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Neurogenic erectile dysfunction (NED) can
be defined as the inability to achieve or
maintain an erection due to central or peripheral neurologic
disease. Neurologic diseases can also affect the physical ability
and psychological status of the patient. All these factors may
lead to a primary or secondary NED. Medication history plays
an important role since there are many drugs commonly used
in neurologic patients that can lead to ED. The assessment of
NED in these patients is generally evolving with the applica-
tion of evoked potentials technology in the test of somatic and
autonomic nerves, and functional magnetic resonance imaging.
With the electrophysiological examinations, neurogenic causes
can be determined. These tools allow to categorize neurologic
lesion and assess the patient prognosis. The first-line treat-
ment for NED is phosphodiesterase inhibitors. Second-line
treatments include intracavernous and intraurethral vasoac-
tive injections. Third-line treatments are penile prostheses.
The efficacy and safety of each treatment modality depend on
the specific neurologic condition. This review discusses the
physiology, pathophysiology, diagnosis, and treatment of ED in
multiple peripheral and central neurologic conditions, as well
as for future research.
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INTRODUCTION

Erectile dysfunction (ED) is common (affecting 10-20 mil-
lion men in the USA) and multifactorial disease due to
organic and/or psychological factors that strongly impair
the quality of life in man. During the past decade, many
advances in the understanding of the pathophysiology of
ED have been made and new therapeutic strategies have
become available (1). ED is the inability to achieve or
maintain an erection that is sufficient for satisfactory sex-
ual performance and affects a considerable proportion of
men at least occasionally. The severity of ED is often
described as mild, moderate or severe according to the
five-item International Index of Erectile Function (ITEF-5)
questionnaire, with a score of 1-7 indicating severe ED,
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8-11 moderate ED, 12-16 mild-moderate ED, 17-21
mild ED and 22-25 no ED (2). Risk factors for ED are
numerous, with patients over 40 years old demonstrating
a significant association between ED and cardiovascular
risk factors including hypertension, dyslipidemia, dia-
betes mellitus (DM), coronary artery disease, and the
metabolic syndrome (3). Organic causes are responsible
for about 60% to 90% of all causes of ED. Most frequent
pathologies involved are vasculogenic. The most com-
mon etiologies are due to low blood inflow (large vessel
atherosclerosis), DM, endocrinologic disorders, neuro-
genic, trauma, penile disease, iatrogenic, and drugs. It
was estimated that 10-19% of the organic ED are neuro-
genic. The main causes are intracerebral (Parkinson's dis-
ease, cerebrovascular disease, stroke, encephalitis, or
temporal lobe epilepsy) or spinal cord etiologies (trauma,
multiple sclerosis, myelodysplasia). Peripheral nerves are
also affected in alcoholic neuropathy, diabetic neuropa-
thy, after surgery (radical pelvic surgery), and trauma (4).
The first distinction of ED that should be established is
psychogenic from organic.

Clues to suggest a psychogenic etiology include sudden
onset, good quality spontaneous or self-stimulated erec-
tions, major life events, or previous psychological prob-
lems. Conversely, gradual onset, lack of tumescence, and
normal libido are more suggestive of an organic etiology
(5). Identification of ED can be made through question-
naires or a complete medical and sexual history.
Anamnesis and laboratory tests are sufficient in most
cases to identify ED and to manage the treatment.
Supplementary tests are used in special cases or where
confirmation of an etiological diagnosis is required (6).
The current standard of care for ED consists of lifestyle
changes such as management of diet, diabetes, hyper-
tension, and weight loss, along with pharmacotherapies.
The current gold standard treatment is the use of phos-
phodiesterase 5 inhibitors (PDE5i) (7). PDE5i are the most
effective oral drugs for the treatment of ED, including
ED associated with DM, spinal cord injury, and antide-
pressants. Intraurethral and intracavernosal injections
(ICD), vacuum pump devices, and surgically implanted
penile prostheses are alternative therapeutic options
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when PDE5i fail. Testosterone supplementation in men
with hypogonadism improves ED and libido (8).

More invasive options exist for patients who do not
respond to PDE-5 i therapy or in whom it is contraindi-
cated. Alprostadil (prostaglandin E1) causes smooth-
muscle relaxation and subsequent vasodilation by acting
on adenylate cyclase to increase the intracellular cyclic
adenosine monophosphate (cAMP) concentration.
Prostaglandin E1 may be administered intraurethrally,
where it is absorbed and transported throughout the
erectile bodies. Vasoactive drugs may also be injected
intracavernosally. Such therapy represents an important
second-line therapy for ED. It is the most effective phar-
macologic treatment but has a high dropout rate because
of the associated pain (9). Penile prostheses are the only
surgical therapy option maintaining its significance as a
cure for ED. There are convincing long-term results with
a high degree of patient and partner satisfaction, high
patient acceptance, and good functional durability of the
mostly three-piece inflatable devices (10).

In patients where pharmacological therapy is unhelpful
or contraindicated, another option is the surgical
approach. Penile vascular surgery is suitable only for
healthy men with acquired ED due to isolated stenosis of
extra-penile arteries without any kind of generalized vas-
cular disease. Penile prosthesis implant is recognized, at
present, as the most effective option to obtain an artifi-
cial erection satisfactory for sexual intercourse in those
patients in which the pharmacological approach is con-
traindicated or ineffective (11). We performed a narra-
tive review to discuss the physiology, pathophysiology,
diagnosis, and treatment of ED in multiple peripheral
and central neurologic conditions. We also presented the
novel therapies for ED in some neurologic diseases.

MATERIALS AND METHODS

We searched electronic databases including PubMed, the
Scopus database for published studies that analyzed the
role of the following Medical Subject Headings terms:
Erectile dysfunction (OR) ‘sexual dysfunction’ (OR)
‘Erection” (OR) ‘Neural control’ (AND) ‘Erection’ (OR)
‘Electrodiagnostic test’ (AND) ‘Erectile Dysfunction’
(OR) ‘Spinal cord injury’, ‘Cerebrovascular accident’,
‘Parkinson’s disease’, ‘Multiple sclerosis’, ‘Epilepsy’,
‘Herniated disc’, ‘Multiple system atrophy’, ‘Peripheral
neuropathy’ (AND) ‘Erectile Dysfunction’ (OR)
‘Neurogenic Erectile dysfunction’(AND) ‘Management’.
This was done in order to ensure the comprehensive
inclusion of articles related to neurogenic erectile dysfunc-
tion. The initial search resulted in 230 articles. After
review, we initially excluded papers that were not relevant
(85). At completion of review, articles were selected based
on their clinical relevance related to the aim. Data extrac-
tion was performed by three authors (AP, MM, MA).

Neurogenic erectile dysfunction overview
Neural control of erection

Erectile function requires the participation of autonomic
and somatic nerves (sacral parasympathetic [pelvic], tho-
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racolumbar sympathetic [hypogastric and lumbar chain],
and somatic [pudendal] nerves), with the hypothalamic
and limbic pathways playing significant roles.
Neurologic diseases can also challenge the physical abil-
ity of the individual to embrace, stimulate, engage in
intercourse, and maintain urinary and bowel continence
during sexual activity. All these factors may lead to a pri-
mary or secondary neurogenic ED (12).

