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Abstract
Purpose of Review This review highlights landmark studies and recent literature regarding penile implant salvage in the setting of
infection. We discuss both the historically relevant treatments and newest trends in current practice.
Recent Findings The most recent studies indicate that most penile prosthesis infections can be managed with explantation and
washout with immediate implantation of malleable prosthesis. This technique allows for prevention of corporal fibrosis and
possible transition to future inflatable penile prosthesis.
Summary While prosthetic infection rates have declined over the years, a 1–3% risk still remains. Originally, prosthetic infec-
tions were treated by immediate explantation with consideration for re-implantation months later once the acute period for
infection had been managed with broad spectrum antibiotics. However, a landmark study by Mulcahy in 1996 advocated for
explantation, antibiotic-based washout, and immediate re-implantation. More recent studies have favored a malleable implant
salvage technique (MIST) to preserve penile length. This technique includes explantation, washout, and immediate malleable
prosthesis insertion. Further, some researchers are now examining use of temporary intracorporal antibiotic-infused calcium
sulfate paste in the setting of implant salvage.
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Introduction

Since its introduction in 1973, the inflatable penile prosthesis
(IPP) has become the gold standard surgical treatment for
erectile dysfunction (ED) [1]. While recent studies have dem-
onstrated high patient and partner satisfaction, prosthetic in-
fection remains a serious potential complication [2–4]. Even
with recent advances in antibiotic prophylaxis, antiseptic de-
vice preparation, implantation technique, and device modifi-
cation, IPP infection rates remain between 1 and 3% in expe-
rienced hands [5].

Specific risk factors such as diabetesmellitus were believed
to contribute to infection rates; however, recent investigations
suggest infection rates in diabetic patients do not differ signif-
icantly from the general implant population [6]. Despite an
ongoing debate regarding risk factors, the mechanism of pros-
thetic infection is well characterized. Specifically, during in-
fection, bacterial or fungal biofilm grows around the implant
and forms a protective barrier, thus making antibiotic penetra-
tion more challenging [7] [8]. Due to poor penetration with
antibiotics alone, IPP device infection typically mandates de-
vice explantation.

Despite explantation being widely regarded as definitive
treatment for device infection, newer reports have emerged
suggesting alternative treatment options that can avoid explan-
tation under certain circumstances. For example, a study by
Luján and colleagues presented two patients with penile pros-
thesis infections who were treated by excision of tissue sur-
rounding the pump. The area was then irrigated using high
pressure irrigation consisting of povidone-iodine, gentamicin,
vancomycin, and hydrogen peroxide; closed in multiple layers;
aspirated with drainage tube placement for 24 h; and started on
postoperative IV antibiotics [9]. Another study by Habous and
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associates demonstrated patients presenting with localized, ear-
ly penile infection could be successfully treated with oral anti-
biotics alone. Importantly, however, it should be noted that the
majority of patients in this study had malleable implants [10].

The original management of IPP infection includes antibi-
otics, device explantation, and washout of reservoir location.
Some surgeons also opted for intracorporal drain placement
following device removal [11]. Reimplantation was then typ-
ically attempted several months later. This strategy unfortu-
nately had many pitfalls, as prolonged postoperative periods
without a device in situ may result in the development of
recalcitrant fibrosis and scarring of the corporal bodies [12].
The fibrosis may then in turn lead to penile shortening, thus
making subsequent insertion of a future IPPmore challenging.

Methods

This review was conducted by searching PUBMED for pre-
existing studies that address penile implant infection manage-
ment strategies. Specifically, a PUBMED search was per-
formed using the following keywords: “IPP,” “implant infec-
tion,” “salvage,” “implant salvage,” and “malleable salvage.”
Only reports published in English were assessed. Case series
or trials prior to year 1992 were excluded.

Discussion

The management of IPP infection was greatly improved in
1996 after Mulcahy described a groundbreaking salvage im-
plant protocol [13]. In this retrospective study, 11 patients with
IPP infections underwent complete removal of hardware,
followed by a seven-step antibiotic irrigation, with subsequent
insertion of a new penile prosthesis. With a mean follow-up of
21 months, 10/11 patients remained infection free. It should be
noted, however, that the study excluded patients with device
extrusion, poorly controlled diabetes, and/or purulent infection.
Mulcahy’s technique was then further solidified when a second
longer term analysis was reported in year 2000 in which 44/55
patients showed no signs of infection with an average follow-up
of 35 months [14]. A study by Kaufman and colleagues de-
scribed a similar washout with immediate re-implantation pro-
tocol in which 6/7 men were infection free on follow-up [15].

