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Abstract: Penile prosthesis surgery is an effective and durable treatment modality for patients who have
failed conservative management for erectile dysfunction (ED). Thorough patient counseling and appropriate
preoperative workup lay the foundation for a successful outcome. While the risk of infection of penile
prosthesis is rare, it is a dreaded complication with dire consequences. The goal of the prosthetic surgeon
is to minimize the risk of preventable complications. Given the common prevalence of benign prostatic
hyperplasia (BPH) in this patient population, it is essential that providers are familiar with the implications
and nuances of managing both conditions in order to maximize the chances of a favorable result. Due to
the relatively infrequent nature of complications associated with the management of BPH in the setting of
a penile prosthesis, literature regarding this topic is scarce. In this narrative review we present our own case
series illustrating some of the most common scenarios that a prosthetic surgeon may encounter. We have
included our suggestions for management in these difficult situations based on our clinical experience. In
the following review we have highlighted the importance of identifying and treating BPH in penile implant
candidates to reduce postoperative morbidity and to offer critical insights into managing BPH-related

complications this population.
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Introduction penile prosthesis (IPP), which boasts the highest patient and

. esi 9 L lutionized partner satisfaction rates, 92% and 95% respectively (1-3).
Penile prosthesis surgery (PPS) has revolutionize Patient selection, preoperative counseling, and management

management of medication-refractory erectile dysfunction of patient expectations are critical for surgical success and

(ED) and greatly improved the lives of patients affected
by this condition. For patients who have failed first-line
therapy such as phosphodiesterase-5 inhibitors, vacuum
erection device, or intracavernosal injections, penile
prosthesis provides dependable and durable results. The
most commonly implanted prosthetic device is the inflatable

patient satisfaction. Understanding common comorbid
conditions in this patient population not only helps define
management algorithms but also prepares surgeons to
anticipate perioperative challenges.

Lower urinary tract symptoms (LUTS) due to benign
prostatic hyperplasia (BPH) is a common comorbid
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Figure 1 Implant tubing seen in urethra during PVP procedure.

condition in men with ED, and is present in up to 72%
of men with ED (4-7). The degree of ED correlates
with LUTS severity, with men with more severe LUTS
symptoms reporting lower sexual satisfaction and decreased
libido (8). While both patient populations share common
risk factors, large scale cross-sectional studies have shown
the correlation exists even after accounting for cofounding
variables such as age and vascular risk factors (9,10).
Despite these correlative studies, we have yet to uncover
the shared mechanism between the two conditions. Current
understanding suggests that dysfunctions in smooth muscle
contractility, metabolism, sex hormones, and inflammation
may all play a role in the pathogenesis of both (11). The
preponderance of LUTS/BPH in patients undergoing
consideration for IPP has important management
implications that will be discussed in this review including
preoperative workup, surgical considerations, and
postoperative challenges of managing BPH in patients
undergoing PPS. Management of LUTS/BPH in the
setting of PPS represents a gap in the current surgical
literature which we seek to add to with this review of the
existing literature and discussion of our clinical experience.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tau-20-1225).

Case series of penile prosthesis infections after
urinary tract instrumentation

We would argue that urinary tract instrumentation after
PPS poses a clear infection risk to the prosthetic device
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despite the absence of supporting literature. The absence of
cases in the literature should not be interpreted as evidence
for safety, but rather a reflection of the infrequent nature of
such a complication that may go unreported, and is difficult
to prove. Given the absence of cases in the literature
regarding injury or infection of a penile prosthesis device
due to urethral instrumentation, we present our own case
series to illustrate this topic.

Cuase 1: urethral injury from bladder outlet obstruction
procedure after PPS

A 64-year-old man who previously underwent insertion
of a three-piece IPP device 1 year prior subsequently
developed LUTS. He was referred for water vapor thermal
therapy. The patient was evaluated, but was not felt to be
a good candidate due to his penile prosthesis, which is a
contraindication for water vapor thermal therapy. Instead,
he underwent photoselective vaporization of the prostate
(PVP) using a standard 26-Fr laser sheath with some
notable resistance to scope manipulation. Upon removal of
the sheath at the end of the case, implant tubing was seen
in the urethra (Figure I). The patient underwent successful
open urethral repair the following day and was able to keep
his IPP and it remains functional.

