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Abstract Penile implants hold a major position in the treat-
ment algorithm for patients with erectile dysfunction who find
medications and vacuum erection devices ineffective or un-
satisfactory. As with any surgical procedure, adverse events
may occur. The infection rate associated with implant place-
ment has been lowered to the range of 1 % or less due to
multifactorial improvements including no-touch techniques,
the use of antibiotic-coated devices, and improved quality
measures in the operating room. Urologists have been proac-
tive in employing techniques and procedures which minimize
loss of erectile length, hence enhancing patient satisfaction.
Flat reservoirs have been developed and techniques of placing
these to avoid problems in the space of Retzius have reduced
complication rates as well. Device reliability has improved to
the point that penile implants are among the most durable
mechanical surgical products that contribute to patient and
partner satisfaction, which is by far the greatest among all
the treatments of erectile dysfunction.
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Introduction

Modern penile implants have been used for over 40 years and
have provided a predictable and reliable treatment of erectile
dysfunction in patients not responding to or choosing medi-
cations or a vacuum erection device as treatment options.
Improvements in design of the products and implantation
techniques have prolonged their life span and minimized the
incidence of complications. This review will highlight the
recent improvements and developments in the areas of
preventing infections, enhancing the maintenance and appre-
ciation of penile length after implant placement, techniques of
reservoir placement, product reliability, and patient–partner
satisfaction.

Penile Implant Infection

The prevention and management of penile implant infection
has evolved significantly in the past 10 years. Advances in
infection prophylaxis including skin preparation, draping and
“no-touch” techniques, and the development of antibiotic-
coated devices have resulted in decreased incidence of penile
implant infection. The most dreaded result of penile implant
infection has historically been complete device removal; how-
ever, the development of salvage procedures has allowed for
preservation of erectile ability.

Infection rates for initial penile implant placement have
been reported from 0.6 % to 8.9 % and most commonly occur
when organisms from the surrounding skin contaminate the
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wound. Additional risk factors for infection include medical
comorbidities such as diabetes mellitus, spinal cord injury, and
increasing complexity and/or duration of the procedure which
may be associated with implant revisions [1]. Staphylococcus
epidermidis is the most commonly reported causative organ-
ism with infections caused by Pseudomonas aeruginosa,
Escherichia coli, methicillin-resistant Staphylococcus aureus,
Serratia marcescens, Enterococcus, and Proteus mirabilis
occurring less frequently. Infections caused by fungi or anaer-
obic bacteria occur rarely [2]. There is variability in the
clinical presentation of prosthetic device infection. One may
present with worsening pain over the device, purulent drain-
age from the wound, fever, cellulitis, or fluctuance around
parts of the device, or even exposure of a component of the
implant. Surgeons apply a range of perioperative measures to
minimize the risk of infection in patients undergoing penile
implant placement. While there remains no consensus regard-
ing many of these techniques, there are some commonalities
seen in many high volume centers. A preoperative antibiotic
scrub is routinely done; however, the duration of scrub and
active ingredient varies. A common protocol includes a pre-
operative chlorhexidine scrub and shaving of pubic hair in the
operating room after anesthetic induction. Chlorhexidine-
alcohol has been associated with a 40 % lower surgical-site
infection rate when compared to povidone-iodine preparation
[3•]. A combination of gentamicin with either vancomycin or
a third-generation cephalosporin is a commonly employed
prophylaxis regimen which was used by 47 % of responders
from the SMSNA (Sexual Medicine Society of North Amer-
ica) survey [1].

The concept of minimizing skin contact intraoperatively
has been an emerging practice in prosthetic surgery. One
example which has been well described is the “no-touch”
technique whereby skin draping is constantly reinforced along
with frequent glove changing after even minor skin contact in
order to reduce the chance of skin contamination [4••]. The
“no-touch” technique alone has been shown to reduce the rate
of implant infection from 2.2 % to 0.7 % [5].

