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Abstract

The aim of this study was to clarify the effects of yohimbine hydrochloride and three intra-
cavernoshvasoactie agerts in paients with erectile dysfunctio and the effect of dihydrotestoter-
one gd in men with andropausd symptoms The effect of trarsurethil resectbn of prosate
(TURP) on sexua functions was also examined.

Altogeter 406 patients were included in five studies and all patients were examined and con-
trolled in the Oulu University Hospital during the years 1991-1998.

Twenty-nire paients with mixed-type erectie dysfunction (ED) were recruited into a rand-
omized, controlled, double-blind crossaver comparison of placeln and high-dose yohimbine hydro-
chloride (36 mg per day ordly). Positive clinical response were obtaned in 44% of the patieris
during yohimbine treatment and in 48% during placebo treatment.

Thirty patiens with ED undervent an intracavernodainjection test (ICl) using three different
active agents (prostaglandin E1(PGEL) pgpaverine hydrochloride (PV), moxisylyte (MS)) and
physiologica saline PGEL producel significartly bette rigidity than eithe PV or MS.

Sixty-nine patients with ED who had startal ICI theragy with PGEL &t leag three yeass previausly
were invited to a contra examnation to find out the long-tem outcome of thistreatmet and to eval-
ate the patients' overal satisfactbn with their sexud life.46.4% of the patiens had discontinued PGE1
therapy, the mean time of using PGEL having been 23.3 months (range 0-48 months) 34.8% of the
patiens reportel that their own spontaneaus erectiors had improved during the PGEL therayy.

The sexud functions of 155 patiens with benignh prostate hypeplasa (BPH) were evduated
before TURP ard 6 ard 12 montts afterwards with questionnairesOnly 26% of the patiens had
completey saisfactory erectiors before TURP, while 22% had satisfatory erectiors 6 montts later
and 24% 12 months later. The majority of patierts (about 70%) were satisfed with their sexud life
bath before and after the procedure.

123 men with symptoms of andropause participata in a rardomized, placebo-controlled study
to assess the effects of dihydrotestogerone (DHT) gel in men with andropausal symptoms. The drug
was admhistera trarsdernelly once aday during six months Early morning erectios improved
significantly (p<0.003 in the DHT group by the three-mont control the ahlity to mantain erec-
tions was bette, and there was als a postive effect on libido. In the patiens with a elevatel (>12)
interndiond index of the prostate symptons scoe (I-PSS before DHT treatmentl|-PSS decreased
from 17.7 to 12.3 points.

As a conclusion yohimbine hydrocHoride is no bette than placebo in the treatmen of patierts
with mixed-type ED. PGEJ, PV ard MS are well tolerated and PGEL was shown to be the most
effective drug of the three ICI therapy with PGEL in long-tem use is safe ard effective. Sexual
functions in men did not change after TURP, and this group of aging men were fairly satisfied with
their sexual lif e degite of the fact that they had some ED and one third of the patiens had not had
intercaurse during the previous yea. Tranglermd administration of DHT in agng men improves
sexua function.

Keywads sexuad dysfunction intracavenous injection (ICI) test andropausgprostag-
landin E1
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AVSST
BCRL
BMI
BPH
cc-EMG
CVD
DD
DHEA
DHT
ED

E2
FSD
FSH
GTP
HDL
ICI
IIEF
LH
MS
NO
NPT
NPTR
PGE1
PSA
PV
REM
SHBG

TRUS
TURP
VAS
VCD

Abbrevations

audiovisual sexual stimulation test
bulbocavernous reflex

body mass index

benign prostatic hyperplasia
corpus cavernosum electromyography
cardiovascular disease
duplex-Doppler color sonography
dehydroepiandrosterone
dihydrotestosterone

erectile dysfunction

estradiol

female sexual dysfunction

follicle stimulating hormone
guanosine-5""-triphosphate
high-density lipoprotein
intracavernosal injection
international index of erectile function
luteinizing hormone

moxisylyte

nitric oxide

nocturnal penile tumescence
nocturnal penile tumescence and rigidity
prostaglandin E1
prostate-specific antigen
papaverine hydrochloride

rapid eye movement
sex-hormone binding globulin
testosterone

transrectal ultrasound
transurethral resection of prostate
visual analogue scale
vacuum/constriction device
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1. Introduction

The inability of a male to attain and maintain an erection sufficient to allow sexual inter-
course is called erectile dysfunction (ED). It is a part of the general male sexual dysfunc-
tion called impotence, which also includes libidinal, orgasmic and ejaculatory dysfunc-
tion. Until the 1990's, “impotence” was the term used in clinical work to refer to erectile
dysfunction.

The most usual sexual dysfunction of man is weakness of erections. Erectile dysfunc-
tion affects millions of men, and although it may not mean a total loss of sexual satisfac-
tion, it often creates a mental stress that affects the man’s quality of life. Erectile dysfunc-
tion goes hand in hand with aging. The prevalence of complete ED is estimated to be
approximately 5% among 40-year-olds, 10% among men in their 60s, 15% in men in their
70s, and 30-40% in men in their 80s (Feldnedral. 1994).

