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Abstract: Penile prosthesis implant surgery is an effective management approach for a number
of urological conditions, including medication refractory erectile dysfunction (ED). Complications
encountered post-operatively include infection, bleeding/hematoma, and device malfunction. Since the
1970s, modifications to these devices have reduced complication rates through improvement in antisepsis
and design using antibiotic coatings, kink-resistant tubing, lock-out valves to prevent autoinflation, and
modified reservoir shapes. Device survival and complication rates have been investigated predominately by
retrospective database-derived studies. This review article focuses on the identification and management
of post-operative complications following penile prosthetic and implant surgery. Etiology for ED, surgical
technique, and prosthesis type are variable among studies. The most common post-operative complications
of infection, bleeding, and device malfunction may be minimized by adherence to consistent technique and
standard protocol. Novel antibiotic coatings and standard antibiotic regimen may reduce infection rates.
Meticulous hemostasis and intraoperative testing of devices may further reduce need for revision surgery.
Additional prospective studies with consistent reporting of outcomes and comparison of surgical approach

and prosthesis type in patients with variable ED etiology would be beneficial.

Keywords: Penile implant; complications; infection; hematoma; device malfunction

Submitted Feb 27, 2017. Accepted for publication May 05, 2017.
doi: 10.21037/tau.2017.06.07
View this article at: http://dx.doi.org/10.21037/tau.2017.06.07

Introduction complications in two or three-piece designs (3).

The first penile implant was introduced by Lash et al. Indications for penile prostheses vary. For men with ED

. . . of any etiolo rostheses become a viable surgical option
in 1964 as part of a novel surgical reconstruction for Y g% P & p

. . .. . . . when less invasive measures fail such as phosphodiesterase-5
Peyronie’s disease (1). Dramatic increase in penile prosthesis phosp

implantation occurred in the 1970%, specifically for men inhibitors (PDES5Is) and intracavernosal injection therapy
with erectile dysfunction (ED). Scott ez 4/. introduced the
world’s first inflatable penile prosthesis IPP) in 1973 (2).

Although prosthetic implants have changed over the years,

(4-6). When such interventions are undesirable or
unsuccessful, penile prosthesis surgery is considered (6).

Before proceeding, informed consent includes discussion

original design principles remain largely intact with
continued improvement to minimize perioperative
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of risks such as infection, bleeding, and device malfunction.

The incidence, identification, and management, of such post-
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operative complications will be the subject of this review
article. In addition, variables which may affect outcomes
including surgeon technique and volume will be discussed.

Methods

PubMed (PMID) was queried for MeSH terms “penile
prosthesis” and “complication, postoperative” for all
English-language articles without time restriction through
January 2017. An additional query included the term “penile
prosthesis complications” with pertinent studies referencing
post-operative complications including infection,
hematoma, and device malfunction. Studies selected for
inclusion in this review article include the largest studies
with emphasis on prospective design. Recent articles were
given preference to reflect continued development and
enhancements in penile prosthesis design, in an effort to
provide a clinically applicable perspective.

Results

The initial PubMed (PMID) search yielded 944 articles, of
which 384 were deemed pertinent with emphasis placed on
identification and management of post-operative infection,
hematoma, and device malfunction. Post-operative infection
was captured in 4 prospective and 8 retrospective studies.
Nine retrospective studies were included in the review of
post-operative hematoma. Given the broad nature of the
category device malfunction, 17 total studies were included
in this review, 3 of which were prospective in nature. A
paucity of prospective, randomized studies was identified in
the literature relating to penile prostheses.

Post-operative infection

Despite changes in prosthetic devices and surgical technique
in recent years, infection remains a major penile prosthesis
post-operative complication. Early trials often involved
very small population sizes (7-9). Herein we have described
rates of infection and revision surgery due to infection
from some of the largest and most recent studies (1uble I).
Most studies utilize IPPs while others describe semi-rigid
devices. Additionally, many of these devices use antibiotic
coatings released by device manufacturers in the early
2000s which continue to be widely used in penile prostheses
today (22). Studies were categorized and analyzed by design
(prospective vs. retrospective). Rates of infection or of
revision surgery due to infection range between 0.46% and
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5.3% (15). In these studies, infection rates vary depending
on antibiotic coatings, surgical technique, or comorbidities
such as diabetes. Further, use of intraoperative IV
antibiotic, antibiotic solution, and postoperative
antibiotics are variable among studies. Because there are
no universal guidelines for perioperative antibiotic use,
there is significant variability among general urologists and
urologists specializing in penile prosthesis insertion (23).
The senior author utilizes intravenous vancomycin and
gentamicin administered immediately preoperatively,
vancomycin/gentamicin solution intraoperatively, and
ciprofloxacin postoperatively. The AUA antimicrobial
prophylaxis guidelines recommend judicious use of
postoperative antibiotics for a period up to 24 hours (24-26).
Consultation with the infectious disease department based
on hospital-specific infection history may be valuable in
selection of antibiotics. Strict adherence to antisepsis,
re-gloving, and ensuring limited traffic in and out of the
operating room may prevent inoculation of bacteria in the
operative field.

Identification

Patients with post-operative infection may present with pain,
fever, and/or tachycardia, with elevated white blood cell
count and, occasionally, frank purulent discharge, erythema,
or areas of fluctuance at the surgical site (27). Patients
may be initially assessed for sepsis through the quickSOFA
[Sequential (Sepsis-related) Organ Failure Assessment]
criteria, worked up accordingly, and stabilized (28).
Infections are a feared complication of penile prosthesis
and implant surgery requiring prompt recognition and
treatment. The time course can vary widely with post-
operative infection diagnosed within 7 months, between
7 to 12 months, and later than § years in 56%, 36%, and
2.6% of patients, respectively (29). While diabetic patients
demonstrate elevated post-operative infection risk (16),
all patients should be assessed in the days and initial weeks
postoperatively.

