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4.1 Introduction

Medical treatment for erectile dysfunction (ED)
has dramatically evolved in the last decades.
However, to set realistic expectations with the
patient, a correct counselling is fundamental.
Every kind of medical treatment must be dis-
cussed with the patient regarding risk factors,
prognostic factors, treatment alternatives, correct
drug use, and adverse reactions [1].

The advent of oral phosphodiesterase 5 inhibi-
tors (PDE-5Is) has been a revolutionary change
in the management of ED, since those drugs have
high efficacy, ease of use, good tolerability, and
low to moderate adverse reactions. Oral PDE-5Is
were considered a first-line treatment choices,
whereas at the present time, other medical and
physical therapies may be used in the first
instance for selected patients. Those include vac-
uum devices, intraurethral agents, intracaverno-
sal injection therapy, extracorporeal shock wave
therapy, and hormonal treatment.
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4.1.1 Oral Pharmacotherapy:

PDE-5Is

Phosphodiesterase 5 inhibitor (PDE-51) drugs are
the most common drugs for the management of
erectile dysfunction.

The four molecules synthesized and approved
by the European Medicines Agency (EMA) are
as follows:

e Sildenafil citrate, the first drug approved for
the management of erectile dysfunction in
1998 by the FDA

e Vardenafil approved in 2003

e Tadalafil also approved by the FDA in 2003

e Avanafil approved in 2012

However, they are not initiators of erection and
an adequate sexual stimulation is required [2].

PDES5-Is are actually effective in about 65% of
patients; the effectiveness of this type of drug is
defined as the patient’s ability to undertake suffi-
cient sexual intercourse [3].

The choice of the molecule must be personal-
ized; adequate counselling is essential in order to
investigate patients’ comorbidities, the frequency
of intercourses, and expectations [4].
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4.1.1.1 Pharmacokinetic

and Pharmacodynamic

Features
The endothelial cells of the corpora cavernosa
release nitric oxide (NO), which activates gua-
nylate cyclase, further enhancing the synthesis of
cyclic guanosine monophosphate (cGMP).

c¢GMP is an intracellular second messenger

molecule that causes relaxation and vasodilatory
effect in smooth muscle cells. It is degraded and
inactivated by the enzyme phosphodiesterases.
At least 11 different subtypes are currently
known.

In the human corpus cavernosum, there are a
greater percentage of PDE-2, PDE-3, PDE-4, and
PDE-5. The latter phosphodiesterase is the most
widely expressed form within the corpus caver-
nosum. The drugs used for erectile dysfunction
are competitive inhibitors of PDE-5; therefore,
they enhance the releasing effect of nitric oxide.
Inhibiting the activity of the enzyme responsible
for the degradation of GMPc, they allow an accu-
mulation of the cyclic nucleotide in response to
nitrergic stimulation. The end result is calcium
sequestration from the cytoplasm to the endo-
plasmic reticulum with arteriolar and trabecular
smooth muscle relaxation and venous vasocon-
striction [5].

Sildenafil

Sildenafil was the first erectile dysfunction drug
that hits the world market in 1998 [6]. His discov-
ery was accidental; in fact, originally, the drug
was to be used for the treatment of hypertension
and angina pectoris. The drug did not prove
effective for this purpose, but patients reported
unexpected penile erections [7].

Sildenafil takes effect 30-60 min after its
administration with a half-life of 4-8 h [8]. Its
action can last up to 12 h after the drug intake. Its
effectiveness is reduced after a large meal or with
the ingestion of fatty foods [9].

The dosages available on the market are
25 mg, 50 mg, 75 mg, and 100 mg.

A placebo-controlled study evaluated the
improvement of erection in 465 patients using

different dosages of sildenafil. After 24 weeks of
treatment in the dose-response study, improved
erections are reported in 56%, 77%, and 84% of
the men taking 25, 50, and 100 mg of sildenafil,
respectively [10].

The most common side effects are headache
(16%), flushing (10%), and dyspepsia (7%).
Other side effects include nasal congestion, diar-
rhoea, and changes in vision [7].

Vardenafil

Vardenafil was introduced in 2003. It is effective
30 min after the intake. Most patients report sat-
isfactory erections within 15 min [11].

It is available in the market in doses of 5 mg,
10 mg, and 20 mg. The starting dose is 10 mg,
and it can be modified according to the patient’s
response [12]. A 10 mg orodispersible dose was
also recently introduced to the market.

The absorption of vardenafil is reduced after a
fatty meal [9].

The most frequent side effects include facial
flushing and nasal congestion (9—11%) [13].

