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Abstract

Background: The aim of this study is to adapt the two most common grading
systems of surgical complications; the Satava system for perioperative complica-
tions, and the modified Clavien grading system for the postoperative complications
on the surgical complications of penile prosthesis surgery.

Methods and Findings: Between Oct 1990 and Dec 2011, 422 patients were
treated with penile prosthesis implantation (PPI). We categorized the procedures as
follows: A: Malleable PPI, B: Inflatable PPI, (B1: for 2 piece inflatable penile prosthe-
sis (IPP), B2: for 3 piece IPP), C: Dual implantation with an artificial urinary sphincter
(AUS), synchronously or metachronously (C1: A+ AUS, C2: B1+ AUS and C3: B2+
AUS). We classified the intraoperative complications according to the Satava system
and the postoperative complications according to the modified Clavien grading
system. The mean age was 58(40-74). The numbers of overall intraoperative and
postoperative complications were 21 and 45, respectively. The distribution of in-
traoperative complications was; 13/21(62%), 6/21(29%) and 2/21(9%) for Grades
1, 2 and 3, respectively. The distribution of postoperative complications were; 0,
5,1, 39,0, 0 and 0 for Grades I, I, llla, llib, IVa, IVb and V, respectively.

Conclusion: Satava grading system works well for classifying intraoperative com-
plications of PPl but the modified Clavien classification cannot afford a reproducible
and even grading system for classifying postoperative complications. A standard
method for classifying postoperative complications of PPl surgery is lacking and
deserves more investigation.

Key Words: Erectile dysfunction, penile prosthesis, surgical complications, surgi-
cal treatment.

Introduction

The treatment for ED offers many options, which requires
a structured strategy that depends on efficacy, safety and
cost-effectivity as well as patient and partner satisfaction [4].

Erectile dysfunction ( ED) is the persistent inability to attain
and maintain a sufficient erection for a satisfactory sexual
performance [1]. ED has long been considered as a quality of
life (Qol) issue rather than a medical condition [2]. Depend-
ing on the cause, ED is classified as organic, psychogenic or
mixed [3]. The development of ED is generally considered to
be multi-factorial with several risk factors such as diabetes
mellitus, cardiovascular disease, smoking, aging, hormonal
disturbances and metabolic syndrome.
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Oral pharmacotherapy and intracavernosal injections are the
first-line treatment recommended by most surgeons, prior to
moving onto prosthesis surgery [5]. Surgical management is
the treatment of choice for patients who fail first-line treat-
ment or for those who want a permanent solution. The re-
sults are generally improving in terms of erection, personal
and partner satisfaction with satisfaction rates up to 70-87
% after appropriate consultations [6]. In spite of the encour-
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aging results, the possibility of severe complications makes
penile prosthesis implantation (PPI) a delicate surgery [7].

The lack of standardization for reporting surgical complica-
tions of PPl is an important issue in the urologic literature.
Objective and reliable outcome data is requested by patients
and payers to assess the quality and cost of health care. To
report the complications of a certain procedure, standard-
ization is necessary to allow comparison between different
centers, within one center over time, and between different
instruments and/or operating techniques for the same proce-
dure. Satava and Clavien grading systems are the two most
commonly used classification systems for reporting intraop-
erative and postoperative complications, respectively [8-14].
In the current study, we briefly went over the mechanisms of
the complications of PPl surgery and ways to manage them.
The aim of this study is to adapt the two most common
grading systems of surgical complications, the Satava and the
modified Clavien grading systems, to the surgical complica-
tions of penile prosthesis surgery.

Methods

Between Oct 1990 and Dec 2011, 422 patients with ED were
treated with PPI. The complications and the other data were
collected from the charts. We classified the postoperative
complications according to the modified Clavien grading
system [10] and the intraoperative complications according
to the Satava system [14]. We defined the intra operative
complications as; corporeal crossover (proximal or distal), cor-
poreal perforation (proximal or distal and with and without
urethral involvement), and bladder perforation. Postoperative
complications were defined as; infection (periprosthetic infec-
tion, wound infection without the involvement of any part of
the prosthesis and systemic infection), erosion, reservoir com-

Table 1. Intraoperative complications.

