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Introduction

Penile prosthesis (PP) placement represents a safe and 
effective surgical option for erectile dysfunction. Penile 
prostheses are comprised of two groups—inflatable and non-
inflatable devices. These groups include several different 
models such as the malleable, single-, two-, and three-piece 
inflatable devices; an excellent summary of these devices 

can be found in a paper by Chung (1). PP placement is 
subject to several complications including bowel or bladder 
injury, mechanical device failure and the most significant 
complication—infection. In cases of infection, patient 
morbidity, financial burden and device removal are often 
incurred (2). Signs and symptoms of these infections include 
prolonged implant pain, adhesion of the pump contents 
to skin or other tissues, masses around implant contents, 
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draining tracts, and wound separation (3). We aim to discuss 
factors which increase and decrease rates of infection in 
PP surgery; additionally, we cover some factors that have 
been studied in regards to infection but show no impact 
on infection rates (3,4). We present the following article in 
accordance with the Narrative Review checklist (available at 
https://dx.doi.org/10.21037/tau-21-568). 

Methods

A literature review was performed using PubMed and Ovid 
MEDLINE databases. No limits were placed on publication 
years. Articles had to be published in peer reviewed 
journals to be included. Keyword searches including ‘penile 
prosthesis’ AND ‘infection’; ‘inflatable penile prosthesis’ 
OR ‘IPP’ AND ‘infection’; ‘penile implant’ AND ‘infection’; 
‘penile implant infection risk’; ‘penile prosthesis infection 
risk.’ On final review, papers from 1992–2021 were included 
in our paper. We included 80 studies in our review. Factors 
increasing, decreasing and not effecting infection rates were 
reviewed and analyzed. 

Results and discussion narrative

Our results yielded many infection factors. We included 
results that notably decreased infection rates. We also 
included results which can increase infection rates. In 
addition, we included some unique studies which address 
topics of interest such as climate and the use of local 
anesthetics as sections which favor themselves toward future 
directions in decreasing PP infections. The topics discussed 
along with a grading of their effect on penile prosthesis 
infections can be found in Table 1. 

Pre-surgical scrub 

Pre-surgical preparation of surgical sites is crucial for 
decreasing infection risk during surgery, particularly in 
implant cases. There seems to be no benefit of a traditional 
10-minute scrub versus newer 90-second chlorhexidine 
scrub sticks or alcohol-based solutions (5). This study 
did not look specifically at PP and infection rates. We 
still utilize a prolonged scrub followed by scrubbing with 
chlorhexidine scrub sticks. 

One prospective randomized control trial compared 
chlorhexidine to povidone-iodine for surgical preparation 
scrub before genitourinary prosthesis surgery (6). This 
study noted positive post-preparation cultures in 8% 

of chlorhexidine patients versus 32% of iodine patients 
(P=0.0091) but noted no clinically significant increased 
risk of infection due to these cultures. This study still 
concluded that chlorhexidine would be the superior 
scrub agent. Several other studies have shown superiority 
of chlorhexidine surgical scrub over iodine; of note 
chlorhexidine is used in our practice (7-9). Aside from pre-
surgical scrub, the use of mupirocin and chlorhexidine have 
been implemented for 5 days prior to surgery and shown to 
treat Staph aureus colonization in the nares and to decrease 
surgical site infections (3,10). These studies were largely 
from orthopedic surgery, general surgery and neurosurgery 
cohorts.

Preoperative & perioperative antibiotics 

There are definite benefits to single-dose preoperative 
antibiotics (11,12). However, there are not randomized 
control trials in the field of urology to explore the benefit 
of preoperative antibiotics; instead, we can rely on 
orthopedic and general surgery literature in the setting 
of implants and mesh use (13,14). Antibiotics can include 
first-line prophylaxis with an aminoglycoside plus 1st/2nd 
generation cephalosporin or vancomycin. There are 
certain acceptable alternatives including but not limited to 
ampicillin/sulbactam (15). Our institution generally utilizes 
an aminoglycoside plus vancomycin. In addition, we utilize 
antibiotic solutions during our prosthesis placements. It was 
shown than the vast majority of penile prosthesis surgeons 
use some sort of antibiotic irrigation perioperatively/
intraoperatively (16). A large multi-center review of  
932 patients revealed significantly lower rates of infection 
when using a gentamycin plus vancomycin dipping solution 
compared to all other dipping solutions (17).