After 12 weeks of treatment with vardenafil, a
placebo control study showed a statistically sig-
nificant improvement in erections in 66%, 76%,
and 80% of patients taking 5 mg, 10 mg, and
20 mg formulation, respectively [14].

Tadalafil

Tadalafil was approved in the United States in
November 2003 [15]. It has particular pharmaco-
kinetic properties. Absorption does not appear to
be influenced by the intake of fatty meals or alco-
hol [16]. The peak of the serum concentration is
reached about 2 h after the ingestion differently
from sildenafil, vardenafil, and avanafil that
require 1 h. In addition, the half-life of the mole-
cule (t%2) is around 17.5 h [17, 18]. Therefore, a
chronic administration of tadalafil enhances erec-
tile function up to 36 h and may restore a more
physiological sexual intercourse [19, 20].
However, tadalafil’s prolonged half-life has higher
risk of long-lasting adverse effects than other
PDES-Is. Indeed up to 30% of men taking tadalafil
report side effects lasting longer than 1-2 h [21].
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Avanafil

Avanafil is the latest d approved. It was launched
on the market in 2013 [22]. The available formu-
lations are 50 mg, 100 mg, and 200 mg, and the
recommended starting dose is 100 mg [17].

Avanafil is rapidly absorbed and quickly elim-
inated after an oral administration.

Avanafil has the highest selectivity for phos-
phodiesterase 5 among PDES-Is, thus side effects
are minimized. Adverse effects are generally
consistent with the known pharmacology of
PDES-Is, and the most commonly reported
adverse events are headaches, flushing, backpain,
nausea, muscle cramps, and fatigue. Besides
most of this events are mild and self-resolving
[18].

The active ingredient is effective 15 min after
the intake. The absorption of avanafil is reduced
from fatty meals, and its duration is approxi-
mately 6 h [23].

Hellstrom et al. showed successful attempts
within 15 min in 64%, 67%, and 71% after ava-
nafil dosages of 50 mg, 100 mg, and 200 mg,
respectively [23].

Patients suffering from chronic renal failure or
hepatic insufficiency do not require a dosage
modification [24].

4.1.1.2 The Right Molecule

for the Right Patient
The choice of the best PDE-5Is is not supported
by any double or triple blind study that compares
the effectiveness of the different drugs.

This choice depends on the patient’s charac-
teristics such as frequency of intercourse (occa-
sional or regular use with 3 weekly or more
intercourse), treatment expectations tolerability,
and side effects.

In a recent meta-analysis, Chen et al demon-
strated that patients affected by ED seeking for
an immediate efficacy should start with Sildenafil
50 mg while the others could benefit of Tadalafil
10 mg that has higher tolerability [25].

4.1.1.3 Pharmacological Interactions

The association of NO-donor drugs and PDE-5Is
can lead to a cGMP accumulation. Such condi-
tion can result in hypotension and cardiogenic

shock. Therefore, the intake of nitrates is an
absolute contraindication for PDE-5I administra-
tion [26].

Considering the pharmacokinetic characteris-
tic, patients treated with PDES-Is experiencing
chest pain must delay any nitro-glycerine intake
up to 12, 24, and 48 h for avanafil, sildenafil/var-
denafil, and tadalafil, respectively [21].

4.1.1.4 Cardiovascular Safety
The use of PDE-5I has not shown negative side
effects on the cardiovascular system; in fact,
there is no increase in the rate of myocardial
infarction in patients assuming those drugs.
Chronic or on-demand use is well tolerated
with a similar safety profile for the various mol-
ecules [27, 28].
All molecules that inhibit phosphodiesterase 5
are contraindicated in the following situations:

* Patients with resting hypotension (blood pres-
sure <90/50 mmHg)

e Patients who have suffered a myocardial
infarction, stroke, or life-threatening arrhyth-
mias over the past 6 months

e Patients with hypertension (blood pressure
>170/100 mmHg)

e Patients with angina during sexual intercourse

e Patients with unstable angina

e Patients with congestive heart failure

4.1.1.5 Non-responders
Some patients do not respond adequately to oral
PDE-5Is; this mainly happens for two reasons:

1. Incorrect use of the drug
2. Lack of actual efficacy of the prescribed
molecule

Regarding the incorrect use, patients must be
informed about the correct intake procedure.

McCullough suggests carrying out the PDE-
51Is treatment for at least 6/8 weeks before estab-
lishing its ineffectiveness [29]. The most frequent
causes of incorrect use are as follows:

1. Failure to use an adequate dosage.
2. Lack of or inadequate sexual stimulation.
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3. Search for intercourse ignoring the right tim-
ing of the drug. In fact, there is a period of
time between the intake and the pharmaco-
logical action in which the drug will be inef-
fective. Moreover, some patients require a
longer time for the drug to start acting [30,
31].