A (n:233) B1 (n:108)
Corporeal Prox 1 0
crossover (Gr 1)* Distal 6 4
Corporeal Prox 0 0
and urethral
perforation  (Gr Distal
I/ 10n* e 0
Corporeal Prox 2 0
perforation
without urethral
perforation (Gr Distal 3 1
I)*
Bladder perforation (Grll)* 0 0
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plications (herniation over the transversalis fascia, displace-
ment near the iliac vessels or erosion into adjacent viscera),
glandular problems (complaining of the loss of erection of
the glans penis and glandular hypermobility) and mechanical
failure (fluid loss, autoinflation, failure to deflate, aneurismal
dilatation of the cylinders, buckling of the cylinders and pump
problems).

We categorized the procedures as follows: A: Malleable PPI,
B: Inflatable PPI, (B1: for 2 piece inflatable penile prosthesis
(IPP), B2: for 3 piece IPP), C: Dual PPI with an artificial urinary
sphincter (AUS), synchronously or metachronously (C1: A+
AUS, C2: B1+ AUS and C3: B2+ AUS). Type A, B1 and B2
surgeries were performed through an infrapubic, penoscro-
tal, and an infrapubic or penoscrotal incisions, respectively.
Type C1, C2 and C3 surgeries were done using an infrapubic,
penoscrotal, and infrapubic and/or penoscrotal, respectively,
depending on whether the operation was a synchronous im-
plantation or not.

The implants and the dilators were kept in antibiotic solution.
The surgical field, implants and the instruments were washed
with the same solution by an assistant throughout the pro-
cedure. An antibiotic prophylaxis was done and the general
rules for disinfection during prosthetic surgery were obeyed
meticulously [5, 15]. Ice packs were used for 6-8 hours post-
operatively. The urethral catheter was kept in place for one
day and the patients were discharged at the end of the 1st
postoperative day.

Results

The mean age was 58(40-74). The numbers of overall intra-
operative and postoperative complications were 21(5%) and
45(10%), respectively.

B2 (n:24) 1 (n:28) C2 (n:21) (f_%)

0 0

1
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
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The Grades of the Satava Classification System

The distribution of intraoperative complications were;
13/21(62%), 6/21(29%) and 2/21(9%) for Grades 1, 2 and
3, respectively, according to the Satava classification system.
Corporeal crossover (13/21) was the only complication classi-
fied as Gr I. Corporeal perforation without urethral involve-
ment (6/21), urethral perforation which did not necessitate
the abortion of the procedure (0/21) and bladder perforation
(0/21) were classified as Gr Il. Urethral perforation which re-
sulted in termination of the procedure (2/21) was classified
as Gr lll (table 1, graph 1).

The distribution of postoperative complications were; 0, 5, 1,
39, 0, 0 and 0 for Grades |, Il, llla, llib, IVa, IVb and V, respec-
tively, according to the modified Clavien classification system.
The complain of loss glandular erection was classified as Gr
[1(5/45). Wound infection was classified as either Gr Illa(1/45)
or Gr llIb(7/45) according to the intervention necessary to heal
it. The periprosthetic infections, any kind of erosion, reser-
voir complications, glandular hypermobility and mechanical
problems were classified as Gr lllb. Systemic infection was
classified as either Gr IVa, or IVb. 5/45(11%), 1/45(2%) and
39/45(87%) of the postoperative complications were Gr II, Gr
llla and Gr lllb, respectively (table 2, graph 2).