Postoperative antibiotics 

Despite the American Urological Association’s (AUA) 
best practice statement on antimicrobial prophylaxis 
suggesting antimicrobial prophylaxis be discontinued  
24 hours following penile prosthesis surgery, a high 
percentage of urologists discharge patients on an outpatient 
course of postoperative antibiotics (16). Postoperative 
antibiotic prophylaxis is based mainly on historical practice 
rather than data from the literature. In fact, two recent 
studies have suggested no decrease in postoperative 
infections with postoperative antibiotics for inflatable 
penile prosthesis (IPP). In a recent study from Vanderbilt 
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University, three groups were analyzed—one was given 
no postoperative antibiotics and had no risk factors for 
infectious complication. This group was compared to a 
group of patients who had infectious risk factors but was 
not given antibiotics and to a group which had risk factors 
and was given postoperative antibiotics. There were no 
differences in infection. Median follow-up for these patients 
was 4.6 months. Rates of explantation and non-operative 
infectious complications were tracked (0% vs. 4% vs. 5%, 
P=0.130 and 1% vs. 2% vs. 2%, P=0.829). These results 
were not statistically significant in difference (18). Another 
study reviewed post-operative antibiotic prescription trends 
for IPP and artificial urinary sphincter (AUS). Researchers 

from this study did not find significant evidence that explant 
rates differed among patients receiving postoperative 
antibiotics for IPP (antibiotics vs. no antibiotics IPP: 2.2% 
vs. 1.9%, P=0.18). This group also looked at individual 
classes of antibiotics and determined no decreased odds of 
explant with any particular antibiotic (19).

Antibiotic-coated IPP use

Advances in IPP design from industry leaders Boston 
Scientific (headquartered in Marlborough, Massachusetts) 
and Coloplast (headquartered in Humlebaek, Denmark) 
have led to decreased infection rates via use of antibiotic 

Table 1 Evidence table for link to infections in penile prosthesis surgery

Surgical elements Patient selection and factors

Preoperative/perioperative antibiotics (intermediate evidence 
showing decreased infection risk)

Immunosuppression (no strong evidence showing increased or 
decreased infection risk)

Pre-surgical scrub (strong evidence showing decreased infection 
risk)

Diabetes (intermediate evidence showing increased infection risk)

Postoperative antibiotics (no evidence for decreased infection risk 
at this time)

Prior IPP placement (strong evidence for increased infection risk)

Antibiotic-coated IPP use (strong evidence showing decreased 
infection risk)

Substance use/abuse (no strong evidence to show increased 
infections risk specifically in penile prosthesis patients)

Surgeon experience (weak evidence showing decreased infection 
risk)

Spinal cord injury, nerve damage, neurogenic bladder (weak evidence 
that SCI, nerve damage, NGB increase complication risk although 
not specifically infection risk)

Use of closed suction drains (no evidence for increased or 
decreased infection risk at this time)

Phalloplasty (weak evidence to suggest a possible increased risk of 
infection)

Use of bupivacaine (weak evidence to show no increased infection 
risk)

Climate (no strong urologic evidence to suggest increased infection 
risk)

Surgical approach and “no-touch” technique (strong evidence for 
no difference in infection rates based on surgical approach and 
weak evidence for decreased risk of infection with ‘no-touch’)

Post-radical prostatectomy (intermediate evidence to suggest no 
increased infection risk)

Hair removal (weak evidence for the use of clippers over razor to 
decrease infection but SMSNA recommends surgeon preference 
due to clipper susceptibility to cut scrotum)

Post-radical cystoprostatectomy (intermediate evidence to suggest 
no increased infection risk, including no difference between diversion 
types)

Society/expert recommendations (see discussion section) Frailty of patients (no evidence available to suggest an increased 
infection risk)