From the neurons in the spinal cord and peripheral gan-
glia, the sympathetic and parasympathetic nerves merge to
form the cavernous nerve. The somatic nerves are prima-
rily responsible for sensation and the contraction of the
bulbocavernosus and ischiocavernosus muscles. The sym-
pathetic pathway originates from the 11™" thoracic to the
27 Jumbar spinal segments and passes through the white
rami to the sympathetic chain ganglia. The parasympa-
thetic pathway arises from neurons in the intermediolater-
al cell columns of the second, third, and fourth sacral
spinal cord segments. The preganglionic fibers pass in the
pelvic nerves to the pelvic plexus. The cavernous nerves
are branches of the pelvic plexus that innervate the penis.
No psychogenic erection occurs in patients with lesions
above T9; the efferent sympathetic outflow is thus sug-
gested to be at the levels T11 and T12 (13).

Sensory information from the genitals is a potent activa-
tor of pro-erectile spinal neurons and elicits reflexive
erections. Some pre-motor neurons of the medulla, pons
and diencephalon project directly onto spinal sympa-
thetic, parasympathetic, and pudendal motoneurons.
They receive in turn sensory information from the geni-
tals (14). The somatic sensory and motor innervation of
the male genitalia is carried via branches of the pudendal
nerve. The pudendal nerve arises from sacral spinal seg-
ments 2-4 (S,-S 4). There are three branches of the
pudendal nerve (dorsal nerve of the penis, perineal and
inferior rectal), each carrying sensory input to the S,-S,
spinal levels from the genital structures, which is relayed
through the central nervous system via ascending spinal
tracts. The skeletal pelvic floor muscles receive somatic
innervation mainly from the motor branches of the
pudendal nerve (15).

Penile erection can be elicited by various stimuli integrat-
ed into the spinal cord and/or higher central nervous
structures. The medial preoptic area (MPOA) of the hypo-
thalamus is known to play a key role in the regulation of
male sexual behavior (16). Spinal erectile centers may be
activated by genital afferents or by descending commands
from higher central sites. An important inhibitory path-
way from the nucleus paragigantocellularis has been
demonstrated. The MPOA has been demonstrated to be
crucially involved in sexual behavior. It is likely that it
participates in the integration of hormonal and sensory
cues necessary for sexual behavior. The medial amygdala
and paraventricular nucleus of the hypothalamus have
also been shown to play key roles (17).

Centrally as well as peripherally, many transmitters and
transmitter systems are involved. Dopamine, nitric
oxide, oxytocin, and ACTH/alpha-MSH, seem to have a
facilitatory role, whereas serotonin may be either facilita-
tory or inhibitory, and enkephalins are inhibitory.
Peripherally, the balance between contractant (noradren-
aline, endothelins, angiotensins) and relaxant (NO, VIP,
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and related peptides, prostanoids) factors controls the
degree of contraction of the smooth muscle of the cor-
pora cavernosa and determines the functional state of the
penis (18).

Psychogenic erection is a result of audiovisual stimuli or
fantasy. Impulses from the brain modulate the spinal
erection centers (T,,-L, and S,-S,) to activate the erectile
process. Reflexogenic erection is produced by tactile
stimuli to the genital organs. The impulses reach the
spinal erection centers; some then follow the ascending
tract, resulting in sensory perception, while others acti-
vate the autonomic nuclei to send messages via the cav-
ernous nerves to the penis to induce erection. This type
of erection is preserved in patients with upper spinal
cord injury. Nocturnal erection occurs mostly during
rapid-eye-movement (REM) sleep (13).

Electrodiagnostic test of genital nerves

The sympathetic skin response (SSR) tests have been
applied to evaluate the autonomic innervation of the
genital skin. SSR are helpful in the evaluation of sexual
impotence and of disorders affecting the pelvic floor as
well as of well-known neuropathies (19). The SSR was
useful as an indicator of the effect on efferent C fibers.
Despite SSR being a polysynaptic potential of long laten-
cy and regulated by the cerebral cortex, the present
results show that it is advisable to record the latencies of
SSR in the penis, where it seems to be more useful as a
marker of lumbosacral and/or pudendal alterations (20).
Corpus cavernosum electromyography (CCE) has been
widely done to evaluate autonomic dysfunction in
patients with ED. Due to false-negative results on CCE
and penile SSR testing evoked cavernous activity (ECA)
seems more reliable for determining autonomic involve-
ment in the pathophysiology of ED (21). ECA can be
recorded following a brief, startling stimulus. The nox-
ious stimulus results in a generalized, sympathetic nerv-
ous system discharge that manifests throughout the body,
including the corpus cavernosum. When the discharge is
carried through the cavernous nerves, it can be recorded
in the corpora cavernosa. If the sympathetic innervation
to the corpus cavernosum is disrupted, then ECA will not
be present following the startling stimulus (22).

In the last decade, several investigators have tried to
develop corpus cavernosum electromyography (CC-EMG)
as a direct clinical method to evaluate the state of the
penile autonomic innervation and the cavernous smooth
muscle. Both basic and clinical studies have shown
promising results. However, its application as a diagnos-
tic tool with clinical relevance was hindered by insuffi-
cient knowledge of cavernous smooth muscle electro-
physiology, lack of standardization, technical and practi-
cal difficulties (23).

Erectile dysfunction (ED) in patients

with spinal cord injury

Spinal cord injury (SCI) is not as common as many other
injuries, yet its physical and psychosocial consequences
are devastating. Very few people experience complete
neurologic recovery after SCI. The most common etiolo-
gies of SCI were automobile crashes (31.5%) and falls
(25.3%), followed by gunshot wounds (10.4%), motor-

cycle crashes (6.8%), diving incidents (4.7%), and med-
ical/surgical complications (4.3%) (24).

SCI causes organic changes in men leading to ED,
impaired ejaculation, and changes in genital orgasmic
perception. A vast majority of men with both complete
and incomplete SCI will require treatment for ED (25).
The effect of SCI on the sexual response depends on the
level and severity of the injury, as well as personal attrib-
utes. The level and completeness of SCI are major deter-
minants of sexual functioning. In the immediate post-
injury period, both men and women lose the ability to
have reflexive sexual responses. Once reflexes return,
reflexive arousal in men can be achieved with genital stim-
ulation if the sacral spinal segments and peripheral path-
way conveying sensations (cauda equina) are intact.
However, these reflexive responses are usually short-lived,
limited to the duration of stimulation, and often do not
achieve a fully satisfactory response. If the injury is caudal
to the 12t thoracic cord segment men can be expected to
experience psychogenic arousal in response to visual,
auditory, imaginative, tactile, and gustatory stimuli (26).
Sacral sparing refers to the preservation of sensory
and/or motor function at the S4-S5 sacral segments and
is used to refer to an incomplete SCI; complete SCI do
not exhibit sacral sparing. One hundred percent of the
men retained reflexogenic erections when the complete
lesion was above the sacral segments. Subjects with
injury to the conus medularis and cauda equina were
able to generate erections using psychogenic and reflex-
ogenic stimuli in 90% and 80% of cases, respectively.
The production of reflexogenic erections in this group is
likely because lesions to the conus medularis or cauda
equina are often partial. Lesions below T11 generally
only allow filling of the corpora cavernosa via reflexo-
genic erections (27).

