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Abstract

Purpose of Review Review current literature for risk factors and strategies to prevent infection in urological prosthetic implants.
Recent Findings Recent studies on risk factors and special patients are described. Strategies to decrease infection rate, role, and

importance of biofilm is also discussed.

Summary Infection on implanted devices for the treatment of erectile dysfunction and urinary incontinence is the most feared
complication. Risk factors, where/when most infections occur, and the role of biofilm are discussed. Infection rates decreased
with the advent of infection-resistant coated devices, and subsequently, bacteriological/isolate profiles changed. The bacteriology
of implant infection is reviewed. Basic rules of perioperative implant prevention are ensuring no concurrent infections, proper
alcohol-based skin preparation (not iodine), appropriate sterile technique, preoperative antimicrobial prophylaxis, reduced op-
erative time, and limiting the implant from touching the skin. Future research is also discussed.

Keywords Inflatable penile prosthesis - Infection - Infection prevention - Biofilm - Revision washout

Introduction

Prosthetic devices are a well-documented treatment for refrac-
tory erectile dysfunction and urinary incontinence. [1-3]
Device infection is one of the most feared complications fol-
lowing implant procedures. [4¢¢] The traditional infection
rates may vary from 2 to 5% during initial implantation up
to 7-18% during revision surgery. [5]

Biofilm formation may play an important part in the in-
creased infection rates during revision surgery. [6] The current
belief is that bacteria are introduced during surgery, some of
them secrete biofilm, and the body develops a capsule of tis-
sue that covers the prosthesis within 3—7 days postoperatively,
shielding the bacteria from future antibiotics. [7-10] In order
to address the implant infections, the industry developed an-
tibiotic and hydrophilic coating in an attempt to decrease
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infection rates. [11e, 1, 2, 4+, 12, 13] However, this advance-
ment has led to a change in bacteriological/isolate profile of
both uninfected prosthesis at reoperation and of infected ones.
[11e, 4] Other measures used to decrease implant infections
are using rigorous techniques such as alcohol preoperative
skin preps, perioperative prophylactic antibiotics, shorter OR
time, copious antibiotic irrigation during secondary cases, de-
crease of device-skin contact, and strict operative sterile tech-
niques. [6] Some complex penile prosthesis recipients may
require special measures and care to avoid infection, i.e., com-
plex surgery, substance abuse patient, immunocompromised,
uncontrolled diabetic, and spinal cord injury. [14] Therefore,
some complex penile prosthesis recipients will be discussed.
The goal of this report was to review the literature for the
main risk factors and infection preventive measures during
primary inflatable penile prostheses (IPP) and artificial urinary
sphincter (AUS) placement and secondary surgeries.

Risk Factors
Special Patients
The risk of infection is individual to each patient, since the

state of local host defenses will significantly influence the
outcome. [15] Complex surgery, substance abuse,
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immunocompromised, uncontrolled diabetic, and spinal cord
injury patients are all at increased risk for infection, [14] and
special considerations are made regarding these cases.

Complex cases carry an increased risk of infection; for
example, in patients requiring corporal reconstruction for
Peyronie’s disease, fibrosis, or neophallus for transgender pa-
tients, the infection rate has been reported at 1.8%, 13.3%, and
21.7%, respectively. [16] The common factor in all these pro-
cedures was increased operative time. However, concomitant
AUS implantation does not appear to increase risk of infection
although this is counterintuitive; thus, most prosthetic urolo-
gists rarely do combined implantations. [14, 3] Infection-
preventive strategies include minimizing skin contact (no
touch technique) and minimizing operative time by making
preparations in advance. [17, 14]

Polysubstance abusers have a nine-fold increase in infec-
tion risk. [14] Balen et al. in 2016 did a retrospective analysis
of health and socioeconomic factors and concluded that active
polysubstance abuse concomitant with surgery appears to be a
newly identified infection risk factor in IPP placement. [18] In
addition, these patients typically require more postoperative
pain control.

