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5Erectile Dysfunction, Surgical 
and Regenerative Therapy

Carlo Bettocchi, Fabio Castiglione, 
Omer Onur Cakir, Ugo Falagario, 
and Anna Ricapito

5.1  Erectile Dysfunction: 
Surgical Therapy

5.1.1  Introduction

Erectile dysfunction (ED) is defined as the failure to 
achieve and/or maintain a penile erection that is sat-
isfactory for sexual intercourse [1]. It is postulated 
that more than 40% of men between the ages of 40 
and 80 could suffer from different grades of ED [2]. 
The causes of ED are numerous but only in very 
few cases, ED is truly curable, such as the psycho-
genic one. In most cases, ED is only treatable [2].

Regardless of the cause, chronic ED is charac-
terized by anatomical and functional alterations 
in the erectile cavernous tissue characterized by 
fibrosis [3]. Historically, the concept of penile 
fibrosis has been entirely linked to Peyronie’s 
disease and urethral stricture [4]. On the other 
hand, corpus cavernosum (CC) fibrosis was con-
sidered a rare disorder that was only seen after 
penile fracture or after prolonged erection [5].

However, recently, several studies have dem-
onstrated that CC fibrosis is a common patho-
logical sign underlying most cases of vasculogenic 
and/or neurogenic ED.  The penile erection is 
regulated by a complex mechanism that involves 
the synergy of the nitrergic and adrenergic neuro-
nal system, endothelium, and smooth muscle 
cells of the CC. Pathological disorders affecting 
one or more of these elements could cause CC 
fibrosis [6]. An impaired elasticity of the CC due 
to fibrosis leads to a diminished filling of the 
sinusoids and inadequate compression of the sub-
tunical venules. This lack of compression will 
result in blood leaking out of the CC during an 
erection, which makes the penis incapable to 
become entirely erected.

The ED treatment has been standard for many 
years, and it was characterized by a limited range 
of therapeutic agents. First-level approach con-
sists of lifestyle modification followed by medical 
therapy with phosphodiesterase-5 (PDE5i) inhibi-
tors. For refractory patients, or those with intoler-
able side effects, European guidelines [7] suggest 
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second- and third-level treatments such as vacuum 
devices, self-administered intracavernous injec-
tion of erectogenic substances, intraurethral 
creams, and placement of penile prostheses [8].

5.1.2  History of Penile Prosthesis

The world of penile prosthesis was born more 
than a hundred years ago, and the actual devices 
are the ultimate evolution of the earliest systems. 
The first mechanism similar to a penile prosthesis 
was created in 1930s by Bogoras, who implanted 
rib cartilage into an abdominal tube pedicle graft 
during war [9]. This technique evolved during 
years, but the material was not considered ideal, 
due to its firmness and its high risk of extrusion 
and reabsorption. In 1952, Goodwin implanted 
the first non-autologous device, made of an acrylic 
rob outside the corpora cavernosa, then replaced 
by the first silicone implants by Beheri in 1966, 
who used polyethylene rob into the corpora caver-
nosa [9, 10]. The modern era of penile prosthesis 
started in 1974 at the AUA Meeting, where 
Carrion proposed the silicone gel-filled penile 
implant, inspired by silicone gel-filled breast 
implants, with excellent outcomes: this was the 
ancestor of the actual semi-rigid prosthesis [9]. In 
1970s, Scott, Timm, and Bradley laid the founda-
tions of the first inflatable penile prosthesis, utiliz-
ing a fluid-based system to inflate an expandable 
cylinder in the corpora cavernosa [11]. Many 
adjustments have been made during the last 
40  years, up until the current models, which 
remain recognizable from the original prototype.

5.1.3  Penile Prosthesis Implant

The implantation of a penile prosthesis may be 
considered in patients who are not suitable for 
different pharmacotherapies and do not respond 
to the first and the second line of treatment, that 
are pharmacological therapies [7]. An appropri-
ate patient selection and preoperative counselling 
are required to achieve solid outcomes.

5.1.4  Types of Devices 
and Differences

Penile prosthesis can be divided in two main 
types: non-inflatable or malleable and inflatable 
(Table 5.1).

