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Abstract

Obijective: To investigate the therapeutic effect of implanting a three-piece inflatable penile
prosthesis (IPP) combined with the phosphodiesterase-5 inhibitor sildenafil in severe erectile
dysfunction (ED) patients.

Methods: This randomized controlled study included 123 ED patients. Sixty-two patients
received the IPP implantation and 61 patients received the IPP implantation and the
phosphodiesterase-5 inhibitor sildenafil. Erectile function and sexual life quality were evaluated
using the five-item International Index of Erectile Function (IIEF) and modified Sexual Life Quality
Questionnaire—Quality of Life domain (mSLQQ-Qol), respectively. Serum interleukin (IL)-6, IL-8,
tumor necrosis factor (TNF)-o, vascular cell adhesion molecule (VCAM)-1, and intercellular
adhesion molecule (ICAM)-I levels were assessed. Kaplan—Meier curves were used to assess
the overall IPP survival.

Results: Implantation of the three-piece IPP with sildenafil improved erectile function and sexual
life quality, alleviated the inflammatory response, reduced the complication rate, and improved
overall IPP survival.

Conclusion: Implantation of the three-piece IPP combined with a phosphodiesterase-5 inhibitor
significantly improved clinical outcomes and the prognosis in ED patients.
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Introduction

Erectile dysfunction (ED) is defined as a
persistent inability to obtain or maintain
an erection for satisfying sexual inter-
course.! Worldwide, up to 50% of men
aged 40 to 70 years have ED.? An increas-
ing amount of evidence shows that ED is
caused by the interaction of multiple phys-
iologic systems, such as endocrine, neural,
and vascular systems.® Although ED is con-
sidered to be an age-related disease, it might
have begun to occur in adolescence, espe-
cially for those who have risk factors,
including cardiovascular diseases, metabol-
ic syndrome, or diabetes.*

Currently, various methods are used to
treat ED including seeking assistance from
a mental health professional, lifestyle mod-
ifications, oral phosphodiesterase type 5
inhibitor (PDESI), testosterone therapy,
intracavernosal  injection therapy, a
vacuum erection device, and penile prosthe-
sis implantation.” PDES5Is including avana-
fil, lodenafil, mirodenafil, and sildenafil
have been used clinically as first-line phar-
maceuticals to treat ED.® As previously
reported, PDESIs have a therapeutic effect
on ED in patients with spinal cord trauma.’
Additionally, PDESI administration was
shown to be well-tolerated for ED in dia-
betic men, and it also showed excellent
effectiveness.®  The  anti-inflammatory
effect of PDESI was also reported in several
studies. Kosutova et al.” revealed that sil-
denafil  treatment  suppressed  pro-
inflammatory  mediator release and

attenuated oxidative damage in acute lung
injury. Therefore, we hypothesized that
PDESI might play an anti-inflammatory
role in patients with ED.

Implantation of an inflatable penile pros-
thesis (IPP) is an effective and safe treatment
option for men who do not respond to con-
ventional medical therapy.'® Although IPP
implantation was reported to result in
better sexual function, and the patients had
better feeling as well as higher satisfaction
than with other treatment options, it also
might result in mechanical failure that
requires prosthesis repair, explant, or
replacement.!" Moreover, infections com-
monly result from bacterial implantation
on the surface of the device during IPP
implantation.'> The three-piece IPP was
reported to be a safe and effective approach
that has a high satisfaction rate, and its min-
imally invasive approach could decrease
common postoperative complications."?
Therefore, more attention needs to be paid
to decreasing the complication rate and alle-
viating inflammation.

In this study, we performed a random-
ized controlled trial to investigate the effect
implanting a three-piece IPP combined with
an PDESI in patients with severe ED.

Materials and methods

Patients

The present randomized controlled study
enrolled 123 patients with severe ED who
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were admitted to our hospital from March
2011 to February 2015. All of the patients
underwent implantation of a three-piece
IPP for the first time. A diagnosis of ED
was made on the basis of the patient’s med-
ical history and physical examination and
laboratory test results, including the free
testosterone and lipid profile. Penile
duplex sonography and neurologic exami-
nation were used to detect the causes of
ED. The diagnostic criteria details were as
follows: 1) over 50% failure on sexual inter-
course (minimum of four attempts); and 2)
a score of less than 11 for the five-item of
International Index of Erectile Function
(IIEF-5) for more than 6 months."
Inclusion criteria were as follows: 1) ED
patients with no response to conventional
oral pharmacotherapy or intracavernosal
injection; 2) ED patients with severe penile
curvature, shortening, and impaired penile
rigidity; and 3) patients with no intention of
maintaining nonsurgical options to treat
ED. Patients with a penile curvature greater
than 90° were excluded.'® The present study
was approved by the cthics committee at
the Second People’s Hospital of Nantong
City, and written informed consent was
obtained from all of the parents who par-
ticipated in the study.

