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Purpose of Review To provide an evidence based discussion of preoperative, intraoperative, and postoperative factors that lead to

successful outcomes in penile prosthesis surgery.

Recent Findings In the preoperative period, careful patient selection, appropriate counseling, thorough evaluation, and sufficient
time for physical and emotional adaptation to an inflatable penile prosthesis are the key. During surgery, the entire device should
be explanted whenever possible. A drain and retain strategy for the reservoir is a safe alternative in situation where the reservoir is
not easily removable. The mechanical cleansing of lavage is more important than chemical sterilization. Postoperative instruc-
tions should be made clear and nursing phone calls may reduce the number of ER visits.

Summary Careful preoperative counseling, attention to intraoperative details, and vigilance in the postoperative period are
necessary for a successful outcome with penile prosthesis revision surgery.

Keywords Inflatable penile prosthesis - Penile prosthesis surgery - Urosurgery

Introduction

In 1973, Brantley Scott [1] published a series of five patients
in which he had implanted two silicone bodies, a reservoir and
control pump, setting off the era of the modern inflatable pe-
nile prosthesis (IPP). While the early IPPs were the first effi-
cacious treatment for patients with organic erectile dysfunc-
tion, they were unreliable with mechanical failure rates as high
as 50% at 5 years [2].

Overtime, manufacturers of these devices improved on
areas prone to premature wear and mechanical malfunction
resulting in a safer, more reliable, more appealing products.
Due to the growing number of implants greater experience on
the part of prosthetic urologists lead to improvements in sur-
gical technique, further improving longevity of implanted de-
vices. Sales of penile implants increased throughout the 1980s
and early 1990s and reached a peak of approximately 33,000
units sold worldwide in 1996. Although this number has de-
creased somewhat following the advent of phosphodiesterase
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inhibitors, the number of implants each year has stabilized
around 28,000 annually, [3] with >90% of men undergoing
initial surgery in the USA receiving an IPP [4].

While the currently available inflatable penile prostheses
from Boston Scientific and Coloplast are more durable than
ever, the large and growing volume of patients living with
IPPs has made revision surgery an inevitable part of prac-
tice for the high-volume prosthetic surgeon. Moreover,
while patient satisfaction with IPPs is generally high, some
patients present complaints including discomfort, inade-
quate inflation, visible deformity, palpable abnormality
and painful intercourse [5,6], necessitating revision
surgery.

It is our goal to outline some of the key considerations
regarding revision surgery for IPPs, which we find useful in
our daily practice. These are broadly divided into preopera-
tive, intraoperative, and postoperative considerations.

Preoperative

Counseling

It is important to ensure that the patient’s preoperative expec-
tations are realistic and aligned with those of the prosthetic

surgeon. Revision surgery in patients with vague complaints
of discomfort or dissatisfaction in the setting of a functioning
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implant should be approached with caution and explicitly elu-
cidating the patient’s concerns about their current implant and
goals of a revision operation is always time well spent.

On more than one occasion, a patient’s dissatisfaction has
turned out to be a desire for more penile length. This is better
discovered preoperatively, before exposing the patient to ad-
ditional morbidity and potentially compromising a function-
ing penile implant, in an attempt to meet unrealistic patient
expectations. While the implanted phallus will typically ap-
pear longer than before surgery in the deflated state, it will
appear shorter than before surgery when fully inflated. [7] It is
important when discussing revision surgery with the patient,
to consider that this is not a shortcoming of the implant, but
rather a gap in the patient’s understanding of the procedure.
Some of the key determinants of decreased patient satisfaction
are listed in Table 1.

In counseling patients, it is also important to consider that
the first implant typically has the best outcome. Patients seek-
ing to undergo revision of an existing IPP are at increased risk
for dissatisfaction, infection, and decreased sensation com-
pared with primary candidates [9].

In a study of 152 patients, undergoing 180 procedures,
Lotan et al. [10] noted that primary prostheses had a better
longevity compared with replacement prostheses (5-year rate
survival rate 71% versus 42%; 10-year rate 60% versus 35%).
The overall infection rate at final follow-up was 9.9% and
18.8% for primary and replacement prostheses, respectively.