Up to 50% of patients immunocompromised due to chronic
diseases such as leukemia, chronic obstructive pulmonary dis-
ease, lupus, and rheumatoid arthritis may develop infection in
IPP placement. [19] However, immunosuppression for solid
organ transplant did not appear to increase infection risk. That
suggests that the poor clinical condition of the chronically ill
patient may play a major role in the increased infection rates.
[19] There is no increased incidence of infection of an IPP
when it is placed in a stable, otherwise healthy, HIV-positive
patient. Since IPP surgery is an elective procedure, one could
ensure undetectable viral loads and optimal CD4 counts for
protection of the surgeon and patient. The ethics of operating
on these patients used to be debated at meetings, but now,
most prosthetic surgeons believe in implanting HIV patients.
[14]

Traditionally, and in opposition to current belief, well-
controlled diabetes does not appear to increase infection risk
for primary implant procedures. [14, 20] In contrast, a 2018
paper states that increased A1C level above 8.5% had a 80%
sensitivity and 65% specificity to predict infection, and it is
recommended as a threshold for patient selection. [21]
However, a serum glucose level > 200 mg/dl perioperatively
had a four-fold increase in infection risk. [18] Good glycemic
control before and during the hospital stay may help prevent
infection. The jury is still out on infection rates among patients
with well-controlled diabetes; to date, there are no good US or
European papers showing any increased infection risk in this
population.

For patients with spinal cord injury (SCI), the protocol
should follow a strict regimen for negative preoperative
urine cultures [16], as well as increased vigilance for

breaks in skin integrity and optimization of bladder man-
agement. [14] Historically, in the setting of SCI, penile
implants have been useful in managing both erectile dys-
function as well as urinary incontinence, especially for
condom catheter assistance. When choosing a type of im-
plant to place in the SCI patient, it is important to note
that the rate of erosion with a malleable device is 18%, as
compared with 2.4% for an inflatable model. [22]
Malleable implants certainly allow for easier use in this
population with limited manual dexterity, although with
decreased/absent sensation, constant pressure on the penis
inherent with rods may predispose the patient to increased
risk of erosion. Inflatable devices should be used for im-
plantation in the SCI population, and if needed, the pa-
tient’s partner can be taught how to cycle the device.

Revision Surgery

While primary surgery has a 1-5% risk of infection, tra-
ditional revision surgery has a 7-18% risk of infection.
[19, 16, 23, 9, 13, 6]. Reasons believed to contribute
include decreased host resistance factors, diminished an-
tibiotic penetration due to capsule formation, and de-
creased wound healing related to scar tissue. It is also
believed that biofilm formed after primary surgery may
harbor bacteria in a high percentage of patients. [6] Up
to 66% of patients had positive swab cultures, and 43%
had positive capsule tissue cultures among cases of revi-
sion for non-infective reasons. Biofilm is formed after the
primary surgery in almost all cases, as determined by
scanning laser microscopy at the time of clinically unin-
fected revisions. [24] Revision washout decreases the un-
infected prosthesis capsule tissue culture positivity rate to
25%. While this is still a high percentage of patients,
revision washout is an important means to decrease infec-
tion risk with IPP replacement surgery. [9]

Other techniques to decrease infection risks on primary
implant cases include the use of coated devices and the “no
touch” technique. The antibiotic coating InhibiZone con-
sists of a combination of rifampin and minocycline impreg-
nating the outside of the American Medical Systems
(AMS) 700 IPPs (Boston Scientific, Minneapolis, MN). It
decreases infection rate of primary implantation surgery;
yet, it appears to have a lesser effect in revision cases. [9,
13] The biofilm present at the time of revision procedures
may contain a bacterial colony count too overwhelming for
the antibiotic coating. The amount of antibiotic contained
in the InhibiZone of a 700 IPP penile prosthesis is less than
a single oral pill, which may not be sufficient to treat the
mature biofilm found in secondary cases. The “no touch”
technique may reduce infection rate at reoperations and
will be discussed below. [17]
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Biofilm

With IPP implantation, mechanical failure rates have de-
creased over time, with advances in design. However,
revision/replacement surgery is still performed for reasons in-
cluding human factors, such as infection and medical prob-
lems. [25] The risk of infection remains higher in revision
surgery, as compared with the primary procedure, despite
many technical advances. [19, 16, 23, 8] Biofilm plays a huge
part in the increased infection risk, due to its unique
characteristics.