Furthermore, the absorption of the drug can be
delayed by the intake of fatty foods or a large
meal.

The clinician is always required to verify that
the patient has taken an official drug.
Unfortunately, a black market has increased over
the last decades; thus, the efficacy and safety of
unauthorized and uncontrolled tablets cannot be
guaranteed.

In addition to that, Marchal Escalona et al.
recently reported that a polyformism of the
PDESA gene encoding the PDE-5 enzyme may
affect the efficacy of the drugs. Thus, there may
be variability in the clinical response of the clini-
cal response in subjects using PDES5i [32].

4.1.1.6 On-Demand Vs Daily Treatment

Recently, there has been a great interest in daily
PDESI administration as a new and innovative
approach to manage erectile dysfunction. The
advantage of daily intake for the management of
erectile dysfunction is the complete separation of
drug use from sexual activity, eliminating the
unpleasant effect indicated by patients as “I feel
drugs control my sex life” or “I wish they would.
my erections came more spontaneously” [33].
The main goal of ED therapy is to achieve an
improvement in erectile function; however, this
improvement is not the only factor for sexual sat-
isfaction. In fact, self-confidence and spontaneity
of erection may play an important role in increas-
ing the general satisfaction of patients [34]. In
this regard, a study observed that patients who
started ED treatment with tadalafil once a day
(OaD) reported greater improvement in self-
esteem and sexual spontaneity than patients who
started treatment with sildenafil on-demand. On
the other hand, there were no significant differ-
ences between the two regarding the improve-
ment of IIEF-EF, of orgasmic function, of the

domains of general satisfaction, and of the EDITS
score [35].

Regarding tolerability, it is important to
emphasize that chronic administration of tadalafil
does not appear to result in up-regulation of
PDES in human penile tissue, an effect which has
been observed in rat penile tissue continuously
exposed to high doses of sildenafil [36, 37]. This
means that the phenomenon of tachyphylaxis
occurs against sildenafil and over time, the drug
loses its effectiveness since more PDES enzymes
are produced and the concentration of the drug is
no longer sufficient to ensure its inhibition. On
the other hand, tadalafil does not seem to show a
loss of its efficacy over time due to tachyphy-
laxis. An additional benefit of tadalafil OaD is
that overall drug exposure can be reduced in men
who engage sexual intercourse more than twice a
week, and side effects can be minimized in men
who have difficulty tolerating higher doses of
PDESI [33, 38].

The SURE multicenter study was one of the
first trials to investigate the usefulness of chronic
tadalafil dosing: 4262 men with ED were treated
with 20 mg of tadalafil three times per week or
20 mg on-demand in a 12-day cross-over project
[39]. The results of this study showed that over
60% of men in both arms of the study reported
normalization of erectile function. Over 70% of
men in both groups reported being able to suc-
cessfully penetrate and complete intercourse.
There were no differences in the success rate
between routine and on-demand dosing for any
efficacy parameter. There was a substantial dif-
ference in the timing of intercourse between the
treatment arms: within 4 h of taking the drug,
53% of the on-demand arm attempted intercourse
while only 29% of the OaD arm attempted inter-
course within this time limit. This suggests a
greater flexibility in the OaD group. Although
efficacy data showed no differences, the three
times weekly dosing regimen for tadalafil was
preferred by only 43% of enrolled patients; there-
fore, on-demand therapy was preferred by most
men. Anyway, in the SURE study, it is evident
that routine dosing may be a good option too.

The impact of daily tadalafil dosage on female
partner satisfaction with sexual activity has also
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been a topic of recent interest and research. A
partner preference study on sildenafil on-demand
versus tadalafil OaD indicated that 79% of female
partners preferred tadalafil OaD, citing a more
relaxed approach to sexual intimacy and greater
flexibility with respect to the timing of inter-
course. Based on this, it can be inferred that such
flexibility would be attractive to many patients’
partners [40].

Howeyver, it has to be stated that in some stud-
ies, side effects were more common at higher
doses of tadalafil, but this dose-response relation-
ship was not confirmed in all studies. In general,
the incidence of these side effects decreases over
time with chronic therapy [38].

4.1.1.7 PDES5-I in Penile Rehabilitation
The advent of PDE-5I drugs has also introduced
an innovation in the treatment of ED following
radical prostatectomy (RP) and other major pel-
vic surgeries. It should be emphasized that ED is
poorly responsive to PDESIs in patients who
underwent radical prostatectomy. However, these
drugs are considered first-line therapy in patients
who have undergone nerve sparing (NS) surgery
regardless of the surgical technique used [41, 42];
their effectiveness has been demonstrated, and
they have therefore entered the therapeutic proto-
cols according to the European Association of
Urology guidelines [43].