Radiation (intermediate evidence to suggest no increased infection 
risk)

Labs (weak evidence to suggest increased neutrophil to lymphocyte 
ratio associated with increased infection risk)

Society/expert recommendations (see discussion section)

IPP, inflatable penile prosthesis; SCI, spinal cord injury; NGB, neurogenic bladder.
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coatings (20-22). Boston Scientific’s AMS 700 IPP contains 
InhibiZone™ technology, an antibiotic-impregnated IPP 
with minocycline and rifampin (23). Coloplast Titan® IPPs 
come with a hydrophilic coating so when the prosthesis 
is dipped into an aqueous solution of antibiotic prior to 
implantation, the coating absorbs the antibiotic (24-26). 
Lipsky et al. found that increased prevalence of antibiotic-
coated IPPs correlated with improved infection-free 
survival rates in both diabetic (P<0.001) and non-diabetic 
patients (P<0.001) (27). A systematic review of 14 clinical 
studies evaluated noncoated versus coated IPPs. Noncoated 
IPPs showed increased infection rates compared to coated 
IPPs (2.32% vs. 0.89%, P<0.01) (20,28). To further evaluate 
the efficacy of coated prosthesis, Jani et al. performed a 
multicenter trial which analyzed bacterial cultures of the 
prosthesis at time of revision surgery (29). Four groups 
were studied [non-infected patients with uncoated penile 
prostheses (n=133), non-infected patients with coated penile 
prostheses (n=75), infected patients with uncoated penile 
prosthesis (n=16), and infected patients with coated PPs 
(n=12)]. Of the non-infected patients, positive cultures were 
found in 85 patients with uncoated PPs versus 32 patients 
with coated PPs (P=0.004). There was no significant 
difference in positive cultures for the infected groups, but 
these groups also had far fewer patients than the non-
infected groups.

Surgeon experience

Surgeon experience and volume are factors which have 
become popular topics of study. In particular, there have 
been a handful of papers studying surgeon experience as 
well as standardized operative technique in the field of 
penile prosthesis implantation (30,31). One retrospective 
study compared the first 20 IPP surgeries of a surgeon to 
the last 48 surgeries in a 68-patient series. Complication 
rates were higher in the first 20 surgeries compared to the 
last 48 surgeries (P=0.043) (32). This would indicate that a 
minimum number of 20 surgeries are necessary to attain a 
level of experience to decrease rates of infection, although 
other arbitrary numbers could be studied and produce 
similar statistics. In addition, there is some data that 
suggests shorter operative times might be associated with 
decreased complications (3). Another recent prospective 
study analyzed 309 patients who had IPP placement with 
resident involvement (33). Only one patient was noted to 
have an infection which is notably lower than the expected 
rate of infection (1–3%). This study was utilized to promote 

IPP surgery at an academic institution which would utilize 
the help/assistance of surgeons/surgeons-in-training 
who may not have as much experience as some attending 
physicians. 

Henry et al. compared a center of excellence to a multiple-
surgeon group performing penile prosthesis surgery (34). 
Although they did not stratify complications, they noted  
8 iatrogenic failures in the multi-surgeon group (which 
were classified as infection, erosion or poor position) that 
led to removal of prosthesis. The center of excellence had 
no such complications (P<0.05). The New York Statewide 
Planning and Research Cooperative System database has 
been analyzed for infectious complications (35). Multivariable 
analysis showed that compared to surgeons performing  
>31 IPPs per year, surgeons performing 0–2 cases per year  
were 2.5 times more likely to require reoperation for 
infection. Surgeons performing 3–7 cases per year were  
2.4 times more likely to perform reoperation due to infection, 
and surgeons performing 8–31 IPP surgeries per year were 
2.1 times more likely to perform reoperation for infection. 
As mentioned above, arbitrary numbers have been studied 
as minimum numbers of surgeries to decrease infection 
rates; this study suggests that surgeons must perform greater 
than 31 cases per year to significantly decrease infectious 
complications in penile prosthetic surgery.