Discussion
PPl is the third-line and definitive therapy for ED in the era

of effective and safe oral medications. The two and three-
piece IPP are the types of prosthesis most commonly used
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Graph 1. The distribution of the intra-
operative complications ac-
cording to the Satava System.
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in market now together with the malleable ones. These de-
vices are subject to continuous development and have gained
better mechanical reliability and safety in the last decades
[7], but device-related complications together with the well
known complications of PPI can still occur [5, 16, 17]. Despite
of numerous articles emphasizing the complications of PP,
standardization of these complications is lacking. Clavien et
al. first published a system in which complications were sys-
tematically graded which is the basis of the Clavien grading
system. In 2004, Dindo et al reevaluated and modified their
own criteria to increase its accuracy and applicability, which
is increasingly becoming more and more popular in urology.
The modified Clavien system focuses mainly on the thera-
peutic consequences of a complication, emphasizing the level
of the intervention required. The system is generally used to
report complications occurring up to 90 days postoperatively,
although it can also be applied for late complications [8, 9.
The Satava classification system deals with intraoperative
complications (Gr I: incidents without consequences, Gr |l:
incidents repaired intraoperatively, Gr lll: incidents requiring
reoperation) [14].

Thorough discussion of the pathogenesis and detailed analy-
sis of all the complications of PPI, or the historical aspects of
the development of prosthetic devices is far beyond the scope
of this article. We will mention briefly about the complica-
tions and the ways to manage them to help categorize each
complication according to the present classification systems.
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Table 2. Postoperative complications.

A (n:233) B1 (n:108) B2 (n:24) C1 (n:28) C2 (n:21) C3 (n:8)
Wound  (Gr
lla / 111b)* 1/3 0/2 0 0/1 0/1 0
Periprosthetic
infection of
the cylinders = g L ¢ ¢ g
(Gr llib)*
Infection Periprosthetic
infection of
other parts (Gr 0 > 1 0 ! 0
[llb)*
Systemic  (Gr
Va.by* 0 0 0 0 0 0
Of the
cylinders (Gr 4 1 0 1 0 0
Erosion lllo)*
Any other part
(Gr Illb)* 0 4 0 0 0 0
Herniation
0 0
Reservoir (Gr Ilib)* 0 0 0 0
complications  Erosion into
viscera(Grlllb)* 0 0 ¢ 0 g g
Glans
hypermobility 3 2 0 0 0 0
(Gr Ilib)*
Glandular Complain
problems of loss of
glandular 2 2 0 1 0 0
erection (Gr
)*
Mechanical problems (Gr Illb)* 1 1 1 0 0 0

Graph 2. The distribution of the postop-
erative complications according 10
to the modified Clavien Classifi-

cation System. 35
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The Grades of the Modified Clavien Classification System
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Intraoperative complications

Corporeal crossover: Corporeal crossover more commonly
occurs during distal dilatation of the cavernosal bodies and
will not cause any ill consequences if proper rerouting and
replacement of the cylinders is done. There is no need to find
the place of the septal perforation and fix it. Some authors
may even be underreporting this event. The best way to avoid
important problems due to a crossover during IPP placement
is to place the Keith needles bilaterally before introducing the
cylinders. The authors classified this occasion as Gr .

Corporeal perforation without urethral involvement: A proxi-
mal corporeal perforation should be suspected when the di-
lators inside the two cavernosa are asymmetric or if there is
a significant difference in their length. A proximal perforation
must be repaired directly or a well-demonstrated method
like the windsock patch repair must be done [18, 19]. Distal
corporeal perforation should also be repaired intraoperatively.
If corporeal perforation is repaired properly intraoperatively,
it will not cause any important consequences. So it can be
categorized as Gr Il.