Cuase 2: infection of penile prosthesis after suprapubic tube
insertion

A 75-year-old man who previously underwent infrapubic
three-piece penile prosthesis placement for ED after radical
prostatectomy 8 years prior subsequently developed urinary
retention secondary to Parkinson’s disease. Intermittent
catheterization became progressively more difficult due to
diminished hand dexterity; therefore, he elected to proceed
with suprapubic tube placement. On post-operative day 15
after suprapubic tube placement the patient presented with
suprapubic pain, tenderness, and erythema at the insertion
site. He was started on empiric antibiotics, and a urine
culture obtained. His urine culture grew multiple organisms
and his antibiotics were tailored. His pain progressed to
the area overlying the tubing for his prosthetic device and
he developed purulent drainage. Computed tomography
(CT) scan of the pelvis was performed, demonstrating close
proximity of the suprapubic tube the prosthetic tubing
with a small fluid collection. Given the findings, the patient
underwent explant of his penile prosthesis. Culture of the
device grew the same organisms as the urine culture.
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Figure 2 Extrusion of right cylinder following traumatic
catheterization.

Figure 3 Intra operative irrigation revealing corpora-urethral
fistula.

Case 3: infection of penile prosthesis after traumatic
catheter insertion

A 64-year-old man who underwent insertion of a three-
piece IPP 3 years prior presented to an outside hospital with
altered mental status and acute kidney failure. He described
initial attempt at catheter placement as painful and
traumatic, traumatic with associated blood at the urethral
meatus. Catheter was ultimately placed in the bladder with
no resultant hematuria, and left in place for 10 days. Patient
was discharged on hospital day 12. He then presented
to our facility 14 days later with a leukocytosis of 16, in
the setting of worsening left lower quadrant and penile
pain. He underwent a CT scan of the abdomen and pelvis
demonstrating a large fluid collection around his reservoir
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on the left side in the space of Retzius. Patient was started
on broad spectrum intravenous antibiotics and taken to the
operating room for explant of his device. Intraoperative
findings included copious purulent fluid, which was cultured
and grew Escherichia coli. Cystoscopy performed at the time
of removal of his device did not reveal any sign of urethral

injury.

Case 4: extrusion of penile prostbesis after traumatic
catheter insertion

A 57-year-old underwent with a history of meatal stenosis
successfully underwent placement of a three-piece penile
implant with standard use of a 16-Fr catheter at the time.
About 1 year post-operatively the patient presented to the
emergency room with progressively decreasing stream.
Urinalysis was normal but post-void residual (PVR) high.
Catheter placement in the emergency room was noted to
be extremely painful and resulted in immediate blood per
meatus. The patient described the catheter was forcefully
placed and resulted in a pop inward. The patient presented
to our clinic a few days later with a cylinder extruding
through the meatus (Figure 2). The patient underwent
successful removal of the offending cylinder and utilized the
device with one cylinder for 1 year. Irrigation of the corpora
reveals the obvious corpora-urethral defect (Figure 3). The
entire device was replaced for improved penile rigidity
1 year after the single cylinder removal.

Case 5: bladder neck contracture at the time of PPS

A 65-year-old gentleman presented for consideration of IPP
for ED refractory to medical therapy secondary to robotic
radical prostatectomy and adjuvant intensity-modulated
radiation therapy for Gleason 4+5, pT4aNOMx prostate
adenocarcinoma treated at an outside institution 3 years
prior. Despite denying LUTS on initial clinic visit, he
subsequently underwent a PVR during his preoperative visit
as is part of our standard workup. At that visit he voided
167 mL, with a PVR of 260 mL. On further questioning
he admitted to having a slow urinary stream with delayed
emptying. Preoperatively he was counseled that if there was
any difficulty with catheter insertion, we would perform
cystourethroscopy to rule out bladder neck contracture.
At the time of surgery there was resistance with attempted
insertion of a 14-Fr catheter, therefore cystourethroscopy
was performed revealing a 4-Fr bladder neck contracture
(Figure 4). A wire was threaded through the narrowing,
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Figure 4 Cystoscopic view of bladder neck contracture in post-

prostatectomy patient.

dilated to 18 Fr using Goodwin sounds, and a 16-Fr
catheter was placed for 48 hours. Upon removal of the
catheter, he reported dramatic improvement in his voiding
symptoms. At the time of publication our plan is to perform
cystourethroscopy in 3 months and if he has developed a
recurrent bladder neck contracture refer him to one of our
colleagues for robotic bladder neck reconstruction.

