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Background and Objective: Erectile dysfunction (ED) is a common condition in men, and many 
patients refractory to conservative treatment may undergo penile prostheses (PPs) placement. The primary 
concern following PP implantation is device infection. Although antibiotic and hydrophilic coatings have 
reduced the incidence of inflatable PP (IPP) infections, there remains room for improvement. Optimization 
of PP outcomes requires a practical in vivo model to better understand mechanisms of infection and to test 
new infection control strategies. We aimed to describe a new rabbit model which contains a functional IPP 
and review previously reported animal PP models.
Methods: An IPP was placed into rabbit flanks and cycled for functionality testing. Rabbits were evaluated 
for signs of pain and distress over 14 days. Separately, narrative review methodology was utilized to search 
the PubMed and Scopus databases for all publications through March 21, 2023, which studied PP within an 
in vivo setting. Three independent reviewers ultimately selected 12 papers from 1992–2021 for inclusion.
Key Content and Findings: Several animal studies highlighted the initial functionality or feasibility of 
devices for ED before their introduction in the clinical setting. There are several subsequent studies aimed at 
optimizing the type of antibiotic use or coating material using segments of PP material in an in vivo setting. 
However, the literature lacks a contemporary animal model containing a functional IPP. Our novel rabbit 
model offers a safe, practical way to implant a functioning IPP and investigate new perioperative infection 
prevention and treatment strategies before trials in the clinical setting.
Conclusions: Animal models have played a key role in testing medical devices, including PPs, prior 
to their clinical introduction. Our review uncovered no modern animal studies involving placement of a 
functional PP. A new animal model can facilitate study of evolving microorganism profiles, novel methods to 
enhance antibiotic delivery, and proposed treatment options.
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Introduction

Erectile dysfunction (ED) affects one-half of men aged 40–
70 years, a third of whom will eventually fail conservative 
treatment (1,2). Penile prostheses (PPs), including inflatable 
PPs (IPPs) and semi-rigid prostheses, are the mainstay 
treatment for refractory ED, although only 5% of eligible 
patients receive them (3,4). The most feared complication 
following PP placement is device infection, which is 
associated with severe morbidity, pain, penile length 
loss, and financial costs (5,6). Infection often requires 
reoperation for PP removal, after which reimplantation may 
be difficult due to fibrosis (7).

Prior to the addition of antibiotic and hydrophilic 
coatings to IPPs, infection rates ranged from 5–9% 
(8,9). With the use of these coatings, infection rates have 
fallen but remain relatively stable at 0.5–3%; incidence is 
modulated by surgical technique, patient demographics, and 
implant type (5,10,11). Urologic societies have issued few 
guidelines for infection prevention in PP operations, and 
those that do exist contain significant variability, leading to 
inconsistency in clinical practice amongst providers (12-14). 

Novel infection prevention strategies for PP infections 
may be explored in the laboratory setting. However, 
bacterial device colonization, biofilm formation, and clinical 
device infections are complicated phenomena that involve 
device interactions with the changing milieu of the surgical 
site, type of bacteria, type of antibiotic prophylaxis, and 
ultimately the immune system. Thus, while in vitro study 
is critical for scholarly understanding, modeling of PP 
infection is greatly limited without in vivo options.

Given the practical and ethical limitations of studying 
device infections in human patients, representative in vivo 
animal models are needed to better understand how to treat 
these devastating infections and provide crucial clinical 
feasibility and safety information. In this manuscript, we 
review previously reported in vivo PP studies and describe 
a novel rabbit model containing a functional IPP. We 
present this article in accordance with the Narrative Review 
reporting checklist (available at https://tau.amegroups.com/
article/view/10.21037/tau-23-353/rc).

Methods

Literature review

A literature search was performed using the PubMed and 
Scopus databases following narrative review methodology 
(Table 1). All publications available through the search 

date (March 21, 2023) were considered. Inclusion criteria 
included publication in a peer-reviewed journal and study 
of PP while exclusion criteria included non-English 
publications, lack of preclinical in vivo models, or data 
derived from human subjects. Search terms included (‘penile 
implant’ OR ‘penile prosthesis’) AND (‘animal’ OR ‘in vivo’ 
OR ‘rabbit’ OR ‘rat’ OR ‘mouse’ OR ‘rodent’ OR ‘dog’ 
OR ‘canine’). Database search, result screening, and study 
selection were completed by three independent reviewers, 
with conflicting decisions resolved by majority. On final 
review, 12 papers from 1992–2021 were included in our 
review (Table 2).

