losporin and aminoglycosides) and a preoperative scrub
with chlorhexidine and iodopovidone were performed for
all patients before starting the procedure. A peno-scrotal
approach was utilised in all cases. Corpora cavernosa
were isolated bilaterally. Two longitudinal 1.5 cm long
corporotomies were carried out. Dilation of the corpora
cavernosa were performed using Brooks dilators. In the
event of corporal fibrosis, dilation was performed by
using Rossello cavernotomes. Cylinders were inflated
intraoperatively to identify the presence of a residual
penile curvature. Straightening maneuvers were per-
formed if a residual curvature >30° was detected after PP
implantation [6]. If the residual curvature was still sig-
nificant (i.e.,: >60 degrees), tunical incision and grafting
were performed.

The reservoir was placed either in the lateral retro-
peritoneum, through a counter incision medial to anterior
superior iliac spine, or ectopically in a high-submuscular
location [7]. An indwelling urinary catheter (only for Group
OIN patients) and a gently compressive penoscrotal dres-
sing were left in place for 24 h. The same postoperative care
protocol was applied in all cases. Patients were discharged
with oral antibiotics for 1 week and reviewed thereafter to
exclude early postoperative complications. Patients were
educated and encouraged to begin cycling their device at
4 weeks postoperatively. Patients were then reviewed at
3-month intervals within the first year.

Main outcome measures

A descriptive analysis was carried out for intra and post-
operative complications, operative time, a 5-point Likert

hematoma scale (Grade 1: Penile oedema—Grade 2: Penile
ecchymosis—Grade 3: Penile haematoma—Grade 4:
Penoscrotal haematoma—Grade 5: Penoscrotal and pubic
haematoma) as well as duration of hospital stay. A matched-
pair analysis was also conducted, dividing patients into two
groups according to the type of urinary diversion: ortho-
topic ileal neobladder (OIN) and incontinent urinary
diversion (IUD) if they had been managed with either ileal
conduit formation or a cutaneous ureterostomy.

Statistics

Categorical variables were described using frequency and
percentage, and the continuous variables were described
using median and interquartile range (IQR) value.

Statistical analysis was carried out using STATA statis-
tical software package (v.14) with a p value of <0.05 being
considered significant. Non-parametric, Kruskal–Wallis,
Chi-square and linear trends of associations verified by
Mantel-Haesenzel linear by linear associations chi-square
tests were performed.

Results

According to the inclusion criteria, 65 patients were con-
sidered as eligible for the study. Eighteen patients were
excluded due to incomplete post-operative follow-up data.
Ultimately 47 patients were enrolled in the study. Patient
features are summarised in Table 1. Most patients in this
series underwent open RCP; laparoscopic or robotic assisted
procedures were performed in 1 and 3 cases respectively.
Adjuvant chemotherapy was utilised in 23 patients (48.9%)
and the likelihood of its use was significantly higher if IUD
was performed (p value= 0.002).

Orthotopic ileal neobladder was performed in 14 patients
(29.8%), whilst an incontinent urinary diversion was uti-
lised in the remainder. Patients who underwent an OIN were
younger (median age 59.5 years, IQR 54–65) compared to
those who received an IUD (median age 70 years, IQR
65.5–73, p value= 0.001). Regarding general pharmacolo-
gical therapies, patients in IUD group were treated with
antiplatelet agents and anticoagulants more often than
patients in the OIN group (p value= 0.02).

In relation to the pre-PP ED management, 30 patients
(63.8%) were treated with phosphodiesterase type 5 inhi-
bitors (PDE5I) at maximal dosage as a first line treatment.
OIN patients received PDE5Is more frequently (p value=
0.04). All 30 patients failed to respond satisfactorily to oral
therapy. Intra-cavernosal injection (ICI) of prostaglandin E1
(PGE1) was offered in the remaining 37.2% or as a second
line treatment to less than half of the patients (44.7%).
Vacuum erectile device (VED) was offered as a third line
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Table 1 Descriptive characteristics of the cohort of 47 patients affected by muscle invasive bladder cancer treated with RCP underwent a PP
implantation

Variables Total Urinary diversion

Neobladder Othersa p-value

Number of patients (%), n 47 14 (29.8) 33 (70.2)

Age (IQR), years 68 (63–72) 59.5 (54–65) 70 (65.5–73) 0.001b

Smoking habit (%), n 0.4c

Yes 31 (65.9) 8 (57.1) 23 (69.7)

No 16 (34.1) 6 (42.9) 10 (30.3)

