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Introduction Benign prostate hyperplasia and erectile dysfunction affect a significant subset of men.
BPH and ED may have the same promoting conditions and are the strong predicting risk factors to each
other. A significant number of these patients are bothered by lower urinary tract symptoms (LUTS). Di-
rect correlation of age, sexual dysfunction and LUTS severity has been well documented. Many sexually
dysfunctional patients with concomitant BPH receive alpha—adrenergic antagonists and any Phosphodi-
esterase—5 (PDES) inhibitor simultaneously. PDES5 inhibitors relieve LUTS symptoms in the course of BPH
and reduce independent detrusor contractions. This paper presents the results of clinical trials on the
efficacy of PDES inhibitors on LUTS, new perspectives on its use and newly—identified side effects.
Material and methods The review is based on an internet search of PubMed and Medscape data-
bases. The search terms were as follows: LUTS and ED, BPH and phosphodiesterase=5 inhibitors, LUTS
clinical trials, phosphodiesterase=5 inhibitors mechanisms.

Results Clinical trials show an epidemiological and pathophysiological relationship between BPH, LUTS
and ED. Numerous studies reveal the alleviating effect of phosphodiesterase—5 inhibitors on LUTS, ex-
pressed as the reduction of IPSS score, but not followed by a change in Qmax. Opponents raise a link of
PDES inhibitors with increased risk of melanoma. New studies reveal that phosphodiesterase—5 inhibi-
tors are effective in the treatment of neurological disorders.

Conclusions Researches reveal the efficacy of phosphodiesterase—5 inhibitors in LUTS along with an
improvement of erectile function. The molecular mechanism of action of such drugs suggests imminent
novel applications. Potential benefits will be multidimensional. Unfortunately, interfering with particular
molecular mechanisms may alleviate some diseases, but may lay groundwork for others —new and even
more devastating.
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INTRODUCTION Benign prostate hyperplasia (BPH) affects a sig-

nificant subset of men in their sixties. Additionally,

For sure, each of us remembers the excitement when
the first phosphodiesterase—5 (PDE5) inhibitor — silde-
nafil — entered the markets. It created a great stir,
many women flickered eyelids tellingly, ...or even got
filmy eyes. Now it is rumoured that things may go even
further. New papers have kept pace with this trend [1].
Coexistence of benign prostate hyperplasia and erec-
tile dysfunction
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erectile dysfunction is not uncommon at this age.
Epidemiological data clearly shows that over 30% of
50-year—old men are affected by symptoms of BPH.
Apart from obvious symptoms related to dynamic and
static components of prostate enlargement, a signifi-
cant number of patients are bothered by symptoms
related to detrusor muscle dysfunction. Nearly 50%
of men at the age of 70 or above experience at least
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moderate lower urinary tract symptoms (LUTS) [2].
Patients with prostate hyperplasia are usually treat-
ed successfully pharmacologically. Now, pharmacol-
ogy gives a plethora of different possibilities. Among
them, long—acting alpha—adrenoceptor antagonists
and 5—-alpha-reductase inhibitors are the mainstay
of therapy, used either separately or in combination
[3]. The irritative (nocturia, urinary urgency, fre-
quency) and obstructive (weak stream and incom-
plete bladder emptying) symptoms of LUTS resolve
after successful treatment of BPH alone or with the
help of antimuscarinic drugs regulating bladder dys-
function. Of course, other causes of LUTS exist, like
urinary stones, tumours, systemic diseases or infec-
tions [4]. Beside prostate hyperplasia, a considerable
proportion of elderly men is affected by erectile dys-
function (ED). The co—occurrence of BPH and ED is
not uncommon, both may have the same promoting
conditions and are strong predicting risk factors for
each other [5]. Direct correlation of age, sexual dys-
function degree and LUTS severity has been well—-
documented [6, 7, 8].