Biofilms develop when bacteria firmly attach to a sur-
face and start to reproduce, therefore excreting extracellu-
lar polymers that support matrix formation and fixation.
These microorganisms are first introduced during the ini-
tial procedure. Once in the host environment, they multi-
ply and secrete a mucinous biofilm, composed of various
protein forms, [26] and may develop a symbiotic relation-
ship with the host, without causing clinical levels of in-
fection [9]. As the organisms multiply within the biofilm,
they create channels for water and nutrition. This results
in a phenotypic alteration of the organisms in regard to
gene transcription and growth rate. [27, 28]

Micro-organisms within the biofilm have a decreased
antibiotic susceptibility, therefore, can possibly be causing
the increase in revision/replacement infection risk. The
bacteria that reside in the deep biofilm layers are not met-
abolically active and are resistant to antibacterial drugs
and culture media. They may cause an immune response,
which may be recognized as device infection. [17] In ad-
dition, the separation of planktonic bacteria from the
established biofilm may cause a systemic infection. But
this is dependent on many variants, including the immune
system responses of the host. [27] The disturbance of
biofilm during revision surgery may also release free bac-
teria and thus be responsible for the increased rates of
infection compared with primary implants. [9]

Biofilm-forming pathogens include S epidermidis,
Staphylococcus aureus, Klebsiella pneumonia,
Escherichia coli, Pseudomonas aeruginosa, and Candida
albicans. [29] Experimental evidence has shown that
staphylococcal species adhere to foreign surfaces with
much greater affinity than other bacteria. [19, 16, 25,
30] The surface characteristics may have an effect on
the speed of micro-organism attachment. Generally, the
rougher and more hydrophobic the materials, the faster
they will develop biofilms. [2, 10, 28¢]

Bacteriology of Infection

In 1995, Licht et al. [31] reported high culture positivity in
devices during revisions of prosthesis for other reasons than
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infection. They observed 43% of IPPs and 36% of AUS’s
cultured organisms, with S epidermidis being the most com-
mon organism found in infected prostheses. However, they
hypothesized that the identified bacteria were at such a low
colony count that they did not have a role in clinical infection.
In 2004, Henry et al. [8] took aerobic and anaerobic culture
swabs from the pump, capsule, liquid surrounding the pump,
and from any suspicious biofilm area in the area of the com-
ponents. They observed that patients with clinically uninfect-
ed penile prostheses were found to have positive cultures 70%
of the time, and 90% of the positive cases had positive culture
for Staphylococcus genus with ten different species. In 2002,
InhibiZone, a combination of rifampin and minocycline coat-
ed on the outside of 700 series IPPs, became widely utilized,
and the literature shows that it decreases primary infection
rates by about half. [11¢]

In 2008, Henry et al. [6] took swab cultures from revision
surgeries of clinically uninfected penile implants; they ob-
served that 66% of patients had positive cultures. In addition,
implant capsule tissue cultures were positive in 43% of cases.
After performing a revision washout procedure, the tissue cul-
ture positivity decreased to 25%. This study reported that sur-
gical antiseptic lavage decreased bacterial culture positivity in
penile implants at revision surgery and reduced incidence of
ensuing device infection. The findings from this study also
showed higher revision-free implant survival rates among pa-
tients with negative bacterial swab cultures than in those with
positive cultures, for up to 1.6 years longer in patients with
negative cultures; however, there is still no easy explanation
for that. Dr. Cully Carson first postulated that increased bac-
terial presence/bioflim causes stiffness of the implant tubing,
leading to earlier breakage of the tubing and subsequent loss
of fluid.