Animal model

Our study involved placement of functioning Coloplast 
Titan® IPPs (Coloplast, Minneapolis, MN, USA) into the 
flanks of two cadaveric and two live male NZW rabbits 
(6–12 months, 4–5 kg; Charles River, Wilmington, MA, 
USA). The flanks were chosen due to the overall size of 
IPPs. Cadaveric rabbits were utilized to evaluate surgical 
technique and ultrasound parameters prior to the in vivo 
study. Live rabbits were premedicated with ketamine  
30–40 mg/kg, xylazine 3–5 mg/kg, and acepromazine  
0.25–1 mg/kg via intubation with 1–4% isoflurane. 
Following anesthesia and surgical site preparation, 
dissection was performed down to the plane between 
the panniculus carnosus and underlying muscle fascia. 
A subcutaneous pouch was developed to accommodate 
the implant. For each animal, one functioning implant, 
including a single 14 cm cylinder, pump, and 75 mL 
Cloverleaf reservoir, was placed. 

Following implantation, unrestricted ambulation was 
permitted, and the rabbits were observed for activity 
and recovery. Wounds were inspected daily for drainage, 
erythema, warmth, and swelling. IPP cycling and device 
imaging using an Aplio i800 scanner (Canon Medical 
Systems, Tustin, CA, USA) were performed on post-
implantation day 3 under isoflurane nose cone sedation. 
Surveillance was conducted for 14 days, after which the 
animals were euthanized via pentobarbital 0.22–0.44 mL/kg. 
Primary endpoints included clinical signs of pain, sepsis, 
mobility, and ability to thrive. Signs of pain or distress were 
defined as gait disturbance, hypoactivity, restlessness, weight 
loss, dehydration, or reduced eating/drinking.

Experiments were performed under a project license 
granted by the Institutional Board of Thomas Jefferson 
University in compliance with national guidelines for 

https://tau.amegroups.com/article/view/10.21037/tau-23-353/rc
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Table 1 Narrative review methodology

Items Specification

Date of search March 21, 2023

Databases and other sources searched PubMed, Scopus

Search terms used (‘penile implant’ OR ‘penile prosthesis’) AND (‘animal’ OR ‘in vivo’ OR ‘rabbit’ OR ‘rat’ OR 
‘mouse’ OR ‘rodent’ OR ‘dog’ OR ‘canine’)

Timeframe Before March 21, 2023

Inclusion and exclusion criteria Inclusion criteria: publication in a peer-reviewed journal; study of penile prosthesis

Exclusion criteria: human subjects, lacks preclinical animal model, non-English publication

Selection process Three independent reviewers completed the search and study selection; conflicting decisions 
were resolved by majority

Table 2 Summary of included studies

Study Year Model [n] PI type Findings

Paick et al. 1992 Dog [13] Implantable penile venous compression device Successful acute erection after venous 
occlusion

Donatucci et al. 1993 Dog [14] Implantable penile venous compression device Successful device cycling without local injury 
or atrophy

Knoll et al. 1994 Dog [6] Inflatable cuff and pump reservoir Mechanical reliability and efficacy without 
damage or venous thromboembolism risk

Teichman et al. 1994 Rat [87] Silicone pellet implant with protamine sulfate 
and vancomycin wound irrigation

Potentiation of vancomycin bactericidal effect

Acar et al. 2000 Rat [45] Silicone prosthesis section with irrigation and 
postoperative antibiotics

Reduction in S. epidermidis

Darouiche et al. 2002 Rabbit 
[11]

Silicone pump bulb sections with minocycline/
rifampin coating

Reduction in S. aureus

Hellstrom et al. 2003 Rabbit 
[28]

Substrate discs with hydrophilic coating and 
gentamicin/bacitracin soak

Reduction in S. epidermidis

Culha et al. 2004 Rat [45] Silicone prosthesis section with S. epidermidis 
introduced into leg at 6 months post-implant

