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are more recognizable with obvious signs of infection, such as local 
erythema, induration, warmth, and purulent drainage.

Unlike immediate infections, indolent infections (Figure 3) may 
present with vague symptoms and few signs of an overt infectious 
process; these infections may not become clinically apparent for months 
after surgery but most commonly present in the first year. Again, skin 
flora is the most frequently implicated, particularly S. epidermidis, 
which has been shown to colonize prostheses at high rates in several 
studies.4,5

Some debate exists over how bacteria gain access to the implanted 
device. For most infections, bacteria are presumed to enter the 
wound directly during surgery after which they can either proliferate 
immediately, causing signs and symptoms of disease, or otherwise 
lie dormant. In response to the presence of a foreign body, the 
inflammatory process promotes formation of a fibrous capsule that 
encases the IPP.6 This capsule restricts blood flow and consequently 
limits immune system access to area surrounding the device7,8 and 
may serve to shield bacteria harbored within, thus allowing them 
to persist and cause infection outside the immediate postoperative 
period. Bacteria may also form biofilms, which adhere to the surface 
of the IPP hardware creating a protective layer of extracellular matrix 
substances that provides nourishment and further limits the exposure 
to antibiotics and the host immune system.9,10

INFECTION RISK FACTORS
Several factors have previously been shown to increase the risk for 
IPP infection among certain patients following primary implantation 
(as recently reviewed by Carrasquillo et al.).11 Diabetes has been 
proposed as a risk factor for IPP infection, and although some of the 
largest studies support this, data from the literature have been mixed. 
In recent analyses, poorly controlled blood sugar at the time of device 
insertion has been shown to be a risk factor for IPP infection,12,13 
and infection rates have also been directly correlated with elevated 
glycosylated hemoglobin (HgbA1c) levels.14 Older studies have shown 
that diabetes itself did not contribute to a significantly increased risk 

INTRODUCTION
Inflatable penile prostheses (IPPs) were first introduced in the 1970s as a 
method for treating erectile dysfunction (ED) and are the gold standard 
for ED refractory to medical therapy. Since their inception, these 
devices have been complicated by infection. Early pioneers of these 
devices attempted multiple strategies to reduce infection, including 
improved skin site preparation and attempting insertion under laminar 
flow conditions.1 Over the past 50 years, urologists have continued 
to work to advance our understanding of the pathophysiology of the 
infectious processes unique to IPP placement and have continued to 
develop strategies to reduce infections. When infection occurs, the 
IPP hardware must be removed to achieve source control, and a new 
device may be implanted. However, care must be taken to prevent 
penile shortening and reduce the risk of repeat infections. The following 
article reviews the current state of our understanding of IPP infections, 
the evidence base for infection prevention strategies, and the current 
techniques for managing infected IPPs.

PATHOPHYSIOLOGY OF IPP INFECTION
IPP infections vary in timing, symptomatology, and underlying 
microbiology. Infections can occur weeks, months, or (more rarely) 
years after implantation. Clinical presentation can range from dramatic 
local signs of infection accompanied by sepsis to more vague symptoms 
requiring a higher degree of clinical suspicion. In a review, Carson 
provided an in-depth discussion of the various organisms involved in 
IPP infections,2 which typically involve skin flora but may also include 
enteric organisms.3

Infections presenting within 8 weeks of device placement are 
classified as immediate infections (Figure 1 and 2) and are believed 
to originate from direct infection of the device during placement. 
Skin flora accounts for the largest group of bacteria contributing to 
IPP infection,4 and those associated with immediate infection are 
thought to be more virulent strains, such as Staphylococcus aureus.4 
Gram-negative enteric bacteria have also been reported to have a faster 
onset of infection than low virulence skin flora.3 Immediate infections 
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for primary IPP infection.15 However, a more recent study of a large 
statewide database showed that IPP infections occurred in 3% of 
diabetic patients compared to only 2% of nondiabetic patients (P < 0.01) 
after primary implantation.16 Despite this, one small case series (n = 6) 
has demonstrated initial success with immediate salvage in diabetic 
patients presenting with purulent infections, indicating that diabetes 
is not contraindication to immediate salvage techniques.17

Patients who are immunocompromised, whether due to HIV or 
iatrogenic causes, have been shown to be at increased risk for IPP 
infection in certain cases. In a retrospective cohort study, Wilson 
and Delk15 showed that 50% (5/10) of patients on chronic steroids for 
suppression of chronic disease (i.e., chronic lymphocytic, leukemia, 
lupus, chronic obstructive pulmonary disease, and rheumatoid 
arthritis) developed IPP infections, but no (0/3) patients on chronic 
steroids for solid organ transplants. Subsequent data have corroborated 
the lack of risks associated with immunosuppression for transplant 
recipients,18,19 though others have indicated that these studies may not 
be powered to detect small differences in this group. HIV infection 
has been identified as another risk factor associated with IPP removal 
secondary to increased infectious complications in a multivariable 
analysis of a large administrative database.20