The use of sildenafil is controversial:
although several studies have proven the effi-
cacy of both high-dose on-demand and OaD
administration, a 2016 randomized study denies
any benefit of sildenafil OaD in restoring ED
post-RP [44].

Vardenafil 10 mg and tadalafil 20 mg on-
demand are both effective on improving the erec-
tile function of patients who underwent NS
prostatectomy [42—45]. Tadalafil 5 mg OaD
showed the same effectiveness. In addition, if
introduced as a therapy immediately after sur-
gery, it helps the recovery of post-operative erec-
tile function and the maintaining of penile length.
In contrast, tadalafil on-demand has not showed
these features [46]. However, the therapeutic
effects are lost once the drug is discontinued,
even after 9 months of treatment [47].

4.1.2 Vacuum Erection Devices

Vacuum device is a manual or electric pump
used to obtain mechanical erection in a vacuum
chamber. The dispositive consists in a plastic
tube where the penis is allocated. When the
patient starts the device, the chamber reaches
vacuum and the penis is engorged with venous
blood. A constriction ring can be placed at the
base of the penis in order to keep the erection
during a sexual intercourse. Differently from a
physiological or pharmacologically induced
erection, the portion of the penis next to the
ring is not rigid. It may lead to a penile bend
effect, moreover the penis skin can result cold
and dusky. The ejaculation can be difficult due
to the uncomfortable and painful ring position-
ing. As described by Montague et al., an
extreme negative pressure can lead to penile
injury. Thus patients with bleeding disorders or
on anticoagulant therapy should avoid vacuum
therapy [48].

In the literature, minor complications such as
inability to ejaculate, bruising, petechiae, numb-
ness, and pain are described. Skin necrosis as a
major complication can usually be avoided by
removing the ring within 30 min [49].

Vacuum device therapy has a satisfaction
rates range between 27% and 94% despite the
cause of ED [49, 50]. However, a percentage
from 50% to 64% patients stop the treatment
after 2 years [51].

Patients with infrequent sexual intercourse
and comorbidities may benefit from the treatment
described below, as it is drug-free and non-
invasive [49, 50, 52].

4.1.3 Alprostadil

Prostaglandine E-1 and its synthetic formulation
known as alprostadil is the only intracavernous
and transurethral therapy, approved by FDA, to
treat ED. The drug is absorbed by the urethra to
the corpus spongiosum and then to the corpus
cavernosum.

Alprostadil operates stimulating adenyl
cyclase. The latter increases the cAMP level and
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decreases the intracellular calcium involving the
subsequent relaxation of arterial and trabecular
smooth muscle [53].

4.1.3.1 Topical Route

The topical route (200 and 300 pg VITAROS) is
less invasive than the other formulations. It is a
cream with a permeation enhancer that facilitates
the urethral absorption. Patients suffering from
mild-to-severe erectile dysfunction can benefit
from this treatment. Although the literature is not
rich in data, significant improvement in IEF-
Erectile Function domain score are reported vs
placebo [54]. Systemic side effects are infrequent
while local effects such as penile erythema,
penile burning, and pain are usually self-limiting
within 2 h [55, 56].

4.1.3.2 Intraurethral Route

The intraurethral route (125-1000 pg MUSE,
medicated urethral system for erection) consists
of small semisolid pellets managed into the distal
urethra using an adequate device.

If penile rigidity is not reached, a ring at the
root of the penis can be useful to keep erection
enhancing the veno-occlusive mechanism.

Patients reported a successful rate about 50%
[57]. One-third of patients reported penile and/or
scrotal pain or discomfort. About 10% of patient’s
partners using intraurethral alprostadil reported
vaginal discomfort after ejaculation. Hypotension
and syncope have also been described in 1-5.8%.
Local pain is the most common side effect
reported (29-41%), while hypotension occurs in
about 1.9% and 14% of cases. Urethral bleeding
and urinary tract infection (UTI) are reported in
5% and 0.2% of cases respectively and are strictly
related to the mode of administration. Priapism is
extremely rare, reported in less than 1% of cases
[58-60].

4.1.3.3 Intracavernous Injection
Intracavernous injection (ICI) allows the chemi-
cal erection of the corpora cavernosa.

It is considered the most effective non-surgical
treatment for PDES-I non-responders (approxi-
mately 25% of patients [61]) or those that cannot
tolerate side effects of oral agents [62, 63].