Both American Medical Systems (AMS) and Coloplast
implants utilize different strategies to reduce the risk of device
colonization and infection. AMS uses a device that is
preimpregnated with antibiotics, whereas Coloplast employs
a hydrophilic coating on their implant that resists bacterial
colonization and also may attach to its surface a solution
containing antibiotics prior to insertion. Prior to the develop-
ment of implants with antimicrobial coating, the incidence of
infection for first-time implants was quoted at 3–5 % for
patients without risk factors. With the application of antimi-
crobial coatings, the risk of infection has dropped to 1–2 %
[6]. The AMS antibiotic coating called InhibiZone consists of
a combination of rifampin and minocycline chosen due to
their effectiveness against bacteria commonly seen with pros-
thesis infections as well as the low incidence of allergies to

these medications [1]. A 58 % reduction in infection rate was
reported with the introduction of the AMS antibiotic coating
in comparison to a non-coated cohort [7]. In contrast to AMS,
the Coloplast implants are designed to allow surgeons to select
a preferred antibiotic “dip”. Coloplast devices are coated with
hydrophilic polyvinyl pyrrolidone which adsorbs 25 times its
weight when dipped in an aqueous solution. If the “dip”
solution contains antibiotic, the selected antibiotic is adsorbed
to the implant surface and subsequently diffuses into the
tissues surrounding the implant. A recent study including
17,900 Coloplast devices dipped in antibiotic solution dem-
onstrated an infection rate of 1.6 % which was a statistically
significant improvement compared to the 4 % rate of infection
reported for the non-coated devices [8]. Various antibiotic dips
have been utilized with the Coloplast Titan implant, and a
rifampin/gentamicin-coat has been shown to be comparable to
the Inhibizone-impregnated AMS devices in terms of lower-
ing infection rates [9]. Both the Coloplast device with a
rifampin and gentamicin coating (R10/G1) and the AMS
device with InhibiZone have a similar reduction in infection
rate when compared to the control group which consists of
Coloplast devices coated with vancomycin/gentamicin solu-
tion [9]. A study evaluating the zone of inhibition (ZOI) of
several antibiotic dips against five commonly infecting bacte-
ria demonstrated that both Bactrim and undiluted Polytrim
ophthalmic solution compare favorably to the ZOI generated
by the AMS coating. Interestingly, this study also showed that
Bactrim and undiluted Polytrim were statistically significantly
better than InhibiZone in creating a ZOI against the more
pathogenic organisms which include S. aureus, P. aeruginosa
and E. faecalis [6].

Infection associated with a penile implant has classically
been managed with complete explantation. Attempts at using
antibiotics to clear the implant infection have proven futile due
to the presence of poorly vascularized scar tissue surrounding
the device and the presence of a biofilm which impedes the
diffusion of antibiotics. Many bacteria produce a mucopoly-
saccharide biofilm which not only impairs the host’s ability to
clear infection, but also establishes a favorable environment
for bacterial growth. Following explantation of an infected
device, a minimum of 2 months should be allowed for clear-
ance of infection and healing prior to placing a new implant.
Delayed replacement of an implant results in scar formation
within the corporal bodies which can dramatically increase the
difficulty of surgery and potentially compromise a successful
outcome [1]. Alternatively, a more aggressive approach was
described whereby the infected device is removed and a new
implant is replaced after a seven step irrigation and lavage
procedure. Success rates of 84 % in achieving infection-free
reimplantation were described in a set of 101 patients who
underwent this salvage procedure [2]. A middle ground be-
tween these two extremes has also been described in which a
salvage procedure is performed by replacing the implant with
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a semi-rigid device and with the option of reimplantion of an
inflatable device in a delayed fashion [10•]. Recently there has
been a preliminary report of replacement of infected penile
implant cylinders with a temporary antibiotic impregnated
corporal cast of CaSO4 which allows substitution of the cast
with implant cylinders within 4–6 weeks [11]. Fortunately, the
evolution of both preoperative and intraoperative techniques
for reducing the risk of infection has significantly reduced the
need for aggressive salvage procedures.