Methods

A literature review was performed on PubMed using a
combination of search terms including “penile prosthesis”,
“penile implant”, “inflatable penile prosthesis”, “benign
prostatic hyperplasia”, and “urinary retention.” Only
publications in English were considered. Apart from
historical publications for context, emphasis was placed on
newer literature distributed between 2000-2020.

BPH work up in ED patients

Given the prevalence of LUTS among ED patients, it is
prudent to screen for BPH in men presenting for evaluation
of sexual dysfunction. Per the most recent American
Urological Association and European Association of
Urology guideline statements, providers should obtain
a relevant medical history, focused physical exam, urine
analysis, and subjective assessment of symptoms using
the American Urological Association Symptom Index or
International Prostate Symptoms Score at time of initial
evaluation (12,13). Prior to surgical intervention for bladder
outlet obstruction, patients should be further evaluated with
a PVR, uroflowmetry, and prostate sizing with imaging
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or cystoscopy. Patients should be counseled regarding the
effect of the various medical and surgical treatment options
on erectile and ejaculatory function, as greater than 90%
of patients considering BPH surgery report erectile and
ejaculatory function to be an important consideration (14).
For patients who desire preservation of their erectile
and ejaculatory function, prostatic urethral lift (Urolift®,
NeoTract, Inc., Pleasanton, CA, USA), water vapor thermal
therapy (Rezim™, Boston Scientific, Marlborough,
MA, USA), or Aquablation® (AquaBeam®, PROCEPT
BioRobotics Inc., Redwood Shores, CA, USA) may be
better surgical options. Even newer surgical therapies still
undergoing investigation that promote preservation of
sexual function include a temporary nitinol implantable
device (TIND Olympus, Hamburg, Germany) and a BPH
prostatic drug coated balloon dilation catheter (Optilume™,
Urotronic Inc., Plymouth, MN, USA). Patients with a
history of prior surgical management for BPH should also
be screened for LUTS prior to PPS. Judicious workup
can help identify the isolated post-treatment patient who
has been inadequately treated, has prostatic regrowth with
new obstruction, or who has a urethral stricture from prior
instrumentation. At a minimum, consider urine analysis
and PVR in patients reporting residual or new LUTS after
BPH surgery. Cystoscopy may be indicated to definitively
diagnose a urethral stricture and/or prostatic regrowth, at
which point focus should be re-directed to these conditions
before PPS.

In patients with a history of radical prostatectomy or
radiation therapy for prostate cancer, providers should
consider the possibility of a bladder neck contracture.
According to the CaPSURE database, at a mean follow-
up of 2.7 years, 8.4% of radical prostatectomy patients,
and 1.7% of external beam radiation therapy patients will
develop a bladder neck contracture (15). Contemporary
series that predominantly include robotic-assisted radical
prostatectomy from large volume centers report bladder
neck contracture rates of 1-2.5% (16-20). Prosthetic
surgeons should be aware of this potential complication,
as not all patients with a bladder neck contracture may
complain of LUTS. An asymptomatic bladder neck
contracture may not manifest until attempting to place
an indwelling catheter for identification of the urethra at
the time of PPS. This presents an avoidable conundrum
intraoperatively if steps are taken preoperatively to rule
out a bladder neck contracture. Some prosthetic surgeons
perform cystoscopy or catheterization of all patients with
a history of treatment for prostate cancer preoperatively,
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while others utilize it in selective cases. Some implant
surgeons will abort all implant procedures if bladder neck
contracture is present, while others will proceed only if
dilation goes smoothly despite the theoretically increased risk
of infection. An additional potential problem is that stress
incontinence may be revealed with treatment of bladder neck
contracture. Treatment of stress urinary incontinence should
ideally occur prior to placement of penile prosthesis.