Use of closed suction drains

A relative lack of data exists on the use of drains in penile 
prosthesis surgery and their effect on infections rates. 
One group found no increased risk of infection in patients 
who have closed-suction drains placed in three-piece IPP 
surgery. They found a 3.3% infection rate in patients 
(n=425) receiving a closed-suction drain (36). 

Use of bupivacaine 

The use of local anesthetic is common in surgical practice. 
In particular, bupivacaine has been studied in relation to 
penile prosthesis implantation. One basic science study 
compared the growth of bacteria around InhibiZone which 
is on the AMS700 implant versus the growth around the 
Titan Coloplast. Specifically, this study compared the 
ability of the antibiotic dip to perform with and without 
bupivacaine. Growth of both S. epidermidis and E. coli 
at 24 and 48 hours of incubation was inhibited in all 
implants without any extra bacterial growth promoted by 
bupivacaine. The authors of this paper indicated that the 
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use of bupivacaine does not affect the protective effects 
of antibiotic dips and can safely be used during penile 
prosthesis surgery pending clinical trials (37). This basic 
science study has been somewhat applied in a clinical 
fashion during a study performed by Ghanem et al. (38). 
This retrospective review studied local anesthetic use in  
117 penile prosthesis cases. No prosthesis infections 
occurred in this study, and only 8 minor skin infections 
were noted. These results align with the laboratory study 
which suggests that bupivacaine can be utilized as a local 
anesthetic without increasing risk of infection. 

Surgical approach and “no-touch” technique

Variations in surgical approaches have been studied to 
ascertain if infection risks can be reduced. The two most 
common surgical incision approaches for the placement 
of IPP are either through a penoscrotal or infrapubic 
approach. An early study explored infection rates among 
prosthesis through both the penoscrotal and infrapubic 
approaches. The study did not reveal any statistical 
significance with a 2.9% infection rate in 139 infrapubic 
implants versus a 0.9% infection rate in 221 peno-scrotal 
implants (P=0.15). (39) A large systematic review published 
in 2018 reviewed 22 studies comparing infection rates 
between 3-piece penoscrotal IPP insertion versus 3-piece 
infrapubic insertion and concluded no evidence that surgical 
incision strategy reduces infection risk (40).

Eid et al. coined a “no-touch technique” to eliminate 
contact of the prosthesis with the patient’s skin (41). This 
approach is accomplished through a combination of surgical 
glove changes, surgical equipment discarding, and by draping 
the operative field with a plastic drape and operating though 
a small opening in the drape. Results of their study showed 
a reduction in infection risk from 5.3% in patients without 
infection-retardant coated implants to about 1.99% in 
patients who had implants with coatings. When the ‘no-touch’ 
technique was used with the infection-retardant coated 
implants, the infection rate dropped to about 0.46% (41).

Hair removal

Hair removal around the scrotum and suprapubic region 
is commonly performed by surgeons before prosthesis 
placement. The Sexual Medicine Society of North America 
recommends surgeons have their choice of razors or clippers 
for hair removal before penile prosthesis surgery due to a 
statement that scrotal rugae are more susceptible to cuts by 

clippers than regular skin (42). A 14-trial Cochrane review 
investigated hair removal before surgery and its relation to 
infection rates (43). This analysis resulted in no significant 
difference between studies that compared hair removal 
with no hair removal with the qualifier that this comparison 
was underpowered. Shaving with razors was shown to have 
increased rates of surgical site infections compared to hair 
removal with clippers. When comparing hair removal the 
day of surgery versus the day before surgery, no differences 
were found in infection rates. 

Immunosuppression

There are obvious concerns regarding wound healing and 
infection in immunosuppressed patients. Sidi et al. showed 
no increased infection in 13 immunosuppressed men (44). 
Chronic steroid therapy was found to be a risk for infection 
after penile prosthesis placement with renal transplant 
showing no increased risk (22). Unfortunately, this study 
was quite small and only included 3 renal transplant 
patients. One larger study showed 46 organ transplant 
patients with similar infection rates to non-transplant 
patients (45). This is a more robust study and perhaps does 
suggest that transplant is not a major risk factor for post-
prosthesis infection.