There are social and clinical factors associated with sexu-
al dysfunction (SD) in men with traumatic SCI, as well as
predictive factors for SD. Fixed partner, ejaculation, mas-
turbation are protective factors for SD. ED, orgasmic, and
infrequent sex dysfunction are predictors of SD (28). For
most men with SCI, the basic mechanisms for erection
are preserved, including normal vasculature and an intact
S2-4 reflex arc. They are often able to have reflex erec-
tions, but not psychogenic erections. These men typical-
ly respond well to pharmacological treatments used for
the management of ED in men without SCI, namely oral
PDE-5i such as sildenafil, vardenafil, and tadalafil (29).
Recommendations for the management of ED in SCI men,
if it is possible to obtain a satisfactory erection but of insuf-
ficient duration, use a venous constrictor band to find out
if this is sufficient to maintain the erection. Otherwise, it is
recommended to use Sildenafil. If Sildenafil is not satis-
factory then use ICI with prostaglandin E (30).

Sildenafil seems more effective in the treatment of neu-
rogenic ED secondary to upper motor neuron (UMN) SCI
compared with that secondary to lower motor neuron
(LMN) injury. Its efficacy on LMN injuries does not seem
different from placebo and administration of this treat-
ment may not be effective in SCI which has caused LMN
symptoms (31). A review was conducted to assess the
efficacy and safety of sildenafil treatment of ED in men
with SCI. As for the general efficacy, the proportion of
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patients who reported improved erections and ability to
have intercourse was as high as 94%. Up to 72% of inter-
course attempts were successful. For measures of erectile
function, 5 of the 6 studies showed statistically signifi-
cant improvements among sildenafil-treated versus
placebo-treated patients. Erectile response rates were
generally higher in patients with incomplete versus com-
plete SCI and patients with UMN versus LMN lesions
(32). A post hoc analysis of pooled data from two ran-
domized, controlled trials (RCT) of sildenafil was conduct-
ed in Europe, Australia, and Turkey. It was found that all
International Index of Erectile Function outcomes,
including achieving and maintaining erections and ejac-
ulation frequency, were statistically significantly greater
with sildenafil vs. placebo, including the subgroup with
complete SCI (p < .01 for all comparisons). The percent-
age of successful intercourse attempts with sildenafil
(53% vs 12%) and preference for sildenafil (96% vs. 4%)
vs. placebo were significant (p < .001), including the
subgroup with complete SCI (33).

A RCT was implemented to assess the efficacy of silde-
nafil in men with ED associated with complete or incom-
plete SCI and to assess its effects on quality of life (QoL).
Results showed that compared with placebo, sildenafil
produced higher levels of successful sexual stimulation,
intercourse success, satisfaction with sexual life and sex-
ual relationship, erectile function, overall sexual satisfac-
tion, and an improved Erectile Dysfunction Inventory of
Treatment Satisfaction score, with no clinically relevant
effects on vital signs. Sildenafil seemed more effective in
patients with incomplete SCI than in those with com-
plete SCI (34). Another study was done by Giuliano et al.
to assess the efficacy and safety of oral sildenafil in men
with ED caused by traumatic SCI. A total of 178 men
received placebo or sildenafil 1 hour before sexual activ-
ity for 6 weeks. The 50-mg starting dose could be adjust-
ed to 100 or 25 mg based on efficacy and tolerability. Of
143 men with residual erectile function at baseline, 111
(78%) reported improved erections and preferred silde-
nafil to placebo. For all men (including those who
reported no residual erectile function at baseline), 127 of

168 (76%) reported improved erections and preferred
sildenafil to placebo (35). A study done by Gans et al.
reported that there was significant improvement in qual-
ity of erection (p < .05) if sildenafil used in SCI patients,
but no change in satisfaction (36).

Another study was done determine the efficacy and safe-
ty of tadalafil when taken on demand by men with ED
secondary to SCIL. It conclude that tadalafil (10 mg and
20 mg) improved erectile function and was well tolerat-
ed by men with ED secondary to traumatic SCI. The 2
most common treatment-emergent adverse events in the
tadalafil group compared with placebo were headache
(8.5% vs. 4.5%) and urinary tract infection (7.7% vs.
6.8%) (37).

Del Popolo et al. compared the safety, time/duration effec-
tiveness, and the impact on the QoL of tadalafil 10 mg
vs. sildenafil 50 mg in the treatment of ED in SCI
patients. Tadalafil allowed a majority of men in their trial
to achieve both normal sexual functioning up to 24 h
postdosing compared to sildenafil (p < 0.01) and
improved overall sex life satisfaction as well as sexual
relations with a partner (38). Soler et al. compared the
efficacy and safety of sildenafil (Viagra), tadalafil (Cialis)
and vardenafil (Levitra) for ED in SCI patients. PDE5i
were effective in 85% of the patients on sildenafil, 74%
of the patients on vardenafil, and 72% of the patients on
tadalafil. The mean duration of erection was 34, 28, and
26 min, respectively. Adverse effects were mild, usually
attenuated with continued dosing. More than 70% of the
patients on vardenafil and tadalafil required higher doses
of 20 mg, whereas 50 mg of sildenafil was effective in
55% of the patients. Their data indicate that sildenafil is
more effective in treating ED in SCI patients (39).
Studies have shown improvements in erectile function
based on IIEF score compared to placebo when PDE5i
used in the treatment of ED in patients with SCI, results
are summarized in Table 1 (31, 34-41).

Sdanchez Ramos et al. reported that sildenafil is an effec-
tive, well-tolerated treatment for ED caused by SCI,
regardless of the cause, neurological level, American
Spinal Injury Association (ASIA) grade, and time since

Table 1.
Clinical trials testing the efficacy of PDE5I to treat ED in patients with SCI.
Authors N. of patients Treatment Main results
Khorrami et al. (31) 105 50-100 mg sildenafil vs. placebo Sildenafil was effective in 82% of patients UMN disease and its efficacy was statistically higher than placebo (82 vs. 25%, p < 0.05)

Ergin et al. (34) 50 50-100 mg sildenafil vs. placebo

Sildenafil produced higher levels of successful sexual stimulation, intercourse success, erectile function, vs. placebo

Giuliano et al. (35) 178 50-mg starting dose of sildenafil adjusted

t0 100 or 25 mg vs. placebo

132 of 166 (80%) of men reported that sildenafil improved sexual intercourse compared with 17 of 166 men (10%)
reporting improvement with placebo

Gans et al. (36) 17 Sildenafil 25mg increased by 25 mg as needed

(p<.09)

Erectile function significantly improved (p < .05) after 5.3 +/- 2.2 months when compared with baseline or previous therapies

Giuliano et al. (37) 186 Tadalafil, 10 mg titrated to 20 mg vs. placebo

Tadalafil group compared with the placebo group was significantly greater (p < .001) in mean per-patient percentage of successful
penetration attempts and percentage of improved erections

Del Popolo et al. (38) 28 Tadalafil 10 mg vs. sildenafil 50 mg

Tadalafil 10 mg significantly increased the percentage of successful intercourse attempts at 12-24 hours compared with sildenafil

Soler et al. (39) 240 50 to 100 mg for sildenafil, from 10

t0 20 mg for vardenafil and tadalafil

PDES inhibitors were effective (rigidity enough for penetration) in 85% of the patients on sildenafi, 74% of the patients on vardenafil
and 72% of the patients on tadalafil

Lombardi et al. (40) 65 10-20 mg of tadalafil

Sanchez Ramos et al. (41) 170 Sildenafil 50 mg

Patient using tadalafil maintained significant statistical improvement in erectile function, sexual satisfaction, and overall satisfaction
compared with baseline (p < 0.05)

It was reported by 88.2% of the patients and 85.3% of their partners that treatment with sildenafil had improved their erections,
regardless of the baseline characteristics of the spinal cord injury and erectile function