In analyzing the satisfaction rates following revision sur-
gery for IPPs, Caire [9] demonstrated a 58.3% rate of satisfac-
tion with a revised IPP (compared with > 90% for primary IPP
[11]), with 75% of patients indicating that they would be will-
ing to undergo the surgery again. These findings serve to
demonstrate that there is often an unfulfilled psychological
aspect of many patients desiring revision surgery for an oth-
erwise functional device.

Patients who undergo revision of their IPPs for reasons
other than malfunction, infection, or impending erosion/
extrusion represent an estimated 16% of revision cases and

Table 1 Key
determinants of decrease
satisfaction with IPP
placement [8]

- Perceived/actual loss of penile length

- Decreased glanular engorgement

- Altered penile sensation

- Decreased sensation during ejaculation
- Perioperative discomfort

- Cosmetic outcome/ease of concealment
- Difficulty with device function

- Partner dissatisfaction and perception of
unnatural feel

- Complications,

- Extent of treatments provided prior to
surgery

may be at an elevated risk for subsequent dissatisfaction, giv-
en that they are, by definition, dissatisfied with their prior IPP
experience [12]. Characteristics of difficult IPP at increased
risk of dissatisfaction can be remembered by the pneumonic
“CURSED patients” and are summarized in Table 2.

The decreased rate of satisfaction following revision is con-
sistent with cosmetic surgical literature, which has reported
progressive decreases in overall satisfaction with each addi-
tional revision procedure [13].

The interval over which patients become comfortable and
satisfied with the device also varies. In a cohort of 96 patients
who underwent penile implants, the mean IIEF-6 erectile
function scores were 7/30, 13/30, 21/30, and 24/30, and
IIEF satisfaction scores were 7/20, 9/20, 11/20, and 15/20 at
baseline and at 3, 6, and 12 months, respectively [14] This
suggests that in a functioning device, in the absence of

Table2 CURSED patients [8]

. Compulsive

. Obsess about major or minor abnormalities pre- or post-op

. Perfectionist

. Overly optimistic about outcomes

. Impairs activities of daily life

. “Goldilocks syndrome”

. Frequently desire revision surgery

. Unrealistic

. Deny possibility of complications

. May present numerous, specific requests

. Resistant to suggestions of anything but a perfect outcome

. Seek reassurances about outcomes

. Underlying motives may be to improve self-esteem, improve
relationship, etc.

. Revision

. Increased risk complications/poor outcomes

. Frequently seek surgery to satisfy underlying psychological problems

. Surgeon shopping

. Numerous prior consultations

Report what other surgeons have “done” to them

. Have specific “list” of requests/desired outcomes

. May overly flatter selected surgeon

. Quick to criticize at undesirable outcomes

May have experience in medical field

Entitled

. Share many characteristics with narcissistic personality disorder

. Overly demanding of time and resources

. Disrespectful/patronizing, particularly to office staff

Demand specialized attention and treatments

. Disregard clinic/hospital protocols poorly compliant increased risk of
litigious behavior poor listeners

Have several “personal hypotheses”

. Dominate conversations

. Denial

Common

. Exaggerated memories of prior penile length, girth, function

Frequently occurs with Peyronie’s disease

. Psychiatric

. Psychotic disorders

. Mood disorders

. Personality disorders

. Body dysmorphic disorder
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infection, surgeons considering revising an IPP should delay
the procedure for 612 months, to provide sufficient time for
tissue healing, as well as to allow the patient additional time to
adjust psychologically to their current device, and potentially
reverse their decision to undergo a revision operation [7,14].
Patients should be explicitly counseled that time is required
for both a physical adjustment as well as a psychological ad-
justment to the prosthesis.