Prospective studies

The prospective studies of IPP outcomes reported infection
rates between 1.67% and 3% (11,21). However, two larger
studies reported rates below 2% (11,18). While these studies
do not have the same limitations as the retrospective studies
(see next section), the rates are relatively comparable. Similar
trends can be found throughout these studies including the
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Table 1 Studies examining the identification and management of post-operative infection

. Maximum . . Intraoperative .
. Sample size Rate of Reoperation due  Preoperative o Postoperative

Author Year  Study design follow-up | . . . L antibiotics L

(n) infection (%) to infection (%)  antibiotics (IV) . antibiotics

(years) (irrigation)

Onyeji 2017  Retrospective 14,969 8 NR 2.3 NR NR NR
et al. (10)
Antonini 2016 Prospective 180 1 NR 1.67 Cefazolin NR Cefazolin,
etal (11) gentamycin
Henry 2016 Prospective 1,019 5 TBD TBD NR NR NR
etal. (12)
Mirheydar 2016  Retrospective 7,666 15 NR 3.8 NR NR NR
etal. (13)
Grewal 2014  Retrospective 2,263 4 NR 3.6 NR NR NR
etal. (14)
Eid 2012 Retrospective 2,347 0.49 0.46-5.3 NR Vancomycin, Saline only NR
etal. (15) gentamicin
Mulcahy 2011  Retrospective 6,695 7 NR 1.62-4.24 NR NR NR
et al. (16)
Carson 2011  Retrospective 39,005 7.7 NR 1.1-2.5 NR NR NR
etal. (17)
Wilson 2007  Prospective 467 1 1.9 NR 2" generation Non-specific Quinolone
etal. (18) cephalosporin antibiotic
Wolter 2004 Retrospective 2,839 1 1.06-2.07 NR NR NR NR
etal. (19)
Carson 2004 Retrospective 4,205 1 0.90-2.35 NR NR NR NR
et al. (20)
Mulhall 2001  Prospective 79 15 2.0-3.0 NR Gentamicin, NR Ciprofloxacin
etal. (21) ampicillin

NR, not reported; TBD, to be determined.

effectiveness of antibiotic coatings to reduce infection rates.
In 2001, Mulhall and Bloom conducted a prospective trial
of 79 IPPs implanted by a single surgeon between 1996 and
1998 (21). This was the first study identifying similarities
between in-patient and out-patient outcomes. The authors
identified no differences in blood loss, narcotic use,
recovery time, or complications between the two groups
(Student’s #-test) and concluded that out-patient surgery was
a viable option for patients seeking these procedures. The
authors used transverse scrotal approach and the American
Medical Systems (AMS) Ambicor'™ IPP (Boston Scientific,
Marlborough, MA, USA) and the Mentor Alpha-1 IPP
(Mentor, Santa Barbara, CA, USA). A single infection
was reported for each group, leading to infection rates of
2% and 3% for out-patient and in-patient procedures,
respectively. Follow-up for the out-patient group was
a median of 8 months versus a median of 18 months
for the in-patient group. Its prospective nature is a major
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benefit while limitations include relatively small patient
population and short-term follow-up. Despite this, the
infection rates reported here are similar to other published
studies including the retrospective studies to be discussed.

In 2007, Wilson et 4. conducted a prospective study using
a historical control versus a group of 467 men implanted
with the AMS 700™ Controlled Expansion (CX) IPP
with InhibiZone™ between 2001 and 2004 with 1-year
follow-up (18). The authors separated infection rates
between several subgroups, including revisions with
and without washout and virgin implants in diabetics
and nondiabetics. The overall infection rate was 1.9%.
Interestingly, no infections occurred among the 223 virgin
implants in nondiabetic men. The highest infection rate
occurred in the revision without washout group at a rate
of 10.3%. This was the only group that did not show any
reduction between the coated IPP and non-coated IPPs
(two-sided exact test, P=1.0). The infection rates listed
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in Table 1 relate to the prospective arm of this study. To
our knowledge, this arm alone represents one of the
largest populations in prospective studies in peer-reviewed
literature. Although the experimental arm of this study is
prospective, a limitation is its use of historical controls.
The authors originally intended for the control arm to
be part of the prospective design, however, cited “ethical
considerations” when deciding to eliminate it.

In 2016, Antonini et 4/. conducted a prospective study
of IPPs performed by a single surgeon (11). A minimally
invasive infrapubic approach was performed utilizing
either the AMS 700™ CX or the Coloplast Titan® One-
Touch Release (OTR). This study included 180 men
followed over 12 months and compared satisfaction,
efficacy, and complication rates between two groups with
differing etiologies for ED. The first group was made up
of patients with diabetes/metabolic syndrome and the
second with men with history of radical prostatectomy. No
statistical differences were identified between the groups
in International Index of Erectile Function-5 (ITEF-5) and
Erectile Dysfunction Inventory of Treatment Satisfaction
scores post-implantation (one-tailed #test, P=0.65 and 0.55,
respectively) or post-operative infectious complications
(P=0.11). Overall, 3 (1.67%) patients underwent exploration
due to infection. These results are contrasted by those of
the Mulcahy and Carson retrospective sub-analysis in 2011
demonstrating higher rates of revision due to infection in
diabetic men (16).