ED: erectile dysfunction, SCI: spinal cord injury, PDES: Phosphodiesterase Inhibitors, UMN: upper motor neuron.
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injury (41). Rizio et al. reviewed 10 articles, which used
the IIEF to study satisfaction and/or efficacy of PDE5is
sildenafil, tadalafil, and vardenafil in the treatment of
ED. Minimal adverse effects were reported in the articles.
Of the 739 patients studied in the 10 articles, only 102
patients reported any adverse effects, most of which were
mild. Headache, flushing, hypotension, nasal conges-
tion, and dyspepsia were the most commonly noted
adverse reactions. These side effects are not only found
in men with SCI but also in men without SCI who have
ED (42). Patients with SCI, especially those with lesions
above T6, are at great risk for hypotension. Sildenafil,
can exacerbate this hypotension. Sildenafil induces sig-
nificant hypotension in people with cervical level
injuries more so than in thoracic level injuries and can
cause dizziness in both populations (43). In another
study, tadalafil use in people with SCI above T6 is safe
with concerning not causing hypotension; hemodynam-
ic changes that occurred 12-36h post-administration
were compensated for by elevations in heart rate (44).
ICI of vasoactive agents and intraurethral injection has
been successfully used in the treatment of ED in patients
with SCI. Trial results were summarized in Table 2 (45-
56). A pharmacologic erection program was given to the
patient with SCI, using a fixed combination of
prostaglandin E1 (PGE1) and papaverine. The dosage
range was 0.10 to 0.50 cc. This simplified pharmacolog-
ic erection program offers safe, well-accepted, and effec-
tive therapy for ED to SCI population with very high
patient satisfaction (45). Intracavernosal papaverine
injection treatment was used to treat ED in SCI patients.
Satisfactory erection sufficient for coital penetration was
possible in 97% of patients (46). The ICI and self-injec-
tion of papaverine-phentolamine technique offer the
possibility of achieving a full erection which continues
for a few hours and disappears afterward in a group of
SCI patients with erectile impotence (47).

Intraurethral prostaglandin E1 (alprostadil, MUSE)

Table 2.
Clinical trials testing the efficacy of PDESi to treat ED
in patients with SCI.

Authors Agents used Mode of Effective
administration  or not for ED
Zaslau et al. (45) Combination of PGE1 ICl Effective
and papaverine

Kapoor et al. (46) Papaverine injection ICl Effective
Wyndaele et al. (47) Papaverine-phentolamine ICl Effective
Bodner et al. (48) PGE1 (alprostadil, MUSE) 1UA Effective
Lebib Ben Achour et al. (49)  Alprostadil, moxisylite, papaverine ICl Effective
Tang et al. (50) PGEL ICl Effective
Hirsch et al. (51) PGEL ICl Effective
Earle et al. (52) Papaverine, papavering

plus phentolamine or PGEL ICl Effective
Sidi et al. (53) Papaverine hydrochloride ICl Effective

or papaverine and
phentolamine mesylate

Beretta et al. (54) Papaverine ICl Effective
Sanksen et al. (55) Papaverine ICl Effective
Momose et al. (56) Papaverine hydrochloride ICl Effective
PGE1: prostaglandin E1, ICI: intracavernosal injection, SCI: spinal cord injury, ED: erectile dysfunction,
|UA: intraurethral administration.

appears to be somewhat effective in creating erections;
however, these were less rigid erections than those
obtained with ICI and provided less overall satisfaction. It
should always be used in the patient with SCI after the
placement of a constriction ring to prevent hypotension
(48). A prospective study concerns 36 spinal cord injured
men was implemented to confirm the efficiency of ICI in
the treatment of ED in SCI patients and to determine the
mean necessary dose to obtain a functional erection. The
findings confirm the efficiency of ICI in the management
of ED in SCI. The average doses required to obtain a func-
tional erection was 12.3 (+/- 4.8) microgram with
alprostadil and 14 (+/- 5.4) mg with moxisylyte (49). In
another study, ICI of prostaglandin E1 had significantly
improved the erectile condition of the patient with SCI.
Patients received testing dosage starting from 5 micro-
grams with increasing dosage (maximum 20 micrograms)
No systemic side effect or any other complication was
noted except that pain at the injection site was com-
plained of in two patients with an incomplete lesion (50).
Vacuum erection devices (VED) can be presented to SCI
men along with other options for treatment of ED. A
study done by Denil et al. showed that after 3 months of
the use of a VED, 93% of the men and 83% of the
women reported rigidity sufficient for vaginal penetra-
tion, with an average duration of 18 minutes. VED is
effective in many couples in the treatment of ED in SCI
patients (57). A data from another trial suggest that VED
is a feasible, safe, noninvasive alternative and possibly a
better initial treatment for the management of impotence
secondary to SCI (58). VED use is not without a risk, two
cases of subcutaneous penile hemorrhage in patients
using anticoagulant therapy and one case of penile gan-
grene occurred in three different SCI males (59).

Penile prostheses, introduced as the first effective organic
treatment for ED over three decades ago, have an impor-
tant role in the treatment of ED when other nonprosthet-
ic treatment options have proven unsatisfactory (60).
The insertion of malleable penile prostheses in patients
with SCI is associated with low complication rates and
good patient satisfaction. Multiple studies showed its effi-
cacy for ED in SCI patients, results are summarized in
table 3 (61-65). A trial implemented by Kim et al., where
a total of 48 patients with a SCI, who underwent mal-
leable penile prosthesis (AMS 600) insertion from 1990
to 2004 were evaluated. The overall patient satisfaction
rate was 79.2%. Complications occurred in eight
patients. Wound infections in four patients. Two patients
were treated with conservative management, and two
were managed through prostheses removal. Other com-
plications were erosion in two patients, uncontrolled

Table 3.
Clinical trials testing the efficacy of penile prosthesis
in patients with SCI.

Authors Type of prosthesis Effective or not for ED
Kim et al. (61) Malleable Fffective
Iwatsubo et al. (62) Shirai-type silicone penile implants Partially effective
Green et al. (63) Semi-rigid and inflatable prostheses Effective

Gross et al. (64) Semi-rigid, semi-flexible or flexible prostheses Effective

SCI: spinal cord injury, ED: erectile dysfunction.
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penile pain owing to excessive prosthesis length in one
patient, and supersonic transporter deformity in one
patient (61). Iwatsubo et al. reported that the prosthesis
improved sexual function in 15 (41%) patients, 18 (48%)
patients were unchanged and four (11%) patients were
dissatisfied (62). Gross et al. reported that when para-
plegic patients are able to regain sexual activity after suc-
cessful implantation of a penile prosthesis, their self-con-
fidence is increased (64).

In men with SCI, sildenafil is the most effective treat-
ment and is widely accepted. ICI, VED therapy in SCI
patients should be used according to the patient's prefer-
ence and choice (65). In SCI patients, penile implants
may help to keep an external condom catheter in place
and provide more penile stability for intermittent
catheterization. However, they have an increased risk of
infection. Semirigid rods have an increased risk of ero-
sion. Although convenient to use, PDE5i are usually not
effective in lower motor injuries. The hypotensive effects
of intraurethral prostaglandins and PDE inhibitors need
to be considered in SCI men with injuries at or above T6.
ICl is very effective modality of therapy (66).