An additional medical comorbidity that has been reported to be 
associated with IPP infection is spinal cord injury. Spinal cord injury 
patients have been previously reported to be at higher risk of infection 
based on small retrospective cohorts15 as well as more recent analysis 

of more population-based administrative data.20 The increased risk has 
been proposed to be due to several mechanisms, including increased 
risk for urinary tract infections secondary to intermittent or indwelling 
catheter placement, decreased tissue perfusion, and delayed diagnosis 
of early infection/erosion secondary to loss of sensation.11,15

Behavioral risk factors also have been shown to play a role in risk 
for IPP infection. In a recent study, Balen et al.12 identified a nearly 10-
fold increase in the odds of infection among those who had a history of 
polysubstance abuse and a greater than 12-fold increase for those who 
are homeless. These risk factors are modifiable and could be mitigated 
preoperatively to reduce infection risk, especially given the magnitude 
of the effects reported.

Infection rates among those undergoing revision IPP have 
previously been reported to be higher than those undergoing primary 
implantation. Wilson and Delk15 reported infection in 3% (24/823) 
of patients undergoing primary implantation and 10% (43/428) of 
patients undergoing revision IPP placement. The fibrous capsule that 
forms around the IPP hardware after implantation limits the ability 
of antibiotics and immune system to access bacteria and can lead to 
increased colonization of the device. Colonizing bacteria organize into 
biofilms that are particularly difficult to eradicate; one study estimated 
the rate of biofilm colonization of uninfected IPPs requiring revision 
to be 70%.5 Complete excision of both the device and the capsule is an 
essential part of treating the initial infection and preparing the wound 
for a salvage procedure.

INFECTION PREVENTION
Given the risk for infection at the time of IPP placement, surgeons 
performing this procedure must have a comprehensive plan for 
infection prevention in the perioperative period. Interventions can be 

Figure 1: Immediate penile prosthesis infection. Note the visible edema and 
erythema.

Figure 2: Immediate penile prosthesis infection. Note the purulent fluid. 
(Image courtesy of Dr. Rafael Carrion).
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divided into the following phases with regard to their timing related 
to surgery: preoperative, intraoperative, and postoperative. Many of 
the infection mediation strategies discussed below are not unique 
to urology or IPP implantation but represent established surgical 
standards from other disciplines. In addition, certain practices that are 
routinely performed may have little evidence base in the literature but 
are performed based on anecdotally perceived benefit.

Preoperative
The first step in managing infection for any surgical procedure 
began with appropriate patient selection and optimization of patient 
risk factors (Table 1). Patients appropriate for consideration of 
IPP implantation are those with erectile dysfunction who have 
failed nonsurgical management options, such as oral medications, 
intracavernosal injection, and vacuum erection devices. Patients 
desiring treatment should be evaluated for anatomic suitability for 
IPP placement. Additional thought should also be given to patient’s 
manual dexterity and ability to operate the device.

Consideration should be given to patient’s comorbidities, and risk 
of infection based on those comorbidities should be discussed before 
surgery. Preoperative optimization of modifiable factors related to 
these comorbidities is imperative. Diabetic patients may benefit from 
preoperative HgbA1c testing as a marker of glucose control. While 
the data on this intervention are not firmly established, ideally, an 
appropriate diabetic management plan could be instituted with the 
patient’s primary care provider before surgery. If not achievable, steps 
should be taken on the day of surgery to manage blood sugars and avoid 
hyperglycemia.12,14 Patients with cardiovascular risk factors should be 
assessed and obtain clearance from the cardiologist before surgery. 
While aspirin may be continued through surgery, it is often advisable 
to withhold more potent anticoagulation when possible to prevent 

formation of postoperative hematoma. Preoperative laboratories and 
an electrocardiogram may be prudent.

Care should also be taken to assess the patient for signs of 
preoperative infection. A thorough genital examination should be 
performed both in the office and immediately before surgery to 
ensure no evidence of local infection exists. Evidence of candidal 
groin infection can be treated preoperatively with oral antifungals 
before surgery to decrease risk for fungal IPP infections.6,21 Any 
open sores or skin compromise identified before surgery would 
need to be treated and resolved before IPP implantation. Despite 
inadequate evidence of clear benefit,22 preoperative urine cultures 
are also typically obtained with positive results treated using culture-
directed antibiotics.