Hematogenous seeding is not responsible for 
prosthetic infection

Rajpurkar et al. 2004 Rat [30] Hydrophilic-coated polyurethane soaked in 
vancomycin/gentamicin

Reduction in S. epidermidis

Arica et al. 2008 Rabbit 
[70]

Antibiotic-loaded hydrogel system with 
prosthesis

Reduction in infection risk

Mansouri et al. 2009 Rabbit [8] Uncoated, vancomycin-soaked hydrophilic-
coated, and minocycline/rifampin-impregnated 
IPP cylinder segments

Inhibition of S. aureus with both products 
until day 2, but only with minocycline/rifampin 
product until day 14

Lima et al. 2021 Rabbit 
[30]

Intracavernous bacterial cellulose (semi-rigid) 
gel

Compatibility and biointegration of filling 
material

Shah et al. Present 
manuscript

Rabbit [4] Functional Coloplast Titan IPP Animal safety and device functionality

PI, penile implant; IPP, inflatable penile prosthesis; S. epidermidis, Staphylococcus epidermidis; S. aureus, Staphylococcus aureus.
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the care and use of animals. Experimental protocols 
were approved by the Institutional Animal Care and Use 
Committee (No. 21-08-418).

Results

Early studies evaluating ED devices

Venous compression devices
The earliest study in our review, performed by Paick  
et al. in 1992, reported the initial design of an inflatable 
venous compression device which was placed in 13 dogs 
and produced acute erection via temporary venous outflow  
occlusion (15). Two pioneering studies in 1993 and 1994, 
performed by Donatucci et al. and Knoll et al., respectively, 
reported successful placement of this device in the canine penis 
and demonstrated safety and erectile functionality (16,17). 
These studies are regarded as the earliest demonstrations of a 
feasible implant-based ED treatment in animals.

Donatucci et al. surgically placed a prosthetic inflatable 
venous compression device at the penile base in 14 
dogs to assess functionality and chronic effects on local  
tissue (16). Successful intracavernous pressure elevation 
following neurostimulation was demonstrated, and neural 
injury, vascular compromise, or local tissue atrophy were 
not observed over a 7-month span. Knoll et al. implanted 
the cuff and pump reservoir from an inflatable cavernosal 
compression device in six male dogs (17). Implantation 
was completed around the corpus cavernosum near the 
crura and excluded the corpus spongiosum. Cycling for  
2 months showed mechanical functionality without 
resulting chronic pathology in penile tissue. These dog 
models allowed functional testing, but their use has been 
limited. Importantly, canine models lack the low cost, 
ethical considerations, and practical nature of smaller 
animal models. More recent canine or non-canine animal 
models of functional IPP implantation eluded our searches.

Overall, surgical placement of venous compression 
devices is not utilized in modern clinical practice; one 
reason is their restriction to treating vascular ED, with 
little utility in patients with ED of metabolic, neurologic, 
or psychologic etiologies. Iatrogenic venous compression 
also holds theoretical concern of thromboembolic events, 
though this has not been reported in penile devices in the 
literature (18,19).

Injectable semi-rigid PP
The only in vivo report of an injectable semi-rigid 

prosthesis within our review was published by Lima et al. 
in 2021. Authors injected bacterial cellulose gel, which 
would act similarly to a malleable prosthesis but permit 
injection in lieu of surgical implantation, into the corpora 
cavernosa of 30 New Zealand White (NZW) rabbits. The 
study demonstrated gel biocompatibility and biointegration 
for 6 months (20). Four injections were performed within 
a 1-week interval, 3 weeks after bilateral orchiectomy 
to eliminate erectile function. Previous researchers had 
reported use of bacterial cellulose gel with sugarcane 
molasses substrate as a stable filling agent in several contexts 
outside ED; this gel leads to immediate erection from mass 
effect and eventual incorporation within host tissue (20).

Early infection control experiments

As urologists better appreciated the risks of prosthetic 
implantation, efforts were made to utilize animal models to 
develop techniques to mitigate infection. In 1994, Teichman 
et al. explored the use of protamine sulfate irrigation, 
aiming to increase the antibiotic activity of vancomycin. 
Their study implanted a silicone pellet inoculated with 
Staphylococcus epidermidis (S. epidermidis) subcutaneously in 
the dorsum of 87 rats. When the pellets were explanted and 
cultured after 28 days, the authors found that infections 
were reduced from 77% to 50% with vancomycin irrigant 
alone, and to 19% with combined irrigation using 
vancomycin and protamine sulfate (21).