The Brindley procedure consists of a stimulator for sacral
anterior-root stimulation and a rhizotomy of the dorsal
sacral roots to abolish neurogenic detrusor overactivity.
The Brindley procedure is suitable for a selected group of
skeletally mature patients with complete SCI and detru-
sor overactivity. Erections can be evoked in a substantial
number of patients, but results vary considerably. This
can be explained by the relatively low number of patients
that actually use the stimulator to evoke erections for
sexual intercourse (0-32%) (67). Lombardi et al. showed
that 45% of men with incomplete SCI who were submit-
ted to sacral neuromodulation reached and maintained a
normal ITEF-5 score for > 3 years (68).

Erectile dysfunction (ED) in patients

with Cerebrovascular accident

A marked decline in sexual activity has been reported in
stroke patients. SD and dissatisfaction with sexual life
seem to be common both in male and female stroke
patients and in their spouses. Decreased libido, sexual
arousal, and satisfaction are related particularly to the
presence of the hemisensory syndrome. The etiology for
SD after stroke is multifactorial including both organic
and psychosocial factors (69). A study found that the
occurrence of ED after ischemic stroke was 77.8%, sig-
nificantly higher than the common ED. Stroke and ED
have common risk factors, including hypertension and
hyperlipidemia (70).

Acute ischaemic stroke in brain areas contributing to
male sexual function may impair erectile function
depending on the lesion site. There are an associations
between stroke-related ED and lesion sites in the right
occipito-parietal cortex and thalamus, as well as in the
left insula and adjacent temporo-parietal areas. It was
demonstrated associations between the deterioration of
erectile function and lesion sites in the right occipital and
thalamic region, and the left parietal association area
(71). Jung et al. concluded in their study that the sexual
desire, erectile function, and ejaculatory function were
impaired after stroke. A lack of sexual desire was the
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major cause of an absence of sexual intercourse (72). If
the right hemisphere is dominant for activation and this
capacity is critical for normal sexual function, a greater
incidence of impaired sexual function is occurred after
right than after left hemisphere stroke (73, 74).

The presence of post stroke emotional incontinence
(excessive/inappropriate laughing/crying) is a factor
related to decreased post stroke sexual activity, more so
in chronic than in subacute stages (75). Sexual disorders
after stroke are thought to be due to multiple etiologies,
including both organic (lesion localization, premorbid
medical conditions, and medications) and psychosocial
(fear of recurrences, loss of self-esteem, role changes,
anxiety, and depression) (76).

As the sexual function is an important component to qual-
ity of life and activities of daily living, physicians and reha-
bilitation specialists, including physical, occupational, and
speech therapists, should receive training in addressing
sexuality in the treatment of post-stroke patients (77).
Sexual rehabilitation needs to be an integrative part of
stroke patients' rehabilitation process, preferably at the
interdisciplinary level (78). Exploring individual stroke
survivor counseling preferences periodically for recovery
may be a useful strategy for delivering the desired infor-
mation at the most appropriate time (79).

There is a lack of studies that assessed a pharmacological
intervention for ED post-stroke. A RCT was implement-
ed to assess the effectiveness of a structured sexual reha-
bilitation program compared with written information
alone regarding sexual and psychological functioning. It
concludes that the provision of written information
alone appears to be as effective as a 30-min individual-
ized sexual rehabilitation program in an inpatient setting
(80). A study was done by Tibaek et al. to evaluate the
effect of pelvic floor muscle training (PEMT) on measured
erectile function as an indicator of sexuality in men with
lower urinary tract symptoms after stroke. The data was
insufficient to provide any reliable indication of benefit
or risk of physical therapy targeted towards pelvic floor
muscles for improving erectile function following stroke
(81). Besides pharmacological treatment, one of the most
important, but underestimated, success factors of ED
therapy are undeniably a proper counseling, which is
mandatory to provide correct information on post-stroke
sexuality (82)

A systemic review had demonstrated that both neuro-
protective and neurorestorative effects of PDE5i in ani-
mal models of stroke, though the specific underlying sig-
naling pathways relating to PDE5 inhibition and cGMP
may remain serendipitous in some studies. There is cur-
rently limited evidence on the effects of selective PDE5i
in human stroke patients (83).

Erectile dysfunction(ED) in patients

with Parkinson’s disease

Parkinson's disease (PD) is the second most common pro-
gressive neurodegenerative disorder affecting older
American adults and is predicted to increase in prevalence
as the United States population ages. Resulting from a
pathophysiologic loss or degeneration of dopaminergic
neurons in the substantia nigra of the midbrain and the
development of neuronal Lewy Bodies. Characterized by
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both motor and non-motor symptoms, PD patients classi-
cally display rest tremor, rigidity, bradykinesia, and stoop-
ing posture (84). Sexual dysfunction is one of the more
disabling and poorly investigated aspects of PD. Several
variables should be considered when evaluating SD in a
disease in which physical, psychological, neurobiological,
and pharmacological features merge and are not easily dis-
tinguishable (85). Dopamine has a fundamental role in the
mediation of erectile function, whereas testosterone defi-
ciency has been shown to be more common among PD
patients than age-matched controls. Central regulation of
erectile function is dependent on dopaminergic stimula-
tion (86). In addition, hypothalamic dysfunction is most-
ly responsible for SD (decrease in libido and erection) in
PD, via altered dopamine-oxytocin pathways, which nor-
mally promote libido and erection (87).

The risk of PD was higher for patients with ED along
with DM or hypertension than for patients without ED
or counterpart comorbidities. ED has been reported as a
risk factor for the development of PD (88).
Hypersexuality (HS) is usually considered to constitute a
marked increase in sexual interest, arousal, and behav-
ior, which has adverse consequences for the patient and
their partner. HS, as a complication of treated PD, is rare
in absolute terms, with estimates of prevalence from
postal questionnaires and clinical surveys of approxi-
mately 2% to 4%( 89).

Sildenafil citrate may be considered to treat ED in
patients with PD as concluded in multiple studies,
results are summarized in table 4 (90-94). A study was
implemented by Raffaele et al. to assess the efficacy and
safety of oral sildenafil, in depressed men with idiopath-
ic PD and ED. Thirty-three men were enrolled in a 4-
month prospective, open-label, fixed-dose study, and
received 50 mg of sildenafil in the home setting approx-
imately 1 hour before sexual activity, not more than once
daily. At the end of the study, improved erections were
reported by 84.8% of patients. Sildenafil significantly
increased patients' ability to achieve and maintain erec-
tions. A clear improvement of depressive symptoms was
observed in 75% of patients. Sildenafil was well tolerat-
ed in all the patients (91). In another study, there was
statistically significant improvement in total Sexual
Health Inventory for Men scores (23.8 +/- 2.0 vs 16.6 +/-
2.8; p =0.01), overall sexual satisfaction (p = 0.03), sat-
isfaction with sexual desire (p = 0.04) with use of silde-
nafil citrate for patients with PD (92). Sildenafil has no
treatment effects for quality of life (p = 0.3) or PD symp-
toms (p = 0.86) (93).

Hussain et al. assess the efficacy and safety of sildenafil

Table 4.
Clinical trials testing the efficacy of Sildenafil for ED
in patients with PD.

Authors N. of patients Dosage of sildenadil Effective or not for ED
Raffaele et al (91) 3 50 mg Effective
Zesiewicz et al (92) 10 50-100 mg Effective
Bernard et al (93) 20 Started at 50 mg and adjusted Effective

t0 25, 50, or 100 mg after 2 weeks
Hussain et al (94) 12 50 mg Effective
ED: erectile dysfunction, PD: Parkinson's Disease.

citrate in men with ED and Parkinsonism due either to
PD or multiple system atrophy (MSA). Sildenafil citrate (50
mg) is efficacious in the treatment of ED in both condi-
tions; however, it may unmask or exacerbate hypoten-
sion in MSA. As PD may be diagnostically difficult to dis-
tinguish from MSA, especially in the early stages, meas-
urement of lying and standing blood pressure before pre-
scribing sildenafil to men with Parkinsonism was recom-
mended (94). There were no clinical trials have studied
the potential effectiveness of the other PDE-5 i (varde-
nafil or tadalafil) in the treatment of ED for the patient
with PD.