Kava et al. also suggested that S epidermidis cultured at
revision surgery might be a contaminant, rather than actu-
ally present in the implant tissue space. [32] They observed
that less than 10% of revision implants had positive cul-
tures for asymptomatic bacteria, and S epidermidis was
present in only 5% of implants. Differently from other
surgical series, Kava et al. did not observe a correlation
between positive cultures at revision surgery and increased
risk of clinical infection. Kava findings are in opposition to
actual scanning electron microscopy that has confirmed
bacterial biofilm formation on nine out of ten (90%) of
IPPs at time of replacement surgery. [24] Moreover, most
series reported S epidermidis as the most common organ-
ism responsible for infections in penile prostheses; some of
these studies attribute these bacteria in to up to 50% of
infections. [33]

The development of antibacterial IPP coating is changing
the bacteriological profile of asymptomatic biofilm and infec-
tion. In 2006, Abouassaly et al. [34] observed that positive
cultures were found in 35% of clinically uninfected penile
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implants coated with InhibiZone. In a multicenter study, Jani
[11¢] showed that IPP coating with InhibiZone decreased the
culture positivity of uninfected IPPs from 63.9% with
noncoated IPPs to 42.7% with coated IPPs. The coating also
reduced the culture positivity for Staphylococcus genus from
88 t0 62.5%. In infected IPPs, the InhibiZone coating showed
a tendency to decrease culture positivity to Staphylococcus
genus.

The change in bacteriological profile is observed as an
increase in culture positivity for Gram-negative bacteria and
yeast. In a recent multicenter study, with culture from IPP
infections, almost 70% were caused by Gram-positive organ-
isms. [4+¢] However, a total of 39% of infections encompassed
Gram-negative organisms, the most common being
Escherichia coli. Furthermore, Candida species were identi-
fied in 11.1% of the positive cultures, and anaerobic bacterial
infections occurred in 10.5% of positive cultures. The ortho-
pedic literature has more data on anaerobic infections. It has
been reported that 3% to 6% of prosthetic joint infections are
related to anaerobes, although anaerobic bacteria are challeng-
ing to culture and diagnose. [35] In the recent study by Gross
et al., roughly one third of infected penile implants exhibited
negative cultures and 25% of positive cultures were multi-
organism infections. [4e]

Prevention
Antibiotic-Coated and Hydrophilic Coated IPPs

In order to decrease the adherence of staphylococcal species to
the prostheses, the industry developed not only antibiotic-
coated penile prostheses, but also components coated with a
hydrophilic coating that create a lubricious surface, when wet.
[28e¢] The antibiotic coating InhibiZone of the AMS 700 pe-
nile prosthesis (Boston Scientific, Minneapolis, MN) consists
of a combination of rifampin and minocycline, whereas the
Coloplast Titan penile prosthesis (Coloplast, Minneapolis,
MN) has a hydrophilic coating of the outside of the IPPs.
These measures have been shown to reduce infection rates
for primary implantation surgeries by roughly 50%. [11e, 13]

In a preclinical study, Chanyi [36] observed that immersion
of IPP tubing with InhibiZone in antibiotic solution may fur-
ther prevent bacterial growth of less commonly experienced
causes of infection. The InhibiZone tubing was effective
against the Gram-positive S. aureus and S. epidermidis, al-
though it did not inhibit growth of Gram-negative E. coli
and P. mirabilis in culture medium. The inhibition zone was
increased when tubing was immersed in ampicillin or cipro-
floxacin for 2 min. Further study is required to determine if
immersion of InhibiZone devices in antibiotic solution may
decrease infection rate caused by Gram-negative bacteria. The

hydrophilic coating on the outside of the Titan IPP “soaks up”
whatever liquid/antimicrobial it is submerged in.