Diabetes (%), n 0.4b

Yes 10 (21.3) 2 (14.3) 8 (24.2)

No 37 (78.7) 12 (85.7) 25 (75.8)

Antiaggregant/anticoagulant Therapy (%), n 0.02b

Yes 23 (48.9) 2 (14.3) 21 (63.6)

No 24 (51.1) 12 (85.7) 12 (36.4)

Surgical technique (%), n 0.2b

Open 43 (91.5) 12 (85.7) 31 (94)

Laparoscopic 1 (2.1) 0 (0) 1 (3)

Robotic 3 (6.4) 2 (14.3) 1 (3)

Adjuvant chemotherapy (%), n 0.002b

Yes 23 (48.9) 2 (14.3) 21 (63.6)

No 24 (51.1) 12 (85.7) 12 (36.4)

Shaft deformity (%), n 0.1b

Curvature 6 (12.8) 0 (0) 6 (18.2)

Shortening 1 (2.1) 0 (0) 1 (3)

None 40 (85.1) 14 (100) 28 (78.8)

Preoperative sexual counseling (%), n 0.8b

Yes 9 (19.2) 3 (21.4) 6 (18.2)

No 38 (80.8) 11 (78.6) 27 (81.8)

Postoperative sexual rehabilitation (%), n 0.06b

Yes 30 (63.8) 12 (85.7) 18 (54.5)

No 17 (36.2) 2 (14.3) 15 (45.5)

Timing of sexual rehabilitation (IQR), months 12 (2–14) 7.5 (2–21) 12 (6–12) 0.6c

pde-5 inhibitor assumption (%), n 0.04b

Yes 30 (63.8) 12 (85.7) 18 (54.5)

No 17 (36.2) 2 (14.3) 15 (45.5)

ICI d (%), n 0.6b

Yes 21 (44.7) 7 (50) 14 (42.4)

No 26 (55.32) 7 (50) 19 (57.6)

Vacuum device (%), n 0.6b

Yes 14 (30.4) 5 (35.7) 9 (28.1)

No 32 (69.6) 9 (64.3) 23 (71.9)

aIleal conduit or ureterocutaneostomy
bKruskal–Wallis Test
cChi-Square and Linear Trends of associations verified by Mantel-Haesenzel linear by linear associations chi square test
dIntracavernous injection

Bold values indicate the statistically significant results
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treatment to 14 patients (30.4%). The median elapsed time
between RCP and PP implantation was 38 months (IQR
20–56).

Surgical outcomes are summarised in Table 2. Median
follow-up was 18 months (IQR 12–156). A 3-piece infla-
table PP was implanted in 43 patients (91.5%), whilst semi
rigid prosthesis were placed in the remainder (8.5%). The
median intraoperative corporal length measurement was
19 cm (IQR 17–20.5). One patient actively complained
about penile shortening (2.1%). Straightening maneuvers to
address curvature after PP implantation were necessary in
5 patients (10.6%). A modelling maneuver produced ade-
quate penile straightening in 3 of the 5 patients. Plaque
incision and grafting was utilised in the remaining 2 to
guarantee adequate straightening. Corporal fibrosis neces-
sitating the use of cavernotomes was present in 5 patients.
No patients required additional distal corporal incisions. A
reduced-diameter cylinder was required in 5 patients
(10.6%). The reservoir was inserted in the extra-peritoneal
space through a second abdominal incision in 24 patients
(54.8%), the remainder utilised an ectopic high-
submuscular placement.

Both intraoperative and postoperative complications
were rarely detected in our series. Infection and mechanical
failure of the device occurred respectively in one (2.1%)
and 3 cases (6.3%).

Concerning reservoir placement, a total of 4 minor
intraoperative complications were detected. 2 cases of
minor bleeding controlled by bipolar cauterisation and
2 cases of an extended transversalis fascia fibrosis, due to
previous RCP, which lead the surgeon to perform a separate
abdominal incision, were equally distributed between the
groups.

Discussion

Sexual dysfunction is an inherent issue following RCP.
Whilst anejacualtion is universal, ED rates approach 85%
with non-nerve sparing RCP and 30–58% following nerve-
sparing RCP [3]. These issues may negatively affect the
quality of life of sexually active patients, particularly those
of younger age [3, 8, 9].