Apomorphine, a short-acting D1- and D2-like receptor
agonist, is the only drug proven to have efficacy equal to
that of levodopa, albeit with a shorter time to onset and
effect duration. Dopaminergic side effects such as nau-
sea, somnolence, and hypotonia, are often mild (95).
The benefit of apomorphine on sexual function in some
patients suggests a possible role in the treatment of
impotence in PD (96). A study was done by Heaton et al.
evaluating the efficacy and side effects of apomorphine in
men with no documentable organic cause of ED. Men
with primarily psychogenic impotence were tested with
one of four protocols of an apomorphine preparation
(preliminary sublingual liquid, preliminary 5 mg tablet,
aqueous nasal spray, and new 3 and 4 mg controlled
absorption tablets). Seven of 10 evaluable patients
responded to the sublingual liquid preparation but the
majority experienced significant nausea. The preliminary
5 mg tablet and aqueous forms did not produce useful
responses. The newly formulated controlled absorption
3 and 4 mg tablets were tested in 12 men. Eight of 12
(67%) developed erections (97). Its role in the manage-
ment of ED has been suggested for men with PD but not
totally validated.

Testosterone deficiency is associated with a decline in
erectile function and testosterone levels are inversely cor-
related with increasing severity of ED. A significant pro-
portion of men who fail to respond to a PDE5i are testos-
terone deficient (98). Testosterone deficiency may cause
signs and symptoms of the nonmotor symptoms seen in
PD. In a prospective open-labeled pilot study, testos-
terone topical gel was administered daily to testosterone-
deficient men with PD. A daily dose of transdermal
testosterone gel improved testosterone deficiency symp-
toms in men with PD. Although there were trends in
improvement in other nonmotor and motor symptoms
of PD (99). In contrast, the results of the TEST-PD Study
demonstrated that testosterone therapy was generally
well-tolerated in elderly men with PD and probable
testosterone deficiency. While there was no significant
difference in the motor and nonmotor scales between the
testosterone therapy and placebo groups at the end of 8
weeks compared with baseline (100). Urologist should
be particularly cautious in the treatment of low testos-
terone concentrations in men with PD until more defin-
itive studies were done.

Pergolide substantially improved sexual function in the
younger male patients who were still interested in sexual
activities. In such cases, the introduction of pergolide
might be a better choice than treatment with sildenafil,
which usually meets several contraindications in the com-
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mon PD male population (101). Dose reduction or dis-
continuation of a dopamine agonist is recommended
when patients experience hypersexuality. Despite the lack
of therapeutic options, discussing sexuality with PD
patients remains essential. The hesitation of both patients
and neurologists to discuss sexuality is what may cause an
ongoing circle of avoidance. Routine screening for ED
may break this vicious circle (102).

Erectile dysfunction (ED) in patients

with multiple sclerosis

Multiple sclerosis (MS) is a chronic demyelinating dis-
ease of the central nervous system. The main autonomic
nervous system disorders include sweating abnormali-
ties, lower urinary tract dysfunctions, gastrointestinal
symptoms and, SD. Among these, SD is common, but
often underestimated symptom (103). The most com-
mon complaints of sexual dysfunction in men with MS
are ED (50%-75%). One well-accepted hypothesis is that
SD arises from spinal cord damage due to autoimmune
responses. Recently, however, experts have suggested
that SD in MS may be due not only to lesions affecting
the neural pathways involved in physiologic function but
also to psychological factors (104). ED in men with MS
is related to neurological dysfunction, psychological fac-
tors, side effects of medication, or generalized MS symp-
toms, such as fatigue or micturition problems, usually in
combination. The question of sexual dysfunction should
always be broached during routine follow-up, regardless
of age and social status (105).

Sildenafil treatment for ED in men with MS was effective
and well-tolerated. A study implemented by Fowler et al.
to assess the efficacy and safety of sildenafil citrate in
men with MS and ED. Overall, 217 men received silde-
nafil (25-100 mg; n = 104) or placebo (n = 113) for 12
weeks. After 12 weeks, patients receiving sildenafil had
higher mean scores for IIEF achieving and maintaining
an erection compared with those receiving placebo (p <
0.0001), and 89% (92/103) reported improved erections
compared with 24% of patients receiving placebo (p <
0.0001) (106). Another trial was enrolling 203 patients
with MS, 102 into the sidenafil group, and 101 in the
placebo group. Improved erections were reported by
32.8% of patients receiving sildenafil and 17.6% of those
receiving placebo. Compared with placebo, sildenafil has
little effect on MS emergent ED (107). Sildenafil cannot
be recommended for the routine treatment of ED in
every patient with MS. Tadalafil was proved as an effec-
tive and safe treatment for males with MS suffering from
ED (108).

Intracavernous self-injection of vasoactive drugs is a well-
accepted therapy for the management of ED in neuro-
genic disorders. Vidal et al. presented the results of a self-
injection program in seven MS patients. All patients
showed an excellent erectile response and had penile
rigidity sufficient for sexual intercourse during an accept-
able time, with minimal complications (109). ICI of
papaverine was tested in a group of 29 patients with MS
and ED. Acceptable rigidity was obtained in 27 patients
of whom 23 started to use self-injections as treatment.
Minor hematomas or ecchymoses were reported in 16
cases. Two patients developed penile indurations after 6
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and 19 injections respectively (110). A study confirms the
safety and efficacy of self-administered intracavernous
PGE-1 for neuropathic impotence including the MS
patients (111).

Counseling intervention is crucial for patients with MS
and ED. Those interventions consist of counseling ses-
sions, communication with the MS medical treatment
team, education, and tailoring symptomatic treatments
so they interfere less with sexual function (112).

Erectile dysfunction (ED) in patients with epilepsy

SD is a common comorbidity in people with epilepsy
that adversely affects their quality of life. Nearly one-half
of men and women with epilepsy have SD. There is lim-
ited evidence to indicate that sexual function improves in
patients rendered seizure-free following epilepsy sur-
gery. Multiple mechanisms including direct effects of
epilepsy, effects of antiepileptic drugs (AED), and psy-
chosocial factors contribute to SD in epilepsy.
Circumstantial evidence indicates that seizures and inter-
ictal epileptiform discharges can directly affect the hypo-
thalamic-pituitary axis as well as the production of
gonadal steroids. Enzyme-inducing antiseizure drugs
cause SD by affecting the metabolism of gonadal steroids
(113). Clinicians need to investigate such problems care-
fully, both because of their multifactorial nature and
because patients and physicians alike may often fail to
recognize or be reluctant to acknowledge them (114).
Epileptic men have been found to have an increased risk
of ED of up to 57%. Certain SD have been associated
with specific periods of seizure activity, and fall into two
discrete categories: those directly related to the epileptic
discharge period (ictal), and those unrelated in time to
seizure occurrence (interictal). Hypersexuality has been
connected to ictal seizure activity while hyposexuality
has been linked to interictal seizure activity (115).
Various studies have described an unusually common
incidence of sexual and reproductive dysfunction in
patients affected by temporal lobe epilepsy (TLE).