Possible mechanisms of ED and LUTS convergence

Where do these affections come from? While risk fac-
tors seem to be numerous, many patients consider ED
as a common aspect of ageing. Provided that erectile
dysfunction and LUTS symptoms are statistically
interrelated, the exact mechanisms of this phenome-
non are still unclear, though they may have common
risk factors [9, 10, 11]. For sure, cardiovascular and
endocrinological diseases are the dominating causes:
47% of men over 55 yrs have some symptoms of ED.
Of the remaining 53% fully sexually—functional men,
57% will report any of the ED symptoms after the
next 5 year period. A strong statistically significant
correlation (with hazard ratio 1.46) of ED and car-
diovascular events has been documented [12]. More-
over, endocrine disorders, which often affect elderly
patients, significantly contribute to the incidence and
severity of erectile dysfunction. Both cardiovascular
and endocrinological disturbances are elements of
the metabolic syndrome, also recognised as ground-
work for BPH development. It is known that sexual
function deteriorates along with obesity [13]. Due to
the growing popularity of PDE5 inhibitors, many ED
patients with concomitant BPH receive alpha-ad-
renergic antagonists and any PDES5 inhibitor simul-
taneously. Different sources of data like the patients
personal impressions, observational evidence and
laboratory experiments suggest that phosphodies-
terase—5 inhibitors may affect bladder, prostate and
urethra function to relieve bothersome symptoms re-
lated to LUTS caused by prostate hyperplasia. More-

over it has been presented that PDE5 inhibitors may
reduce independent detrusor contractions [14]. The
abundance of neural nitric oxide synthase has been
demonstrated mainly in the bladder neck and the
urethral wall. This localization proves that nitric ox-
ide plays a decisive part in the micturition reflex [15,
16]. Indeed, in rats, the suppression of NO synthase
activity leads to bladder hyperactivity [17]. Possible
pathways explaining the alleviating effect of PDE5
inhibitors on LUTS symptoms have been proposed:
1. Bladder, urethra and prostate smooth muscle re-
laxation, through the nitric oxide pathways, are sim-
ilar to those of the penile cavernosal bodies. At this
point it would be helpful to remind ourselves some
facts. Neural and endothelial origin nitric oxide
(NO) stimulates guanylate cyclase, which converts
guanosine triphosphate (GTP) to cyclic guanosine
monophosphate (cGMP). cGMP lowers the plasmatic
calcium level. Through several enzymatic steps this
leads to the detachment of myosin from actin and
consecutively to muscle relaxation. cGMP is degrad-
ed by several types of enzymes — phosphodiesterases,
of which the type 5 is the most important in geni-
tal tissues. However, in the prostate, PDE type 4 is
the predominant form and prevails over PDE5. The
presence of nitric oxide synthase, NO and the differ-
ent phosphodiesterases has been shown all over the
lower urinary tract [13, 18]. Therefore PDES5 inhibi-
tors are the main topic of this review. In compari-
son to the normal gland, the hyperplastic prostate
contains significantly lower levels of NO [19]. Next,
cGMP by itself exerts an antiproliferative effect on
smooth muscle cells, where the NO-cGMP pathway
may be involved in decreasing of volume of the pros-
tate stroma [20]. Therefore, inhibition of PDES5 activ-
ity is likely to reduce the bulk of the prostate.

2. Disabling of autonomic hyperactivity (an element
of the metabolic syndrome) by inhibiting the activity
of noradrenaline and endothelin pathway modula-
tion [13]. Both phenomena contribute to LUTS de-
velopment [14].

3. Inhibition of Rho—kinase activation: the mechanism
is particularly interesting as this pathway is respon-
sible for calcium—independent contractions of smooth
muscles and also for smooth muscle proliferation [21].
Concurrently Rho—kinases prevent the activation of
NO synthase, which diminishes intracellular NO lev-
el and hinders smooth muscle relaxation [21].

4. Pelvic ischemia secondary to atherosclerosis and
narrowing of pelvic arteries. Atherosclerosis impairs
blood inflow and oxygenation of the bladder wall.
Hypoxia contributes to the hyperplasia of connective
tissue in the bladder and subsequent impairment of
its compliance [13, 22, 23]. Because of its vasodilata-
tory effect, PDES5 inhibitors improve blood flow.
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Clinical studies on phosphodiesterase-5 inhibitors
efficacy for the treatment of LUTS

A number of interesting findings originate from re-
cently published trials conducted in men suffering
from BPH. Research analysed the efficacy of phos-
phodiesterase—5 inhibitors and presented statis-
tically significant alleviation of LUTS symptoms
expressed by the International Prostate Symptom
Score (IPSS) scale, along with improvement of erec-
tile function. The clinical studies are mentioned be-
low. The results are in line with expectations based
upon results of laboratory experiments on isolated
cells and tissues and animals as well. Yet, some “ex-
perimenter bias” must be excluded.