The etiology of the postoperative ED appears multi-
factorial. Although damage to the accessory pudendal
arteries and/or cavernosal nerves at the time of RCP may
play a role in the development of postoperative ED,
increasing evidence suggests that veno-occlusive dysfunc-
tion secondary to degeneration of the cavernosal smooth
muscle, during the postoperative period, may also be
responsible [9, 10]. The lack of oxygenation of the corpora
may lead to irreversible changes of the cavernosal smooth
muscle, with progressive loss of elasticity. This

phenomenon leads to veno-occlusive dysfunction and
penile shortening [11].

Several modifications of the standard RCP have been
proposed over time aiming to minimise erectile dysfunction
[12–14]. The introduction of the nerve-sparing approach, as
well as minimally invasive techniques, have provided
potential avenues for a reduction in postoperative ED rates
[15–18].

Whilst it is understandable that a patients’ initial focus is
towards oncological outcomes, it remains crucial to con-
sider effects of sexual and urinary function within the
context of long term quality of life [19].

Amongst the potential treatments for refractory ED, PP
implantation represents the third-line approach, as sug-
gested by international guidelines [4]. Whilst PP implanta-
tion outcomes have been widely evaluated in the literature,
particularly in the context of prostate cancer treatments
[19, 20], their outcomes in relation to RCP patients evokes
significantly less scientific discussion.

Surgical considerations related to PP implantation in
patients who have previously undergone pelvic surgery may
include corporal fibrosis and associated difficulty in dila-
tation, as well as the absence of the space of Retzius and
reservoir placement.

In the current series, despite the time lapse between
RCP and the PP implant, severe corporal fibrosis was not
noted to be a significant issue. Both patients and surgeons
were satisfied with the length and girth of the cylinders
implanted, intraoperatively from a surgeon point of view
and also, for the same patient during the following out-
patient visits. In the 4 patients whom underwent semi-
rigid PP implantation, no particular placement difficulties
were encountered. We believe that preservation of penile
length and girth plays a role in influencing patient
satisfaction rates.

As mentioned, reservoir positioning following RCP may
represent a challenge. Previous abdominal surgery and a
potential for urinary diversion are additional factors to
consider when debating the preferred approach. Traditional
retropubic blind insertion may be associated with an
increased risk of vascular (external iliac vessels), bowel or
neobladder injuries [21]. In the current series, the surgeons’
preferred choice was an extra-peritoneal placement under
direct vision through an additional abdominal incision.
Alternatively, an ectopic reservoir placement in a high sub-
muscular position may be considered [8]. This approach
affords a relatively safe placement of the reservoir avoiding
the morbidity of a second abdominal incision and was uti-
lised successfully in 19 of the patients.

Ectopic reservoir placement can be performed anteriorly
(ATF) or posteriorly to the transversalis fascia (PTF).
According to our experience, ATF is preferable in patients
with previous pelvic surgery to avoid the risk of erosion and
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intraperitoneal placement of the reservoir as there are no
structures interposed between the device and the peritoneum
itself [22]. Independent risk factors for the development of
this complication were identified in tobacco smoking
patients, as well as those with a low body mass index (BMI
<18.5 kg/m2) [23]. The ectopic reservoir placement is not
free from complications but, when they occur, they tend to
be significantly less serious compared to those reported
following retropubic placement. In a large series of patients
undergoing ectopic reservoir placement, caudal herniation
was recorded in 0.09% of PTF and 1.34% of ATF cases

respectively. These cases required surgical correction. To
minimise the downward herniation, suture ligation of the
neck of the ectopic tunnel, or more cranial placement of the
reservoir have been suggested [21].

In non-RCT patients there remains a risk of bladder
injury/erosion, whilst those who have undergone RCP risk
erosion into the neo-bladder or urinary diversion, although
the overall risk is as low as 0.4% [24, 25]. Risk factors for
increasing reservoir erosion include previous abdominal/
pelvic surgery, radiation therapy, device infection, mal-
position, or excess tension on the reservoir tubing [24, 25].