Corporeal perforation with urethral involvement: Urethral
perforation generally occurs during distal dilatation of the
cavernous bodies especially if there is overt fibrosis. If the de-
fect is large, the reasonable choice is to abort the procedure
according to the authors’ point of view. If the defect is small,
there are different opinions about aborting the procedure. If
one side is successfully dilated and ready for introducing a
single cylinder and a perforation occurs on the contralateral
side, the surgeon may choose to place the cylinder in the
intact side after plugging the tubing of the perforated side
[5] and leave the urethra for spontaneous healing with a foley
catheter for 10 days. Or if the surgeon can repair the small
defect intraoperatively, then again he/she may go on with
the surgery with a foley catheter for an appropriate time
period. But if urethral perforation occurs during the dilatation
of the initial side, then the powerful choice is to abandon the
procedure for spontaneous recovery of the urethra, only that
the surgeon must keep in mind the difficulty he/she must
face on the next operation due to fibrosis [20]. In case of any
kind of urinary involvement, another point of view may be
abandoning the procedure. Diversion techniques like perineal
urethrostomy or suprapubic cystostomy can be used intra-
operatively. The urethral involvement is obviously an event
with consequences. According to the course of the surgery,
it can be classified depending on whether the procedure is
continued or aborted, as Gr Il or Gr Ill, respectively.

Bladder perforation: This is an extremely rare condition with

an empty bladder and must be dealt intraoperatively with
primary closure of the defect and keeping the catheter long
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enough for the healing process. There is no need to abort
the procedure due to a bladder perforation; this complication
can be classified as Gr I.

Postoperative complications

Infection: Infection is one of the most fearsome complica-
tions which can occur within a wide range of time, from a
few weeks to more than a year [21]. Most infections associ-
ated with penile prostheses occur within the first 3 months;
with a typical sign of persistent, unchanging or increasing
pain. With antibiotic prophylaxis, the infection rate is 2-3%
and may further be reduced by using antibioticcimpregnated
or hydrophilic-coated implants [4, 22, 23]. Infection is more
common in patients with spinal cord injuries, diabetes mel-
litus, and history of urinary tract infection or in those having
a secondary revision or a replacement operation. Inadequate
perioperative prophylaxis and lax sterile protocol, prolonged
hospitalization, prolonged operative time, and repeat im-
plantations are some of the important predisposing factors.
Before the operation, it is very important to apply infection
control protocol consisting of antibiotic prophylaxis, intra-
operative shaving, scrubbing of the operation site for10-
minutes with antiseptic solutions prior to painting the skin
with iodophore [5]. In the authors’ practice, a first generation
cephalosporin given 1-2 hours prior to surgery is adequate
as surgical prophylaxis for patients with no previous history
of genitourinary or prosthetic infection. For others, a surgical
prophylaxis with aminoglycoside and vancomycin combina-
tion is recommended [5, 17]. Infections are generally caused
by S. epidermidis and S. aureus, followed by Gram (-) bacteria
and anaerobic organisms. Systemic antibiotic therapy is not
sufficient to treat this complication. Although it is stated in
the literature that either immediate or delayed replacement of
a new device after the removal of all the pieces of the device
is necessary [17, 18], we have the experience of 4 patients
with infection limited with the pump area macroscopically.
We performed salvage surgery to these patients as quickly as
possible. During the salvage surgery, we separated the tunica
albuginea at the point of insertion of the pipes. If there was
any purulent drainage coming out from the cavernosa with
mild massage, the device was completely extruded, and a
new device was introduced after aggressive and thorough de-
bridement and lavage of the area of the infected tissues with
at least 3 kinds of antiseptic solutions; including povidone
iodine and hydrogen peroxide and antibiotics as explained
elsewhere [17]. But if there was no purulent discharge, the
pipes and the pump were washed and rubbed aggressively
with the same solutions and relocated at an uninfected new
pouch. Then, we inserted a 12f. Nelaton catheter with little
holes created alongside with fine scissors in and out through
the scrotal skin to wash and drain the operative field with
the closed system of continuous antibiotic lavage in a sterile

5
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fashion. We sustained the lavage for 3 days. By this method
3 of the 4 patients with infected pumps were salvaged suc-
cessfully. All the treatment options for infected prosthesis
necessitate postoperative surgical intervention with general
anesthesia which means that it should be classified as Grade
lllb complication according to the modified Clavien Grading
System [9].