Given the superiority of outcomes with a primary IPP com-
pared with subsequent revision surgery, it is advisable that
when complications develop at the time of placement of a
virgin prosthesis to abandon the case and return to surgery
later to complete the case, particularly for lower volume/less
experienced surgeons [7]. A distal urethral injury for example
will usually heal without issue if surgery is abandoned, but if
repair is attempted and implant placed, the increased infection
risk may lead to significant morbidity and dissatisfaction in
the future.

For high-volume experienced surgeons however, correc-
tion of urethral injury/or other intraoperative complications
may be reasonable. In a survey of Genitourinary
Reconstructive Surgeons (GURS) and the Sexual Medicine
Society of North America (SMSNA) members, a cohort with
highly subspecialized training, 55% said they would abort the
procedure after distal urethral injury, whereas 45% would con-
tinue the procedure with unilateral or bilateral insertion of
cylinders. Patient factors that increased likelihood of terminat-
ing the procedure in the case of urethral injury included im-
munosuppression, spinal cord injury, and clean intermittent
catheterization dependence [15¢].. This may be due to the fact
that the experienced surgeon may be better able to discern
when correction is reasonable and when surgery should be
terminated, thus avoiding an undesirable outcome.

Evaluation

In evaluating patients being considered for IPP revision sur-
gery, the first step is to obtain operative notes from the pa-
tients’ prior procedure(s). These notes can provide important
information regarding not only the sizing of the patient’s cur-
rent implant, but also the approach used (penoscrotal,
infrapubic, subcoronal) as well as any intraoperative compli-
cations. Often the patient may be unaware of excessive intra-
operative bleeding or proximal corporal perforation which
may be contributing to their current issue. Similarly, noting a
disparity in the number of rear tip extenders on the left vs right
side can save much angst at the time of revision surgery, as
time is not wasted searching for a non-existent rear tip
extender.

Operative notes may be useful in determining the type of
suture material used. If a permanent suture was used to close
the corporotomies at the time of the original implant, it likely

to contain a biofilm and should be entirely removed to avoid
infection of the revised prosthesis.

Another source of useful information regarding prior pros-
thetic surgery is the Product Information Form (PIF) which is
kept by Boston Scientific and Coloplast. This form may be
obtained by a company from a company representative and if
often better maintained then the operative notes of a low-
volume implanter. It is a useful source of information if prior
operative notes are unavailable or incomplete.

A crucial component of evaluating IPP patients for revision
surgery is the clinical history and physical examination.
Hematoma, infection, crossover, perforation, curvature,
impending erosion, aneurysm, and implant function may be
elucidated from the pt’s history and/or seen on exam. Physical
examination, however, is often difficult if these abnormalities
are subtle. Additionally many patients with IPPs may have
factors further confounding physical examination, including
previous operations, edema, or Peyronie’s disease [6], there-
fore imaging should be considered when the diagnosis is
unclear.

The imaging modality of choice in evaluation of penile
prostheses is MRI. MRI appears to be most useful for deter-
mination of surgical approach in those patients with abnormal
physical examination, and as a justification of either surgical
or expectant management in those with indeterminate physical
examination [6].

In a retrospective study of 28 consecutive patients, who
underwent 32 MRI studies, MRI confirmed abnormalities
suspected on physical examination in 87% (28/32) of cases
and was discordant in 13% (4/32) of cases. Additional infor-
mation was frequently gained by the MRI beyond what that
appreciated on history and physical examination. New find-
ings included periprosthetic fluid collection, cylinder cross-
over, reservoir fluid loss, cylinder erosion, and migration, an-
gulation or herniation of the proximal parts of the cylinders.
MRI often provided information regarding the degree of ab-
normality beyond what was predicted on physical examina-
tion and served to rule out complications which could be ex-
cluded by physical examination alone (cylinder aneurysm,
tunical erosion, and periprosthetic fluid collection). MRI was
especially useful in the detection of tunical defects which
would prompt operative intervention. If device salvage is be-
ing considered, MRI may be helpful because it will allow the
surgeon to understand the extent, severity, and laterality of the
abnormality, and to determine the role of and surgical ap-
proach to a device-sparing operation. A suggested algorithm
for the utilization of MRI by McPhail et al. [6] can be found in
Fig. 1.