Non-inflatable or malleable penile prosthesis 
consists of a pair of rods made of spiral wire or 
silicone material, wrapped in fabric, like silicone 
(Fig.  5.1). There have been many features, that 
improved these kinds of devices: articulated seg-
ments, held by a central spring, providing a posi-
tional memory, and allowing the rods to remain 
hidden when not in use; a hydrophilic coating, 
which allows the choice of any antibiotic as a 
device preparation [12]. Malleable devices 
require less manual dexterity by the patient, given 

Table 5.1 Different types of penile prostheses

Semi-rigid 
prostheses Inflatable prostheses

Single-piece Two-piece Three-piece
Boston 
Scientific 
AMS 
Tactra

Boston 
Scientific 
AMS 
Hydroflexa

Boston 
Scientific 
AMS 
Ambicora

Coloplast 
Titan (OTR 
NB, Zero 
Degree)

Coloplast 
Genesis

Surgitek 
Flexi-Flatea

Boston 
Scientific 
AMS 700 
(CX, LGX, 
CXR)

Rigicon 
Rigi10™

Rigicon 
INFLA10®

Zephyr 
ZSI 100

Zephyr ZSI 
475

aNot available

Fig. 5.1 Malleable penile prosthesis
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their malleable nature, they are less prone to mal-
function; they are permanently firm and have 
lower overall satisfaction, also having a higher 
risk of erosion and chronic pain [13].

Inflatable devices consist of a pair of cylinders 
implanted in the corpora cavernosa and con-
nected to a pump: when the pump is squeezed 
and released multiple times, the cylinders are 
filled with normal sterile saline, stimulating the 
corpora blood filing during erection. They can be 
distinguished into one-piece, two-piece, and 
three-piece implants, based on the dimension and 
the site of the reservoir. The single-piece penile 
prosthesis has a small reservoir in the end of each 
cylinder, that allows the transition of a small vol-
ume of fluid into a central core [12]. These pros-
theses have been shown inferior to two- and 
three-piece inflatable prostheses, due to their 
poor mechanical reliability and patients’ satisfac-
tion rates [14].

The two-piece system consists of corporal cyl-
inders and a pump-reservoir. The pump transfers 
fluid from the small reservoir in the proximal 
portion of the cylinders to the inflatable distal 
portion of them, causing an erection. With the 
lack of a distinct reservoir, the two-piece devices 
do not permit complete deflation of the penile 
cylinders. The main indications for the two-piece 
device is represented by patients with little dex-
terity, since its easier mechanism of inflation and 
deflation; prior abdominal or pelvic surgery, due 
to obliteration of the Retzius space; pelvic organ 
transplantation recipients, since the absence of 
the reservoir; female-to-male transgender 
patients, due to absence of the reservoir, although 
its more difficult pump mechanism [12, 15].

The three-piece system (Fig.  5.2), instead, 
consists of corporal cylinders, a scrotal pump, 
and a separate reservoir, placed in abdomen, 
which allows the patient to press the button once, 
then squeezing the cylinders in one single time, 
making the deflation easier. Many improvement 
have been made in many three-piece models: a 
three-layered fabric was introduced, to reduce the 
cylinder aneurism formation and mechanical fail-
ure; an additional coating to the surface of the 
silicone to increase the lubricity of silicone itself; 

a lock-out valve has been incorporated into the 
pump to prevent auto-inflation of the cylinders in 
case of sudden high pressure within the reservoir; 
permanent antibiotic elution device, that is an 
antibiotic formulation impregnated onto the 
external surface of prosthesis; hydrophilic coat-
ing, which reduces bacterial attachments and 
binds strongly the antibiotic with a low rate of 
infection; the momentary-squeeze pump, which 
allows the deflation only pressing once the button 
with a quick squeeze, avoiding the patient to hold 
continuingly the deflation button. The most com-
mon device implanted in penile surgery is the 
three-piece IPP, since its mechanical reliability 
and very high satisfaction rates. This represents 
the best option in case of Peyronie’s disease, 
since its greater rigidity; in patients with severe 
corporal fibrosis, due to the little elasticity of 
 tissues; in case of long narrow penises, because 
of decreased axial support [12, 13, 16, 17].

Fig. 5.2 Three components inflatable penile prosthesis
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5.1.5  Surgical Approach

There are many different techniques of penile 
prosthesis, but the most used approaches are 
mainly three as follows: the infrapubic 
approach, first applied by Scott in 1972, the 
penoscrotal approach, first described by Barry 
and Scott in 1979, and the subcoronal approach, 
popularized by Egidio in 2016 [18].

All the procedures start with accurate disinfec-
tion of the field and bladder drainage inserting a 
16 Fr Foley urethral catheter (Video 5.1). The skin 
incision represents the next step: in the penoscro-
tal approach, after positioning a Scott ring retrac-
tor, a longitudinal skin incision (about 3–4 cm) at 
the penoscrotal junction is made (Video 5.2), 
exposing and then incising the dartos, placing six 
hooks for retraction, until the tunica albuginea 
appears and the dartos is incised; while in the 
infrapubic approach, an infrapubic 2 cm skin inci-
sion is made about 1  cm above the penopubic 
junction; in case of the subcoronal technique, a 
distal sub-coronal “circumcision” incision is 
made 2 cm proximal to the coronal sulcus of the 
glans, then degloving the penis to the level of the 
penoscrotal junction, placing silk sutures on the 
everted dartos (at 3, 6, 9, and 12 o’clock).