Also in 2016, Henry et al. reported initial results from
a large, prospective, multicenter trial examining penile
implant outcomes (12). Their study included 1,019 patients
at 11 sites in North America, with follow-up planned in
5 years. So far, results focus on other aspects of penile
implantation such as etiology, approach, device used, and
operative time. Outcomes and complications, such as
infection, will be reported once additional data is collected.
The results of this study are promising when considering
its scale and prospective nature. Once completed, it will
be the largest prospective, peer-reviewed study reporting
complication rates of penile prostheses.

Retrospective studies

In early 2004, Carson performed a retrospective analysis
of 4,205 men undergoing IPP implantation with AMS
700™ with and without the InhibiZone™ rifampin and
minocycline coating (20). One year following implantation,
infection rate for the antibiotic coated group was 0.90%
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and the uncoated group was 2.35%. This study along with
others have concluded that antibiotic coating on penile
prosthetic devices significantly reduced infection rates
(Log-rank, P=0.0002) (20). While this study included a large
population of subjects, limitations include retrospective
nature and use of voluntary manufacturer-based database.
Given the voluntary nature of this database, underreporting
of complications may lead to inaccurate recording of
complications.

In late 2004, Wolter and Hellstrom performed a
retrospective comparison of IPPs from different device
manufacturers than the Carson study. This study describes
the use of the Coloplast Titan® TPP with polyvinylpyrrolidone
coating (Coloplast, Minneapolis, MN, USA)
and the non-coated Alpha-1 IPP (19). The Titan® coating
was designed to absorb antibiotic immersions and reduce
bacterial adherence thereby decreasing infection rates. Over
a 1-year period, 2,357 Titan® IPPs were implanted versus
482 Alpha-1 IPPs. Infection rates were 1.06% and 2.07%
respectively (one-sided chi-square, P=0.033). This was an
early, relatively large, retrospective study analyzing the
effectiveness of antibiotic coated IPPs. Similar studies prior
to this typically utilized smaller populations or devices which
are rarely used today. Limitations in this study are similar
to other articles including the use of a manufacturer-based
database (20).

In 2011, Carson, Mulcahy, and Harsch expanded on
the retrospective study performed by Carson in 2004 (20).
This large retrospective analysis of 39,005 analyzed
men who underwent IPP implantation with a maximum
follow-up of 7.7 years (17). Similar to their prior study,
the authors separated their study population into two
groups, men receiving AMS 700 IPP with minocycline
and rifampin coating and those who received non-coated
IPPs. However, this study reports the rate of revision
surgery due to infection whereas the 2004 Carson study
reported overall rates of infection. Of the 35,737 men who
received implantation with the coated IPP, 1.1% underwent
revision surgery due to infection. Only 3,268 men received
a non-impregnated IPP and their revision rate was more
than double that of the coated group at 2.5% (Log-rank,
P<0.0001). These rates are only slightly higher than those
reported in Carson’s smaller study in 2004 (20). However,
because this study reports rates of revision due to infection
and not rates of overall infection, the actual rates of infection
in this population may be even larger. Furthermore, the
much larger antibiotic impregnated group had an average
follow-up 3 years shorter than the non-impregnated
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group. The authors recognize that longer follow-up may
identify an increased complication rate in this group.
Additional limitations to this study include its retrospective
nature and their use of a voluntary registry (20).
However, to our knowledge, this is the largest study
examining penile implantation complication rates to date.

Additionally in 2011, Mulcahy and Carson published
a subgroup analysis reporting the revision rates due to
infection in 6,695 diabetic men utilizing the data from their
large retrospective study described previously (16). Diabetic
men who received an antibiotic coated IPP experienced a
revision rate due to infection of 1.47% and men receiving
non-coated IPPs had a rate of 4.17% (chi-square,
P<0.0001). Overall, total revisions for infection took place
in 1.72% of diabetic men versus 1.26% of men without
diabetes (Log-rank, P=0.0052). This is one of the largest
IPP studies describing infection rates in diabetic men,
however, the same limitations apply to this study as other
similar retrospective publications.

In 2012, Eid et al. published a retrospective analysis of
a series of 2,347 implants performed by a single surgeon
between 2002 and 2011 (15). Non-coated IPPs were used
in 2002, followed by antibiotic coated IPPs in 2003 and the
addition of the “no touch” technique in 2006. The devices
used included IPPs from Mentor, Coloplast, and AMS.
Infection rates declined through the years as devices and
techniques improved. Initially, 132 patients received a non-
coated IPP with an infection rate of 5.3%. Subsequently,
704 patients received a coated IPP with an infection rate
of 2% (Fisher’s exact test, P=0.035). Finally, 1,511 patients
received coated IPPs with the “no touch” technique with
an associated infection rate of 0.46% (Fisher’s exact test,
P<0.0001). No differences were observed in infection rates
between the device manufacturers. To our knowledge,
this study reports one of the lowest infection rates in the
literature through the combined use of antibiotic coated
IPPs and surgical technique. While the study had a single
surgeon with standardized operative technique, it is difficult
to predict whether these results can be generalized to other
surgeons with different techniques at different institutions.

In 2014, Grewal et al. published a retrospective study of
2,263 men receiving either a semi-rigid prosthesis or IPP
with a follow-up up to 4 years (14). CPT and ICD-9 codes
from the Healthcare Cost and Ultilization Project database
in California were analyzed. Revision rates due to infection
for the 439 men receiving semi-rigid implants and the
1,824 men receiving IPPs were 4.5% and 3.23%,
respectfully. There was no statistical difference between
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these groups (Kaplan-Meier analysis, P=0.94) leading the
authors to conclude that there was no difference in infection
rates between device types. Unfortunately, the precise type
of device used in these patients was not indicated. Lack of
information regarding specific devices or antibiotic coating
is a major limitation to this study. It may be reasonable to
consider that the majority of these men received antibiotic
coated devices due to the timing of surgery, between 2006
and 2009, well after antibiotic coatings were in wide use. Taken
together, the overall revision rate for infection in the study was
3.6%. This rate is slightly higher than the rates reported in the
Carson and Mulcahy studies in earlier years (16,17), however,
these findings more closely approximate rates described by
Mirheydar et al., using a similar database (13).