One research team found that from a group of 20
patients with co—occurring LUTS and ED after 12
week—long treatment with sildenafil, 32% reported
improvement in IPSS scale and LUTS—specific qual-
ity of life [24]. Another study on 62 patients with
LUTS and ED investigated the efficacy of alpha—
blockers (alfuzosin) combined with a PDE5 inhibitor
(sildenafil) versus monotherapy over a period of 12
weeks. The greatest improvement of IPSS parama-
ters was noted with combination therapy, while for
monotherapy individually the results were similar
and worse than in the former [25]. A much larger
group of patients (366) was assessed over a 12 week—
long sildenafil-monotherapy. In the initial course,
patients received 50 mg daily for 2 weeks, and fur-
ther 100 mg daily for 10 weeks. The final analysis
shows a significant reduction in IPSS scale (of 6.32
points). The advantageous effect was particularly
significant for severe LUTS symptoms [26].

The use of other PDE5 inhibitors to decrease LUTS
accompanying BPH has been investigated in large
randomised clinical trials. These trials also showed
a decrease in severity of bothersome symptoms. The
efficacy of Tadalafil in LUTS was estimated in a
large (281 men) study. Similary to previously cited
studies, some decrease on the IPSS scale was noted
as compared to placebo (of 3.8 points at 12 week)
[27]. Vardenafil at a dose of 10 mg two times daily
during a period of 8-weeks resulted in a 5.9 point—
reduction in IPSS score (a group of 222 men in ran-
domised trial) [28]. However, one should note that
the improvement reflected by the IPSS score (sub-
jective measure) was not followed by any change in
Qmax (objective measure) [29].

Perspectives of phosphodiesterase-5 inhibitors
in the treatment of premature ejaculation

Recently, some authors have debated the use of
PDES inhibitors as a novel treatment of premature

ejaculation (PE). PE is regarded as the most preva-
lent sexual disorder [30, 31]. Undoubtedly, the mech-
anism of PE is multifactorial, but still remains un-
clear and treatment is based mainly on behavioural
methods [32]. However, a few pharmacotherapies
have emerged lately: topical anaesthetics, selective
serotonin re—uptake inhibitors and alpha-—adrener-
gic antagonists are the most commonly prescribed
remedies. Now, phosphodiesterase—5 inhibitors have
emerged as a potential medication in PE therapy.
This concept results from experimental data demon-
strating that NO/cGMP pathway is involved in sex-
ual behaviour centrally and peripherally (not only
on penile tissues) alike [32]. The former is supported
by experiments on rats which present that nitric ox-
ide in the medial preoptic area induces erection and
inhibits ejaculation. The activity in the latter con-
sists of relaxation of smooth muscles of the vas def-
ferens, seminal vesicles, prostate and urethra, then
inhibiting emission and ejaculation. Additionally,
PDES5 inhibitors reveal direct anti—adrenergic activ-
ity on urogenital tissues. Thereby, these drugs may
prolong intravaginal ejaculatory latency time [32].
Other proposed mechanisms include: analgesia of
the glans sensory receptors, decrease of the central
sympathetic tone and support of sexual self-assess-
ment and confidence [30, 32, 33]. Despite such prom-
ising assumptions, clinical trials on the efficacy of
PDES5 inhibitors in PE treatment provide equivocal,
if not conflicting, results [33, 34]. Chen and co—work-
ers reviewed available data and presented that pla-
cebo—controlled studies did not reveal the supposed
efficacy of PDE5 inhibitors alone in PE, while one
paper presented some behavioral/mental benefits
[32]. These conclusions stay in concert with another
publication [34]. A survey by Chen’s team found that
combination therapy with a selective serotonin re—
uptake inhibitor (paroxetine) is more efficient than
with either substance alone [32]. Their own results
presents that sildenafil prolongs intravaginal ejac-
ulatory latency time, but yet to be reflected in the
subjective visual scale [32]. Some encouraging data
on PDES5 inhibitor in the treatment of PE concerns
the combination with topical analgesia of the penile
glans [35].

The dark side of phosphodiesterase->5 inhibitors

Does the cons prevail the pros?