Acar et al. placed silicone prosthesis pellets, which had 
been incubated with S. epidermidis for 24 hours in tryptic 
soy broth, in the scrotum of 45 rats to compare infection 
rates. They followed three groups for 20 days: teicoplanin/
ofloxacin systemically via injection, intraoperative irrigation 
with teicoplanin/amikacin solution, and a control group 
with no antibiotic treatment. Both injection and irrigation 
were found to reduce S. epidermidis growth over 20 days, 
ranging from 86.7% in the control group to 33.3% in 
the systemic treatment group and 13.3% in the irrigation 
treatment group (22). However, it is important to note that 
as appreciation of antibiotic stewardship evolves, recent 
clinical studies have argued against postoperative antibiotics 
unless particular risk factors are identified, as the benefits to 
their use are limited (23).

Development of antibiotic-coated PPs

Because of unpredictable IPP infection rates, antibiotic 
coatings for prosthetics were proposed. These coatings 
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were designed to achieve high local concentrations during 
the critical post-operative period in the hopes of reducing 
infection rates. This local effect posed an advantage over a 
prolonged course of systemic antibiotics. Specific antibiotic 
and coating material selection have evolved as preclinical 
and clinical studies were performed and microbiological 
profiles changed.

Today, there are two coated IPPs on the market: Boston 
Scientific AMS 700TM with InhibiZoneTM (Marlborough, 
MA, USA) and Coloplast Titan® with HydroVANTAGETM 
(Minneapolis, MN, USA). First introduced in 2000, the 
InhibiZoneTM coating contains minocycline/rifampin and is 
applied directly onto the implant. The HydroVANTAGETM 
hydrophilic coating was introduced on a silicone and 
Bioflex® biopolymer material in 2002 with an expectation 
that antibiotics could be readily adsorbed to the surface 
(5,24). These developments were closely linked to the 
following studies by Darouiche et al. and Hellstrom et al. 

Darouiche et al. incubated InhibiZoneTM coated silicone 
sections of IPP pump bulbs with Staphylococcus aureus 
(S. aureus) and implanted them in 11 rabbits (25). They 
compared InhibiZoneTM to unimpregnated sections 2 days 
postoperatively, finding that S. aureus colonization was 
reduced sixfold when devices were retrieved and organisms 
recovered using sonication followed by culturing.

Hellstrom and colleagues studied the efficacy of 
HydroVANTAGETM hydrophilic coating, proposing it could 
retard bacterial adherence and allow operators to absorb 
appropriate antibiotics that would subsequently elute. 
Bioflex® substrate discs coated with HydroVANTAGETM 
were soaked in a gentamicin/bacitracin solution, followed 
by subcutaneous implantation in rabbits (26). Researchers 
explanted the discs at regular time points. Antibiotic 
remaining on the disc was measured by the area of zones 
of inhibition associated with antibiotic elution onto a 
microorganism-seeded agar plate. Using this disc, S. 
epidermidis growth was inhibited over a 3-day study period. 
These two studies provided valuable data on present-day 
IPP antibiotic selection and supported the marketing of 
antibiotic- and hydrophilic-coated IPPs.

A later study performed by Mansouri et al. used a similar 
methodology in rabbits where the antibiotic and hydrophilic 
coatings were compared to each other. Although both 
coatings effectively reduced S. aureus growth, minocycline/
rifampin impregnation of InhibiZoneTM was significantly 
more likely to result in 14-day growth inhibition than the 
vancomycin-dipped HydroVANTAGETM material. The 
zone of inhibition was also much larger with the former 

product, and the authors concluded that this option may 
result in broader spectrum, more durable antimicrobial 
activity, in addition to its increased practicality for  
surgeons (10). Although this is one of the stronger studies 
included in our review, the authors appraised the zone of 
inhibition identified in their experimental results based on 
previously reported drug-eluting urethral catheter studies 
(10,27). The urethral catheter studies identified a zone 
of inhibition of ≥10–15 mm as the benchmark needed to 
reduce clinical catheter-associated urinary tract infection. 
This zone of inhibition was then translated into the authors’ 
IPP study as the zone of inhibition needed to reduce 
penile implant infection. Notably, this zone of inhibition 
benchmark was only exceeded until day 2 of the 14-day IPP 
study.