Treatment of BPH prior to PPS

While there are no formal guidelines addressing the
optimal timing and management of BPH in patients
undergoing PPS, most providers agree that treating BPH
before PPS is prudent to prevent device infection and/
or erosion. According to the Titan and Titan Touch®
IPP product insert (Coloplast Corp., Minneapolis, MN,
USA), an elevated residual urine volume secondary to
bladder outlet obstruction or neurogenic bladder is a
contraindication for use of the device (21). Aside from
the negative effect on quality of life, severe LUTS left
untreated can be complicated by acute urinary retention
(AUR), recurrent urinary tract infections, bladder stones,
and renal failure (22). PPS should be deferred indefinitely
until these have been ruled out and addressed. In patients
with mild to moderate LUTS without the aforementioned
conditions, surgical BPH treatment should be explored
prior to PPS given that transurethral intervention after
cylinder placement may be more difficult. Providers should
be cognizant of the pressure exerted by a rigid cystoscope
or resectoscope on the urethra, and potential for trauma to
the corpus spongiosum in close proximity to the prosthetic
device.

Patients with BPH with or without LUTS and a history
of AUR are at risk of subsequent retention episodes (23).
Postoperative urinary retention is a common sequela after
any type of surgery, with an overall reported incidence
of 4-29% (24). Common risk factors include preexisting
bladder outlet obstruction, prior AUR episodes, advanced
age, diabetes mellitus, type of surgery and prolonged
anesthesia, but can also occur in younger patients or those
without prior episodes (25-28). One potential mechanism
for AUR attributable to these factors includes temporary or
permanent loss of bladder afferent and/or efferent pathways.

The risk of postoperative AUR after PPS is
approximately 4% (29). In general, AUR patients can be
managed with either indwelling urinary catheter or clean
intermittent catheterization (CIC) for a short duration
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of time until spontaneous symptom resolution. In a post-
PPS patient, CIC is preferred to avoid prolonged pressure
exerted by an indwelling catheter in the setting of a
prosthetic device to minimize the risk of erosion. Even in
patients without AUR, chronically elevated PVR secondary
to untreated BPH contributes to urine stagnation; placing
the patient at an increased risk of a urinary and potentially
device infection. Taken together, in a patient with known
risk factors for postoperative AUR undergoing surgery
that places them at increased risk of catheter associated
complications, it is prudent to address bladder outlet
obstruction before proceeding with device implantation.

There is an ever-increasing array of treatment options
for BPH, with transurethral resection of the prostate
(TURP) being the gold standard. With this classic
approach, it is important to counsel the patient on the
complications which directly impact sexual health. These
would include retrograde ejaculation (23-65%), de novo
ED (6%), and urethral stricture disease (4%) (12,30).
Alternatives to TURP including transurethral incision of
the prostate (TUIP), holmium laser enucleation of the
prostate (HOLEP), and PVP all have an increased risk of
ED and retrograde ejaculation. Prior to 2015, the only
BPH surgical treatment that didn’t pose a risk of ED or
retrograde ejaculation was prostatic urethral lift. In recent
years, water vapor thermal therapy has shown promise in
terms of its minimally invasive nature as well as preservation
of erectile and ejaculatory function at 36-month follow-
up, however, it is contraindicated in patients with a penile
prosthesis for reasons that are unclear, as it does not seem
to pose a greater risk than any other BPH surgery (12).
A newer still treatment modality known as Aquablation®
(Procept Biorobotics, Redwood Shores, CA, USA) also does
not appear to increase the risk of ED, but can still cause
retrograde ejaculation albeit at much reduced rate when
compared to TURP (31-39). Understanding the risks and
benefits of the available approaches can help guide patients
to the best modality based on their individual preferences
and prostate anatomy. Following BPH surgery, it is our
practice to wait at least 8 weeks for resolution of irritative
voiding symptoms and hematuria prior to proceeding with
PPS. Failure to do so may delay diagnosis of a urinary tract
infection or urethral injury in the perioperative period, as
well as increase the risk of postoperative AUR.