Methods of Apparent Penile Enlargement

The decrease in penile length appreciated by many patients
after the placement of a penile prosthesis can be difficult for
some patients despite adequate function of their device. There
are many reasons for this, including loss of erectile length with
ageing and progressive fibrosis of the corporal bodies with
certain disease processes such as diabetes mellitus and
Peyronie’s disease. This can be compounded in situations
such as buried penis or fibrosis resulting from the removal
of a penile implant. Preoperative counseling is paramount for
setting appropriate expectations in regards to penile length
postoperatively. Despite this, the most common complaint
after prosthesis surgery is penile shortening [12]. Even with
the lack of a significant difference between pre- and postop-
erative measurements, 72 % of patients have noted a decrease
in penile length after prosthesis surgery [13]. In order to
maximize patient satisfaction postoperatively, multiple tech-
niques have been developed in order to compensate for these
apparent changes in length. These include techniques to max-
imize cylinder size, alter the appearance of length, or length-
ening techniques in cases of severe fibrosis with Peyronie’s
disease.

With concerns about penile length after prosthesis place-
ment, the first consideration is to optimize the size of the
prosthesis cylinders that are placed at the time of surgery.
Sellers et al. have demonstrated a pre- and postoperative
protocol which has become known as “Sellers Sizing”
[14••]. For up to 2 months prior to surgery, patients are asked
to use a vacuum erection device daily for at least 10 min at a
time without a constriction band, and the cylinder is marked at
the distal most length of the phallus. Changes in length are
noted by progressively more distal markings. With the initia-
tion of this protocol, Sellers et al. noted that in their series of
750 patients, there was an increase in the average implanted
cylinder length compared to their previous implantations prior
to the protocol, as well as when compared to the national
average from one manufacturer [14••].

In addition to pre-operative preparation, changes to intra-
operative techniques have also been reported to increase the
overall cylinder size that can be successfully implanted. Henry
et al. demonstrated a new length measurement technique

(NLMT) that involves a more aggressive form of measure-
ment, but not aggressive dilation of the corpora [15]. This
technique was used only in cases of primary implantation, and
was not recommended in cases of fibrosis, Peyronie’s disease,
or corporal defects. With NLMT, 1 cm of length is added to
the total length measurement if the dilator does not reach all
the way into the glans or down to the bone proximally. Using
this technique there was noted to be a significant difference
between the cylinder sizes compared to a standard measure-
ment technique without changes in performance or complica-
tion rates [15]. In cases of severe corporal fibrosis, options for
maximizing measurements are limited by the scarred corporal
bodies. In these cases, placement of an initial downsized,
narrow base prosthesis has been shown to act as a tissue
expander allowing for progressive upsizing to larger cylin-
ders. At reoperation, after several months of corporal expan-
sion with cycling of the implant, the corporal space was
dilated enough to allow placement of a standard base inflat-
able prosthesis with an average increase of 2.2 cm of length in
the previously infected patients [16].

Surgical techniques may also be employed to improve the
perception of length, without physically altering the size of the
penile prosthesis that is ultimately placed. One such technique
involves release of the suspensory ligament to alter the pro-
jection of the penis after placement of an inflatable penile
prosthesis. In a single surgeon series of 303 patients with
prostheses placed through an infrapubic approach, there was
a reported 93 % satisfaction rate with no complaints of penile
shortening. In a subset of patients, there was noted to be an
average 1.73 cm increase in erect penis length after release of
the suspensory ligament [17]. Another alternative to alter the
perception of length is to employ a ventral phalloplasty/
scrotoplasty technique. With this technique, the penoscrotal
web is identified and either excised or rearranged via a mod-
ified z-plasty technique [18, 19]. While this technique does
not alter length parameters, it does create an illusion of in-
creased length, which ultimately results in improved patient
perception and satisfaction. In the initial series from the Uni-
versity of South Florida, there was noted to be an overall
satisfaction rate of 98 %, with 84 % of patients noting an
increase of length and only 4.6 % noting a decrease [18]. This
technique is felt to be a simple, reproducible means to improve
patient satisfaction. However, there are some limitations of the
ventral phalloplasty technique, including increased operative
time for the wound closure, potential for wound breakdown or
complications, potential for linear scar contracture, and the
potential for severe penile edema if too much skin is removed
and the closure is too tight. This leaves such a technique as an
extra tool in the prosthetic surgeon’s armamentarium that
should not be used universally, but can be used at the sur-
geon’s discretion.