Revision Washout

Multiple studies have shown an increased infection risk when
revision operations are done on urological prostheses. [34, 37,
30] The increased infection rate has been hypothesized to
result from decreased antibiotic penetration due to the capsule
surrounding the components, decreased host resistance fac-
tors, and the decreased wound healing related to scar forma-
tion. It appears that the majority of clinically uninfected penile
prostheses have organisms growing in the implant space at
reoperation. [8] Revision surgery may stir inactive bacteria,
causing a higher revision infection rate compared with prima-
ry implantation, as discussed previously. There is evidence to
suggest that removing all the components of the prosthesis
and washing out the implant space with an irrigation protocol
and complete replacement of the original prosthesis with an
infection retardant-coated IPP appears to decrease the infec-
tion rate of revision surgery performed on clinically uninfect-
ed penile prostheses. [6] However, without the revision wash-
out, the replacement with an antibiotic coated prosthesis alone
did not decrease revision infection rates. [9]

Revision washout appears to decrease the amount of bac-
teria present on the capsule surface for implantation of the new
IPP. Henry et al. evaluated 148 patients with swab cultures of
the fluid around the pump or biofilm. Before washout, 66%
(97 patients) had positive bacterial cultures. Of the 65 implant
capsule tissue cultures obtained before washout, 43% (28 pa-
tients) were positive for bacteria, while 25% (16 patients)
obtained after revision washout cultured positive. [6] The au-
thors concluded that revision washout appears to decrease the
bacterial load on implant capsule tissue at revision surgery of
previously non-infected IPPs. Of special note, despite being
standard rule of surgery to irrigate infected wounds, at the time
of the publication, there was no other paper in PubMed that
compared tissue cultures before and after any type of surgical
washout in any field of surgery.

The washout solution described in the Mulcahy salvage
procedure [30] used several steps, including solutions with
high concentrations of povidone-iodine (PVI) and peroxide.
It is the authors’ current routine to use a large amount of a
single saline-based solution, since peroxide and high concen-
trations of PVI may cause tissue damage. [38] There is evi-
dence to suggest that even subclinical concentrations of H,O,
(0.03-0.06%) may promote inflammation and impair tissue
healing [39], and its routine use in salvage or review washout
should be reconsidered/eliminated. [38] High concentrations
of PVI may also cause tissue damage [38]; however, there is
some evidence to suggest that lower concentrations of PVI
(0.35-3.5%) may be beneficial, without impairing tissue
healing if left in contact for more 3 min [38].
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Alcohol-Based Skin Preparation

Since the pathogens found on the patient’s skin appear to be
the major source of surgical site infection, an optimal preop-
erative skin preparation may decrease device infection. A pro-
spective, multicenter, randomized clinical trial compared
chlorhexidine—alcohol and PVI for surgical site antisepsis.
Patients who had their skin prepped with chlorhexidine—
alcohol had less surgical site infections than those prepped
with PVI (9.5% vs. 16.1%; P =0.004). [40] In the systematic
review and meta-analysis conducted by Lee and colleagues,
[41] chlorhexidine-based agents were found to decrease the
risk of surgical site infections considerably, with an adjusted
risk ratio of 0.64, and to decrease positivity of skin culture
results (adjusted risk ratio, 0.44) when compared to iodine
antisepsis. [41, 42]

In 2011, Kava et al. [32] reported a similar result in IPP
placement. A total of 117 primary and 72 revision penile im-
plant procedures were analyzed. The first 106 patients had in
infection rate of 7.5%. In the last 83 patients, an adjuvant
alcohol-based skin prep applied lowered the risk of infection
to 1.2% (1 out of 83 patients vs. 8 of the first 106). [28]