Preoperative nasal swab testing for S. aureus is also advisable. A 
seminal multicenter, randomized controlled trial performed in the 
Netherlands evaluated the effect of chlorhexidine wash and mupirocin 
treatment in preventing infections among patients admitted to the 
hospital. Among those undergoing surgical procedures, 3.4% (17/504) 
treated with this regimen experienced infections with S. aureus, 
compared to 7.7% (32/413) in the placebo group.23 Although a recent 
meta-analysis examining utility of preoperative chlorhexidine washes 
failed to show benefit,24 these authors recommend that patients bathe 
with chlorhexidine soap for 3 days before surgery and receive treatment 
with mupirocin for positive nasal swabs as the risks associated with 
these interventions are relatively low.

On the day of surgery, preoperative antibiotics should be 
administered for general prevention of surgical site infection,25,26 though 
no universal standard exists regarding the choice of antibiotic for IPP 
implantation. Both the American Urological Association (AUA) and 
the European Association of Urology (EAU) have developed surgical 
prophylaxis guidelines, though recent evidence shows that standard were 
found to be ineffective in 14%–38% of cases with coverage of Candida 
and methicillin-resistant S. aureus (MRSA) particularly lacking.21 Based 
on this study, Gross et al.27 outlined a protocol for obtaining cultures 
and administering antibiotics and antifungals at the time of salvage or 
explant. Their group recommended the use of vancomycin, piperacillin-
tazobactam, and fluconazole perioperatively for empiric treatment of 
infected IPPs. However, this study did not specifically offer guidance 
on antibiotics for primary IPP placement or revision surgery. The 
authors did note that current AUA and EAU guidelines were ineffective 
in covering for the organisms seen at salvage or explant in their study.

Intraoperative
The literature contains examples of several interventions that have been 
shown to reduce the rate of IPP infection (Table 1). Several of these 
interventions relate to team efficacy and operating room dynamics 
and have previously been shown to be effective in other disciplines. 
Other interventions utilize currently available antimicrobial products 
to directly decrease bacterial access to the IPP hardware itself.

Figure 3: Indolent penile prosthesis infection. Note the pump fixation to the 
scrotal wall.

Table 1: Strategies for reducing primary inflatable penile prostheses infections in the preoperative and intraoperative periods

Preoperative Intraoperative

Strategy Optimization of comorbid conditions, particularly diabetes control and cardiovascular risk 
factors

Assess for signs of infection or skin integrity issues
Nasal swab and treatment for Staphylococcus aureus
Preoperative chlorhexidine wash
Preoperative antibiotics

Surgeon specializing in IPP placement
Surgical checklist
Surgical site preparation: hair removal and skin 

preparation
No-touch technique
Infection retardant prosthetic coatings
Mummy wrap
Corporal washout (revisions)

IPP: inflatable penile prosthesis
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With regard to care team composition, evidence suggests 
that surgeons performing more IPP placements may have better 
infection outcomes. A study by Henry28 demonstrated lower 
infection rates among IPPs placed by different surgeons in a large 
multi-surgeon group (14%) compared to the rate of infection for a 
single surgeon specializing in this procedure (0), which may be the 
result of a decrease in operative time (94 min vs 34 min). However, 
this study was limited to a single surgical center and may also be 
attributable to individual skill that is not generalizable to other 
providers. Although studies have suggested that increased time is 
associated with increased infection29 potentially due to increased 
exposure time of the IPP, other studies looking at infection rates in 
patients with placements of IPPs alone compared to simultaneous 
IPP and artificial urethral sphincter placement (thus increasing 
operative time) have not shown a significant difference.30,31

Another tool shown to decrease IPP infection is a surgical 
checklist. One group reported initial infection rates of 2.9% followed 
by an outbreak period during which IPP infection rates climbed to 
54.5%. After implementing a checklist to ensure completion of a 
preoperative protocol to reduce risk of IPP device contamination, 
a single academic teaching center was able to reduce their IPP 
infection rate to 0 over the subsequent 2 years.32 Criticism of this 
method included the mix of data-driven and nonempiric items on 
the checklist, but it remains a simple tool with demonstrable results 
in reducing IPP infection.

During the procedure, contact of the IPP hardware can be 
minimized in several ways to reduce bacterial contamination. The 
“no-touch technique” was introduced by Eid as a protocol to maximize 
these efforts.33 In this system, contact barriers are used and a small 
opening is created to access the minimum amount of tissue necessary 
for device implantation. Results indicated that the adoption of this 
technique reduced IPP infection rates from 2% using the standard 
implantation technique to 0.46% using the no-touch technique.34 
Contact minimization methods can be modified to surgeon preference 
but certainly have been shown to be useful.