Treatment of BPH after PPS

While there are clear advantages to treating BPH prior
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to IPP placement, this is not always possible. Patients
may present with symptomatic BPH after having
undergone PPS elsewhere, with symptomatic regrowth
after being appropriately treated prior to PPS, and with
de movo symptoms after having PPS years prior. In all
the aforementioned scenarios, a thorough discussion of
management options, risks, and benefits should be explored
with the patient. A trial of medical management should
be considered in treatment-naive patients. For those who
meet clinical indications for surgical BPH treatment (i.e.,
recurrent urinary tract infections, bladder stones, urinary
retention, and recurrent gross hematuria), the quickest and
least invasive route should be employed when possible. The
minimally invasive surgical therapies water vapor thermal
therapy and prostatic urethral lift can both be performed
using a 20-Fr rigid cystoscope sheath, Aquablation a 22-Fr
sheath, GreenlightTM Laser PVP (Boston Scientific, Boston
Scientific, Marlborough, MA, USA) a 26-Fr sheath, TURP
a 24- or 26-Fr sheath and HOLEP a 24- to 28-Fr sheath.
Simple prostatectomy may be less desirable due to the need
for an indwelling catheter in the postoperative period, as
well as the potential for contamination or damage to the
reservoir. In addition to invasiveness of procedure, prostate
size and surgeon expertise should drive selection of BPH
surgery type. There is a paucity of literature for surgical
management of BPH after PPS, with no literature reports
of prosthesis infection after BPH surgery. Anecdotally,
the authors have observed prosthesis infection after water
vapor thermal therapy and PVP. While the corporal bodies
diverge proximally, prostatic capsular perforation does
expose this usually sterile space to urine extravasation,
increasing the risk of an infection.

Management of urinary retention in post-PPS

With the infrapubic and penoscrotal approach in PPS,; a
urinary catheter is typically inserted at time of surgery to
aid in identification of the urethra during dissection and
allows for decompression of the bladder in anticipation
for safe reservoir placement. The catheter is then removed
prior to discharge same day, or early postoperative day
1 for patients admitted overnight. Literature reports
of postoperative AUR after PPS range between 1-4%
(29,40-43). Prolonged use of an indwelling urinary catheter
is discouraged in PPS patients given concerns for urethral
erosion leading to prosthesis infection. There are reports
of cylinder erosion into the urethra in patients with chronic
catheter pressure (44). This is most commonly seen in

© Translational Andrology and Urology. All rights reserved.

Wen et al. Narrative review of BPH and PPS

patients with semi rigid rods and decreased penile sensation,
such as those with spinal cord injuries (45,46). Data from
the artificial urinary sphincter literature demonstrates
that prolonged catheterization (greater than 48 hours) is
reported to increase the risk of device erosion, while data
is sparse on the potential impact of self-catheterization in
a non-neurogenic adult population (47,48). Whether these
findings can be extrapolated to PPS is debatable, but most
prosthetic surgeons would rather err on the side of caution
rather than risk a prosthetic infection.

Management of urethral erosion in the penile prosthesis
patient can prove difficult depending on the site of injury,
extent of injury, and patient factors that affect wound
healing. A prosthetic device in which any component
is visible externally is by historical definition infected.
Erosion will disseminate microorganisms throughout the
previously sterile implant space necessitating explantation
of the cylinders and/or entire device. The magnitude of this
complication is likely underreported as it is limited to case
reports as it is often a delayed complication presenting years
later, often to a different provider. Though uncommon,
the ramifications of this particular complication have
steered providers away from prolonged use of an indwelling
catheter after PPS. A more attractive alternative is CIC,
which has been shown to be safe in previous studies (49).
In a small prospective trial of men undergoing elective
inguinal herniorrhaphy surgery, preoperative tamsulosin
administration have been shown to reduce the incidence
of postoperative AUR, though is not commonly done
in practice (50). A less common scenario is the patient
with chronic postoperative urinary retention who is not
a candidate for BPH surgery and cannot perform CIC,
in which case a suprapubic tube may be a more attractive
alternative. Even suprapubic tube insertion poses a risk for
device infection; the authors have explanted an IPP placed
through an infrapubic incision where the reservoir tubing
was in close contact to the suprapubic tube insertion site
and subsequently became infected.