In 2016, Mirheydar et 4/. analyzed the charts of over
7,000 patients in the California with a maximum follow-up
of 13 years (13). Of 904 revision surgeries, 295 were due to
infection—a 3.84% reoperation rate due to infection. The
authors utilized a different database (California Office of
Statewide Health Planning and Development) and longer
time interval (1995 through 2010) than Grewal er a/. (14).
Interestingly, of the 904 men who underwent revision
surgery for any reason, 264 (29.2%) did so at different
hospitals from where their initial implantation occurred.
The authors suggest that complication rates reported in
the literature may be lower than actual rates in the general
population. This is particularly relevant for many single
surgeon or small multi-institutional studies. However,
this may be less applicable to the large, state-wide registry
studies such as those performed by Grewal er 4/. (14) and
Onyeji et al. (10) or voluntary manufacturer registries as
used by Carson er a/l. (17). Further, the reoperation rate due
to infection that Mirheydar et al. reported is higher (3.84%)
than the rates reported in the Onyeji et 4l. (2.3%) and the
Carson et al. study (1.1-2.5%) but similar to the rate in the
Grewal ez al. study (3.23%) (10,14,17). Both the Grewal ez al.
and the Mirheydar et 4/. studies utilized California based
databases. Their similar rates may indicate that patients
in California have a slightly higher rate of revision due
to infection than the national average or other particular
regions. Alternatively, this may indicate that these studies
did indeed capture patients who received revision surgery
at institutions different than their original surgery. This
consideration may be supported by the lower revision rates
observed in the Onyeji et 4. study (10).

In a recent study, Onyeji er al. investigated the impact
of surgeon case volume on reoperation rates after IPP
surgery through a large retrospective study examining data
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pertaining to 14,969 patients from 1996 to 2014 in the New
York Statewide Planning and Research Cooperative System
Database (SPARCS) (10). The overall rate of reoperation
due to infection was 2.3% (N=343). Among infections,
217 occurred prior to the routine implementation of
antibiotic coated prostheses leading to a rate of 4.2% in
these patients. Once antibiotic coatings were widely used,
the infection rate dropped to 1.5% (N=126). Further,
authors found that surgeons with higher annual case
volumes experienced lower rates of reoperation due to
infection (Cox regression analysis, P<0.001-0.01). The rates
of infection in this study are lower than those in the studies
which used California databases. Unfortunately, due to the
structure of the database utilized, patients who received
revision surgery in other states were not captured, and as
such the true revision rates may be higher than reported.
Therefore, actual rates of revision due to infection may be
closer to the California studies, greater than this New York
study or those performed by Carson et a/. (13,14,17,20)
because their database is limited to manufacturer databases
comprised of voluntary reporting. Overall, these issues
reflect the limitations of retrospective studies which are
vulnerable to selection bias.

Management

Initial management principles in patients presenting
with signs of infection include assessing and stabilizing
hemodynamic parameters. Patients presenting with signs
of sepsis should receive prompt, standardized treatment
including fluid resuscitation and systemic antibiotics.
Stabilized patients with obvious signs of infected penile
prosthesis generally require explantation and reimplantation
of the prosthesis. Historically, a penile prosthesis would be
explanted with delayed reimplantation. Due to the increased
rates of corporal scarring and fibrosis that would invariably
occur during this period of time prior to reimplantation, the
prosthetic salvage procedure as described by Mulcahy ez a/.
with device removal and replacement in the same operative
setting gained popularity. Judicious wash-out of the
affected area was implemented with significantly improved
outcomes. This important advancement in the treatment
of prosthesis infections is now the standard of care for
management (30,31).

Bleeding and hematoma

Hematoma formation in the post-operative setting is a
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potential complication for many different procedures,
and they may contribute to post-operative complications
following IPP placement. Hematomas typically develop
in the scrotum, a dependent organ that provides ample
expansion for blood and other fluid to collect. Additionally,
hematoma may also form secondary to vascular or bladder
injury during reservoir placement, however, the majority
of such injuries would be recognized intraoperatively. The
corporotomies required for penile prosthesis surgery can
be a source of significant bleeding. Utilizing stay sutures
and running horizontal mattress sutures during closure of
the corporotomies may mitigate some risk of hematoma
formation through hemostasis (32). Even when hematomas
do form, they generally do not require re-exploration and
do not result in device failure. Hematomas can typically
be managed conservatively in many cases (33-35). In one
study of revision surgeries following penile prosthesis
implantation, only 2 of 200 subjects required revision due
to the presence of scrotal hematoma (1%). Revision was
predominantly secondary to mechanical device failure (65%)
and erosion (10%) or infection (9%) (36). While hematoma
formation is not as devastating relative to infection and
device failure, it may be problematic in the post-operative
course, presenting with scrotal pain, decreased patient
comfort, and an increased length of observation or repeat
office visits (34,37).

Time of onset

Few studies in the literature explicitly address the time
of onset for hematoma formation. Pozza and colleagues
examined hematoma formation in the immediate post-
operative period (post-operative day one) for semi-rigid and
inflatable prostheses with and without scrotal drainage (34).
Another study reviewed delayed hematoma formation
defined as occurrence after the fifth post-operative day (38).
This study purported to be the only focusing on delayed
hematoma formation. However, without a universal
definition of early versus delayed hematoma formation, the
data from each study in penile prosthesis literature must
be analyzed to determine the timing of hematoma. Scrotal
hematoma will usually become evident in the immediate
post-operative period when adequate hemostasis is not
achieved intraoperatively.