Table 2 Surgical outcomes of
the cohort of 47 patients affected
by muscle invasive bladder
cancer treated with RCP
underwent a PP implantation

Variables Total Urinary diversion

Neobladder Othersa p-value

Number of patients 47 14 (29.8) 33 (70.2)

Timing of PPa (IQR), months 38 (20–56) 35.5 (17–47) 41 (22–64.5) 0.2b

Follow-up (IQR), months 18 (12–156) 31.5 (18–220) 18 (12–98) 0.3b

Straightening maneuverc (%), n 0.6d

Yes 5 (10.6) 1 (7.2) 4 (12.1)

No 42 (89.4) 13 (92.8) 29 (87.9)

Operative time (IQR), minutes 75 (110–60) 77.5 (60–127.5) 75 (60–110) 0.8b

Hospital stay (IQR), days 2 (2–3) 2 (1–2) 2 (2–3) 0.1b

PP model (%), n 0.8d

Semirigid 4 (8.5) 1 (7.1) 3 (9.1)

Inflatable (3-pieces) 43 (91.5) 13 (92.9) 30 (90.9)

CXR cylinder (%), n 0.6d

Yes 5 (10.6) 2 (14.3) 3 (9.1)

No 42 (89.4) 12 (85.7) 30 (90.9)

Cylinder lengthe (IQR), centimeters 19 (17–20.5) 18.5 (17–20) 19 (18–20.5) 0.5b

Reservoir model (%), n 0.01d

Standard 31 (72.1) 6 (46.5) 25 (83.3)

Conceal 12 (27.9) 7 (53.8) 5 (16.7)

Reservoir placement (%), n 0.04d

Ectopic (high submuscolar) 19 (44.2) 6 (46.1) 13 (43.3)

Extraperitoneal (second incision) 24 (55.8) 7 (53.9) 17 (56.7)

Reservoir intraoperative complicationsf (%), n 0.3d

Yes 4 (8.5) 2 (14.3) 2 (6.1)

No 43 (91.5) 12 (85.7) 31 (93.9)

Postoperative haematoma scale, (IQR), n 0 (0–1) 0 (0–1) 1 (0–2) 0.3b

Postoperative complicationg (%), n 0.3d

Yes 4 (8.5) 2 (14.3) 2 (6)

No 43 (91.5) 12 (85.7) 31 (93.4)

aPenile prosthesis
bChi-Square and Linear Trends of associations verified by Mantel-Haesenzel linear by linear associations chi
square test
cModelling or plaque incision and grafting
dKruskal-Wallis Test
eCylinder and rear tip extender
fBleeding or difficult placement due to surgical adherences
gInfection or mechanical failure
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Erosion of the reservoir is believed to depend on the
development of tissue ischaemia, compression against fixed
viscera, or due to the resulting fibrosis. To minimise this
complication, surgeons could consider a two-piece infla-
table prosthesis or a semi-rigid PP, or utilise an ectopic or
retroperitoneal reservoir placement to avoid the contact
between the viscera and the PP components [25]. In the
current series, no complications due to reservoir erosion
were recorded at a median follow up of 18 months (IQR
12–156). Compared to the published literature to date, it
appears that the strength of our study is represented by the
sub-analysis focus on reservoir placement techniques,
which has highlighted the role of the high-submuscular
placement as a safe option despite the presence of any type
of urinary diversion.

Focusing on the analysis of postoperative complications,
infection and mechanical failure rates appear comparable to
other published series, demonstrating that previous RCP
and the urinary diversion did not represent an additional risk
for PP implantation. Loh-Doyle et al. [5] reported in their
retrospective series of 80 patients whom underwent infla-
table PP implantation following RCP, infection and
mechanical failure rates of 5% and 6% respectively after a
mean follow up of 53.9 months. They also noted no sta-
tistically significant associations between infection and
comorbidities, urinary diversion type, exposure to che-
motherapy, radiation, or presence of an artificial urinary
sphincter. Similarly in our series, a history of adjuvant
chemotherapy, was not a predictive factor for peri or post-
operative PP complications.

Whilst there may exist specific issues related to PP fol-
lowing RCP, surgical outcomes seem comparable to those
following radical prostatectomy. Menard et al. in their series
of post radical prostatectomy PP implantation recorded an
overall incidence of surgical revision of 8.9%: 1.3% for
acute infection, 2.5% for mechanical failure and 5.1% for
migration / autoinflation of the device at a mean follow up
of 37.6 months [19]. In our series, the overall revision rate
was 8.5%.

The main limitations of this current study must be
highlighted: (i) Patients were not randomised to surgical
interventions. Instead, all data were retrospectively col-
lected. (ii) No data on functional outcomes using validated
questionnaires were reported. (iii) The follow-up is limited
to 18 months. This may underestimate mechanical
failure rates.

In conclusion PP implantation in patients with end-stage
ED following RCP represents a safe and effective procedure
associated with low complication rates, comparable to those
in the radical prostatectomy cohort. However, further pro-
spective, randomised multicentric studies are necessary to
confirm the encouraging results that emerged from this

series. Functional outcomes should be assessed by using
validated questionnaires.
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