Perioperative Prophylactic Antibiotics

The new guidelines for antibiotic selection from the
American Urological Association (AUA) and European
Association of Urology (EAU) have broadened perioper-
ative prophylaxis to encompass the bacteria expected to
cause infection. [43, 44] In a recent study, Gross et al.
[4¢] observed and compared the results of retrospective
analysis of culture results and profile of antibiotic resis-
tance with the AUA and EAU guidelines. The AUA sug-
gests an aminoglycoside (or aztreonam in patients with
renal compromise) in combination with a first- or
second-generation cephalosporin or vancomycin. The
combination of an aminoglycoside (or aztreonam) and
vancomycin showed the highest efficacy, killing 86% of
the bacteria cultured in their series. Nonetheless, this
combination had weak anaerobic coverage (25%) and
did not have fungal coverage. The EAU recommends a
second- or third-generation cephalosporin or a penicillin
agent with anti-penicillinase. Ampicillin-sulbactam was
the most efficient single anti-penicillinase agent in the
EAU guidelines and eliminated 72% of the cultured mi-
crobes in their series. Anaerobic coverage was 100%, but
the Gram-positive and Gram-negative coverage decreased
to 72% and 73%, respectively. Also, it did not cover
Candida species and was not used by their surgeons.
[4e+] These findings of increased fungal infections have
led the authors and several other prosthetic urologists to
add, though not covered by the guidelines, an antifungal
agent such as fluconazole pre-operatively.
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Prevention of Hematoma Formation

Techniques to reduce hematoma formation will also decrease
nutrient sources available to microorganisms. [45, 46] Large
hematomas can cause dark “currant jelly” appearing drainage,
which can act like a Petri dish for bacteria to grow in. In the
past, some prominent prosthetic surgeons advocated for im-
mediate surgical evacuation of large scrotal hematomas to try
to avoid high infection rates. The vast majority of high-
volume surgeons would agree avoidance of scrotal hemato-
mas is a good idea to prevent infections.

Suction Drain

There is controversy on whether or not to place a drain. In
order to avoid postoperative hematoma, Sadeghi-Nejad and
colleagues conducted a multi-institutional study on the effica-
cy of closed-suction drainage of the scrotum in three-piece
IPP surgery. They studied 425 patients and observed a 3.3%
infection rate and 0.7% hematoma rate during an 18-month
follow-up period. The authors concluded that short-term,
closed-suction drainage decreased the rate of hematoma for-
mation following penile implant without increasing the risk of
infection [46].

In spite of the data presented in that paper, there is still a
concern that a drain placed near an implant might increase
rates of infection and some may prefer alternative methods
of hematoma prevention rather than a closed-suction drain.
Since the source of scrotal hematoma may be corporal bleed-
ing, another approach consists of closing the corporotomy
with a running water-tight suture after cylinder placement.
Arguments against this method include longer operative times
to perform the suturing and suturing risks of inadvertent cyl-
inder puncture. Another technique is to place a hemostatic
agent along the corporal incision to aid in decrease of post-
surgical scrotal hematoma. Alternatively, a newer method to
prevent hematomas may be advanced dressings such as a
“mummy wrap” procedure.

Wilson et al. initially sought to identify methods to de-
crease scrotal hematoma formation following penile prosthe-
sis surgery. Men were separated into three groups, pressure
dressing alone, pressure dressing with drain, and pressure
dressing with drain as well as implant inflation. Decreased
rate of hematoma was only seen with the combination of all
three methods [47].

Further evaluating the potential increase of infection
caused by drains, Wallen et al. recently analyzed drain tubing
cultures in over 100 IPP procedures. Both distal and proximal
(1 cm below skin level) tubing segments were sent for stan-
dard culture after 48—72-h placement time following surgery.
All distal drain tips were negative for growth and only 1 prox-
imal section had growth. No cases were noted to be infected
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on follow-up. As a side note, hematoma formation was not
seen in any patient at the time of drain removal [48].