Incidence

The overall incidence of hematoma formation following
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penile prosthesis or implant surgery ranges from 0.2% to
3.6% (lable 2). In one study, a single surgeon implanted
500 prostheses between the years 1984 to 2013, with 138 of
the total 500 being inflatable prostheses. With the first
50 prostheses, the surgical team did not use drainage
systems and subsequently encountered 11 cases (22%) of
scrotal hematoma on post-operative day one. Eight of the
11 cases required needle aspiration, and all 11 cases required
extended hospitalization for observation. In the remainder
of the hydraulic cases, the surgical team routinely used
scrotal drainage and observed only 5 cases (5.6%) of scrotal
hematoma formation. Four out of the 5 cases encountered
while using drainage were managed with evacuation using
the intact drainage system, and only 1 case out of the total
5 cases required repeated aspiration and cylinder inflation
to stop the bleeding (34). If the 22% complication outlier is
excluded, the range of hematoma formation in the literature
is 0.2% to 5.6%. Risk factors for hematoma development
include lack of meticulous hemostasis intraoperatively,
nonvascular causes of ED with well vascularized corpora,
and revision cases where the capsule has developed
neovascularity (37,45).

Prevention

Several methods to decrease the risk of bleeding and
hematoma formation have been described. Some surgeons
utilize a watertight closure for corporotomies in order
to decrease post-operative bleeding risk using multiple
interrupted horizontal mattress sutures (32). Application of
compressive dressings (i.e., Coban wrap, scrotal support,
fluff gauze) is another noninvasive technique to decrease
bleeding risk. Complicated non-sticky compressive “mummy
wrap” dressing techniques provide scrotal compression
without the pain associated with adhesive dressings (46).
With IPPs, partial cylinder inflation has a role in decreasing
bleeding as well (37,39,40,44). A combination of post-
operative compressive dressing use in conjunction with
device inflation has been employed in studies in attempt to
achieve hemostasis and prevent hematomas (44,47). In one
study, compressive dressing use alone resulted in a hematoma
complication rate of 2.9%. The addition of closed drainage
and partial device inflation to compressive dressing use led to
a statistically significant decrease in hematoma complication
rate to 0.9% (P=0.009) (44).

Closed drainage use has been a topic of debate. Critics
of closed drainage systems cite the increased infection rates
from non-urologic procedures as evidence for objection to

© Translational Andrology and Urology. All rights reserved.

O’Rourke et al. Post-operative penile implant complications

their use in routine penile prosthesis post-operative care
(45,48). Further closed drainage systems are more invasive,
require removal, and generally prolong hospital stay and
may prevent same day discharge. Proponents of closed
drainage use argue that closed drainage decreases post-
operative hematoma complication rates without changing
infection rates (44). Sadeghi-Nejad and colleagues reviewed
the data from 425 primary three-piece IPP implantations;
their subject population had a hematoma complication
rate of 0.7% with an infection rate of 3.3%. The rate of
infection was comparable to the infection rates reported
by other contemporary groups not using closed drainage
as a part of their post-operative care (37). Critics of these
findings cite the lack of a control group for their study.
Without a prospective randomized controlled trial, the
evidence for the benefits and risks of drain use remains
inconclusive (45).