Evolution of antibiotics for PPs

InhibiZoneTM was shown to limit bacterial colonization, 
particularly from Staphylococcus (7,28). This came after 
testing in vitro, in animal models, and finally in clinical 
settings (24). With HydroVANTAGETM, surgeons could 
personalize antibiotics to individualized risk factors, patient 
allergies, and evolving local antibiograms. However, the 
HydroVANTAGETM flexibility in antibiotic choice also 
limits standardization and relies on individual surgeon 
gestalt and experience. Most common antibiotic choices 
include rifampin/gentamicin or vancomycin/gentamicin. 
Adsorption of 0.05% chlorhexidine gluconate solution has 
also been reported due to its broad-spectrum action against 
bacteria, fungi, and viruses (29).

Using vancomycin/gentamicin, Rajpurkar et al. reported 
a study of the benefits of polyvinylpyrrolidone hydrophilic 
coating on Bioflex® in 2004. In their study, Bioflex® strips 
were incubated in a S. epidermidis suspension for 10 minutes 
followed by subcutaneous implantation in the flanks of 60 
rats. They concluded that the coating reduced bacterial 
count by 55% over 7 days (30).

To further enhance antimicrobial prophylaxis, Arica et al. 
[2008] studied antibiotic-loaded hydrogel as a drug delivery 
tool on PP. In their study, hydroxyethylmethacrylate and 
poly(ethylene glycol)-methacrylate copolymer PPs were 
placed in the corpus cavernosum and inoculated with 
S. aureus and Escherichia coli (E. coli). They loaded three 
antibiotics (ceftriaxone, vancomycin, and gentamicin) 
with the hydrogel and investigated microbial culture and 
antibiotic susceptibility one month after implantation via 
clinical, histopathological, and microbiological assessment 
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of infection. They found merit to using this method in 
lieu of parenteral antibiotics in terms of clinical signs 
of infection and bacterial count (8). Particularly, they 
demonstrated that although parenteral antibiotics were 
effective, hydrogel-loaded antibiotics may achieve higher 
concentrations and successfully prevent infection. This was 
an important study published years after the introduction of 
the first hydrophilic coating, aimed at further investigating 
the optimal way to deliver antibiotics.

It must be noted that although these coatings were 
introduced approximately two decades ago, there has 
been significant shift in infection sources without a 
corresponding adaptation in clinical practice. Traditionally, 
infections largely arose from S. epidermidis and S. aureus, 
while gram-negative species including E. coli, Serratia spp., 
and Proteus mirabilis (P. mirabilis) were common secondary 
culprits (14,28,31,32). Contemporary literature shows 
a shift towards gram-negative and fungal species that 
may not be covered using traditional antibiotic strategies 
(28,32). The American Urological Association (AUA) has 
now added aminoglycosides in response to this shift in 
bacterial species (9). Yet a 2017 study found that AUA and 
European Association of Urology guidelines did not cover 
responsible bacteria in 14–38% of cases (14). The most 
recent study, performed in 2023, broadly found that AUA 
recommendations do not accomplish their goal of infection 
reduction (33). Despite the antibiotic coatings and an 
improved understanding of causative organisms, patients 
continue to face infections.

Mechanisms of PP infection

Understanding of the mechanisms of PP infection has 
evolved over time because of preclinical and clinical studies. 
Surgical contamination via microbial entry through an open 
wound, is considered the most common origin of infection, 
and several preparation techniques and surgical strategies 
have reduced infection rates (34). Hematogenous seeding 
has rarely been reported and is typically attributed to late 
PP infections which can occur greater than 8 months after 
surgery (35).

Our review identified only one study, completed by 
Culha et al., which studied pathophysiology of PP infection. 
Their study, in 45 rats which received small pieces of 
silicone implants within their scrotum for 6 months, 
involved placement of S. epidermidis-infected discs in the leg 
to resemble a thigh abscess. While some rats demonstrated 
positive blood cultures, none experienced an implant 

infection. The authors suggested that hematogenous 
seeding does not represent a significant mechanism for PP 
infection (36). Of note, though, S. epidermidis is a relatively 
indolent microorganism, and it is possible that colonization 
may have occurred without infection. Though this study 
offers one model of hematogenous spread, there are various 
other hypotheses and treatment prospects which remain 
untested.