Mummy Wrap

Since the insurance reimbursement rules are changing, there is
a tendency to do most cases as truly outpatient (same-day)
surgeries. The use of a drain or complicated “spider web” tape
dressing pushes the physician to use an overnight stay in the
hospital. The Henry Mummy Wrap™ uses a non-sticky dress-
ing, e.g., a Kerlix™ (Covidien, Dublin Ireland) 4-in. dressing
roll. Starting at the top of the penis, the dressing is wrapped
loosely, gradually wrapping around the shaft. After the shaft
of the penis has been encircled, the dressing is wound around
the base of the entire genitalia—Ilifting the testicles, the pump,
and the scrotum, superiorly, in a “broccoli stalk” shaping ma-
neuver. [45]

The dressing is then additionally wrapped a few times
compressing the already present bandage. The key element
is getting the dressing beneath both testicles (the “broccoli
stalk”), with the pump positioned in the desired long-term
location. Obese patients or those with a small, tight scrotum
may need numerous circumferential wraps around the base of
the whole genitalia to guarantee that the testicles and pump are
pushed forward into the “cast.” The soft cast that develops at
the end of this wrap procedure resembles an orthopedic ankle
cast. After the dressing is placed, a soft cloth surgical tape,
such as Medipore™ (3M, St. Paul, MN), is applied around the
soft cast, with minimal tape adhering to the patient’s skin. The
Foley catheter is left inside until the dressing is removed, with
the tubing taped to the patient’s abdominal wall to alleviate
tension on the Foley catheter, as patients may have difficulty
voiding with the dressing in position. Without expansion of
the scrotum, there should be minimal to no hematoma while
the dressing is in place. One should always leave the glans
exposed and avoid aggressive compressive dressing
circumferentially.

Minimization of Device Skin Contact (“No Touch”)

The “no touch” technique [49] consists of decreasing skin
contact with the prosthetic material. By changing gloves and
surgical tools after opening the skin, subcutaneous tissue, and
dartos to the level of Buck’s fascia, and usage of a special
drape to completely isolate the surgical field from the skin,
Eid and Wilson in 2012 showed a decrease in infection rate
from 2% with the standard technique and coated devices to
only 0.46% with the no touch technique. There was no differ-
ence in the AMS and Coloplast infection rates and no differ-
ence between virgin and revision operation infection rates.
[17]

In a recent study by Weinberg et al., 200 men were operated
with a modified “no touch technique” and “mummy wrap”

dressing. Using a subcoronal incision and complete penile
degloving to place the IPP, the researchers observed that three
men developed infections (1.5%). It is important to observe
that 74% of patients had diabetes, 24% had Peyronie’s plaque
plication, and 22% had Peyronie’s relaxing incisions to correct
penile curvature. [50]

Strict Operative Sterile Technique

Even with sterile procedures, every surgical incision is poten-
tially contaminated with bacteria. Commonly, these are bacte-
ria from the patient’s own endogenous flora; yet, a strict sterile
operative technique should be maintained. [15]
Notwithstanding the importance of hand scrubbing, and ap-
propriate use of sterile gloves and gowns, other perioperative
measures include hair removal, perioperative warming, and
optimization of the operating room environment. The lowest
risk of surgical site infection (SSI) has always been associated
with not removing hair. If hair needs to be removed because of
interference with the procedure, then it should be done imme-
diately before the surgery. While clipping has been shown to
be better than shaving for cardiac bypass grafting [51], it can
be difficult and abrasive to clip the scrotum. However, Grober
etal. [52] showed “that preoperative hair removal on the scro-
tal skin using a razor results in less skin trauma and improved
overall shave quality with no apparent increased risk of SSIs”.
[52] Perioperative hypothermia, however, is associated with a
significant increase in surgical site infection risk. [42]

The use of double gloves may offer additional benefit. In a
recent study, Makama et al. [53] encouraged the use of double
gloves. After analyzing total of 1536 gloves, a perforation rate
of 15.2% was observed in single gloves and 14.4% in double
gloves. However, the number of through and through punc-
ture from outer to the inner gloves was only 1.17%. Thus, the
double glove technique offered a protection for 98.83% of
cases of outer glove perforation.