The case that demonstrates the extreme difficulty poten-
tially posed by penile shortening is the buried penis. Even
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prior to prosthetic surgery, the appearance of penile length is a
problem. Further shortening after prosthesis placement only
serves to exacerbate a known issue further. In such cases,
altering the appearance of length by improving penile projec-
tion is key. In cases of obesity, release of the suspensory
ligament or a phalloplasty may not be sufficient when the
penis is buried beneath excess skin and soft tissue of the
panniculus. As such, panniculectomy with suction-assisted
lipectomy and anchoring of the pubic skin to the abdominal
wall has been utilized with satisfactory results, with release of
the suspensory ligament as indicated [20•]. Additional tech-
niques to correct a buried penis include z-plasties with cir-
cumcision, release of tethering dartos bands, pedicled prepu-
tial flaps, and resurfacing with split thickness skin grafts [21].
Because of the potential complexity of these cases, there is a
role for joint participation between urology and plastic
surgery.

The risk of shortening is further exacerbated in patients
with Peyronie’s disease and severe fibrosis. The placement of
a penile prosthesis with possible modeling or other maneuvers
can result in a functionally straight phallus. Unfortunately, the
addition of further shortening associated with the implant can
result in up to 48 % dissatisfaction in regards to penile length
[22]. Other techniques have been recently described to address
these patients. Sansalone et al. described a series of 23 patients
who underwent a circumferential incision and grafting with
concomitant placement of an inflatable penile prosthesis after
the circumferential incision to maximize length. They noted
an average length gain of 2.8 cm with a 90 % satisfaction rate
[23]. A variation on this was the “sliding technique” of Rolle
et al. in their small series. The authors described in their three
patients a ventrodorsal incision of the tunica albuginea
allowing the tunica to slide maximally lengthwise followed
by double dorsal-ventral patch grafting with porcine small
intestinal submucosa and placement of prosthesis cylinders.
They demonstrated an average increase in length of 3.2 cm
without complications [24]. While initially promising, these
techniques are based on small series and are complicated in
nature, likely best suited to an experienced implanter with
patch-graft experience in a very select group of patients.

Reservoir Placement

Traditionally, the reservoir of the three-piece inflatable im-
plant had been placed in the pre-vesical or retroperitoneal
space. Although complications were and still are rare, serious
viscus or vascular injury can occur [25]. To minimize the risk
of these adverse outcomes, alternative sites for abdominal
reservoir placement have been described [26, 27••, 28]. A
recently published retrospective analysis described nearly
2,700 penile implant reservoirs placed posterior to the
transversalis fascia (PTF) in patients with virgin pelves and

anterior to transversalis fascia (ATF) in patients with previous
pelvic surgery.

Surgical Technique

The initial steps of reservoir placement are identical for both
PTF and ATF. The bladder is emptied preoperatively by
voiding or catheterization prior to sterile preparation. Through
an infrapubic incision (approach of choice in the review) the
pubic tubercle is used as a landmark for guiding the finger into
the external inguinal ring.

PTF Reservoir Insertion

For men with no prior history of significant pelvic surgery, the
speculum handle tip is used to perforate the transversalis
fascia in a downward fashion. The handle is then rotated so
that the orientation of the speculum tip is changed from
posterior to cephalad. The instrument is then advanced to the
handle in a cephalad fashion. The nasal speculum paddles are
spread to dilate the potential space.

ATF Reservoir Insertion

In patients with a history of significant pelvic surgery, after the
tip of the nasal speculum is passed to the external ring, it is
forcibly advanced cephalad. The back wall of the inguinal
canal is thus perforated without perforation of the transversalis
fascia. The speculum is advanced the length of the paddles.
This places the speculum anterior to the transversalis fascia,
but posterior to the overlying rectus abdominis muscles. The
newly created space is further developed with a sweeping
finger or large Hagar dilator.