Contemporary rabbit model for IPP

We present a new study utilizing the NZW rabbit with 
intact IPP placement subcutaneously in the flank. All rabbits 
remained viable after implantation and IPPs were fully 
functional upon radiologic evaluation, indicating that this 
model may be utilized for further study. Following a 3-day 
post-implantation recovery period, IPP cycling mimicking 
the inflation protocol was successfully completed. All IPP 
components were successfully visualized via ultrasound, 
which demonstrated the superficial position of the 
implant and confirmed proper inflation-deflation cycling  
(Figure 1). Over the 14-day observation period, no concerns 
regarding the primary endpoints were identified, and signs 
of pain or distress were not observed. Our study supports 
the feasibility of functional penile implants placed into the 
flanks of the rabbits, and further, the lack of redness and 
maintenance of mobility suggest that the NZW rabbit 
exhibits good tolerance to this placement. This is the 
first report of an in vivo PP model which may facilitate 
preclinical study of the functionality and interactions of 
IPPs with novel infection control methods outside of the 
pioneering canine studies in the twentieth century, which 
used early compression devices.

Discussion

Although antibiotic coatings for IPPs exist, there is a need 
for further innovation to reduce infection rates. Based 
on our review, functional PP placement into an animal 
has not been described in over two decades. The earliest 
published studies described placement of functional venous 
compression devices and were limited to canines. All other 
studies included in our review used only partial sections of 
PPs and involved locations outside the penis. Therefore, 
they may not capture potential mechanical and functional 
factors, possibly compromising representativeness and 
scalability to the complete, larger device. Similarly, although 
in vitro laboratory experiments may certainly elucidate 
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how antibiotic coatings are affected by the mechanics of 
device inflation or their biochemical interactions with the 
implant material, in vivo testing is ultimately necessary to 
reliably study infection control in an environment that most 
closely represents patients. While the studies all spoke to 
the ability of immobilized antibiotics to lessen bacterial 
colonization, the effects were modest, and ultimately the 
AUA recommendations for infection control appear to be 
inadequate. We believe that limitation in the availability of 
in vivo models explains the lack of other mechanistic studies 
of PP infection within our review.

To facilitate more rigorous in vivo research, we have 
proposed implantation of a functional IPP in the flank 
of rabbits. The NZW rabbit is economical, conveniently 
handled, and has an appropriate lifespan for IPP-related 
studies. Subcutaneous medical device placement in rabbits 
has been previously performed in other settings. A study 
comparing implanted dermal matrices and polypropylene 
mesh for pelvic floor dysfunctions found numerous 
advantages to using NZW rabbits in comparison to those 
using sheep, pigs, and dogs. The authors outlined practical 
and ethical concerns with larger animal models (37). 
Another study implanted cardiac pacemakers into rabbit 
backs to study infection rates and control strategies (38). 
More generally, the utility of rabbit models in evaluating 
efficacy, safety, and infection rates for various medical 
devices is well-established. Nonetheless, considering the 
uniqueness of penile implants in comparison to other 
medical devices, a proof-of-concept study was necessary to 
justify future use of this model with a working IPP.

Future uses of in vivo PP models

PP infection rates remain clinically significant. Although 
there are several proposed solutions to reduce this feared 
complication, representative preclinical testing is necessary 
before any introduction into patients. For instance, in vitro 
studies have explored a variety of genitourinary device 
coatings, including different antibiotic combinations, 
nanoparticles, and elemental metals (39-41). Our new 
model appears to be the sole example of modern, functional 
IPP placement in vivo.

Importantly, normal infection may take several weeks, 
while our study endpoint was at 14 days. However, our 
primary goal was not to evaluate the normal infectious 
process, and no infections were observed, but instead to 
create a model which includes a functional IPP for future 
evaluation of early biofilm formation. Over time, this model 
may be used to induce infection at the time of surgery and 
subsequently evaluate new strategies to fight infection in 
the early post-operative period.