The recommended MRI protocol for evaluation of IPP is
T1-weighted imaging, and transaxial, sagittal, and coronal fat-
saturated fast spin-echo T2-weighted imaging in both deflated
and inflated states. It should be noted that with mechanical
malfunction, full inflation sometimes is not possible [6].
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Fig. 1 Algorithm for MRI
utilization in the evaluation of IPP
[from McPhail et al.] [6]

ALGORITHM FOR USE OF MRI IN EVALUATION OF IPP

—J

Tunical Defect or Device
Malposition?

If a thorough evaluation has demonstrated a non-
functioning device, a decision must be made as to
whether surgery is required. In older patients who no
longer desire sexually active, the device may be left in
situ so long as there is no evidence of infection erosion
or pending extrusion.

Likewise, non-surgical treatment options may be possible
for certain conditions such as “stiction (static friction) syn-
drome” in which patients present with transient difficulty ac-
tivating the pump after prolonged periods of inactivity.
Physical exam demonstrates a hard incompressible bulb or
persistent incomplete refilling of the bulb with attempted in-
flation. During normal inflation, squeezing the pump moves a
poppet valve pin into an open position, allowing reservoir
fluid through the pump and into the cylinders. In stiction syn-
drome, the poppet valve pin becomes fixed in the deflated
position, preventing the movement of fluid among the reser-
voir, pump, and cylinder. This may be resolved with a “forced
deflation maneuver,” in which one hand is used to perform
cylinder deflation at the proximal penile shaft while the other
hand is used to simultaneously depress the pump deflation
button [16¢]..

@ Springer
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Intraoperative
Approach

Revision cases can provide a unique set of intraoperative chal-
lenges. Often the tissue planes may be distorted by prior sur-
gery and complications such as cylinder crossover or tunical
perforation must not only be avoided as in a virgin case, but
must themselves be addressed. As a result, the most crucial
step in revision surgery is to thoroughly expose the corpora in
order to clearly visualize the anatomy.

Some surgeons prefer to begin the procedure by exposing
an easily accessible portion of device such as the pump, and
following the tubing proximally to the corpora. This approach
can be the most expedient in experienced hands. We, however,
prefer to approach a revision IPP case in the same way as a
virgin IPP case by exposing the corpora first. Once the corpora
are adequately exposed, the pump and reservoir may be dis-
sected free. We recommend this approach for the less experi-
enced surgeon as exposure of the corpora is most easily done
at the beginning of the case prior to onset of tissue edema and
further disruption of surgical planes.
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When revising an IPP, the question of whether to use the
same surgical approach that was initially used (penoscrotal
initial placement and penoscrotal revision) or to select and
alternative approach (such as infrapubic) has no uniformly
correct answer. It depends on a variety of factors including
the patient’s body habitus, the source of the malfunction, the
number and type of prior revisions, and surgeon comfort with
the various approaches. As a general rule, the surgeon should
perform the surgery by the approach he/she is most comfort-
able with as the anatomy may be distorted which can make an
unfamiliar approach even more challenging.

In revision surgery, safety checks are even more important
than in virgin IPP cases. Slight errors can compound if they
are not appropriately addressed and unidentified problems
from prior operations which can lead to complications if not
addressed intraoperatively. Common safety checks used by
the authors are listed in Table 3.

Leaving a drain for 12-24 h has been shown to be safe,
with no increase in infection rate and a very low incidence of
postoperative hematoma formation, swelling, and ecchymosis
[17]. In revision cases, the lymphatic drainage may be com-
promised from prior operations leading to increased edema
compared with virgin cases. Similarly, distorted anatomy
and the need for greater manipulation in removing the original
malfunctioning device may predispose the patient to hemato-
ma. Our drain of choice is a 10Fr round, fluted, closed-suction
channel drain with a trocar (C.R. Bard Inc., West Sussex, UK).
It is large enough to allow evacuation of excess blood or
lymphatic fluid, yet small enough to not cause additional mor-
bidity to the patient.