The results of a study done by Daniele et al. suggests a
reduction of sexual interest in patients with right TLE as
compared with left TLE in both men and women. No
significant difference was found between right and left
TLE groups concerning most aspects of sexual perform-
ance (116). Evidence suggests that people with temporal
lobe epilepsy have reduced genital blood flow in
response to erotic stimulation; the etiology of this phe-
nomenon is not well understood, but disruption of the
limbic and frontal cortex by epileptic activity may be
implicated (117). Epileptic discharges from the temporal
lobe may influence the release of hormones from the
hypothalamic-pituitary axis. Serum androgen concentra-
tions in men with epilepsy are significantly low in men
with seizures (118, 119).

It is noticeable that AEDs may also alter endocrine func-
tion in both men and women with epilepsy and this
alteration may lead to clinically significant reproductive
endocrine disorders in certain cases. In recent years, the
effects of enzyme-inducing AEDs on androgen metabo-
lism have been evoked as a possible etiologic factor.
These drugs have been found to cause an increase in
total testosterone and sex hormone-binding globulin
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(SHBG), but a decrease in free testosterone (120). The
enzyme stimulating AEDs (phenytoin, topiramate, phe-
nobarbital, and carbamazepine) raise the hepatic synthe-
sis of SHBG that lessens the accessibility of testosterone.
Additionally, enhanced sex hormone metabolism and
contraceptive hormones are not found with the use of
AEDs that do not stimulate hepatic enzymes (lamotrig-
ine, valproate, gabapentin, and vigabatrin) (121).
Management of SD thought to be caused by anti-convul-
sants should include the cessation of the offending drug,
and consideration of switching to alternative anti-con-
vulsants that have been reported to improve sexual func-
tion such as oxcarbazepine, and lamotrigine (122). A
study showed that switching AED treatment from carba-
mazepine to oxcarbazepine in men with epilepsy can
reduce the ED side effects observed with carbamazepine
(123).

Adding testosterone for a short time in cases of low-nor-
mal testosterone levels (300 to 400 ng/dL) seems helpful
in some men who did not respond to initial treatment
with PDE-5i alone and in whom testosterone therapy is
not contraindicated (124). Concentrating on hormone
levels alone as an explanation of SD in epilepsy repre-
sents an overly simplistic approach to the problem
(125). The therapy of SD in epilepsy depends on its
cause. In cases of hormonal alterations, the first step is a
change of antiepileptic regimen. Instead of enzyme-
inductor antiepileptics and valproate, new antiepileptic
drugs should be prescribed. At present, the most inves-
tigated antiepileptic drug is the oxcarbazepine with a
positive effect on antiepileptic-induced male SD, howev-
er, lamotrigine seems to be also beneficial. If the hor-
monal and SD cannot be eliminated by drug changes,
androgenic therapy or bromocriptine may be required.
Testosterone may not only be beneficial on sexual func-
tions but can reduce also the seizure frequency (126).
Evidence suggests an influence of PDE5i on seizure sus-
ceptibility in humans. In addition, preclinical studies
have demonstrated the role of nitric oxide metabolites in
the facilitation of the paroxysmal phenomenon (127).
Recent evidence indicates that sildenafil may exert some
central effects through the enhancement of nitric oxide
(NO)-mediated effects. NO is known to have modulato-
ry effects on seizure threshold, raising the possibility that
sildenafil may alter seizure susceptibility through NO-
mediated mechanisms (128). Although generalized
tonic-clonic seizures were reported in a healthy man
after taking tadalafil, the influence of tadalafil on seizure
susceptibility has not been studied so far. A study was to
investigate the effect of tadalafil on seizure threshold in
three acute seizure tests in mice. It concludes that
tadalafil may increase the risk of myoclonic seizure and
decrease the anticonvulsant efficacy of oxcarbazepine
(129). In summary, PDE5i should be used with great
caution in men with epilepsy.

Erectile dysfunction (ED) in patients

with Herniated disc

Lumbar disc herniation (LDH) is the most common patho-
logic condition that is responsible for radicular pain. In
patients non-responsive to medical therapy disc surgery is
indicated. Lumbosacral disc disease may interfere with the

nerve transmission for erection through multiple auto-
nomic and somatic pathways (129). Braun et al. reported
that herniated disc was seen in 23.2% of 8000 men with
ED (130). Akbas et al. implemented a study to evaluate
patients' sexual problems and sexual behavior patterns
before and after surgical treatment of LDH. Forty-three
patients were included in the study (mean age 41.4 years).
The frequency of sexual intercourse before the operation
was reduced by 78% of cases compared with the pain-free
period. The frequency of intercourse was found to have
increased (p = 0.01), while the description of any type of
sexual problem had decreased (p = 0.005) significantly
(131). LDH largely impacted sexual desire, activity, and
satisfaction. Adjustment in sexual position was required in
a large number of patients to avoid discomfort during sex-
ual activities. Surgical treatment improved the quality of
sexual activities (132). In another study, ED was more fre-
quent in patients with LDH, the treatment of LDH had
positive effects on ED (133).

Akca et al. reported four patients with sexual and sphinc-
ter dysfunction, including two women and two men,
aged between 20 and 52 years. All patients had a peri-
anal sensory deficit and sexual and sphincter dysfunc-
tion. Magnetic resonance imaging (MRI) of three patients
displayed a large extruded disc fragment at the 15-S1
level. A syndrome with a perianal sensory deficit, paral-
ysis of the sphincter, and SD may occur in patients with
lumbar L5-S1 disc disease. The improvement of perianal
sensory deficit after surgery was counteracted by a trend
toward disturbed sexual function (134). Xu et al. studied
90 male patients with intervertebral disc herniation treat-
ed by a lumbar discectomy, who were divided into three
age groups of equal number: groups A (< 45 yr), B (45 -
55 yr) and C (> 55 yr). They obtained the IIEF-5 scores
of the patients preoperatively and at 12 months after sur-
gery. The IIEF-5 scores at 12 months after surgery were
21.3 +/- 3.3, 16.8 +/- 1.3 and 14.1 +/- 1.0 in groups A,
B and C. Group A showed better improved erectile func-
tion than B and C ([51.17 +/- 6.25 1% vs [36.31 +/-
4.28]% and [22.71 +/- 5.68]%, p < 0.05). Early decom-
pression surgery according to different etiological factors
is very important for erectile function recovery in young
and middle-aged male patients (135).

One of the consequences of the discopathy is pressure on
the spinal cord or nerve roots that supply the genitals
and sexual centers located in the cord. In addition, the
accompanying pain and limitation of mobility can lead to
the occurrence of SD. The pain and neurological symp-
toms associated with intervertebral disc disease reduce
the patients' satisfaction with their sex lives. Patients
with lumbosacral discopathy noted a change in sexual
performance, often resulting in passivity, discourage-
ment, weakness, or a complete lack of interest in sex.
The disorders also affect the emotional state (136). There
is significant sexual impairment in men with lesions of
the cauda equina or conus medullaris. This is poorly cor-
related with neurological and EMG findings and has
received insufficient medical attention (137).