Management

Post-operative scrotal hematoma in the setting of penile
prosthesis implantation is often managed expectantly without
further surgical intervention. Conservative management
includes a combination of bed rest, scrotal elevation,
compression dressing, ice application, and antibiotics
(38,45). In one large retrospective study of 955 penile
prosthesis implantations, Chung and colleagues reported
that penoscrotal bruising was a common occurrence without
quantification of frequency, but they did report that none
of the hematomas required surgical intervention (33).
Several other studies support the success of conservative
management for post-operative scrotal hematomas
(34,35,40). Incision and evacuation procedures are inherently
invasive and increase infection risk in the post-operative
period (37). Garber and colleagues assert that conservative
management can be employed when the surgical site is
intact. In their retrospective study of 600 patients who
received the Coloplast Titan® OTR, three cases of significant
post-operative hematoma were identified. These patients
presented with swelling of the surgical sites more than 5 days
post-surgery, and the extent of the hematomas were confirmed
by computed tomography (CT) scan. These patients
underwent wound exploration with surgical evacuation,
antibiotic washout, and parenteral antibiotics with resolution
of hematoma (38). Levine et 4/. also reported successful
surgical evacuation of a post-operative hematoma without
further complications (41). Because of the retrospective
models and small sample sizes, the evidence to support
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Table 2 Studies examining the identification and management of post-operative hematoma
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Revision
Author Year  Study design iz:z:‘; Prosthesis model (s) Hematoma rate Management rate due to
hematoma
Pozzaetal. 2015 Retrospective 500  Silicone semi-rigid rods: Almed Semi-rigid prostheses: Semi-rigid prosthesis:  0.2%*
(34) Implantal (n=74), SSDA-GIS (n=34), 2/500 (0.4%); hydraulic 2 more days of
Eurogest (n=30), Small-Carrior (n=25), prostheses (without hospitalization and
Subrini (n=19); malleable rods: Mentor drainage): 11/50 (22%); medical treatment
Acuform-Coloplast Genesis (n=66), hydraulic prostheses (with Hydraulic prostheses
AMS 600 (n=54), Jonas-Jacobi (n=25), scrotal drainage): 5/89-90 (without drainage):
Vedise (n=14), Dacomed Omniphase (5.6%); [Overall 18/500 observation + needle
(n=14), Dacomed Duraphase (n=6), (3.6%)] aspiration and medical
AMS Spectra (n=1); hydraulic treatment; hydraulic
monocomponent: AMS Hydroflex prostheses (with
(n=10), AMS Dynaflex (n=8); hydraulic drainage): evacuation
multicomponent: Mentor Alpha | (n=38), using the tubing of
AMS 700 CX (n=25), Coloplast Titan the drainage system;
(n=20), Mentor Mark Il (n=17), AMS 700 1 case required
Ultrex (n=14), AMS 700 LGX (n=3), AMS repeated aspirations
Ambicor (n=3)
Garber 2015  Retrospective 600 Coloplast Titan IPP with OTR pump 0.5%* Hospital admission, 0%
et al. (38) intravenous
antibiotics, evacuation
of hematoma,
antibiotic washout
Natali 2008  Retrospective 200 AMS 700 CX (n=62), AMS Ambicor 2.5% - NR
et al. (39) (n=98), AMS 600-650 (n=40)
Sadeghi- 2005  Retrospective 425 Mental Alpha 1, AMS 700 0.7% - NR
Nejad et al.
@37)
Minervini 2005 Retrospective 504  Malleable: Acu-Form Mentor (n=256), 2% Conservative 0%
et al. (40) Small-Carrion (n=77), AMS 600-650 management without
(n=52), Finney (n=4), Jonas (n=4); self- drainage
contained inflatable: AMS Hydroflex
(n=21), AMS Dynaflex (n=8), Flexiflate
(n=1); three-piece inflatable: AMS 700
(n=53), Mentor Alpha 1 (n=28)
Levine 2001  Retrospective 131 Ambicor 2-piece penile prosthesis 0.8% Operative evacuation 0%
et al. (41) (n=131)
Carson 2000 Retrospective 372  AMS 700 CX 1.8% - 0%
etal. (42)
Holloway 1997  Retrospective 145  AMS 700 Ultrex, AMS 700 Ultrex Plus 2.8% None 0%
et al. (35)
Goldstein 1997  Retrospective 434 Mentor Alpha 1 0.2% - NR
et al. (43)
Wilson 1996  Case series 917  AMS 700 Ultrex (n=73), AMS 700 CX Pressure dressing arm: - NR
et al. (44) (abstract) (n=134), Mentor Alpha | (n=710) 4/136 (2.9%); pressure

dressing and closed

drainage arm: 8/225 (3.6%);
pressure dressing, closed
drainage, and partial
inflation of the cylinders
arm: 5/555 (0.9%); [overall:
17/917 (1.8%)]

*, one patient with hematoma had penile prosthesis explanation 2 months post-operatively due to infection developing following repeated scrotal aspiration;
**, this study sought to evaluate delayed formation of post-operative hematomas defined as occurring >5 days post-operatively; the authors did not

investigate the frequency of immediate hematoma formation. NR, not reported.
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surgical management of hematomas is insufficient.

Device malfunction

Post-operative complication from device malfunction
can occur for a variety of reasons. The most common
malfunctions described include leakage (reservoir, tubing,
or cavernosal cylinders themselves), autoinflation of the
prosthesis, and pump malfunction (27). Other less common
device malfunction can include and/or lead to urethral
erosion, reservoir herniation, reservoir erosion into bowel
or bladder, ectopic reservoir location, perforation of the
glans, iliac vein compression, and vascular injury, among
others (17,27,49,50). These mechanical aberrations with
consequences to adjacent anatomy have been the focus of
improvements in the design of implantable penile devices,
and dramatic advances have been observed in the last several
decades. These include the development of kink-resistant
tubing, lock-out valves to prevent autoinflation of the
cylinders, modifications to the size and shape of the reservoir
in three-piece inflatable designs to facilitate placement,
and antibiotic-coated or impregnated devices (46,50,51).
The Boston Scientific AMS Ambicor™ two-piece
prosthesis has been designed to emulate the overall
functionality of a three-piece design but without a fluid
reservoir which may be beneficial in avoiding complications
associated with reservoir placement especially in patients
with challenging pelvic anatomy (52). Table 3 outlines some
more recent studies describing complications related to
device malfunction. The rates of failure-free device survival
reported in contemporary studies will be reviewed.

Identification

Device malfunction can be a frustrating and potentially
devastating complication of penile prosthesis implantation.
Patients may present with a variety of issues depending
on the type and degree of malfunction present. Device
malfunction encompasses complications with prosthesis
tubing, cylinders, reservoir, and pump, including leaks
or autoinflation (51). Patients may present with specific
symptoms pertaining to the specific device malfunction. For
example, a patient with a device leak may notice impairment
in erection due to damage in the reservoir, connection
tubing, or cylinders. Occasionally, autoinflation may occur
through capsular formation around the prosthesis leading
to increased pressure generation exerting external force on
the device. A kink that forms in the tubing, although rare
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today given the focus on design improvements, will lead to
improper inflation of the device. The most common type of
device malfunction is fluid loss (Table 3) (33,43,54,58,61).

Mechanical function of implanted prostheses is expected
to decline over time, with mechanical survival rates
determined by one study to be 97.6%, 93.2%, and 78.2%
at 3, 5, and 10 years, respectively. Specifically, as presented
in the table, among 82 patients with mechanical failure at
82 months of follow-up, cylinder leakage was identified in 57,
reservoir tear in 10, connector tube leakage in 8, and pump
failure in 4 patients. The three remaining patients refused
revision and therefore etiology of mechanical failure was
not elucidated (54). Another study found prosthesis survival
rates of 90.8% (95% CI, 76.2-92.9) at 5 years and 85.0%
(95% CI, 74.5-88.5) at 10 years (33). In a study published
by Carson et al. in 2000, 5-year prosthesis survival rates for
mechanical failure and all causes were, respectively, 86.2%
and 78.5% (42). Wilson et al. reported 10 and 15-year
all cause revision-free device survival specifically in first-time
penile implants of 68.5% and 59.7%, respectively. Revision-
free survival rates relating specifically to device malfunction
were found to be 79.4% and 71.2% at 10 and 15 years,
respectively (56). Improvements in device survival may
reflect advances in prosthesis design over time that will
continue to reduce malfunction in the future.