Reservoir Deployment

With both ATF and PTF techniques, the reservoir is fashioned
into a “cup” shape by spreading the reservoir sides laterally as
air is evacuated. This maneuver facilitates deployment of the
reservoir into the newly created PTF or ATF spaces by folding
it over a small pediatric Yankauer sucker. In summary, the
peritoneum, transversalis fascia, and vital structures are pos-
terior to the reservoir with ATF while only the peritoneum is
posterior with PTF.

Considering the absence of bowel, bladder and vascular
structures in both the PTF and ATF approaches, it is not
surprising that vascular injuries were absent and only two
bladder injuries occurred, only after a break-down in preoper-
ative protocol – patients had not been told to void. Again, not
surprisingly, patients undergoing ATF reservoir placement did
see a higher incidence of reservoir detection and herniation
(1.34 %), but newly designed reservoirs and placement tech-
niques [29] appear to be diminishing even this complication.
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Utilization of the PTF or ATF spaces may minimize cata-
strophic bowel, bladder and vascular injury during either
placement or removal of reservoirs. The avoidance of serious
complications and the ease of removal with these two, simple
techniques might prompt consideration of a change from the
traditional location of the IPP reservoir.

Traditional Reservoir Placement

The majority of urologists placing a penile implant via the
penoscrotal approach position the reservoir in the space of
Retzius by first draining the urinary bladder, piercing the
transversalis fascia with a scissors, clamp, or index finger,
and developing the area behind the pubic bone with the
probing finger. Most urologists placing an implant using an
infrapubic incision will incise the inferior portion of the linea
alba, separate the rectus muscles in the midline, and place the
reservoir in the prevesical space.

Device Satisfaction and Reliability

In general, studies point to overall excellent satisfaction de-
riving from contemporary penile prosthetics. There have been
very few studies directly comparing similar models offered by
the two currently available companies (AMS and Coloplast).
Chung et al. [30••] examined outcomes and satisfaction in a
cohort of 138 men being treated with coexisting ED and
Peyronie’s disease (PD) randomized to receive an AMS 700
CX or Coloplast Titan model. Patients had straightening of the
phallus via a combination of intracorporeal plaque incision
and manual modeling. Eight (6 %) patients eventually had
revision surgery, mainly for mechanical malfunction, with an
average time to revision of 2.3 years. Estimates of 5-year
mechanical survival were similar with the two devices, at
91 % (AMS) and 87 % (Coloplast). In terms of satisfaction,
79 % were considered satisfied (4–5/5 satisfaction), 82 % of
patients reported that they would do the surgery again, and
there was no difference in these rates between the two devices.
The most common reason for dissatisfaction was subjective
shortened penile length.

Another smaller study, using a variety of non-randomized
devices in men with Peyronie’s disease [31] found that me-
chanical failure rates were much higher in men who had PD
versus those who did not. At a mean time of 10.9 months, 3/9
of the PD patients had IPP malfunction, while this only
occurred in 3/70 in the comparison group.

In terms of specific factors influencing satisfaction rates,
one study [32] examined 114 men undergoing three- and two-
piece inflatable prostheses. On both univariate and multivar-
iate analyses, a history of Peyronie’s disease (OR 5.6), radical
prostatectomy (OR 2.4), or BMI >30 kg/m2 (OR 2.2) were

associated with poorer satisfaction in comparison to the group
who did not have these characteristics.

This finding was also noted in a study [33] comparing
satisfaction rates of penile prosthetics in those who had ED
after radical prostatectomy versus those who had ED of
vasculogenic origin. At a mean follow-up of approximately
38 months, overall satisfaction was 86 % in the radical pros-
tatectomy group, versus 91 % in the vasculogenic group.

Looking at age as a potential source of dissatisfaction, a
German group [34] found that, at a mean follow-up of
93 months, 83 % of the patients were still living who had
received prostheses when older than 70 years. Seventy-three
percent of these patients were using the prosthesis at least once
every 2 weeks.

The high patient satisfaction may also translate to the
partner. Few studies have examined female sexual satisfaction
in the partners of men with penile prostheses. A group from
Baylor College [35] found that female satisfaction, as assessed
by the validated Female Sexual Function Index (FSFI) was
higher in those women who had partners with high satisfac-
tion scores.