Component Replacement

Component replacement should be used sparingly. It may
be considered if revision is needed for mechanical mal-
function in newer devices. We are extremely hesitant to
pursue component replacement in any device greater than
3 years old as the probability of malfunction of other
components increases with age of the device.
Additionally, almost all device components will be colo-
nized with biofilm at the time of revision surgery, making
colonization (if not infection) of any new device compo-
nent likely. In a study by Henry et al. if the device was
revised but not replaced, infection/impending erosion

Table 3  Safety checks for revision surgery

1. Goal post test to assess for proximal perforation

2. Symmetric measurements on both sides

3. Irrigate corpora to ensure no urethral perforation distally
4. Cycle device multiple times to sure cosmesis

5. Ensure bladder is empty prior to reservoir placement

6. Assess for back pressure after reservoir filling

developed in 9.1% of cases, as compared with 5% when
the entire device was replaced [12]. For this reason we
almost always replace the entire device.

Washout

The use of a washout intraoperatively can significantly impact
the outcome of IPP revision. In one study, 4% of cases which
incorporated washout developed infection or impending ex-
trusion/erosion, as compared with 25% of cases in which a
washout procedure was not performed. [12] This is likely due
to the presence of biofilm and/or subclinical infection
resulting from the original device which, if not removed
may lead to infection of the newly implanted device.

The washout protocol should include complete device ex-
plantation, followed by antiseptic lavage of all implant spaces
with multiple rounds of dilute antibiotic solution, and subse-
quent placement of a new device. The mechanical cleansing of
lavage combined with entire device explant (and explantation
of all permanent suture material) is more important and sim-
pler than the chemical sterilization of multiple antiseptic solu-
tions originally proposed by Mulcahy [18,19]. The key aspect
of a washout in revision surgery is vigorous irrigation of all
implant spaces in order to disrupt this biofilm and prevent or
diminish recolonization of the new device.

According to Henry et al. [12], 94% of individuals with
functional satisfactory IPPs at the end of the study period
had a washout as part of their revision surgery, compared with
only 80% of those who did not receive a revision washout. It is
possible that this difference may be due to differences in sub-
clinical infection rates.

The antibiotic coating on modern IPPs may further serve to
decrease the infection risk in patients undergoing revision sur-
gery. In a study by Abouassaly et al. [20], patients underwent
replacement of an IPP for mechanical failure using a device
coated with rifampin and minocycline HCL (InhibiZone™)
following a standard washout. At a median follow up of
32 months, postoperative device infection requiring explanta-
tion developed in only one patient (1.8%). Antibiotic-coated
inflatable penile prosthesis may, therefore, further decrease
infection rates in patients undergoing penile prosthesis re-
placement for mechanical failure.

Implant Sizing and Device Selection

The timing or revision surgery may have an impact on the
size of implant used and may itself be impacted by the
type of implant originally used. In an analysis of 2749
patients (1532 AMS 700 LGX, 717 AMS 700 CX, and
500 Coloplast Titan), the mean time between implants
was earlier for LGX (29 months) than CX (39 months)
and Titan (48 months) patients. Patients who underwent
device replacement at <2 years did not experience an
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increase in mean cylinder length. In contrast, patients who
underwent device replacement at >2 years experienced a
mean increase in cylinder length (LGX 1.2 cm, CX
1.1 cm, and Titan 0.9 cm). Overall, 60 % of patients
demonstrated increases of > 0.5 cm and 40% demonstrat-
ed increases of > 1 cm. [21] This suggests that the corpora
may accommodate to some degree over time and that
upsizing may be warranted at the time of revision surgery.
The increase in size, however, is typically limited to <
2 cm, provided that the original implant was appropriately
sized [21].

The selection of penile implant for revision surgery is in
part based on the patient’s prior experience. If the reason for
the revision is mechanical malfunction and the patient is sat-
isfied with the functionality of the original device, then the
same device should be implanted. If, however, the patient has
concerns regarding the rigidity of the original device, a device
with greater rigidity should be substituted. For example, an
AMS 700 LGX may be replaced with an AMS 700 CX or
Coloplast Titan due to the greater ability to withstand both
longitudinal and horizontal forces of the later [22].