Beyond all doubts, administration of very expen-
sive medicines like PDE5 inhibitors over a three
month period will be a heavy financial burden on
the health care system, particularly in our times of
cost constraints. If the health—service should cover
these expenses, then how extensible is that duvet?
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Furthermore, researchers did not precise and assess
a prolonged, pro—erectile effect of a 3—month regi-
men with PDES5 inhibitors. Indisputably, sometimes
there can be too much of a good thing. We don’t know
much about the long—term effects of such stimula-
tion. Fundamental objections raise a proved link of
PDES inhibitors with an increased susceptibility to
melanoma. Laboratory data confirm epidemiologi-
cal observations that sildenafil may contribute to
an increased risk of melanoma, and may promote
melanoma invasiveness, especially in patients with
a genetic predisposition like the BRAF gene muta-
tion. It is known that PDES5 inhibitors promote mela-
nin synthesis — a factor for melanoma development
— and low phosphodiesterase—5 activity propagates
melanoma cells invasiveness [36].

A very recently published paper should turn heads. A
10-year—long study on 25,848 men from the Health
Professionals Follow—Up Study revealed that the
risk of melanoma development was significantly ele-
vated for sildenafil users when compared to non—us-
ers (hazard ratio 1.84). Data stratified for 1000,000
individuals, indicate 216.4 melanoma cases in the
sildenafil subgroup and 135.4 melanoma cases in the
non-sildenafil subgroup. In addition, the investiga-
tors found an increased risk of melanoma for men
taking sildenafil occasionally [36]. The association
of melanoma with other inhibitors was not tested in
that research, but it does not exclude such a rela-
tion. The study did not show a correlation between
sildenafil use and other skin cancers. The foregoing
remarks cast doubts on potential long—term use of
PDES inhibitors in LUTS.

New areas of application for phosphodiesterase-5
inhibitors. A hope for victims of devastating
diseases.

Fortunately, new researches have brought to light real-
ly good news about unexpected pharmacological actions
and new therapeutic strategies of PDES5 inhibitors, be-
yond their known use in pulmonary hypertension. Clin-
ical data from tests of tadalafil and sildenafil reveal that

References

1. Govorov A, Kasyan G, Priymak D, Pushkar D,
Sorsaburu S. Tadalafil in the management of
lower urinary tract symptoms: a review of
the literature and current practices in Russia.
Cent Eu-ropean J Urol. 2014; 67: 167-176.

2. Bruskewitz R. Management of symptomatic
BPH in the US: who is treated and how? Eur 4.
Urol. 1999; Suppl 3: 7-13.

3. Lepor H, Williford WO, Barry MJ, Brawer MK,
Dixon CM, Gormley G, et al. The efficacy of
terazosin, finasteride, or both in benign prostatic
hyperplasia.Veterans Affairs Cooperative
Stud-ies Benign Prostatic Hyperplasia Study
Group. N EnglJ Med. 1996; 335980: 533-539. 5.

Rosenberg MT, Staskin DR, Kaplan SA,
MacDiarmid SA, Newman DK, Ohl DA. A

phosphodiesterase—5 inhibitors may be effective in the
treatment of muscular dystrophies. Studies revealed
that impaired muscular blood flow with subsequent
oxygen depletion in Duchenne and in Becker muscular
dystrophies results from the loss of nitric oxide in ves-
sels wall [37, 38]. Similar to its use in penile tissues,
PDES5 inhibitors should, and do, protect NO in skeletal
muscles. A randomised trials revealed that even single,
standard doses of PDE5 inhibitors restore weakened
muscular blood inflow, correct tissue oxygenation and
subsequently result in significant improvement of ex-
ercise capacity and muscular strength [37, 38]. Another
beneficial effect was described for spinal—cord injury
patients. Here, PDE5 inhibitors enhanced the relax-
ation of the bladder wall in a neurogenic bladder [39].

Closing remarks

The remarkable efficiency of phosphodiesterase—5
inhibitors in the treatment of erectile dysfunction
is well-known. Novel potential use for treatment of
other diseases has emerged. Thanks to its vasodila-
tatory activity, the applications may be manifold. Up
to now, besides ED treatment, PDES5 inhibitors have
been used for the treatment of pulmonary hyperten-
sion in adults and neonates. The molecular mecha-
nism of action of such drugs suggests that other,
new applications are very probable and diverse. By
acting on NO—-cGMP, Rho—kinases pathways and on
adrenergic activity, potential benefits will be mul-
tidimensional — the use of PDE5 inhibitors in the
treatment of muscular dystrophies is an example.
A lack of effective treatment of numerous diseases
and the huge financial burden of scientific research
on entirely new drugs, calls for urgent scrutiny of
existing medicines. For example, old drugs like met-
formin have found many new applications. Yet, one
of the major challenges of this approach is that we
do not know whether interfering with particular cel-
lular molecular mechanisms alleviates diseases or
creates groundwork for others — new and even more
devastating. Melanoma risk related to phosphodies-
terase—5 inhibitors is an example of the latter.

practical guide to the evaluation and
treatment of male lower urinary tract
symptoms in the primary care setting. Int J
Clin Pract. 2007; 61: 1535-1546.