Erosion: Being mostly in combination with device infection,
erosion due to any part of the device necessitates surgical
repair. Semirigid prosthesis are more prone to cause erosion
into the urethra especially on paraplegic or quadriplegic pa-
tients with an indwelling catheter or doing clean intermit-
tent catheterization (CIC). The problem is more common in
diabetics or patients having a redo implant procedure due to
different reasons. Erosion is present as a late complication in
up to 80% of patients with an indwelling catheter or doing
CIC [5]. Using inflatable devices and constructing a perineal
or suprapubic cystostomy helps resolve the problem [24]. In
case of a lateral extrusion of the cylinder, distal corporoplasty
has better results than windsock reinforcement [25-28]. All
the treatment options for erosion necessitate surgical correc-
tion with general anesthesia which means that it should be
classified as Grade llib [9].

Reservoir complications: These are infrequent complications
of three piece IPP, including herniation over the fascia with
scrotal migration with the incidence of 0.7% [5] or even more
rarely erosion into adjacent viscera or displacement laterally
near the iliofemoral vessels, causing deep vein thrombosis.
Reservoir herniation necessitates surgical intervention under
general anesthesia and should be classified as Grade Illb [9].

Mechanical complications: The most common complications
are fluid loss, cylinder rupture, autoinflation and mechanical
breakage. As the penile prosthesis become highly developed
and technically advanced, the mechanical survival of a three
piece IPP is found to be 81.3% at 10 years [29]. When there
is a mechanical problem, it needs a surgical correction under
general anesthesia which makes it a Grade lllb complication
[9].

Glans problems: Glandular problems are generally of two
types; lack of glandular tumescence or coolness and glans
hypermobility (SST deformity). The complain of the loss of
glandular tumescence can be overcome with PDE-5 inhibi-
tors or intraurethral pharmacological treatment. So it can be
classified as Grade Il [9]. Glans hypermobility is the drooping
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of the glans downwards and can be corrected by replacing
the cylinders with longer ones. Or if the problem is due to
an anatomic variation in the relationship between the tips
of the corporeal bodies and the glans penis, this may be
corrected by glanulopexy first described by Ball et al. [30,
31]. This complication necessitates surgical correction under
general anesthesia and should be classified as Grade Illb [9].

There are some potential limitations of our study; being ret-
rospective is one of them. Secondly, malleable prostheses are
the most common devices encountered in the study, which
are not the first choice implants used in market today. The
complications and the salvage procedures are well-known in
the literature; to discuss them thoroughly is far beyond the
scope of this article.

Among the intraoperative complications; corporeal crossover
will cause no important consequences, and may have been
underreported. If corporeal crossover is neglected as an intra-
operative complication, the Satava system is a valid tool for
grading intraoperative complications (graph 1).

The modified Clavien grading system offers the same grade
(Illb) for 87% (39/45) of all of the postoperative complica-
tions (graph 2). Periprosthetic and some of the wound infec-
tions, erosion of any part of the device, glans hypermobility
and all the mechanical problems fall into the category of lllb
complications. The distribution of numbers of patients within
individual grades of complications is far beyond giving the
idea that there is an evenly distribution. The authors believe
that the modified Clavien system is not the ideal tool for clas-
sifying postoperative complications of PPI. A more detailed,
reproducible and evenly distributable system is necessary for
classifying the postoperative complications of PPI.

The categorization (A, B1, B2, C1, C2, C3) of the operations
demonstrated in our series is useful for standardizing the type
of the operation and the nature of the implant used.

Penile prosthetic surgery has important complications. Satava
grading system works well for reporting the intraoperative
complications, but the modified Clavien grading system can-
not afford a reproducible and even grading system for clas-
sifying postoperative complications. A standard, unique and
broadly acceptable classification system for monitoring and
reporting the outcomes of PPl is lacking and deserves more
investigation.

© Copyright iMedPub
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