Multiple studies have been performed looking at surgical site 
preparation with regard to hair removal and choice of skin preparation 
solution. Data regarding hair removal have not shown a definite benefit. 
While a meta-analysis suggests that clipping is associated with fewer 
surgical site infections than shaving,35 one clinical trial comparing 
clipping and shaving of the male genitals showed that shaving caused 
less skin trauma and more complete hair removal.36 With regard to 
skin preparation, recent data support the use of chlorhexidine-alcohol 
compared to povidone-iodine with surgical site infection rates of 9.5% 
and 16.1%, respectively.37 Skin preparation solution selection has 
also been examined in patients undergoing genitourinary prosthetic 
implantation; rates of positive skin cultures were 8% in patients 
prepped with chlorhexidine-alcohol and 32% of patients prepped with 
povidone-iodine.38

A major technological advancement in the prevention of IPP 
infections has been the creation of devices with infection retardant 
coatings. These coatings kill contaminant bacteria and prevent the 
formation of biofilms on implanted devices. A large meta-analysis 
showed infection rates for coated prostheses of 0.89% compared to 
2.32% for uncoated devices.39 Currently, both IPP manufacturers 
offer two different forms of infection retardant IPP coatings. Boston 
Scientific (Marlborough, MA, USA) offers a coating called InhibiZone, 
which is composed of rifampin and minocycline, coated onto the 
device during manufacturing. Coloplast (Humlebæk, Denmark) 
offers a hydrophilic coating that absorbs antibiotics when submerged 

in solutions before implantation.40 A recent systematic review 
examined the various antibiotic dip combinations studied to date and 
recommends that Coloplast devices be used with a combination of 
rifampin/gentamicin.41

After the operation, a Mummy wrap28 is used which may aid in 
hemostasis but has also been shown to be associated with decreased 
odds of infection.12 A potential mechanism for reduced infection 
is the prevention of hematoma, which can be a nutrient source for 
bacteria. Postoperative hematoma prevention can also include tight 
corporotomy closure, device postoperative inflation, and surgical drain 
placement. However, none of these methods have been directly shown 
to decrease the rates of infection.

With regard to revision IPPs, a thorough washout of the corpora 
has been shown to be crucial in preventing subsequent infections of 
reimplanted devices. A large multicenter study compared patients 
undergoing revision implants either with or without an antiseptic 
washout; the antiseptic washout reduced the infection rate during 
revision surgery from 11.6% to 2.9%.42 However, choice of washout 
solution does not appear to have a significant effect, rather the act 
of vigorous irrigation is associated with lower infection rates,43 
potentially due to disruption and eradication of residual biofilm 
components.

Postoperative
Ambiguity exists regarding the need and duration for postoperative 
antibiotics. A recent survey of urologists performing IPP placements 
showed that 89% prescribed postoperative antibiotics,44 but there is no 
evidence to guide this practice. Recommendations for overall surgical 
care indicate that antibiotics should be discontinued within 24 h of 
the procedure,45 but the risk factors associated with general surgical 
procedures do not necessarily coincide with those surrounding IPP 
placement. The optimal protocol for postoperative antibiotics remains 
unclear.

TREATMENT OF IPP INFECTION
A tenet of modern treatment strategies for IPP infection is the need to 
maintain corporal volume, and thus penile length, while still eradicating 
the infection. Historically, IPP infection was treated by device removal 
followed by systemic antibiotics and local irrigation/drainage. Only 
after the infection had been cleared would consideration be given to 
implanting a new device. In the interim, inflammation secondary to the 
infectious process would lead to scarring and fibrosis of the corpora, 
limiting their ability to accept the cylinders of a new device without 
additional procedures.46 A recent observational study showed that those 
men undergoing delayed reimplant of a prosthetic device experienced 
a mean loss of 3.7 cm in total corporal length, compared to 0.6 cm loss 
in length in patients undergoing salvage therapy.47

In 1996, Brant et al.48 described initial success with a salvage 
operation and immediate replacement of a new device. The infected 
device and its fibrotic capsule are removed completely, and the wound 
cavities, including the corpora, scrotal pump pocket, and reservoir 
pump pocket, are irrigated with a series of antimicrobial solutions. 
After a re-prep, re-drape, and instrument change, a new device is 
implanted. Systemic antibiotics are used intraoperatively, and culture-
directed antibiotics are continued for 1 month postoperatively. In the 
initial report, 91% (10/11) patients remained free of infection after a 
mean follow-up period of 21 months. The high success rate for this 
technique was again demonstrated in a subsequent study by the same 
group, which showed that 82% (45/55) of the patients with a mean 
follow-up of 35 months remained free of infection.49 Thus, salvage 
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in appropriate patients became considered the gold standard in care 
following IPP infection.