Golomb E, Rosenzweig N, Eilam R, Abramovici
A. Spontaneous hyperplasia of the ventral
lobe of the prostate in aging genetically
hypertensive rats. J Androl. 2000; 21: 58-64.



CENTRAL EUROPEAN JOURNAL OF UROLOGY

6. Lukacs B, Leplege A, Thibault P, Jardin A.
Prospective study of men with clinical benign
pros-tatic hyperplasia treated with alfuzosin
by general practitioners: 1—year results.
Urology. 1996; 48: 731-740.

7. Rosen R, Altwein J, Boyle P, Kirby RS, Lukacs B,
Meuleman E, et al. Lower urinary tract
symp-toms and male sexual dysfunction: the
multinational survey of the aging male
(MSAM=7). Eur Urol. 2003; 44: 637-649

8. Dutkiewcz S, Skawinski D, Duda W, Duda M.
Assessing of the influence of benign prostatic
hyperplasia (BPH) on erectile dysfunction (ED)
among patients in Poland. Cent European J
Urol. 2012; 65: 135-138.

9. Moreira ED Jr, Lbo CF, Diament A, Nicolosi A,
Glasser DB. Incidence of erectile dysfunction
in men 40 to 69 years old: results from a
population—based cohort study in Brazil.
Urology. 2003; 61: 431-436.

10.Shiri R, Hakkinen JT, Hakama M, Huhtala H,
Auvinen A, Tammela TL, Koskimaki J. Effect of
lower urinary tract symptoms on the
incidence of erectile dysfunction. J Urol.
2005; 174: 205-2009.

11.Chai TC, Belville WD, McGuire EJ, Nyquist L.
Specificity of the American Urological
Associa-tion Voiding Symptom Index:
comparison of unselected and selected
samples of both sexes. J Urol. 1993; 150:
1710-1713.

12.Thompson IM, Tangen CM, Goodman PJ,
Probstfield JL, Mainpour CM, Coltman CA.
Erectile dysfunction and subsequent
cardiovascular disease. JAMA. 2005; 294:
2996-3002.

13.Adamowicz J, Drewa T. Is there a link between
soft drinks and erectile dysfunction? Cent
European J Urol. 2011; 64: 140-143.

14.Tinel H, Stelte-Ludwig B, Hutter J, Sandner P.
Pre—clinical evidence for the use of phos-
phodiesterase-5 inhibitors for treating benign
prostatic hyperplasia and lower urinary tract
symp-toms. BJU Int. 2006; 98: 1259-1263.

15. Hedlund P, Ekstrom P, Larsson B, Alm P,
Andersson KE. Heme oxygenase and NO—
synthase in the human prostate — relation to
adrenergic, cholinergic and peptide—
containing nerves. J Au-ton Nerv Syst. 1997;
63:115-126.

16.Andersson KE, Persson K. Nitric oxide
synthase and the lower urinary tract: possible
implica-tions for physiology and
pathophysiology. Scand J Urol Nephrol Suppl.
1995; 175: 43-53.

17.Persson K, Igawa Y, Mattiasson A, Andersson
KE. Effects of inhibition of the L-arginine/
nitric oxide pathway in the rat lower urinary
tract in vivo and in vitro. Br J Pharmacol.
1992; 107: 178-184.

18. Giuliano F. Mechanism of action of PDES
inhibitors in LUTS and ED: the NO—cGMP
pathway. Eur Urol. 2009; 55: 49-51.

19.Bloch W, Klotz T, Loch C, Schmidt G,
Engelmann U, Addicks K. Distribution of nitric
oxide synthase implies a regulation of
circulation, smooth muscle tone, and
secretory function in the human prostate by
nitric oxide. Prostate. 1997; 33: 1-8.

20.Cook AL, Haynes JM. Protein kinase G
ll-mediated proliferative effects in human
cultured prostatic stromal cells. Cell Signal.
2004; 16: 253-261.

21.Rees RW, Ziessen T, Ralph DJ, Kell P, Moncada
S, Cellek S. Human and rabbit cavernosal
smooth muscle cells express Rho—kinase. Int J
Impot Res. 2002; 14: 1-7.