Intraoperative management of difficult catheter
placement

High volume prosthetic surgeons will undoubtedly
encounter difficulty inserting a catheter at the time of PPS
on occasion. Potential causes of such resistance include a
urethral stricture, bladder neck contracture, and prostatic
obstruction. Most prosthetic surgeons will place a 14- or
16-Fr catheter at the time of PPS to aid in identification
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during dissection near the urethra. In our practice we
use a 14-Fr coude catheter (16-Fr straight tip catheter in
radical prostatectomy patients) under the assumption that
a significant percentage of PPS patients benefit from the
curved tip of the coude catheter to navigate the prostatic
urethra. We elect to use a 14-Fr to reduce the compressive
effect on the urethra to minimize the risk of glans ischemia.

In the case where a catheter will not pass, options
include omitting catheter placement versus using a flexible
cystoscope to identify the point of obstruction. In the
absence of a catheter, the reservoir should be placed in
an ectopic position to avoid injury to a bladder that is not
decompressed. Another consideration in this situation
is how to manage post-operative AUR should it arise.
Decompression of the bladder will require instrumentation
with a prosthetic device in place, which is undesirable.
Alternatively, addressing the obstruction at the time of
PPS may require urethral dilation, direct vision internal
urethrotomy, complex catheter placement over a guidewire
to navigate a false passage, or bladder neck dilation/incision.
Any of these maneuvers may violate the surrounding corpus
spongiosum and/or corpus cavernosum thereby increasing
the risk of infection. Depending on the point of obstruction,
the patient may need to be repositioned into the lithotomy
position.

It should also be noted that given the unanticipated
findings, consent will not have been obtained for this
intervention, as a discussion regarding this scenario is
unlikely to have taken place preoperatively. Caution should
be exercised in patients with a urethral stricture near the
external urethral sphincter or at the bladder neck in post-
prostatectomy patients, especially with a history of radiation
therapy because intervention may convert a previously
continent patient into one with stress incontinence. The
decision to proceed with PPS as planned versus addressing
the obstruction and aborting the prosthesis portion of
the case should be made carefully. It is unlikely that the
prosthetic surgeon will regret aborting a case only to
return at a later date, but may wish that he or she had
chosen to abort the case when faced with urethral bleeding,
hematuria, or the prospect of a prolonged indwelling
catheter in the postoperative setting. In situations where
urethral or bladder neck dilation/incision is performed,
the authors would advocate waiting a minimum of three
months, repeating a cystoscopy, and reassessing whether to
proceed with PPS.

Another infrequent scenario that may arise is an elevated
PVR at the time of catheter placement intraoperatively.
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To avoid this unanticipated event, we obtain a PVR on all
patients scheduled for PPS ahead of time. Occasionally
patients will have an elevated PVR, prompting further
discussion regarding their urinary habits and symptoms.
Patients with a mildly elevated PVR may benefit from
initiation of an alpha-blocker preoperatively, while those
with a significantly elevated PVR should undergo further
workup to rule out obstructive BPH. A preoperative PVR is
valuable in diagnosing asymptomatic urinary retention and
interpreting elevated PVRs in the postoperative period.

Discussion

BPH and ED are common comorbid conditions that should
be on the radar of prosthetic surgeons during the initial
workup process. A conservative surgical approach would
dictate treating LUTS due to BPH prior to PPS. This
ensures the patient’s urinary symptoms have been adequately
addressed, and mitigates any potentially avoidable
complications of BPH surgery after PPS. Providers should
allow an adequate recovery period to achieve symptomatic
relief and navigate manifestations of the most common
complications of BPH surgery in the postoperative period.
In instances where BPH surgery must be performed
in a patient with an existing implant, providers should
consider the least invasive surgical technique within their
armamentarium. In patients with AUR after PPS, CIC is
preferred over indwelling catheter to minimize the risk of
urethral erosion and device infection.

The above work is limited by paucity of high-quality
literature on BPH in the PPS population. Additional work
is needed in the field to better characterize BPH in the
prosthetic urology setting and delineate the optimal BPH
treatment modality following PPS surgery. As advancements
in BPH treatment introduces an ever-growing array of
managements options, patients will need guidance on the
order and manner of proceeding should they also wish to
undergo PPS. Understanding these above basic treatment
principles can help direct better management of ED
patients undergoing consideration for penile implantation.
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