Treatments and implantation procedure

All ED patients were randomly divided into
the following two groups using a SPSS soft-
ware (v.18.0, SPSS Inc., Chicago, IL,
USA)-generated number list: 1) Control
group: IPP  implantation; or  2)
Observation group: IPP implantation com-
bined with the PDESI sildenafil at a dose of
50 mg/day for 1 month.

A minimally invasive technique was per-
formed for the implant. First, the patients’
inguinal and penile areas were shaved, and
prophylactic antibiotics (1 g vancomycin
and 160,000 U gentamicin via intravenous
injection) were then administered under

general or spinal anesthesia. The three-
piece IPP was also immersed in an antibiot-
ic solution (400 mg vancomycin, 800,000 U
gentamicin, and 1000 mL 0.9% NaCl). The
implantation procedure was conducted
under antibiotic cover through a transverse
penoscrotal incision. An artificial erection
was induced to identify the dorsal nerve
and any pathology that required correction,
and stay sutures were placed using a lateral
placement. After the skin and bilateral cor-
porotomy incisions, the proximal and distal
corpora cavernosa were evaluated and
dilated. To avoid pump damage from exces-
sive backpressure, the three-piece penile
prosthesis was inflated to the maximum dis-
tension. The wound was protected by a
silver sulphadiazine-impregnated wound
dressing (Urgotul-SSD, Urgo Medical,
Dijon, France), covered with sterile gauze,
and treated with proper pressure. The
drainage tube was removed 24 hours after
surgery, and the catheter was removed 5 to
7 days later. Additionally, more attention
should be paid to preventing urethral
injury. Patients with obvious pain were
treated with opioid-based analgesia. The
prosthesis was activated 8 to 10 days after
surgery and patients started using the pros-
thesis for sexual intercourse 6 weeks later.

Measurement of serum factors

Serum interleukin (IL)-6, IL-8, tumor
necrosis factor (TNF)-a, vascular cell adhe-
sion molecule (VCAM)-1, and intercellular
adhesion molecule (ICAM)-1 levels were
detected using an enzyme-linked immuno-
sorbent assay (ELISA) at baseline and 5
days after the surgery. Briefly, peripheral
venous blood samples were collected from
all the ED patients and evaluated using
commercial ELISA kits (all purchased
from Abcam, Cambridge, MA, USA):
human IL-6 ELISA kit (ab46027); human
IL-8 ELISA kit (ab214030); human TNF
alpha ELISA kit (ab100654); human
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VCAMI ELISA kit (ab223591); and human
ICAMI1 ELISA kit (CD54) (ab174445).

Data collection

Demographic information from all ED
patients was recorded, including age, body
mass index (BMI), ED cause, ED duration,
and intraoperative complications. The
ITEF-5 and the modified Sexual Life
Quality Questionnaire—Quality of Life
domain (mSLQQ-QoL) were used to evalu-
ate erectile function and sexual life quality
in patients before treatment and at 2, 3, 6,
and 12 months after the surgery.
Postoperative complications within 2
weeks were recorded. Follow-up lasted for
5 years from admission to the last follow-up
or IPP failure (mechanical or non-
mechanical).

Statistical analysis

Continuous data are presented as the
mean =+ standard deviation (SD).
Comparisons among three or more groups
were performed using a one-way analysis of
variance (ANOVA) followed by Tukey’s
post hoc test, while comparisons between
two groups were made using the Student’s
t-test. The chi-square test was used to com-
pare counting materials and rates.
Mechanical survival rates of the IPP were
assessed using a Kaplan—Meier analysis.
P less than 0.05 was considered to be sig-
nificant. All calculations were performed
using SPSS v.18.0 (SPSS Inc.).

Results

Basic characteristics of all erectile
dysfunction patients

One hundred twenty-three patients with
severe ED were included in the present ran-
domized controlled study. Patients in both
groups received a penile prosthesis implant

using the same type of three-piece IPP, but
the observation group also received silden-
afil at a dose of 50 mg/day for 1 month.
There were 62 patients in the IPP group
and 61 patients in the IPP and sildenafil
group, and their average age was 55.02 £
7.64 years and 57.74 +8.29 years, respec-
tively. During the study period, no patient
withdrew or was lost to follow-up. The
basic characteristics of all the included
patients are shown in Table 1. Patients
with IPP implantation and sildenafil had a
shorter hospital stay (P<0.001) and
decreased swelling and shorter pain dura-
tion (P =0.036) compared with the control
group. No significant difference was found
for the other characteristics between the
two groups.