In 2016, a modification of the original Mulcahy technique was 
introduced using a malleable prosthesis for reimplantation to reduce 
infection rates after salvage.27 The purpose of this modification is to 
eliminate the scrotal hardware and allow for closure of the scrotal 
wound to minimize the risk of infection. The placement of a malleable 
prosthesis still allows for the preservation of corporal space and penile 
length, and the malleable implant can be converted over to an IPP with 
a subsequent surgery per patient preference. In a multicenter study of 58 
patients undergoing this technique, 93% (54/58) of patients remained 
infection-free following salvage treatment. Of those, 31% (17/54) 
patients eventually chose to exchange the malleable implant for an IPP.27

An alternative method for preserving corporal volume without 
implantation of new prosthesis is placement of a Carrion cast, 
which uses an injectable compound to act as a temporary spacer 
within corporal bodies. A mixture of calcium sulfate and antibiotics 
(vancomycin and tobramycin) is prepared and injected via bilateral 
coporotomies to fill the intracorporal space after device removal. The 
calcium sulfate mixture hardens to form a cast which hardens and then 
is slowly reabsorbed by the body with complete reabsorption occurring 
at approximately 6 weeks.50 Long-term studies examining the infection 
rates with this technique have yet to be reported.

Despite the evidence to suggest improved patient outcomes with 
salvage procedures, a recent analysis of a national inpatient sample 
shows that salvage procedures are performed in a minority of cases. 
Of 1557 patients examined, only 17% received a salvage prosthesis.51 
Those receiving salvage were statistically more likely to be younger with 
less severe presentation and to have received care in an urban teaching 
hospital. This may in part be due to the availability of trained urologists 
and/or IPP devices and support staff at nonteaching hospitals.

FUTURE DIRECTIONS AND EMERGING WORK
One area of active research with regard to IPP infection is understanding 
the underlying bacterial physiology, particularly their ability to form 
and persist as biofilms. Bacteria within biofilms exist as a protected 
sessile community with a distinct phenotype that allows them to adhere, 
persist, and even inhibit innate immune responses.52 Furthermore, the 
bacteria within these multicellular biofilm communities have been 
shown to have increased ability to resist eradication with antibiotics 
due to several mechanisms, including limited diffusion of antibiotics 
through the biofilm matrix, alteration in the microstate of the chemical 
environment, disabling antibiotics, and entry of certain bacteria within 
the biofilm into a protected spore-like state.53

Current strategies for infection control include antimicrobial skin 
barriers and infection retardant device coatings. Alternate strategies 
to limit the ability of bacteria to adhere to IPP devices are plausible 
and may further enhance infection prevention, such as altering the 
hydrophobicity or smoothness of device surfaces.54 Other approaches 
for preventing biofilm formation have been proposed, including agents 
to disrupt the biofilm extracellular matrix material, which disrupt the 
protected state of embedded bacteria, or interference with cell signaling 
to promote dispersion of bacteria and inhibit community formation.54

Further work is needed to understand IPP infection patterns 
with respect to microbial species and patient susceptibilities and 
to understand the effect of current infection prevention strategies. 
A systematic review of studies looking at the isolates from infected 
IPPs noted that these interventions may be changing the bacterial 
composition of biofilms with a shift away from low virulence skin flora 
and toward enteric bacteria, leading to more aggressive infections.55 A 

more recent multicenter study analyzed culture data from explanted 
IPPs and also showed that patients with coated IPPs were more 
likely to have atypical bacteria and had a lower rate of infection with 
Staphylococcus species.56 This suggests that while infection retardant 
IPP coatings decrease biofilm formation from skin flora, they may 
be shifting the pattern of infectious organisms toward more virulent 
pathogens. More generally, further creation and dissemination of 
clinical and bench research are needed to minimize IPP infection risk 
while maximizing ideal outcomes for all patients.

CONCLUSION
IPPs are a safe and effective treatment option for medically refractory 
erectile dysfunction. Many gains have been made in our understanding 
of infection prevention over the past four decades, particularly in 
preventing device colonization by organisms that increase infection 
risk. If infection is encountered, vigorous washout followed by salvage 
procedures, in appropriate patients, with immediate reimplantation to 
maintain corporal volumes is recommended. Future work is needed 
to further understand the infectious process and to examine new 
technologies and techniques for prevention and intervention.
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