Management

In cases of device malfunction, the prosthesis must be
properly inspected, and in the majority of cases, replaced
with a new device. Given the challenging and difficult-to-
access location of reservoirs at the time of revision surgery,
there is debate regarding whether some or all components
of the device must be removed and replaced. It is advisable
that, in the case of device malfunction and the need for
revision, complete removal of the affected components be
undertaken. Infection risk in revision surgery is mitigated
through, as discussed previously, meticulous adherence to
antisepsis in addition to perioperative antibiotics, washout
of the operative field with antibiotic solution, avoidance of
skin-to-device contact, and the utilization of an antibiotic-
coated replacement device (63). Revision surgery is plagued
with higher infection rates (10%) than virgin implantation
(0-1%). In the same study, implementation of an antiseptic
washout during revision surgery reduced infection rate
to 2.45% (statistically significant reduction). This was
accomplished by removal of all device components,
including the reservoir (a step that was undertaken in the
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non-washout cohort only if the dissection was facile) (64),
and irrigation with half-strength peroxide, half-strength
povidone solution, 1 g vancomycin, and 120 mg gentamicin
in 500 mL of saline. In addition, solutions containing
such antibiotics as neosporin, nafcillin/gentamicin, or
cephalosporin were utilized (18). Although antibiotic
selection varies widely between surgeons (23), it appears
that removal of all device components with operative field
washout may portend the greatest benefit in preventing
post-operative infection following revision surgery for
device malfunction.

Several steps may be taken intraoperatively to prevent
device malfunction in the immediate and intermediate time
course post-operatively. The prosthesis to be implanted
should be closely inspected and tested before closing the
corporotomy incisions, ensuring functionality and again
after pump placement before final incision closure. Correct
cylinder size and placement should be assured in order
to prevent glans deformities or perforation of corpora,
or subsequent erosion. Urethral catheterization prior to
reservoir placement is a critical step to mitigate the risk
of bladder perforation when the reservoir is placed. Other
post-operative complications that can develop include
glans bowing [also known as supersonic transport (SST)
deformity] or reservoir herniation (51).

Care in placement of the reservoir should be taken
in three-piece devices, especially in patients with prior
prostatic surgery with associated invasion and manipulation
within the space of Retzius. Alternative reservoir placement,
including submuscular location, may be reasonable to
consider in this context (65). Anatomic changes following
robot-assisted laparoscopic prostatectomy (RALP) increase
the risk of ectopic reservoir placement (i.e., intraperitoneal
cavity) predisposing to bowel injury or obstruction, among
other possible consequences (49). Certainly, hematuria,
voiding symptoms, or evidence of bowel dysfunction can be
evidence of intraperitoneal placement and visceral injury—
consideration of ectopic reservoir location should be a
concern (50). Karpman ez 4/. studied alternative reservoir
placement in 2015, in accordance with the production of
a novel reservoir design by AMS, the “Conceal Low Profile
Reservoir.” The authors retrospectively reviewed data
from the PROPPER study with a specific emphasis on
those implanted with AMS 700 concealed (N=632) and
spherical (N=127) prostheses. A total of 177/759 (23.3%)
were placed in a submuscular/intrafascial location with
the others placed retropubically (572/759, 75.4%) or in
another location (10/759, 1.6%). Five patients were found
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to have complications related to the reservoir (7able 3), of
which 2 had submuscular reservoir placement (2/5, 40%).
Patients with herniation of the reservoir experienced “sharp
pain” (6 days post-operatively) and a palpable scrotal mass
(21 days post-operatively), respectively. Thus, depending on
the mechanical aberration present, patient presentations can
be dramatically different in the immediate post-operative
period. It should be noted that Karpman ez a/. were specifically
evaluating complications pertaining to the reservoir in their
study, which was completed with a goal of providing evidence
as to the safety of alternative reservoir placement. The authors
noted an overall complication rate of 3.9% (29 patients with a
recorded 35 complications), 5 of which attributed to problems
with the reservoir (0.7%), and the other patients with unclear
etiologies of complications (65).

Discussion

Although there have been dramatic improvements in
prosthesis design and implantation technique over the
years to decrease complication rates and improve durability
and patient satisfaction, principles in penile prosthesis
implantation remain well-established. In this review, we
have described identification and management principles of
the most common post-operative complications, specifically
infection, hematoma, and device malfunction. Historical
perspective of penile prosthetic implantation surgery is
important along with inclusion of recent modifications
to fully recognize the range of complications that may
occur along with techniques for surgeons to avoid such
issues. Antibiotic coatings and washings, strict adherence
to antisepsis, re-gloving, and ensuring limited traffic in
and out of the operating room may prevent inoculation
of bacteria in the operative field. Meticulous hemostasis
should be achieved as bleeding is common from multiple
sources and the scrotum is a dependent, pliable organ that
will otherwise accommodate a large fluid collection or
hematoma. Intraoperative sizing and testing of devices to
be placed is important to avoid device malfunction (most
commonly due to fluid leak) and ensure proper long-term
function.