Three-piece inflatable penile prosthesis
combined with a phosphodiesterase-5
inhibitor improved erectile function and
sexual life quality

To investigate the effect of the different
therapies on the two study groups, the erec-
tile function and sexual life quality were
evaluated using the ITEF-5 scale and the
mSLQQ-QOL, respectively. As shown in
Figure 1a-b, there was no significant differ-
ence in the erectile function score and
sexual life quality between the two groups
at admission, but the IPP implant combined
with a PDESI significantly increased the
IIEF-5 and mSLQQ-QOL scores compared
with the IPP implant-only control group
(P<0.001). Moreover, erectile function
and sexual life quality scores increased
gradually over time at 2 months and 3
months and significant differences were
found at these time points (P < 0.001). No
difference was found at 6 months and 12
months after the implantation. These find-
ings suggest that the IPP combined with a
PDESI improved erectile function and
sexual life quality compared with IPP alone.
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Table |. Baseline characteristics of the ED patients.

IPP implantation

IPP implantation
combined with a
phosphodiesterase-5

Variables (n=62) inhibitor (n=61) P
Age (years) 55.02£7.64 57.74+£8.29 0.061
BMI (kg/m?) 28.87 £5.74 30.48 +6.34 0.144
Cause of ED, n (%)
Vascular insufficiency 12 (19.35) 13 (21.31) 0.787
Diabetes mellitus 13 (20.97) 11 (18.03) 0.681
Peyronie disease 5 (8.06) 6 (9.84) 0.731
Neurogenic cause 8 (12.90) 7 (11.48) 0.809
Trauma-related 5 (8.06) 9 (14.75) 0.243
Others 19 (30.65) 15 (24.59) 0.453
Duration of ED (months) 61.66 +41.97 54.67 +43.21 0.365
Intraoperative complications 0 (0) 0 (0) -
Hospital stay (days) 893 £25I 7.57 £1.55 <0.001"
Swelling/ pain (days) 10.76 +3.50 9.52+2091 0.036

IPP, inflatable penile prosthesis; BMI, body mass index; ED, erectile dysfunction.
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Figure |. A three-piece inflatable penile prosthesis combined with a phosphodiesterase-5 inhibitor
improved erectile function and sexual life quality. (a) The IIEF-5 scale was used to evaluate the erectile
function at 0, 2, 3, 6, and 12 months in the two study groups. The difference was significant between at
months 2 and 3. (b) The mSLQQ-QOL was used to measure the sexual life quality. P <0.001

IIEF, International Index of Erectile Function; mSLQQ-QOL, modified Sexual Life Quality Questionnaire—

Quality of Life domain.

Three-piece inflatable penile prosthesis
combined with a phosphodiesterase-5
inhibitor alleviated inflammation

We then determined the serum inflammato-
ry factor levels at admission and 7 days

after the treatment. As shown in Table 2,
the inflammatory factor levels were
increased after surgery in both groups, but
there was no difference at admission. IL-6,
TNF-0, VCAM-1, and ICAM-1 levels at 5
day were significantly lower in patients with
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Table 2. Serum level of pro-inflammatory markers/mediators before and 5 days after treatment.

IPP implantation (n=62)

IPP implantation combined with
phosphodiesterase-5 inhibitor (n=61)

Before After Before After
IL-6 (pg/mL) 103.47 +3.60 110.37 £3.31* 102.98 +-3.90 105.38 + 2.97+*
IL-8 (pg/mL) 186.08 +8.80 211.93 £ 11.48* 185.16 +8.58 193.93 + 8.89+"
TNF-o (ng/mL) 0.66 =0.04 0.90 4- 0.06* 0.65+0.35 0.72 + 0.05**
VCAM-1 (ng/mL) 35.67 +-3.06 5485+ 3.33* 34.57 +3.41 45.49 +3.29%"
ICAM-1 (ng/mL) 1.90 +0.06 222 +0.12* 1.90 +0.06 2.04 4+ 0.09+"

P < 0.05, comparison of the level of pro-inflammatory markers/mediators at admission and 5 days after the treatment.
# P < 0.05, comparison of the level of pro-inflammatory markers/mediators between the IPP implantation group and IPP
implantation combined with phosphodiesterase-5 inhibitor group.