Future Research, Ideas, Advancements

Planktonic bacteria are different from bacteria in a biofilm.
Biofilm bacteria can alter their local environment,
distinguishing themselves even further from planktonic cells.
Bacteria in a biofilm can sustain slow growth rates and remain
inactive for long periods. Since conventional laboratory bac-
terial cultures were developed to identify planktonic bacteria,
they are often unable to identify bacteria present in a biofilm,
thus increasing the likelihood of failure when culturing bio-
film for an implanted device. [6]

Taking into account these difficulties, there is an increase in
the use of clinical molecular microbiological methods to in-
vestigate the microbiota of chronic infections. Molecular test-
ing is more sensitive than culturing, which results in markedly
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different results being reported to clinicians. When comparing
molecular and culture testing, the culture-free 16S ribosomal
DNA sequencing and its relative abundance score can help
clinicians decide the best course of treatment by displaying
the bacteria more common in a sample and therefore more
likely to be responsible for the infection.

The slow growth speeds of the biofilm offer protection
against immune defenses and many antimicrobial agents, such
as antibiotics and biocides. The bacteria deep into the biofilm
can withstand antibiotic concentrations 1000 to 1500 times
higher than the concentrations that kill same species freely
floating (planktonic) bacteria. [54] Thus, biofilms are particu-
larly hard to prevent and even harder to destroy once they are
formed, increasing the risk of persistent/chronic infection. [55,
56] Molecular testing delivers fast results even in the setting of
a negative culture and will detect dormant bacteria.
Additionally, biofilm pathogens are evaluated against 34
unique antimicrobial agents, more than a standard culture’s
susceptibility testing. Clinical molecular microbiological
methods are now considered the gold standard in other med-
ical specialties such as wound care. DNA sequencing data
have not been published in a peer-reviewed paper in prosthetic
urology yet.

Other ideas for future research in decreasing implant infec-
tions should include different types of surface/shielding of the
surface of the implant—for example, a surface that does not
allow attachment of the bacteria on a scanning microscopy
level. It has been reported that the European Union is soon
to require a large clinical study of InhibiZone in order to keep
using it after 2020, and this may be not feasible to the com-
pany. Therefore, expanded research of IPP surface design may
be imminent.

While discussed and presented at several meetings includ-
ing those of the Sexual Medicine Society of North America
(SMSNA) and the AUA, the authors were discouraged to
write up “observation of local clinical penile prostheses infec-
tions instead of immediate salvage rescue/removal” in cases of
draining clear fluid from the postoperative incision in patients
with no systemic symptoms. [57, 58] The point of when to
observe the patient versus surgical readmission of a patient for
implant removal versus salvage rescue remains indeterminate
and controversial. The authors believe it is time to move for-
ward with defining these issues with research. In addition,
despite it being mandatory to irrigate infected wounds, there
is only one paper found in PubMed that compared tissue cul-
tures before and after any type of surgical washout in any field
of surgery and there should be more.

Conclusions

Care must be taken with special patients and complicated
implant procedures. Good glycemic control before and
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immediately after surgery, ensuring proper alcohol-based skin
preparation (not PVI), preoperative antibiotics, reduced oper-
ative time, proper surgical technique, use of coated IPPs, and
limiting the implant from touching the skin are probably the
best ways to reduce the infection rate. Appropriate antimicro-
bial prophylaxis should be used based on the current guide-
lines and local hospital’s resistance profile. Revision washout
appears to significantly reduce infection rates in clinically un-
infected revision and is considered more and more to be the
standard of care. Precaution to avoid hematoma formation
must also be taken with use of closed suction drain and/or
mummy wrap.

Abbreviations and Acronyms [PPinflatable penile prosthesis
PPpenile prosthesis
SSlsurgical site infection
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