An Italian study [36] of 80 couples found that 79 % of
patients and 82 % of partners were very satisfied with the
device. It could be that a satisfied partner is an independent
predictor of patient satisfaction, or it could be that a satisfied
patient is more likely to use the prosthesis in a manner that
leads to partner satisfaction.

Satisfaction after revision surgery has been more difficult
to quantify, due to the variety of causes and types of revisions.
Success of salvage procedures for infected prostheses is high,
with 71 % success in one contemporary study [37]. This
generally matches the good success rates (82 %) found in
the original salvage series reported by Mulcahy [38]. High
success rates have also been reported with rerouting proce-
dures for imminent prosthesis erosion and for revisions per-
formed due to mechanical issues with a previous prosthesis
[8]. Traditionally, the most difficult cases are prosthesis place-
ment in the setting of extensive corporal fibrosis, either due to
priapism or after previous removal of a prosthesis (e.g. due to
infection). Functional success rates have been reported from
50–90 % [37, 39, 40].

Long-Term Reliability

The longest-term study was that done on 10- and 15-year
survival from first-time (i.e. non-revision) inflatable implants
[41]. At the time of that study, Mentor (now Coloplast) had
added pump reinforcement (1992), while AMS added a
parylene coating (2001) in efforts to improve mechanical
survival. Over 2,000 implants were included in this study,
including 1,726 Mentor devices (Alpha 1 and Alpha NB)
and 658 AMS devices (700 CX and Ultrex). Overall, they
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found excellent satisfaction (98 % at 10 and 15 years), low
infection rates (7 % by 10 years, 9 % by 15 years), and good
mechanical survival (79 % by 10 years, 71 % by 15 years).
The enhancements by the two companies indeed seem to
improve mechanical reliability. For theMentor Alpha 1, pump
reinforcement improved 10-year mechanical survival from
65 % to 89 %. For the AMS device, the addition of parylene
coating enhanced mechanical survival from 89 % 3-year
survival to 98 % 3-year survival, the time period available
for this study [42]. A longer term (7 years) study of the same
issue similarly demonstrated improved mechanical survival
after the introduction of parylene (94 % vs. 91 %) [43]. The
study also found that AMS devices using a Dacron fabric to
control expansion, either width expansion only or length and
width expansion, have demonstrated equivalent mechanical
survival rates (89 % vs. 90 % at 7 years).

Another relatively long term study, with a mean follow-up
of 113 months, examined the AMS 700 series, including CX
and CXR devices [44]. Mechanical survival was 78 % at
10 years. A similar study [45] had a mean follow-up of
91.5 months after implantation of AMS 700 CX or CXR.
Mechanical survival at 10 years was 81 %.

One- and Two-Piece Devices

Although three-piece inflatable prostheses are, by far, the most
widely used in the U.S., malleable and semirigid prostheses
are more popular in other countries due to relative low cost
and good mechanical reliability. There are far fewer studies
examining these types of devices. One such study from an
Italian group [46] prospectively examined 22men undergoing
an AMS Spectra, a semirigid rod mechanical prosthesis. Most
(86 %) had Peyronie’s disease, while the others had a history
of radical prostatectomy. At 12 months postoperatively, com-
plete satisfaction was found in 86 % of patients and 53 % of
partners. This is improved from older studies [47–49], which
found generally lower patient satisfaction, especially in the
Peyronie’s disease population.

Similarly, there have been very few contemporary studies
on the available two-piece prosthesis. Levine et al. reported on
131 men with a mean follow-up of 43 months, with a patient
and partner satisfaction of 96 % and 91 % and a mechanical
survival of 98 % [50]. A more recent study from the same
group demonstrated 85 % and 75 % patient and partner
satisfaction at a mean of 38month follow-up, with mechanical
survival of 99 % at 3 years [51].

Conclusions

Modern penile implants have been in use for over 40 years and
improvements in design and implantation techniques continue

to reduce complication rates and contribute to patient satisfac-
tion. These devices are now among the most reliable mechan-
ical products on the market.
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