IPP, inflatable penile prosthesis; IL, interleukin; TNF-o, tumor necrosis factor; VCAM-1, vascular cell adhesion molecule;

ICAM-1, intercellular adhesion molecule.

Table 3. The incidence of complications after surgery in the two groups after a 5-year follow-up.

IPP implantation

IPP implantation
combined with
phosphodiesterase-5

(n=62) inhibitor (n=61) P
Infections, n (%) 4 (6.45) 0 (0) 0.044
Urethral erosion, n (%) 2 (3.23) 0 (0) 0.157
Prosthesis extrusion, n (%) 1 (1.61) I (1.64) 0311
Mechanical failure, n (%) 5 (8.06) 4 (6.56) 0.784
Scrotal hematoma, n (%) 1 (1.61) 0 (0) 0319
Overall complication rate, n (%) 13 (20.97) 5 (8.20) 0.045

IPP, inflatable penile prosthesis.

IPP implantation and a PDESI compared
with the IPP implantation group
(P <0.05). These findings suggest that IPP
implantation combined with a PDESI
might decrease inflammatory factor levels
compared with IPP alone.

Three-piece inflatable penile prosthesis
combined with a phosphodiesterase-5
inhibitor decreased complications and
increased the overall prosthesis
survival rate

We finally analyzed the postoperative com-
plications rate and overall IPP survival rate

(mechanical survival and non-mechanical
survival) over a 5-year follow-up. As
shown in Table 3, the rates of infection
and total complications in patients with
IPP implantation were significantly higher
than those in patients with IPP implanta-
tion who were treated with sildenafil
(P<0.044 and P<0.045, respectively).
There were no differences in the other com-
plications. Moreover, the Kaplan—Meier
curve suggested that overall IPP survival
was notably lower than the IPP combined
with a PDESI (P =0.023; Figure 2). All the
above results revealed that the three-piece
IPP combined with a PDESI decreased
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Figure 2. The Kaplan—Meier method was used to
estimate the overall survival rate of the three-piece
inflatable penile prosthesis over a 5-year follow-up
in two groups.

complications and increased the overall IPP
survival rate compared with IPP alone.

Discussion

A variety of treatments have been success-
fully used to treat patients with ED, such as
vacuum devices, intracavernosal injections,
PDES5Is, and penile prosthesis implanta-
tion.'® Although PDESI use is considered
to be a first-line therapy, IPP implantation
has gradually become a popular treatment
because of its low complication rate and
high satisfaction rate.'’

The three-piece IPP is composed of cor-
poral cylinders, a flow regulator or pump,
and a reservoir.'® The three-piece IPP has
been the most frequently used type of penile
prosthesis, accounting for over 75% of the
currently placed IPPs because of its rigidity,
girth expansion, and optimum flaccidity."”
As reported, the IPP implantation signifi-
cantly improved the quality of life in ED
patients.”® Another previous study also
demonstrated that the three-piece IPP
could be safely implanted in ED patients
with various urinary diversions, and it had
satisfactory outcomes with no increase in

tion in bronchial asthma in rats. In
addition, as stated in a study of severe
acute pancreatitis using a rat model, silden-
afil administration decreased the level of
inflammatory factors (IL-15, IL-6, and
TNF-oc).25 We also, for the first time,
observed that a three-piece IPP combined
with sildenafil remarkably downregulated
IL-6, TNF-o, VCAM-1, and ICAM-I
levels, which means that sildenafil adminis-
tration might alleviate the inflammatory
response in ED. Because IPP implantation
is an invasive treatment for ED patients, it
might be associated with various complica-
tions, such as urinary retention, mechanical
failure, and infection.?® In this study, we
also investigated the clinical outcome after
implantation. The results showed that IPP
implantation combined with sildenafil
could increase the overall IPP survival rate
and reduce the complication rate, swelling,
and pain duration.

The present study also has some limita-
tions. First, the number of ED patients
included in this study was limited. Second,
we did not enroll a healthy group as a con-
trol. Therefore, further study is required.

Conclusion

We conducted a randomized controlled
study to investigate the effect of three-
piece IPP implantation combined with a
PDESI on erectile function and sexual life
quality, inflammation, and the complica-
tion rate in severe ED  patients.
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We showed, for the first time, that implant-
ing a three-piece IPP combined with PDESI
administration might significantly improve
the clinical outcomes and patient prognosis.
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