ICI treatment does not present systemic side
effects (since no change in peripheral blood ves-
sels are observed) or drug interactions. The onset
is rapid and independent from sexual stimula-
tions [61].

Alprostadil is the only drug approved by FDA
for intracavernous injections with a success rate
of 70-75% with a median dose of 12—15 mg [53].
Once injected in the corpora cavernosa the drug
allows relaxation of smooth muscle fibres and the
consequential vasodilatation that lead to the erec-
tile mechanism. Alprostadil is metabolized within
60 min by the 15-hydroxy dehydrogenase, which
is very active in human corpora cavernosa [53].

The most common side effects reported are
pain or burning sensation usually at the injection
site or during the erection (11-15%). Fibrosis
and small hematomas are reported too. Priapism
is considered the most severe side effect, but it is
reported in only 1-3% of patients [64].

Fibrosis (1-3%) can lead to nodule, diffuse
scarring, plaque, or curvature. A 5 min compres-
sion above the injection site could prevent scar
tissue formation [65].

4.1.4 Extracorporeal Shockwave
Therapy

4.1.4.1 Introduction

The shockwaves (SW) are acoustic waves that
deliver energy when focused on an anatomical
target. The focused SW simulate a microtrauma
in the tissues that eventually stimulate the release
of endothelial nitric oxide synthase (eNOS), vas-
cular endothelial growth factor (VEGF) and pro-
liferating nuclear cell antigen (PCNA) [66]. Thus
neo-angiogenesis and subsequent improvement
of bloodstream are facilitated [67, 68].

4.1.4.2 ESWT and Vascularization

The effect of SW has been under investigation
for a long time. Both in vitro and in vivo studies
are present in the literature investigating whether
the shockwaves improve the vascularization.
The cavitation and shear-stress are the main
physical mechanisms involved. The cavitation is
provoked by the compression of the positive



4 Erectile Dysfunction: Medical Therapy and Rehabilitation 41

phase of the SW, followed by the rapid expan-
sion of the tissue. As the cavitation is highly
focused, the SW stress the cellular wall of the
endotheliocytes [69, 70].

Several studies demonstrated the biochemical
effects of the SW, such as the hyperpolarization
of the cellular membrane and the activation of
RAS and eNOS [71-73].

The rationale of applying the SW to treat the
ED comes from several studies on animals: the
hypothesis is to improve the endothelial function
and angiogenesis in the corpora cavernosa.

4.1.4.3 ESWT and Stem Cells

The SW stimulate the recruitment of the circulat-
ing epithelial progenitor cells (EPC) through the
expression of chemotactic factors (SDF-1,
VEGF) [74]. Evidence suggests the role of the
SW in the differentiation of mesenchymal stem
cell in bone-forming cell in the bone tissue. This
process might be mediated by TGF-beta and
VEGF-A [75].

Nurzynska et al. [76] observed that SW pro-
mote the proliferation and differentiation of car-
diomyocytes,  smooth-muscle  cells, and
endotheliocytes.

4.1.4.4 ESWT and Erectile Dysfunction
Some studies on animal models of ED dysfunc-
tion induced by diabetes demonstrated that SW
induce regeneration of nerves, endothelium, and
smooth muscle [67, 77].

A recent metanalysis of seven randomized
controlled trials on 602 men showed a significant
improvement of the IIEF-Erectile Function
domain score after SW therapy. The mean
improvement of the score was 4.17. This improve-
ment was clinically significant [78].

However, the patient must be selected to max-
imize the effect of SW: age, comorbidities, long-
time ED, low IIEF-EF domain score, and poor
response to PDES-i might negatively affect the
outcome of SW therapy [79, 80].

In 2015, an analysis of eight studies by
Feldman et al. [81] on 604 patients showed that
SW are safe and effective in both responders and
non-responders to PDE-5I.

4.1.4.5 ESWT Protocol

For the treatment of ED, the delivery of 14,400
shockwaves in 4 weeks is suggested. In each ses-
sion, 3600 hits are delivered with an energy flux
density of 0.09 mJ/mm, 1800 are delivered on the
shaft (900 for each corpus cavernosum), and
1800 are delivered to the perineum (900 for each
crus penis). Each session lasts about 20 min and
is performed in office without anaesthesia [79].

4.1.4.6 ESWT Adverse Effects
The shockwaves therapy has virtually no adverse
effects. On animal models of cardiac ischemia,
no adverse effects were observed [82].

In a recent metanalysis, Feldman et al. [81]
involving 604 patient only observed mild adverse
effects, self-limiting, and self-resolving.
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