It should be noted that at our institution, we historically used
the originally described standard Mulcahy washout, which
consisted of vancomycin/bacitracin solution irrigation, follow-
ed by half strength hydrogen peroxide/half strength povidone-
iodine solution, followed by vancomycin/gentamicin/half
strength povidone-iodine/half strength hydrogen peroxide irri-
gation, followed by kanamycin/bacitracin irrigation. However,
recent data demonstrating deleterious cytotoxic effects and poor
antibiotic coverage associated with hydrogen peroxide

irrigation solution has changed practice at our institution and
many others. Studies also suggest that diluted povidone-iodine
(0.35–5%) has reduced cytotoxic effects while also decreasing
incidence of postoperative infectious complications [16].

While Mulcahy favored immediate re-implantation, other
studies examined delaying insertion of the new prosthesis un-
til after the infection had been drained with device explanta-
tion and a period given for intravenous antibiotics alone to
take effect. For instance, Teloken and associates described a
similar washout protocol but with re-implantation 72 h follow-
ing explantation [17]. Similarly, Knoll conducted an investi-
gation which compared immediate salvage to 3-day delayed
re-implantation. On follow-up, 8/10 (80%) immediate patients
and 22/31 (71%) delayed patients were infection free. The
investigators concluded no significant difference between
the two approaches and advocated for immediate salvage
due to potential savings in healthcare cost [18].

While the previously mentioned reports provide sufficient
evidence regarding the timing of salvage, it is important to
note that these studies often excluded patients with purulent
infections or device erosions. For these patients, surgeons of-
ten favor the use of malleable rods in the setting of immediate
salvage. The malleable prosthesis can serve as transition to
eventual IPP replacement or as definitive therapy.

The malleable implant salvage technique (MIST) offers
many benefits to both the surgeon and patient. For one, the
malleable procedure typically consists of shorter operative
times compared to IPP insertion. The malleable rods are also
beneficial as they maintain corporal patency, thus helping pre-
vent fibrotic scarring and penile shortening [19]. Malleable
placement is also particularly useful in patients with scrotal
pump erosions or scrotal purulence. Even if an infection is
isolated to the scrotum, flora can colonize the tubing and travel
more proximally. It is therefore safest to avoid immediate scro-
tal pump placement in such patients and opt for malleable
placement. At our institution, purulent IPP infections are typi-
cally replaced with malleable devices. However, purulent infec-
tions involving the urethra or presenting with concomitant cyl-
inder erosion are not considered candidates for salvage therapy,
which is supported by multiple prior investigations [20, 21•].

A study by Kohler and colleagues in 2009 was one of the
first to examine MIST as an option for prosthetic infection.
The study included 6 men who had an IPP removed due to
suspected scrotal pump infection/erosion with all undergoing
replacement with a malleable prosthesis. All 6 patients were
infection free with mean follow-up of 2 years, with one patient
undergoing elective explantation for delayed glandular ero-
sion [20]. As a result of this pilot investigation, many have
advocated for a malleable substitution as an excellent option
for surgical correction of scrotal pump infection.

Another landmark assessment examining MIST was con-
ducted by Gross and colleagues in 2016. In this study, 58
patients underwent a protocoled Mulcahy irrigation with
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removal of the IPP and replacement with an antibiotic soaked
malleable prosthesis. At time of most recent follow-up, 54/58
(93%) patients had no infection [22••]. The researchers there-
fore concluded that IPP infection can be safely treated with
removal of the implant, washout, and replacement with a mal-
leable prosthesis. It is also important to note that there was
only a 7% failure rate with MIST in this largescale study
compared to a historic 18% failure rate demonstrated in the
original Mulcahy series [14].

The techniques described by Mulcahy, Kohler, Gross, and
many others all importantly include a washout protocol and/or
placement of an antibiotic soaked implant. Multiple re-
searchers therefore agree that proper washout decreases penile
prosthesis infection and is therefore advocated during salvage
strategies [23, 24]. Although multiple preventative measures
such as antibiotic coating, revision washout, and alcohol-
based skin prep have decreased the rate of IPP infection, in-
fection risk still remains, and microbiotic biofilm composition
is highly dynamic over time [25–27]. In fact, recent studies
suggest that even asymptomatic implants could be infected,
given that up to 50–80% of IPPs removed for mechanical
malfunction in three separate series were found to be colo-
nized with bacteria [5, 28•, 29]. Unfortunately, even with an-
tibiotic coating and other preventative measures, studies show
that microorganisms not covered by EUA and AUA antibiotic
prophylaxis guidelines have been identified in as high as 38%
infected IPPs [21•]. Considering this information along with
other data, some are calling for a new standard set of antibi-
otics guidelines for implanters [30]. Specifically, the alarming
rates of anaerobic and Candida infections in the current liter-
ature have driven our institution to broaden our antibiotic cov-
erage for all implant cases and additionally incorporate anti-
fungal coverage in revision cases and in our diabetic or im-
munocompromised patients.