Corporotomy may now start: in the penoscro-
tal technique, four absorbable Vicryl 2.0 stay 
sutures are placed in both corpora cavernosa and 
a 2  cm longitudinal tunical incision is made in 
each corpus between the stay sutures (Video 5.3); 
during the infrapubic approach, the Scarpa fascia 
is opened with the guidance of the finger and, 
once isolated, the two corpora cavernosa, the 
bilateral corporotomies (1.5 cm each) are made, 
after positioning, two stay stitches on each cor-
pus, that must be not too large preventing their 
bunching up during the tunica closing; in the sub-
coronal technique stay, sutures are placed proxi-
mal to the penoscrotal junction, taking care that 
the corporotomy will be proximal enough, then a 
corporotomy is made between the stay suture.

Thereafter, dilatators are then used to create 
the intracorporeal space and a Furlow insertion 
tool is used to measure the corpora length to 
choose the cylinder size (Video 5.4). At this 
point, irrigation of the site with rifampicin solu-

tion is demanded to prevent infections and to 
check for any urethral injury. Measurements of 
each corpus are performed both proximal and 
distal, and a rear-tip extender (RTE) is selected, 
according to the difference between the proximal 
and distal measurements.

After cycling and plumping the cylinders with 
saline solution to remove air bubbles and posi-
tioning the chosen RTE on both cylinders, one 
cylinder at time is placed in the corpora caver-
nosa with the guide of the insertion instrument 
laterally in the corpora to avoid urethral injury, 
placing it proximally and then distally. In case of 
subcoronal approach, the proximal end of the 
prosthesis is placed into the corpora, proximal to 
the penoscrotal junction, and then the distal tips 
of the prosthesis are pulled through the remain-
ing corpora to the mid glans. The corporotomy 
closure begins with 2.0 Vycril horizontal sutures.

The next step consists of the pump placement 
(Video 5.5): in the penoscrotal approach, the 
pump space is created in the scrotum between 
both testes with the deflation button anteriorly; 
during the infrapubic approach, the pump is posi-
tioned in a dartos pouch in the scrotum, then 
brought down; in the subcoronal technique, a 
scrotal pouch is created posterior to the testes for 
placement of the pump, then placing the pump 
easily into the scrotum without a nasal speculum.

The reservoir placement is an essential step 
during the penile prosthesis implant (Video 5.6). 
During the penoscrotal approach, the reservoir 
usually is positioned into the Retzius space with 
the index finger as a guidance and, once pierced 
the transversalis fascia, a space near the bladder is 
made. The reservoir space during the subcoronal 
approach is created in the same way. In case of 
previous pelvic surgery, such as radical prostatec-
tomy, the scarring of the prevesical space and 
effective “peritonealization” of the bladder, tradi-
tional three-piece IPP reservoir placement blindly 
into the space of Retzius via the external inguinal 
ring can take to severe complications given the 
close proximity of bowel, bladder, and major vas-
cular structures. The reservoir can so be posi-
tioned ectopically, that is, above the transversalis 
fascia and below the transversus abdominis mus-
cle. Another location of the reservoir is the sub-
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muscular or high submuscular (HSM) position, 
posterior to the rectus muscle but anterior to the 
transversalis fascia which can be achieved through 
a penoscrotal incision via the external inguinal 
ring, eliminating the risk of intraperitoneal place-
ment and associated bowel, bladder, or vascular 
complications. The HSM technique is character-
ized by the so-called five steps: the first one con-
sists of the access to the external inguinal ring 
with the index through the penoscrotal incision 
and the transversalis fascia is earned; then the 2/3 
of the HSM tunnel is created by manual dissec-
tion, while in the next step, the remaining portion 
of the tunnel is obtained with a curved sponge 
stick, lifting the fibres of the rectus muscle from 
the transversalis fascia. At this point, the deflated 
reservoir is delivered into the newly created 
pocket and then filled with 120 cc, to flatten the 
reservoir and ensure the space; so the excess of 
saline is removed and then connected to the other 
components. In case of an infrapubic approach, 
the reservoir is positioned in a paravesical space, 
obtained with a nasal speculum, which passes 
through the external inguinal ring and then across 
the fascia transversalis, after blunting dissecting 
the fat off the pubic rami. In patients with com-
promised pelvis, the speculum is advanced less 
distance into the ring and thrust upward into the 
space anterior to transversalis fascia.