Diabetes

Diabetics have long been considered high risk patients 
for penile prosthesis infections. One of the first studies 
looking at diabetic status and hemoglobin A1C levels (A1C 
levels) in penile prosthesis outcomes was published in 1992. 
This prospective study of 90 patients noted 5 patients 
with infections (46). All 5 infections occurred in diabetic 
patients. In addition, diabetic patients were stratified into  
2 groups (one group with A1C >11.5% and one group with 
A1C <11.5%). Four patients with infections were in the 
higher A1C group with only one patient in the lower A1C 
group (P<0.0003); this led early researchers to determine an 
A1C of 11.5% as a cutoff value for pursuing elective penile 
prosthesis placement.

Wilson et al. performed two studies, one retrospective (47) 
and one prospective (48). The retrospective study also noted 
similar differences of 3% infection rate in diabetic patients 
versus 1% in non-diabetic patients although this was not 
found to be statistically significant. Initially, the prospective 
study noted a non-significant difference of 7.5% infection 
rate in diabetic patients versus 3.3% in non-diabetic patients. 
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After a follow-up editorial, which almost doubled the study 
size, diabetic patients had a higher infection rate compared 
to non-diabetic patients (7.7% vs. 3.3%, P=0.036).

A national database of over 10,000 men undergoing IPP 
implantation was reviewed to determine factors associated 
with device explantation. Device explantation occurred in 
228 patients (2.1%). Diabetes (OR 1.59, 95% CI: 1.14–2.21, 
P<0.01) was one of two factors associated with higher odds 
of explantation (19).

Lipsky et al. reviewed a New York state database and 
compared the outcomes of over 14,000 patients over a  
20-year span (27). Infectious complications were seen in 
3% of diabetic patients versus 2% of non-diabetic patients 
(P<0.001). It should be noted that this study performed 
multivariate analysis to control for age, race, comorbidities, 
insurance, surgeon volume and era of antibiotic-coating 
to provide an overall hazard ratio of 1.32 for increased 
infection risk in patients who have diabetes (P=0.016).

Diabetics appear to be at increased risk of developing 
fungal infections. One study reviewed IPP explant rates 
in relation to fungal infections. Of 26 patients with fungal 
infections, 18 patients had diabetes  (69%), with a mean 
hemoglobin A1c (HbA1c) value of 8.4 (range, 5.8–13.3; 
median 7.5) (49). Additionally, the fungal infections were 
commonly found to involve Candida species. Given that 
obesity and diabetes seemed to be predisposing factors for 
fungal IPP infections, this study concluded that patients with 
such comorbidities may benefit from antifungal prophylaxis.

Prior IPP placement 

Patients with a prior IPP should be considered high risk 
for infection (50). Prior IPP placement (OR 3.32, 95% 
CI: 1.14–6.99, P<0.01) was associated with higher OR 
of explantation. Specifically, any prior IPP, regardless 
of infection status, predisposed patients to needing 
an explantation relative to IPP-naïve patients (19). In 
addition compared to the 1–3% infection rate of initial 
penile implants, the risk of reinfection has been reported 
to be as high as 10% for all salvage cases (47). A small 
retrospective study of 44 patients with at least one prior 
IPP revealed increasing rates of infection in relation to 
number of revisions with the first revision having a 6.8% 
infection rate versus a 100% infection rate for the fifth 
revision (51,52). Overall rates of infection were positively 
correlated with number of prior IPP-related surgeries 
performed (P<0.01). 