Choy et al. describe the case of two patients with ED who
were treated with percutaneous laser disc decompression
as outpatients. In addition to the early return of erectile
function in both cases, immediate pain relief was
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achieved in the second case. Follow-up visits confirmed
continued normal sexual function and lack of pain
(138). Orlin et al. reported a case of a 35-year-old male
with normal erectile function up until the age of 18 years
subsequently suffered permanent ED for the next 17
years. CT of the lumbar spine showed a large protrusion
of the intervertebral disc L5-S1. After operative removal
of the protrusion, a normal erection was achieved after
15 days and urine flow improved at 1 and 2 months and
became normal after 3 months. Both erectile and bladder
functions continued to be normal 10 years later. Thus,
the effects of long-lasting mechanical compression of
parasympathetic nerves need not be irreversible (139).
Kulaksizoglu et al. assessed the effect of lumbar disc her-
niation surgery for low back pain on the erectile func-
tioning. They reported that ED rates have improved in
31.7% of those previously with ED in a 3 month period
after the surgery. Best results were obtained in those
patients with mild ED preoperatively. Moderate and
severe ED may be related to a more severe nerve injury
or to vascular and/or psychiatric factors. Evaluation of
erectile functioning should routinely be performed in
patients with lumbosacral disc disease (140).

Erectile dysfunction (ED) in patients

with multiple system atrophy

Multiple system atrophy (MSA) is a sporadic and rapidly
progressive neurodegenerative disorder that presents with
autonomic failure in combination with Parkinsonism or
cerebellar ataxia. Novel therapeutic options targeting dis-
ease modification have been investigated in clinical trials.
These include riluzole, recombinant human growth hor-
mone, and minocycline (141). Urinary and ED symptoms
are prominent early features in men with MSA. Autonomic
failure, considered until recently to be the cause of ED in
these men, is commonly expressed through symptoms of
orthostatic hypotension. In a study conducted by Kirchhof
et al., the onset of ED had preceded the onset of bladder
symptoms in 58% and the onset of hypotension symp-
toms in 91% of these men. The earlier occurrence of ED
in men with MSA suggests a lack of a causal relationship
to hypotension (142).

There is an ongoing debate on the causes of ED in MSA.
Impairment of dopaminergic mediated pathways in the
central nervous system, which is heavily implicated in
erectile function, is most likely involved. Other disease-
related factors such as psychosocial stress, the burden of
chronic illness, changed appearance, fatigue, and relative
immobility contribute to ED (143).

Sildenafil citrate (50 mg) is efficacious in the treatment of
ED in parkinsonism due to PD or MSA; however, it may
unmask or exacerbate hypotension in MSA (94). Its
administration may not be recommended in patients
with symptomatic orthostatic hypotension. The use of
direct injections of alprostadil, either intracavernosal or
intraurethral is another option (144).

Erectile dysfunction (ED) in patients

with peripheral neuropathy

Peripheral nervous system (PNS) disorders may cause SD
in patients of both genders. These disorders include
mainly polyneuropathies (particularly those affecting the
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autonomic nervous system and localized lesions affecting
the innervation of genital organs. Impaired neural con-
trol may produce a malfunction of the genital response
consisting of loss of genital sensitivity, ED, ejaculation
disorder, and orgasmic disorder (145). Diabetic neu-
ropathy was diagnosed if the patients showed two or
more of the following three characteristics: neuropathic
symptoms decreased or disappeared Achilles tendon
reflex and/or abnormal vibration perception. A study
that included 287 male Japanese patients with DM type
2, age (19-65 years) was implemented to demonstrate
that diabetic neuropathy is positively associated with
severe erectile dysfunction among Japanese DM type 2
patients aged < 65 years (146).

The proposed mechanisms of ED in diabetic patients are
represented by vasculopathy, neuropathy, visceral adi-
posity, insulin resistance, and hypogonadism. Both
somatic and autonomic neuropathies may contribute to
diabetes-induced ED due to the impairment of sensory
impulses from the penis to the reflexogenic erectile cen-
ter (147). In an attempt to understand better the role of
vascular and neurogenic alterations in the pathophysiol-
ogy of diabetic impotence, Benvenuti et al. studied 29
impotent male patients with DM. Results confirm that
vascular obstruction, more than nerve damage, plays a
primary role in the pathophysiology of diabetic erectile
failure, and stress the importance of psychogenic factors.
The observation that some patients presented marked
involvements of both arterial supply and neurological
pathways only a few years, or even 1 year, after the diag-
nosis of the disease, indicates the need for an early
screening of the vascular and neurological status, even in
asymptomatic patients (148). While Hecht et al. found
that the tests indicating neuropathy showed abnormali-
ties in men with diabetic ED as frequently as in men with
neuropathic ED. Some tests even suggested neuropathy
more often in diabetic than in neuropathic ED (149).
The microvascular deficit in the vasa nervorum of nerve
trunks and ganglia is a major trigger for a cascade of
events that eventually lead to diabetic neuropathy and
autonomic neuropathy. ED is a consequence of these
events and if not treated early may become irreversible.
Diabetes-induced ED are often resistant to PDE5i treat-
ment (150).

First-, second- and third-line therapy may be applied.
PDE5i treatment from the first-line options leads to
smooth muscle relaxation in the corpus cavernosum and
enhancement in blood flow, resulting in erection during
the sexual stimulation. The use of PDE-5i in the presence
of oral nitrates is strictly contraindicated in diabetic men.
All PDE-5i have been evaluated for ED in diabetic
patients with convincing efficacy data. Second-line ther-
apy includes intracavernosal, trans- or intraurethral
administration of vasoactive drugs or application of a
vacuum device. Third-line therapies are the implantation
of penile prosthesis and penile revascularization (151).
Gene therapy strategies that can enhance NO production
or NO-mediated signaling pathways, growth factor-
mediated nerve regeneration, or K* channel activity in
the smooth muscle could be promising approaches for
the treatment of ED. For the neurogenic type of ED
induced by diabetes or cavernous nerve injury, genes
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encoding different types of neurotrophic factors, which
can enhance nerve regeneration, have been proposed for
ED gene therapy. The recent clinical study using non-
viral gene therapy of the Ca’* activated BK (Max-K)
channel for ED patients shows great promise for future
development of gene-based therapy of ED (152).

The adoption of anatomic radical prostatectomy (RP)
with cavernous nerve preservation by many surgeons,
the rate of postoperative recovery of erectile function suf-
ficient for sexual intercourse has improved dramatically.
Pharmacologic rehabilitation has rapidly emerged as a
clinical strategy to reduce the incidence of ED after rad-
ical prostatectomy (153). Post prostatectomy ED appears
to be initiated by neuropraxia and perpetuated by caver-
nosal smooth muscle apoptosis. Sildenafil has been stud-
ied in a novel primary prevention modality using night-
ly administration after a bilateral nerve-sparing prostate-
ctomy. In this novel approach, it affected a sevenfold
improvement in return of spontaneous, normal erectile
function 2 months after drug discontinuation (154).
Preclinical data and several prospective randomized tri-
als have demonstrated the value of treating patients with
oral PDE5i after surgery, with the concomitant potential
benefit of early re-oxygenation of the erectile tissue. For
patients who do not properly respond to PDES5is, prop-
er counseling regarding intracavernous treatment should
be considered, along with the further possibility of sur-
gical treatment for ED involving the implantation of a
penile prosthesis (155). A proper algorithm or a clinical
guideline for the post RP-ED has not been established
until now.

CoONCLUSIONS

Sexual and function are important factors contributing to
the quality of life in patients with neurologic disease.
Neurogenic ED is a complex problem. Sexual function-
ing should be regularly evaluated during a long-term
rehabilitation program, and any existing ED should be
included in the treatment plan. New drugs and treat-
ment options may help to improve the treatment and
quality of life of patients with neurologic conditions.
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