The cylinders, pump, and reservoir are all 
interconnected with kink-resistant tubes, and 
inflation and deflation of the device is done mul-
tiple times for testing the correct functioning and 
positioning (Video 5.7). A closed suction drain is 
placed in the scrotum, in case of the penoscrotal 
approach. The wounds are closed in two layers, 
that is, dartos fascia and the skin in the PS and IF 
approach; in the subcoronal technique, the dartos 
is reapproximated at the level of the glans and the 
sub-coronal skin incision is closed [13, 19–21].

5.1.6  Comparison Between 
the Three Techniques

The three main penile prosthesis implant tech-
niques have all important advantages, but also 
considerable critical issues. The penoscrotal 

approach presents a minimal risk of dorsal nerve 
injury, compared to the infrapubic approach, 
even if this one allows a shorter operative time, 
which leads to a reduced risk of infections. This 
could be explained by the fact that, compared to 
the PS surgery, several steps are omitted in the IP 
approach, such as in the IP technique, the dilata-
tion and measurement of the corpora is performed 
in a single step. The pump placement in the scro-
tum is quite easier in the penoscrotal technique, 
since in the infrapubic procedure, a pouch must 
be created ex novo and great attention is needed 
during the positioning and the orientation of the 
activator of the pump itself: the patient, in fact, 
can find more difficult to manage the pump com-
pared to the penoscrotal system. In particular in 
obese patients, this last technique allows a better 
corporal exposure, in order to obtain a correct 
corporotomy and an appropriate measurement of 
the length of each corpus, allowing a more pre-
cise cylinder choice and positioning, while 
patients with previous abdominal surgical proce-
dures, for whom reservoir placement can be dif-
ficult, may better benefit with the IP approach. As 
previously described, the reservoir placement 
both in the infrapubic and in the subcoronal 
approach is characterized by a direct visualiza-
tion, avoiding pelvic organs and vessels injury, 
compared to the penoscrotal approach, where this 
procedure is completely blind and requires high 
precision and dexterity by the surgeon. The infra-
pubic technique includes a skin incision that 
inevitably creates a less acceptable cosmetic 
result, since the penoscrotal incision remains 
quite hidden on the scrotum. Urethral injury rep-
resents an issue, in particular during the peno-
scrotal technique, during the dissection of the 
corpora cavernosa at the level of the penoscrotal 
junction anteriorly. The penoscrotal approach 
seems to be more indicated in case of corporal 
fibrosis, mainly secondary to prior implant 
removal due to infection, as it allows more 
 complete access to the corpora proximally and 
distally. About subcoronal approach, excellent 
visibility of corpora cavernosa and urethra are 
guaranteed and additional surgical reconstructive 
procedure, such as Peyronie’s disease, can be 
easily performed; however, it requires more oper-
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ative time, compared to the two other techniques, 
and the degloving of the penis may cause senso-
rial alteration or skin loss; it is also limited by the 
number of studies about the surgical approach 
and the follow [13, 18].

5.1.7  Complications

Penile prosthesis implant complications can be 
distinguished into intraoperative and 
postoperative.

5.1.7.1  Intraoperative Complications
About intraoperative complications, we may 
include first a hematoma formation, typically in 
the scrotum, which can be prevented using a 
compressive dressing and placing a drainage; 
floppy glans represents an issue, due to inade-
quate prosthetic cylinder sizing or positioning, 
causing insufficient venous compression between 
Buck’s fascia and the corpora cavernosa; it is 
usually adjusted with the normal healing and so it 
is quite easily resolved. A relevant complication 
is corporal fibrosis, defined as the replacement of 
smooth muscle cells with fibrotic tissue within 
the corporal bodies: it is common in diabetic 
patients and in ones with a history of ischemic 
priapism and usually requires increased effort 
during corporal dilatation, increasing though the 
likelihood of perforation and so requiring high 
levels of accuracy. Corporal crossover may occur 
mostly during corporal dilatation or cylinder 
placement: the contralateral cylinder perforation 
may be caused by the needle used in the ipsilat-
eral cylinder placing; to prevent this, both the 
needles should be placed correctly before placing 
the cylinders and it is safer to start the corpora 
dilatation laterally and gradually. Another issue is 
represented by perforation of the corpora caver-
nosa: proximal perforation of the corpora can be 
detected as a sudden loss of resistance during 
dilatation, and it can be treated by inserting cor-
porotomy sutures, preventing the proximal 
migration of the prosthesis; distal perforation 
represents a more serious issue due to the risk of 

urethral injury and it is safe to interrupt the pro-
cedure. The rate of urethral injury is very low 
(0.1–0.4%) and it may be avoided staying as lat-
eral as possible during the dilatation of the cor-
pora; it should be repaired with a catheter and the 
procedure rescheduled after 6 weeks at least.

Bladder, vascular, and bowel injury are the 
most dangerous events: bladder injury, evident 
because of blood in the catheter, should be pre-
vented by fully emptying the bladder itself before 
reservoir placing; while in case of both vascular 
and bowel damage, the procedure must be 
stopped to consult the specialists (general sur-
geons) [13, 22].