Despite ongoing debate regarding antibiotic prophylaxis
and management, the benefits and success of MIST remain
evident. For instance, a recent analysis from Peters and asso-
ciates demonstrated that immediate salvage can be successful,
even with purulent IPP infections in IDDM patients [31].
Other researchers continue to demonstrate that successful sal-
vage surgery preserves penile length [32]. However, arguably
the most important benefit to MIST is the potential for even-
tual conversion to IPP. While discussing MISTwith a patient,
the surgeon is able to offer the malleable as a bridge to three-
piece IPP insertion. Considering the multi-institutional assess-
ment of the MIST, 17 of 54 patients eventually underwent IPP
replacement at an average of 6.7 months post-op [22••]. On
the other hand, many MIST patients may not wish to undergo
a second surgery and are able to opt for the malleable prosthe-
sis alone as definitive management.

Despite the aforementioned evidence, studies of national
trends in IPP infection suggest that salvage techniques such as
MIST are not commonly used. Zargaroff and associates

reviewed the Nationwide Inpatient Sample database from
2000 to 2009 and reported that 82.7% of infected IPPs were
treated with explantation alone, while only 17.3% underwent
immediate salvage [33]. This report suggests that salvage has
been nationally underutilized even though it is now considered
the gold standard by many high-volume implanters. However,
given the emergence of recent literature suggesting the benefit
of MIST strategy to manage salvage infection situations, it is
unclear whether review of a more recent database may indicate
more of an upward trend in immediate implantation.

Future Research

While there is now sufficient data to confirm the efficacy of
MIST, some investigators are examining the possibility of
using alternate methods as a means of temporarily filling the
corpora following a proper washout protocol. For instance,
there have been discussions regarding the use of intracorporal
antibiotic casting, similar to the material used in orthopedic
reconstruction surgery. Stimulan® (Biocomposites,
Wilmington, UK) is an antibiotic-loaded (vancomycin and
tobramycin) calcium sulfate bead material that forms a paste
used to fill in dead space in a multitude of reconstructive
orthopedic procedures [34]. In a recent prospective observa-
tional study of 755 Stimulan®-assisted arthroplasty patients,
only 4.2% exhibited wound drainage on follow-up, demon-
strating an effective and well-tolerated means of filling open
intraoperative space [35].

The use of Stimulan® has also been examined for use as a
corporal space filler. Carrion and associates described two
cases in which calcium sulfate antibiotic paste was used in
penile prosthesis salvage. For the first case, one patient pre-
sented with erosion of his right malleable cylinder. The rod
was removed and the space was washed out with antibiotic
solution. Calcium sulfate antibiotic paste was then injected to
fill in the right corpus. After 2 weeks, the cast had hardened.
After 4 weeks, the cast was reabsorbing. Successful re-
implantation was then able to be performed at 6 months fol-
lowing the initial salvage procedure. The author noted that
during the case, there was no evidence of penile fibrosis
[36]. The second case described a patient who had undergone
multiple penile surgeries, including insertion of malleable
prosthesis after IPP infection. The latest case, which was the
focus of the paper, was for malleable prosthesis revision sec-
ondary to pain. Significant scar tissue was seen intraoperative-
ly. The corpora were then washed out bilaterally and calcium
sulfate antibiotic mixture was used to make bilateral corporal
casts. Due to poor follow-up, re-implantation did not occur
until 15 weeks following the aforementioned procedure. At
the time of re-implantation, the cast had already fully resorbed
and significant fibrosis was seen. Only a unilateral malleable
was safely placed and the patient reported satisfactory
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intercourse during his 2-month follow-up appointment [36].
The authors therefore concluded that the calcium sulfate anti-
biotic mix paste option is best suited for high risk acutely
septic patients, cylinder extrusions, patients with a history of
multiple implant infections, or patients who are not candidates
for immediate salvage [36]. It is important to explain to po-
tential patients that the cast described only manifests tempo-
rary benefits and necessitates close patient follow-up. Due to
the continued experimental nature of Stimulan®, we suggest
incorporation of this technique in the implanter’s armamentar-
ium only in accordance with hospital regulations and policy.

Conclusions

IPP device infection is a relatively rare but serious complica-
tion of prosthesis insertion. Management of infected implants
was revolutionized by the work of Mulcahy in 1996 with the
creation of a protocol that called for explantation and washout
followed by immediate IPP reinsertion. It is important to note
that patients with purulent infections or device erosion were
excluded from this study and many subsequent evaluations
that perform salvage implantation. More recent studies have
favored the use of the Mulcahy washout protocol with imme-
diate re-implantation of a malleable device instead of IPP. This
method is particularly useful for patients with purulent drain-
age or pump erosion. Emerging studies exist regarding the use
of an intracorporal antibiotic cast to serve as a temporary
placeholder for several weeks prior to permanent device
implantation.
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