Substance use/abuse

Substance use and abuse have been studied in regards to 
perioperative outcomes and complications. In a study of  
602 surgical patients, an infection rate of 2% was found (53). 
Five of the twelve infected patients were found to be actively 
overusing or abusing at least one substance at the time of 
their operation. It was determined that polysubstance abuse, 
poorly controlled blood sugar, and homelessness at the time 
of prosthesis placement were all three positively correlated 
with infections. Smoking, specifically, has been studied in 
penile prosthesis surgeries. Smoking has been noted as a 
risk factor for glans necrosis after implantation (54). Poor 
blood supply and necrosis are commonly linked to infection. 
There have been many general studies showing increased 
risk of infection and perioperative complications in patients 
who are smokers (55,56). One large meta-analysis revealed 
a surgical site infection odds ratio of 1.79 in smokers versus 
non-smokers as well as reduced infection (odds ratio 0.43) 
in patients who stopped smoking at least 4 weeks before 
their operation (57). While there is an overall paucity of 
data specific to smoking and its impact on infection in 
penile prosthesis surgery, one retrospective review noted no 
significant increase in infection rates in patients who were 
smokers (58). Another review noted smoking as a risk factor 
for revision or removal surgery in penile prosthesis patients; 
while this study did not specifically look at infection rates 
relative to smoking, revisions/explantations are often 
treatments for infection so one could infer from this data 
that infection was likely involved (59). Of note, society 
recommendations generally lean toward smoking cessation 
before prosthesis implantation (60).

Spinal cord injury, nerve damage, and neurogenic bladder

Xuan et al. reviewed 35 patients (28 with paraplegia and 7 
with traumatic nervi erigentes) and only noted one infection 
in this group of patients receiving IPP (61). Paraplegia has 
been linked to increased risk of infection (58). Dave et al. 
explored the risk associated with neurogenic bladder on 
complication rate. This study showed a 24.3% overall rate 
of complication (infection, erosion, or mechanical failure) 
in the NGB cohort compared with a 7.5% rate in the non-
neurogenic control group (P=0.001). On multivariate 
logistic regression modeling, NGB (OR 3.47; 95% CI: 
1.13–10.71; P=0.03) was independently associated with 
risk of IPP complication. This statistic does not necessarily 
breakdown the risk of infection but does show a higher 
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complication rate. It should be noted the most common 
cause of NGB was spinal cord injury (62). Patients who 
have to use self-catheterization seem to have no change in 
surgical site infections (3).

Phalloplasty 

Infection rates range from 4.7% to 33% in patients 
receiving phalloplasty (62-66). Most studies of prosthesis 
after phalloplasty are in the transgender population. 
However, one 15-patient phalloplasty cohort was studied 
after penile amputation for cancer. Seven of the fifteen 
patients underwent prosthesis placement with one patient 
incurring infection (67). No studies have evaluated the 
risk of infection in the implant-phalloplasty population 
compared to the population undergoing prosthesis 
insertion in their native penis. However, the infection 
ranges published thus far are notably higher in patients who 
have undergone phalloplasty with subsequent prosthesis 
placement. One study of prosthesis insertion in 247 patients 
with phalloplasty revealed an 8.5% infection rate. After 
multivariate analysis, age, phalloplasty type, and several 
other factors were shown to have no significant value for 
predicting infection risk (68). 

Climate

Climate’s effect on infection rates has been studied by the 
orthopedic community but minimally but the urology 
community. Only one study reviewed climate trends in 
relation to prosthesis infection; infections occurred more 
commonly in June (n=24) and less frequently during the 
winter months (n=39), with the lowest number occurring in 
March (n=11). One-hundred thirty-nine infections occurred 
at average daily temperatures greater than 55 °F, compared 
to 72 infections at less than 55 °F. The incidence rate ratio 
for this trend was 1.93 (P<0.001). Fungal infections were 
found to correlate with daily humidity (increased humidity 
equals increased infections). Infected implants performed in 
the fall and summer were over 3 and 2.3 times, respectively, 
more likely to grow gram-positive bacteria compared to 
implants performed in spring (P=0.004; P=0.039)  (69). 
Climate study in penile prosthesis patients is novel and is 
likely an important consideration for future studies.
 