This model with a functioning implant may allow 
exploration of new ways to treat infection. Investigators 
may consider new perioperative antibiotic strategies 
including PP coatings which specifically attack evolving 
microorganism profiles or elute greater concentrations 
of antibiotics (24). Safety of new drug combinations or 
hydrophilic coatings for antibacterial functionality may be 
tested.

Furthermore, we may glean an improved understanding 
of infectious mechanisms and biofilm, allowing modern 
PPs which limit infection through evolving design, texture, 

Deflated Inflated

A B

C

Figure 1 Penile implant placement in the rabbit flank (A), followed by transverse (B) and longitudinal (C) ultrasonography 3 days post-
implantation demonstrating the superficial position of the implant with inflation-deflation cycling.
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or inherent biomaterials. For instance, Staphylococcus spp., 
particularly S. epidermidis, produce biofilms which extend 
survival and increase bacterial tolerance to anti-infective 
strategies. Moreover, biofilm bacteria are sequestered 
within a matrix and adherent to tissues/implants, which 
may explain why one-third of PP infections yield negative 
cultures (42,43). Because of this adherent state, PP 
infections are currently treated by device explantation 
or irrigation. High-risk patients may require additional 
prophylaxis to prevent biofilm formation (8). Of note, 
we did not evaluate capsule formation upon device 
explantation. This represents an important area for future 
study as studies of other implants, particularly in the breast, 
have shown variance in encapsulation (44,45).

Working with a functioning implant may help to 
understand antibiotic coating efficacy and biofilm 
prevention as a function of the different parts of the device. 
For example, dynamic surfaces, such as elicited in shape 
memory polymers, may decrease bacterial adhesion and 
increase antibiotic sensitivity (46-49). This type of surface 
deformation has been applied to urinary catheters through 
inflation and deflation of small intra-wall lumens for E. coli 
and P. mirabilis removal to reduce urinary tract infections 
and may be translatable to IPP (48).

In addition, this model provides an opportunity to 
evaluate the role of capsule formation, which has been 
theorized to harbor bacteria from the systemic circulation 
and immune response. The utility of various perioperative 
infection control measures may be further analyzed as 
well (50). It has been proposed that treatment with signal 
inhibitors may block biofilm formation (24,51). Mechanical 
disruption using microbubbles and contrast-enhanced 
ultrasound imaging can hydrodynamically interfere with 
biofilm interfaces on surrounding fluid and tissue (51). 
We anticipate that these and many more infection control 
strategies will be developed as the field moves forward.

Finally, this model may also further appreciation of 
patient-specific factors and comorbidities modulating 
IPP infection when utilized in combination with disease-
specific models. While the study of risk factors has been 
limited to conflicting studies of small, retrospective patient 
cohorts, a preclinical in vivo model may allow manipulation 
of proposed variables to improve understanding of risk 
stratification and preventative strategies (50).

Strengths and limitations

This manuscript has several strengths. In terms of the 

review of the literature, a validated narrative review 
methodology was followed, and three independent 
reviewers conducted study selection. Limitations include the 
inability to perform further data compilation and statistical 
analysis, as the number of available studies is low and study 
endpoints are diverse. Relevant non-English studies may 
have been missed.

Although our rabbit model offers a new in vivo option, 
there are limitations. Namely, this study involved a 
limited sample size, and long-term integrity and safety are 
unclear, as data was only collected for 14 days. Hence, our 
use of this model was limited to study of peri-operative 
mechanisms. Additionally, only the safety and tolerability 
of IPP placement was evaluated, not the safety and 
efficacy in a setting of IPP infection, which is the next 
phase of developing this model. It bears noting that there 
are differences between rabbit and human microbiomes, 
limiting direct extrapolation of results from any animal 
study to clinical use. Finally, placement in the flank using 
a subcutaneous pocket limits comparisons with penile 
placement, as there are differences in blood flow and tissue 
apposition.

Conclusions

We review a range of previously reported studies, finding 
that contemporary in vivo PP models are lacking. We also 
present a new rabbit model which may prove effective 
in evaluating novel infection prevention strategies 
following penile implantation for ED. Preclinical in vivo 
models with an intact implant such as ours may serve as a 
representative, efficient, and practical way to test risk factors 
and preventative strategies for PP infection. Ultimately, 
improved infection-control strategies would be highly 
beneficial in mitigating morbidity and improving patient 
experiences.
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