22.Mouli S, McVary KT. PDES inhibitors for LUTS.
Prostate Cancer Prostatic Dis. 2009; 12:
316-324.

23.Uckert S, Kuthe A, Jonas U, Stief CG.
Characterization and functional relevance of
cyclic nu-cleotide phosphodiesterase
isoenzymes of the human prostate. J Urol.
2001; 166: 2484-2490.

24.Sairam K, Kulinskaya E, McNicholas TA,
Boustead GB, Hanbury DC. Sildenafil
influences lower urinary tract symptoms. BJU
Int. 2002; 90: 836-839.

25.Kaplan SA, Gonzalez RR, Te AE. Combination
of alfuzosin and sildenafil is superior to
mono-therapy in treating lower urinary tract
symptoms and erectile dysfunction. Eur Urol.
2007; 51:1717-1723.

26.McVary KT, Monnig W, Camps JL Jr, Young JM,
Tseng LJ, van den Ende G. Sildenafil citrate
improves erectile function and urinary
symptoms in men with erectile dysfunction
and lower uri-nary tract symptoms associated
with benign prostatic hyperplasia: a
randomized double—blind study. J Urol. 2007;
177:1071-1077.

27.McVary KT, Roehrborn CG, Kaminetsky JC,
Auerbach SM, Wachs B, Young JM, et al.
Tada-lafil relieves lower urinary tract
symptoms secondary to benign prostatic
hyperplasia. J Urol 2007; 177: 1401-1407.

28.Stief CG, Porst H, Neuser D, Beneke M,
Ulbrich E. A randomized, placebo—controlled

study to assess the efficacy of twice—daily
vardenafil in the treatment of lower urinary
tract symptoms secondary to benign prostatic
hyperplasia. Eur Urol. 2008; 53: 1236-1244.

29. Kochler TS, McVary KT. The relationship
between erectile dysfunction and lower urinary
tract symptoms and the role of phosphodiester-
ase type 5 inhibitors. Eur Urol. 2009; 55: 38-48.

30.Sangkum P, Badr Rh, Ege Can Serefoglu EC,
Hellstrom WIJG. Dapoxetine and the
treatment of premature ejaculation. Transl
Androl Urol. 2013; 2: 301-311

31. Lue TF, Giuliano F, Montorsi F, Rosen RC,
Andersson KE, Althof S, et al. Summary of the
recommendations on sexual dysfunctions in
men. J Sex Med. 2004; 1: 6-23

32.Chen J, Keren—Paz G, Bar—Yosef Y, Matzkin H.
The role of phosphodiesterase type 5 inhibitors
in the management of premature ejaculation: a
critical analysis of basic science and clinical data.
Eur Urol. 2007; 52: 1331-1339

33.Wang WF, Minhas S, Ralph DJ.
Phosphodiesterase 5 inhibitors in the
treatment of premature ejaculation. Int
J Androl. 2006; 29: 503-509.

34.McMahon CG, Stuckey BG, Andersen M,
Purvis K, Koppiker N, Haughie S, Boolell M.
Efficacy of sildenafil citrate (Viagra) in men
with premature ejaculation. J Sex Med. 2005;
2:368-375.

35.Atan A, Basar MM, Tuncel A, Ferhat M, Agras
K, Tekdogan U. Comparison of efficacy of
sildenafil-only, sildenafil plus topical EMLA
cream, and topical EMLA—cream—only in
treatment of premature ejaculation. Urology.
2006; 67: 388—391.

36.Li WQ, Qureshi AA, Robinson KC, Han J.
Sildenafil use and increased risk of incident
mela-noma in US men: a prospective cohort
study. JAMA Intern Med. 2014; 174: 964-970.

37. Martin EA, Barresi R, Byrne BJ, Tsimerinov El,
Scott BL, Walker AE, et al. Tadalafil alleviates
muscle ischemia in patients with Becker muscular
dystrophy. Sci Transl Med. 2012; 4: 162—-155.

38.Nelson MD, Rader F, Tang X, Tavyev J, Nelson
SF, Miceli MC, et al. PDE5 inhibition alleviates
functional muscle ischemia in boys with
Duchenne muscular dystrophy. Neurology.
2014; 82:2085-2091.

39. Gacci M, Del Popolo G, Macchiarella A, Celso
M, Vittori G, Lapini A, et al. Vardenafil
im-proves urodynamic parameters in men with
spinal cord injury: results from a single dose,
pilot study. J Urol. 2007; 178: 2040-2043.