Post-radical prostatectomy 

Radical prostatectomy for prostate cancer can undoubtedly 

cause erectile dysfunction (70). One study compared 58 
post-radical prostatectomy patients and 59 vasculogenic 
erectile dysfunction patients and noted no significant 
difference in infection rates between the two groups (71). 
Yiou and Binhas prospectively studied patients receiving 
a penile prosthesis and urinary sphincter after radical 
prostatectomy (72). This small studied revealed zero 
infectious complications in penile prosthesis patients and 
determined that implantation of both urinary sphincter 
devices and penile prostheses in prostatectomy patients 
is both safe and feasible. Cleveland Clinic reviewed  
115 post-prostatectomy patients who received IPPs and 
noted a 2.6% infection rate, concluding that patients can 
safely receive penile prostheses after prostatectomy (73). As 
noted above, a variety of studies note a low infection risk 
for patients undergoing penile prosthesis placement after 
prostatectomy. 

Post-radical cystoprostatectomy 

Post-cystectomy patients often deal with erectile dysfunction 
as a complication of their surgery (74). Loh-Doyle et al. 
studied 80 patients who had IPP placement after radical 
cystectomy (RC) with urinary diversion (75). This study 
showed 4 infections total in the group. Infections were 
studied in relation to diversion type, radiation history, 
chemotherapy regimen, presence of AUS, presence of 
diabetes, age, and presence of hypertension which revealed 
no significant differences in infection rates. Of note, 
diversion types studied included neobladder, ileal conduit, 
and continent cutaneous diversion. Falcone et al. (68)  
reviewed 43 patients who received a 3-piece IPP or semi-
rigid device after cystoprostatectomy; infection only 
occurred in one of these patients. A study of patients who 
specifically underwent RC with orthotopic neobladder 
diversion and subsequent placement of both an IPP and 
AUS revealed a low infection rate (39 patients, 1 IPP 
infection) (76). 

Frailty of patients

The modified frailty index has been studied and shown to be 
of no predictive value for complications or infection in penile 
prosthesis implants (77). Secondary outcomes of this study 
did show association of HbA1C, dyslipidemia, hypertension, 
Peyronie’s disease, and duration of procedure with increased 
risk of infection. In addition, age greater than 75 years seems 
to show no increased risk of infection (3,77). One other 
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particular condition which could lead to frailty of patients 
would be HIV infection. Currently there is no evidence that 
HIV status or even other chronic immunosuppressive states 
influence infection risk in IPP patients (3). 

Radiation

Overall, there are few studies which review the effects of 
radiation in patients receiving penile prosthesis. Loh-Doyle 
et al. reviewed 78 patients who underwent 3-piece IPP 
placement after treatment with pelvic radiation (external 
beam radiation and or brachytherapy) (78). Only 2 patients 
in this group developed infectious complication which aligns 
with percentages of infection from most other studies leading 
these authors to conclude that IPP placement after radiation 
is not a risk factor for infection. The cohort of 78 patients is 
a good sample size and gives objective evidence of infection 
rates comparable to patients who have not had radiation. 
Other studies support this group’s findings (47,79).

Labs

Preoperative lab studies are often used to obtain baseline 
characteristics of patients. One novel lab test [neutrophil to 
lymphocyte ratio (NLR)] could be an important emerging value 
according to a recent study. Of 153 patients, 11.8% of patients 
had infectious complications with a mean NLR statistically 
higher than those patients without infectious complications. 
This study determined that a cutoff preoperative NLR of 6.2 
would offer 67% sensitivity and 99% specificity in predicting 
early postoperative infection (within one year of penile implant 
placement) (80). While this is not a commonly used lab value 

in clinical practice, it is important to consider NLR in terms of 
future directions for avoiding infections. 

Society/expert panel recommendations 

The European Society for Sexual Medicine notes diabetes 
as a risk factor and recommends optimizing glycemic 
control to normal A1C levels before surgery to decrease the 
rate of infection; in addition, they make recommendations 
on other topics listed above (60). 

The International Consultation on Sexual Medicine 
(ICSM) has recommendations outlined in Table 2 (42). 
We have presented these in table format for simplicity of 
reading. A systematic review that was part of the 2018 AUA 
guidelines noted 91 articles reporting infectious adverse 
events. Prosthetic infection rates ranged from 0% to 24.6% 
while inflatable penile prostheses displayed a wider range 
(0–24.6%) than malleable devices (0–9.1%); the most 
frequently reported infection rate for inflatable devices was 
5% or less. Infection rates of diabetic patients were noted to 
be similar to the rates of non-diabetic patients in the most 
current studies; in addition, no glycosylated hemoglobin 
cutoff was found to infer increased or decreased risk of 
prosthesis infection (81).