5.1.7.2  Postoperative Complications
Infection represents a serious issue: its rate 
reaches 4% and the most common organism 
involved is Staphylococcus epidermidis, due to 
the contamination of the skin flora during the 
procedure; risk factors are long operative time, 
immunosuppressed or transplanted patients and 
diabetic population. The main tips to prevent 
infections are intraoperatively the genital region 
bathing with an antiseptic soap and the use of a 
chlorhexidine-alcohol skin preparation, while 
perioperatively the administration of intrave-
nous antibiotics (vancomycin) starting an hour 
prior the operation and continuing up to 24 h, 
constant irrigation of the field with antibiotic 
solution and the no-skin touch technique during 
surgery. In case of infection, resistant to antibi-
otic therapy, the removal of the prosthesis must 
be considered. Impending erosion, instead, can 
start from distal lateral corpora, urethra and 
glans and its rate increases in case of intraopera-
tive urethral damage and in patients with spinal 
cord injuries, because of the absolute need of 
the catheter, which can easy the erosion mecha-
nism. Then, glandular ischemia can be consid-
ered a very rare complication, more likely in 
patients with CVD, diabetes, and history of 
smoking; it can lead to penile gangrene and it is 
induced in case of an interruption of the blood 
supply to the glans through the dorsal penile 
arteries [13, 22].
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5.2  Regenerative Therapies 
for Erectile Dysfunction

5.2.1  Introduction

Over the last decades, there has been an increas-
ing interest in the hypothesis of “regenerative” 
cures for ED aimed at decreasing fibrosis of the 
CC and rebuilding their normal biological archi-
tecture. These new regenerative treatments 
include stem cell injections, platelet-rich plasma, 
and low-intensity shock wave therapy (Li-SWT). 
There are numerous data obtained on animal 
models of ED that indicate that these methods 
can result in angiogenesis and reducing fibrosis, 
thus “restoring” dysfunctional CC tissue [23].

To date, there are limited clinical data to sup-
port regenerative therapies as a first-line treat-
ment for ED.  However, evidence is growing 
every year, and these regenerative therapies are 
becoming a realty in the ED treatment clinical 
scenario.

5.2.2  Li-SWT for Erectile 
Dysfunction

In the last 10 years, the use of LI-SWT has been 
increasingly offered as an alternative treatment 
for vasculogenic ED, being the only currently 
approved therapy that might provide a “cure,” 
which is the most wanted result for men affected 
by ED.  LI-SWT has gotten recognition in the 
treatment of ED, based on the assumption that 
LI-SWT application may result in neoangio-
genesis and thus increased blood flow to the 
corpora cavernosa. The usage of LI-SWT was 
for long time against the EAU guidelines; how-
ever, the last 2020 EAU guideline on sexual 
health [7] promoted LI-SWT as treatment for 
ED. EAU Guideline suggested to use LI-SWT 
in patients with mild vasculogenic ED or as an 
alternative first-line therapy in well-informed 
patients who do not wish or are not suitable for 
oral vasoactive therapy or desire a curable 
option. More importantly, a recent study has 

shown that an increased proportion of urologist 
had suggested a wider use of LISWT, and some 
even encouraged its application in neovasculo-
genic ED [7].

5.2.2.1  Mechanism of Action
A shockwave is defined as a high-pressure acous-
tic wave with the capacity to conduct energy and 
spread through a medium [24]. The waveform 
itself is characterized by a high peak pressure 
inducing a focal tissue compression followed by 
extension. This causes tissue injury which is pos-
tulated to induce a wound healing process activa-
tion characterized by neovascularization and 
activation of local stem cells. Another theory is 
the shockwaves can activate the neovasculariza-
tion using a process called “mechanotransduc-
tion” [25], which is defined as a biochemical 
response to mechanical stimuli [26].

Several basic science reports showed LI-SWT 
improved levels of VEGF and endothelial nitric 
oxide synthase (eNOS), and that caveolin-1 and 
ß1-integrin, constitutive proteins of caveolae, 
which are invaginated organelles found in the 
plasma membrane and accountable for cell hom-
ing, are integral for LI-SWT-induced angiogene-
sis [25].

LI-SWT can promote neurogenesis through 
local mechanisms [27]. In a rat model of pelvic 
neurovascular injuries, a recent report proved that 
LI-SWT amended erectile function by penile 
nerve regeneration [28].

In conclusion, the mechanism of action at the 
base of LI-SWT regenerative effects on CC tissue 
is not totally comprehended but likely include 
angiogenesis and neurogenesis. Local activation 
and recruitment of stem cells may also play a 
role. Thus, from a theoretical point of view, 
LI-SWT has the potential to cure ED conversely 
to the other standard treatment.