Post-operative erosion of prosthesis components is an
uncommon but devastating complication worth noting.
Distal cylinder and scrotal pump erosion is usually related
to infection but isolated erosion has been described in the
literature (66-70). Impending extrusion of the prosthesis
components may be evident with physical examination
and can be confirmed if necessary through magnetic
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resonance imaging (MRI). At times, imaging studies may
be inconclusive and surgical exploration becomes necessary
to confirm the diagnosis and revise the implant (71).
Distal cylindrical erosion through the corpus cavernosum
with extrusion affecting the urethra, glans, or corporeal
shaft can be managed through multiple methods. Options
include reseating the cylinders and using fibrotic tissue to
support the containment of the cylinders (corporoplasty),
utilization of alloplastic materials such as Gortex
polytetrafluoroethylene polypropylene mesh (Marlex)
to create a “windsock” or utilization of prefabricated
autologous fascial grafts (67,72,73). Scrotal pump erosion
in IPPs may initially present as a small pustule that rapidly
progresses over the course of 2 weeks (68). Management
may require complete removal of the entire penile implant
but salvage techniques have been described that focus solely
on revising the pump (70,74). Furlow and Goldwasser
described replacement of eroded pump components
with new sterile pumps positioned in the ipsilateral or
contralateral hemiscrotum with associated salvage success
rates of 67% and 73%, respectively (70). Kohler et al.
replaced eroded inflatable prosthesis components with
an AMS 650 semirigid prosthesis as a temporizing bridge
therapy. This option prevents the fibrosis of the shaft and
allows the scrotum to heal, allowing reimplantation with
inflatable prosthesis to be attempted in the future without
significant fibrotic hindrance (74).

Glans hypermobility may also be associated with the
placement of a penile prosthesis. This is an abnormality
which can result when attachments between the corpora
cavernosa and the glans penis are loose, possibly due to
laxity of the corpora-glans ligament (75,76). The SST
deformity can develop as a post-operative complication,
resulting in an exaggerated angle present between the
glans penis and the penile shaft (75). These two entities
have been previously defined under the umbrella term
“floppy glans syndrome” but differentiated based on
etiology: glans hypermobility being the consequence of
anatomical variation among patients which manifests
following implantation and SST deformity as the result of
utilizing an improperly sized or positioned cylinder leading
to inadequate compression of the vasculature from the
glans (76). Glans hypermobility and the SST deformity
have been reported in variable rates, specifically 5% and
25% of patients undergoing penile prosthesis placement
(36,77). Management of the SST deformity may include
glanulopexy (surgical fixation of the glans), which was
studied in 10 patients in a 2001 study. 90% were satisfied
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with the outcome, having not experienced damage to the
implant nor loss of sensation (78).

Although the majority of studies of penile prosthetic
complications are retrospective, these reveal overall
generally low rates of complications especially with
adherence to standard precautions and protocols.

We have summarized the rates of infection, bleeding/
hematoma formation, and device malfunction in Tables 1-3,
respectively. Rates of infection or reoperation due to
infection ranged between 0.46% and 5.3% (Table 1) (15).
While these rates are relatively low overall, infected devices
must be explanted and revised using salvage techniques (9).
Post-operative hematoma was observed at overall rates
between 0.2% and 3.6% (Table 2) (34,43). While no clear
consensus is provided regarding closed drainage systems, some
have derived benefit from this approach while others cite lack
of evidence and added risk of infection as reasons to avoid
the utlization of a drain unless there is a particular elevated
bleeding risk (34,45,48). The decision to routinely place a
drain in penile prosthesis surgery is thus largely a matter of
surgeon preference and may not be necessary except in cases
of excessive bleeding or patients to be restarting immediate
anticoagulation. Overall rates of device malfunction, with a
wide spectrum of definitions, ranged from 2.5% to 28.8% but
the time of follow-up is of critical importance as it is expected
that all devices may eventually fail. Accordingly, these rates of
device malfunction were derived from studies with follow-up
of 22.2 (mean) and 180 months, respectively (43,56). Device
malfunction appears to be the most common reason for
reoperation over time: in a study by Henry ez 4., 109/167 cases
(65%) of revision surgeries occurred due to device mechanical
failure (Table 3) (36).

Among studies included in this review, limitations arise
from dramatic variation in recorded variables and bias which
may occur depending on the data source. For example, the
New York SPARCS database utilized by Onyeji ez /. did
not record data from patients who had a re-operation or
prosthesis revision in different states; in addition, data from
private surgical centers were not included (10). Varying time
courses, follow-up, operative technique, surgeon experience
and annual case volume, antibiotic choice, patient-specific
variables, prosthetic devices, and variable utilization of
closed drains make it difficult to draw direct comparisons
and conclusions between these studies.

Reflection on the last several decades of penile prosthesis
implantation can provide perspective to assess future
directions. Design modifications over time have improved
the durability and complication rates attributed to infection.
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With additional modifications to facilitate implantation and
reduce infection risk, the penile prosthesis will continue to
evolve with improved reliability and durability. In addition
to continued modifications of penile prostheses to simplify
use for patients, a novel heat-activated prosthesis has been
designed and preliminarily tested by Le et al.; perhaps
additional biomechanical analysis may provide insight into
the technology for future penile implants with decreased
risk of complications (79).

Conclusions

Penile prostheses have revolutionized the treatment
of refractory ED since their initial introduction in the
1960s and 1970s. While improvements in design and
technique have minimized complications, potential post-
operative complications include infection, bleeding/
hematoma formation, and device malfunction. Prompt
identification and management of these post-operative
complications should be conducted. In the future, advances
in penile prosthesis design will likely continue to improve
complication rates and device survival. Future studies
may focus on the application of novel technology with
prospective analysis in larger patient populations and with
longer-term follow-up.
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