Summary

We present a novel narrative review that highlights many 
important factors to consider when addressing the risk of 
infection in penile prosthesis surgery. It is worth noting 
several techniques we utilize to reduce infection risk in 
patients undergoing penile prosthesis placement. 

Table 2 ICSM penile implant infection recommendations

ICSM made recommendations on decreasing the rate of infections (42)

4a. For penile implant surgery, no definitive recommendations can be made regarding preoperative site cleansing protocol and 
optimization of patient’s hemoglobin A1c. Level of evidence 4, strength of recommendation C

4b. Preoperative antibiotics with gram-positive and gram-negative coverage should be given with therapeutic antibiotic levels attained 
before making the surgical incision. Level of evidence 2, strength of recommendation B 

4c. Shaving vs. clipping to remove scrotal hair is left to the surgeon’s discretion with an objective to avoid traumatic skin disruptions. 
Level of evidence 4, strength of recommendation C 

4d. Whenever available, surgeons should use alcohol-based skin preparations in the operating room as the operative site scrub. Level of 
evidence 1, strength of recommendation A 

4e. Techniques to minimize skin and device contact can decrease IPP infection rates. Level of evidence 3, strength of  
recommendation C

ICSM, The International Consultation on Sexual Medicine; IPP, inflatable penile prosthesis.
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Preoperatively we perform a urinalysis and culture on 
every patient scheduled for penile prosthesis placement. 
We treat any positive culture and ensure negative results 
before proceeding with surgery. Additionally, perioperative 
antibiotics are ordered in our preoperative clinic. These 
antibiotics generally consist of vancomycin and gentamicin. 

After patient positioning, hair removal is accomplished 
with the utilization of a razor to avoid skin abrasions like 
those seen with the use of clippers. The external genitalia 
are prepared with a 5-minute chlorhexidine scrub followed 
by chlorhexidine paint preparation with 2 sticks. The 
chlorhexidine is allowed to dry for 3 minutes as suggested 
by its manufacturer. After proper draping of the patient, 
we immediately place a urinary catheter to empty the 
bladder. We place the catheter in standard sterile fashion, 
and we utilize a miniature chlorhexidine stick to re-prep the 
catheter distal to the meatus once it settles at the bladder 
neck. This technique for chlorhexidine prep of the catheter 
is attributed to Dr. Eugene Rhee. 

We utilize an antibiotic dipping solution as has been 
outlined in previous studies (17). A vancomycin/gentamicin 
combination has been shown to be the most efficacious and 
the most commonly used. We use our solution to submerge 
instruments before using them and to bathe components 
of penile prostheses before implantation. Additionally, we 
use our solution to wash our hands between steps. Finally, 
we use our solution in a bulb irrigator to rinse the penile 
prosthesis as it is being placed. Double-gloving is always 
utilized during penile prosthesis placement at our institution 
and the outside gloves are changed before and after steps 
that involve manipulation of the prosthesis. 

In general, we limit penile prosthesis cases to one 
surgeon and two residents at maximum. Additionally, we 
only have on scrub tech and one circulating nurse and 
on anesthesia provider once the prep of the patient has 
occurred and no one is to enter or leave the room. 

Strides have been made since the initial penile prosthesis 
surgeries to improve infection rates including diabetes 
control, antibiotic coating of devices, and antibiotic 
implementation. Going forward, more studies, especially 
randomized control trials, need to focus on defining 
levels of diabetic control (sugar control and A1C control), 
determining the role of metabolic syndrome in infection 
promotion and determining laboratory values which could 
be predictive of infection. 

Overall, there is a paucity of level 1 evidence to guide 
penile prosthesis surgery in regards to infection. Between 
the existing studies and guidelines set forth by the ICSM, 

the AUA and the other urologic governing bodies there are 
strong guides to avoid infection and decrease infection rates. 
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