5.2.2.2  Type of Li-SWT Machine
These waves are generated by machines called 
lithotripters. There are mainly three types of lith-
otripters in common use: electrohydraulic, elec-
tromagnetic, and piezoelectric (Table 5.2).
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Table 5.2 Type of lithotripters

Type of 
lithotripters Mechanism of action
Electrohydraulic Electrohydraulic waves are generated by applying high voltage to electrodes to generate a spark
Electromagnetic Electromagnetic waves are generated by separating a metal membrane away from an 

electromagnetic coil using a high voltage electric pulse. The fast forward movement of the 
membrane produces a planar acoustic pulse, and the shockwave is focused by an acoustic reflector

Piezoelectric This machine uses piezoelectric crystals that enlarge quickly and at the same time, when a 
high-voltage electric pulse is applied to them, generating a pressure wave. These crystals are 
allocated in a spherical way to focus the energy not needing a reflector

Table 5.3 Characteristic of lithotripters available in the market for ED

Machine

PiezoWave 2 
(Richard Wolf 
GmbH, 
Knittlingen, 
Germany)

Renova (Direx 
System GmbH, 
Wiesbaden, 
Germany)

Aries 2 (Dornier 
MedTech GmbH, 
Wessling, Germany)

Duolith SD1 (Storz 
Medical AG, 
Tägerwilen, 
Switzerland)

Omnispec ED 1000 
(Medispec, MD, 
USA)

Type of 
lithotripters

Piezoelectric Electromagnetic Electromagnetic Electromagnetic Electrohydraulic

Focus 
penetration 
depth (mm)

0–80 0–125 0–50 0–40 0–40

Frequency 
(Hz)

1–3 1–8 1–5 1–5 1–8

Maximal 
energy density 
(mJ/mm2)

0.23 1.24 0.31 0.9 1.05

Contemporary lithotripter machines differ from 
each other regarding specific settings, namely 
energy flux density (EFD), penetration depth, and 
frequency (Table 5.3).

Also, each company has its own suggested 
protocol, including number and frequency of ses-
sions and number of shocks per each session. 
Disparities amongst machine protocols or type of 
lithotripters and the lack of head-to-head reports 
make it puzzling to define the advantage of one 
machine and/or protocol over another [29].

5.2.2.3  Efficacy
Numerous single-arm studies have reported 
encouraging effects of LI-SWT on ED patients. 
However, results from randomised prospective 
are contradictory, and many issues wait to be 
solved specifically because of the several types 
of lithotripters used; type of energy or frequency 
parameters and treatment protocols [30]. The 
large part of the studies has reported that 
LI-SWT can significantly increase the IIEF in 
patients with vasculogenic ED [7]. More impor-

tantly, few studies have demonstrated an 
enhancement in penile haemodynamic at penile 
doppler after LI-SWT. Likewise, several reports 
suggest that LI-SWT could improve erectile 
function even in severe ED men who are PDE5Is 
non-responders, thus dropping the urgent need 
for second-line treatments like injection or 
penile implant insertion [31].

On the other hand, high-quality prospective 
randomize trials with long follow-up are needed 
to provide urologists and sexual medicine clini-
cians with more assurance concerning the effi-
cacy of LI-SWT. Further clarity is also needed in 
defining treatment protocols that can result in 
greater clinical benefits [31].

5.3  Platelet-Rich Plasma 
for Erectile Dysfunction

Platelet-rich plasma (PRP) is defined as autolo-
gous blood plasma with supraphysiologic con-
centrations of activated platelets. Its regenerative 
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capacities were first reported in the 1987 within 
the field of reconstructive surgery. In the last four 
decades, PRP has been utilized in a myriad of 
fields such as plastic surgery, cardio surgery, der-
matology, and more recently in andrology [32].

5.3.1  Mechanism of Action

Notwithstanding PRP’s extensive usage, its bio-
logical characteristics and outcomes continue to 
be inadequately comprehended and debateable. 

The preparation of PRP is very simple, and it can 
be done in outpatient setting. Autologous blood is 
drawn and centrifuged to obtain a platelet-rich 
plasma fluid with a concentration reaching up to 
seven times physiological levels (Fig. 5.3) [33]. 
Preclinical results show that PRP can release in 
the system a wide range of growth factors 
(Fig. 5.4) and activated platelets which act syner-
gistically to assist mitogenesis and neoangiogen-
esis, thus reconstructing injured tissues. Other 
constituents inside PRP have also been reported 
to work as a scaffold for healing process [34].