Drain and Retain the Reservoir

A potentially catastrophic complication of IPP revision sur-
gery is injury to the iliac vessels in the process of removing the
reservoir. The encapsulated reservoir may become adherent to
the iliac vessels, and traction on the reservoir may result in
injury to the vessels or surrounding structures. As the reservoir
is typically removed through a small incision or through the
inguinal canal, gaining vascular control of the iliac vessels can
be challenging in an urgent situation, leading to significant
morbidity or even death.

The reservoir should be removed if it is easily accessible
and does not require significant traction on the tubing to re-
move it. However, if the reservoir is firmly adherent or diffi-
cult to remove, the best strategy is to drain the reservoir, re-
move as much excess tubing as feasible, and allow it to retract
back into the retroperitoneum.

In a study of 120 reoperative prosthetic cases
(consisting of IPPs and AUSs), a “drain and retain”
strategy was used in 55 cases (46%). This was com-
pared with a control group consisting of 352 patients
undergoing initial AUS (154 cases) and/or IPP (236
cases) placement. No difference in infection rate was
identified between the control group (6 of 390; 1.5%)
and the “drain and retain” group (1 of 55; 1.8%). [23]

A “drain and retain” strategy is therefore a safe and effec-
tive alternative to intact reservoir removal in revision surgery.
There with no apparent increase in postoperative infection
rate, with the possibility of avoiding catastrophic intraopera-
tive complications.

@ Springer

Postoperative
Instructions

Postoperative care is important in ensuring good outcomes.
Postoperative instructions should be made clear and are
reviewed with the patient prior to discharge. This avoids a
situation in which the patient may not allow adequate time
for tissue to heal, or engage in activity that compromises the
success of the operation. Patients are often anxious prior to
surgery and may easily forget instructions provided preoper-
atively. Similarly, in the setting of revision surgery patients
may overstate their knowledge of postoperative care, having
“gone through it before.” Or, if they were previously under the
care of a different surgeon, there may differences in postoper-
ative care pathways, leading to confusion on the part of the
patient. We have found follow-up nursing phone calls to be
helpful in reducing calls to our triage line as well as reducing
ER visits. [24]

Management of Complications

As revision surgery is often complex, some flexibility in the
postoperative care pathway may be warranted for optimal out-
come. For example, if a drain left in place at the time of
revision surgery has a higher than expected output, it may left
in place for several days longer than normal to ensure a hema-
toma is avoided.

Patients who are having difficulty with pain or other post-
operative complaints should be seen frequently. For example,
out of proportion perineal pain may be the result of superficial
cellulitis or an unrecognized proximal corporal perforation. If
the patient is evaluated promptly and started on antibiotics
infection of the implant may be avoided. Even patients with
no obvious surgical issues may harbor significant anxiety that
can be greatly alleviated with a reassuring office visit and may
save the surgeon time in the long run.

If true complications are encountered, they should be dealt
with promptly

An infected device should be explanted or cylinder cross-
over revised, just as if this was the surgeon’s first encounter
with the patient. There is no sense in providing false reassur-
ance to the patient if complications arise, as not addressing
complications appropriately may lead to increased morbidity
in the long run.

Reporting

The IPP has gradually evolved since its introduction in 1973.
A significant contribution to improvement of the device over
the past 45 years has been input from prosthetic surgeons.
Therefore, it is essential for surgeons take the time to inform
the implant manufacturers of all patient complaints, and return
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all defective and infected devices to the manufacturer for test-
ing [7].

Conclusion

Due to the marked improvement in mechanical reliability and
the reduction in infection rates, many urologists never faced a
complex revision or even seen a prosthesis infection. In our
opinion, no area of prosthetic surgery is more nuanced than
revision surgery and should therefore be undertaken with great
care. Careful preoperative counseling, attention to intraopera-
tive details, and vigilance in the postoperative period are nec-
essary for a successful outcome.
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