PROCESS OF PRP THERAPY

Platelet rich
plasma

Platelet poor
plasma

Red Blood
cells

BLOOD COLLECTION SEPARATE THE PLATELETS EXTRACT PRP

Fig. 5.3 Process of platelet-rich plasma therapy

COLLAGEN SYNTESIS AND
COLLAGENESY SECRETIONPDGF

TGF-b

VEGEF

EGF

IGF

FGF

PF4

STIMULATE FIBROSIS AND
MYOFIBROBLAST

ANGYOGENESIS

STIMULATE CELL REGENERATION
AND PROLIFERATION

MIGRATION AND PROLIFERATION OF
ENDOTHELIAL CELLS PROGENITORS

RECRUITENT, PROLIFERATION
ABD DIFFERENTIATION OF
ENDOTHELIAL CELLS

ATTRACT  FIBROBLAST

PRP

Platelet poor
plasma

Platelet 
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Red Blood
cells

Fig. 5.4 Overview of PRP content. PRP platelet-rich 
plasma, PDGF platelet-derived growth factor, TGF-b 
transforming growth factor beta, VEGF vascular endothe-

lial growth factor, EGF epidermal growth factor, IGF 
insulin- like growth factor, FGF fibroblast growth factor, 
PF-4 platelet-factor 4, VSM vascular smooth muscle
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5.3.2  Effectiveness

Up to the present time, few basic science studies 
have assessed PRP efficacy in ED animal model. 
Based on their results, PRP was able to (1) 
increase erectile function, (2) boost neural regen-
eration, and (3) decrease expression of pro- 
fibrotic molecules within the corporal cavernosa 
tissue. Nevertheless, these reports are character-
ized by several limitations that can jeopardize 
the value of the results like (1) reduced sample 
sizes, (2) dissimilar methods of PRP extraction, 
and (3) poor regulation of PRP concentrations 
[33–39]. In humans, conversely, PRP proved 
promising results on ED.  In fact, few small 
reports and phase 1–2 trials showed that PRP 
injections significantly improved EF based on 
intracavernosal peak systolic velocity (PSV), 
IIEF-5, and sexual encounter profile scores inde-
pendently of whether PRP was activated by cal-
cium or used in conjunction to another treatment. 
It appears that the concurrent use of PRP could 
prolong Li-ESWT notable improvements for up 
to 6 months [32].

Notwithstanding early excitement for PRP as 
a regenerative cure for ED, the existing data to 
support its value in the ED therapy is deficient. 
Solid records on its safety and efficacy are still 
missing with only two clinical trials completed 
until now. The largest clinical trial assessing the 

efficacy of PRP involved in only 75 men with 
heterogeneous of ED severities [40].

Presently, no randomized controlled blinded 
clinical trials have delivered enough proof to sus-
tain the extensive use of PRP for ED therapy. 
More importantly, approximately half of the clin-
ical reports are abstracts and needed important 
details. Also, protocols required homogeneity; it 
is crucial to offer longer follow-up to allow ben-
eficial outcomes to establish. Furthermore, PRP 
extraction varied noticeably. While, reports 
described a supplement of hyaluronic acids to the 
PRP, one reported on the efficacy of Li-ESWT 
combined with CaCl2-activated PRP [32].

5.4  Stem Cells for Erectile 
Dysfunction

5.4.1  Introduction

In the context of ED, the effects of stem cells 
from a broad range of sources have been 
reported, including adipose-derived stem cells 
(ADSCs), bone marrow stem cells (BMSCs), 
embryonic stem cells (ESCs), endothelial pro-
genitor cells (EPCEPCs), urine-derived stem 
cells (USCs), skeletal muscle-derived stem cells 
(SkMSCs), and stromal vascular fraction (SVF) 
(Table  5.4). In the past decade, several studies 

Table 5.4 Subtypes of stem cells

Type of cells Definition
Totipotent stem cells These stem cells have the capacity to divide and develop into cells from all three 

germ cell layers and into extraembryonic tissues (for example, placenta). The zygote 
is an example of such a cell

Pluripotent stem cells These stem cells have the capacity to divide and develop into cells from all three 
germ cell layers, but not into extraembryonic tissues (for example, placenta). 
Embryonic stem cells are examples of such cells

Multipotent stem cells These stem cells have the capacity to divide and develop into cells from a specific 
tissue or organ. Most adult stem cells are examples of such cells

Mesenchymal stem cells Multipotent stromal cells (MSCs) with the ability to differentiate into several cell 
types within their germ layer: Osteoblasts, chondrocytes, myocytes, and adipocytes

Stromal vascular fraction Stromal vascular fraction (SVF) is a component of the lipoaspirate obtained from 
liposuction of excess adipose tissue, which contains a large population of adipose 
derived stem cells (ADSCs)

Embryonic stem cells Embryonic stem cells (ESCs) are pluripotent and can produce all germinal layers
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have evaluated the effect of stem cell therapy on 
the recovery of erectile function in several ani-
mal models of ageing, diabetes mellitus, and 
cavernous nerve injury [41]. More important 
several phase 1 and phase 2 studies have evalu-
ated the safety and the efficacy of stem cell-
based therapy in man suffering ED [42–47].

5.4.2  Mechanism of Action

The mechanism of action of stem cells in the 
treatment of ED has generated, in the last 
15  years, considerable attention in molecular 
biology, genetics, and bioengineer. Stem cells 
are well known for capacity of self-renewal and 
their potential for differentiation into mature 
cell types or tissue. Depending on their potential 
for differentiation, stem cells are classified as 
totipotent stem cells, pluripotent stem cells, or 
multipotent stem cells. ESCs are an example of 
pluripotent whereas Mesenchymal stem cells 
are multipotent stem cells. MSC can be isolated 
from organs and can differentiate into any cell 
type within their germ tissue. ESCs have two 

main advantages over MSCs and SVF, the first 
of which is their ability to proliferate for longer 
periods of time, and the second is their capacity 
to differentiate into a broader range of cell types 
[3]. However, owing to the ethical conflict that 
surrounds ESCs, their use in research has been 
limited and, as such, MSCs and SVF are a more 
feasible option for research and therapeutic 
applications.

Although the mechanism of action of stem 
cells on ED is not yet very well understood, it is 
one of the most popular targets of both preclini-
cal studies and clinical trials in the current 
decade. Despite their potential for differentia-
tion into mature cell types or tissue, there is 
another capacity of the stem cells that makes 
them  appealing for therapeutic purpose. The lat-
est theory identified stem cells as a sort of drug 
store able to secrete several different molecules 
acting via paracrine way di complex mecha-
nisms including, modulation of the innate and 
adaptive immune system, stimulation of neo-
angiogenesis and neurogenesis, reducing apop-
tosis, fibrosis, and myofibroblast activation [3, 
48] (Fig. 5.5).

REDUCE FIBROSIS
AND COLLAGEN 
ACCUMULATION

NEO ANGIOGENESIS

NEUROGENESIS

REDUCE
APOPTOSIS

IMMUNOMODULATION

BLOCK
MYOFIBROBLAST
ACTIVATION

STEM CELL

Fig. 5.5 Stem cells paracrine effects
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5.4.3  Efficacy

While basic science results for stem cells and 
SVF are encouraging and have generated signifi-
cant findings about the mechanisms of penile tis-
sue regeneration, clinical results are limited and 
not robust. There are quite a few of small trial 
sharing similar protocols and involving few 
patients. Two studies looked at ESC. One involv-
ing seven diabetic patients who had regained 
morning erections and two who achieved erec-
tions hard enough for sexual penetrative inter-
course [47]. The other recruited eight patients 
with organic ED for at least 6 months and those 
with baseline IIEF scores of 21 or higher were 
treated with placental matrix derived stem cells 
injected into the corpora cavernosal [49]. This 
trial showed a significantly improved systolic 
velocity (PSV) at penile Doppler ultrasonogra-
phy [49].

INtra-cavernous STem-cell INjection 
(INSTIN) clinical trial [45] focused on men suf-
fering from post-radical prostatectomy (RP) iat-
rogenic ED.  This was a phase 1 trial that used 
bone marrow-derived stem cells. The authors 
reported no adverse events. At 180  days, they 
reported significant progresses in the sexual sat-
isfaction and erectile function domains of the 
IIEF-15 and EHS.  It should be noted that these 
trials were phase 1, powered only for safety, and 
adverse events were no reported. Notably, the 
group reported a decline in the improved erectile 
function over time, advocating a role for multiple 
SC treatments. Similarly, at 2 years post RP, no 
PSA recurrence was reported. Consequently, this 
trial indicates a relative safety of stem cell treat-
ment in prostate cancer patients.

Two clinical studies published looking at SVF 
[43, 44]. One study investigated SVF treatment 
in 21 men suffering from ED post RP, and another 
trial in 30 patients [43]. No serious adverse events 
were observed. The most common being bruising 
or pain at the site of SVF injection or liposuction 
within the first 48  h. In both studies, IIEF-5 
scores demonstrated an improvement.

Notwithstanding the encouraging outcomes of 
these phase 1–2 trials, it is imperative to acknowl-
edge that these studies include small number of 

patients, are open label, and asses the safety rather 
than the efficacy of stem cells. All together, these 
trials involve around 70 ED patients treated with 
different protocols and type of stem cells. Most 
studies evaluated the safety as the primary end 
point and no trial reported any significant adverse 
event. Consequently, to overcome the substantial 
bias that characterized this research, the next stud-
ies need to be larger, placebo- controlled, double-
blinded, and randomized trials.
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