Erectile dysfunction is a common problem. In the 1970s it was believed that most of
the problems causing erectile dysfunction were psychological. Nowadays, about 50-85%
of ED patients can be shown to have a somatic cause by modern methods of examination
(Mulligan & Katz 1989). One must, however, recognise that there are always some psy-
chological factors at the background. Erectile dysfunction may also occur as a result of a
specific illness or medical treatment. Various operations may similarly cause erectile dys-
function (Quinlaret al. 1991).

Knowledge of erectile dysfunction has increased remarkably over the past decade: the
most striking finding was the possibility to use intracavernosal (papaverine hydrochlo-
ride) treatment, which was reported by Dr. Virag in the early 1980s (Virag 1982). Since
that time, many other injectable vasoactive medicines have been introduced (Batvat J
al. 1989, Lue 1990, Chao & Clowers 1994). The other important finding was sildenafil,
which enables the use of effective oral medication for ED (Goldsteal. 1998).

The mechanism of erection is also better understood now when the new drugs have
been investigated (Hedlund & Andersson 1985, Goldstead. 1998). The clinical inves-
tigations of erectile dysfunction have become more sophisticated: color duplex Doppler
(DD) sonography, audiovisual sexual stimulation tests (AVSST), and computer-aided pro-
grams area available for the analysis of erections and nocturnal penile tumescence (NPT)
(Rigiscan device). It is also possible to examine the etiology of erectile dysfunction with
intracavernosal injection tests (ICI) (Staeilal. 1990).
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Nowadays the most important contemporary treatments of ED are peroral sildenafil
and intracavernosal pharmacotherapy using vasoactive medicines. 70%-90% of all
patients with ED are able to restore their erections with these treatments (Batrerd
1990, Viraget al. 1991, Goldsteiret al. 1998). However, these drugs are not suitable to
every patient. More nonivasive methods to treat erectile dysfunction, such as oral medica-
tion or locally applicable preparations are needed.



2. Review of the literature

2.1. Prevalence and epidemiology of erectile dysfunction

Until the 1970s, sex was a private matter and publications about sexual behaviour were
rare. Erectile dysfunction was a non-threatening disorder, and only a minority of the
patients suffering from it consulted a doctor.

The first thorough epidemiologic study in the United States was published by Kinsey
and associates in 1948. According to Kinsey's survey, which covered 4108 adult males,
less than 1% of the population were affected before the age of 30 years, while 6.7 % of
men were affected between 45 and 55 years, 25% at the age of 65 years, and up to 75% of
men at the age of 80 years. One should notice, however that only a minority of these
patients, namely 306, were aged above 55; it is therefore difficult to draw very definite
conclusions concerning elderly men’s prevalence of erectile dysfunction on the basis of
Kinsey's report. Spector and Carey (1990) reviewed 23 studies on sexual dysfunction in
males and females carried out between 1948 and 1988 in different settings, among the
general population and in different clinical settings, reporting that the prevalence of ED
was 4% to 9%. The most recent epidemiologic study is the the Massachusetts Male Aging
Study (MMAS) reported by Feldman and colleagues (1994), where 1290 males aged 40-
70 years filled in a sexual questionnaire with 9 items between the years 1987 and 1989.
This study reports a combined 52 % prevalence of minimal, moderate and complete
impotence. Age was the variable most strongly associated with impotence. The authors
concluded that erectile dysfunction increases with age, and the probability of complete
impotence tripled from 5 to 15 % between the ages of 40 and 70 years. Prior studies have
shown similar relationships between impotence and aging (Kiredley. 1948, Pearlman
& Kopashi 1972, Franlet al. 1978, Mulliganet al. 1988). The MMAS study could con-
cluded, based on these figures, that impotence is a major health concern in view of its
high prevalence. It has been noticed in various investigations that 80-90% of men over 60
years of age continue their sexual activity (Brecher 1984).

Erectile dysfunction is often multifactorial in etiology. When the patient is diagnosed
as having organic ED, it means that organic factors are the main contributors to his ED.
For didactic purposes, ED has been divided into organic and psychogenic types. Athero-
sclerotic vascular disease accounts for nearly half of all ED in men more than 50 years of
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age (Mulligan & Katz 1989). Heart disease and two associated risk factors, hypertension
and low serum high-density lipoprotein, significantly correlated with impotence in the
MMAS sample (Feldmaret al. 1994). Several studies on impotent men have shown that
the number of abnormal penile vascular findings significantly increases when the patient
history includes myocardial infarction or vascular risk factors, such as hypertension and
cigarette smoking (Shabsigh al. 1991).

Diabetes is known to be associated with impotence. The prevalence of ED in the dia-
betic population ranges from 15% to 55%, depending on the age and extent of the disease
(Smith 1981). In the MMAS sample, the age-adjusted probability of complete impotence
was 3-fold in subjects reporting treated diabetes compared to those without diabetes
(Feldmanet al. 1994).

Of the many other diseases causing ED, chronic renal failure induces ED in up to 40%
of the men affected (Abramst al. 1975). Several neurological diseases have also been
associated with ED. Multiple sclerosis is associated with a high incidence of ED (ktlius
al. 1976). Loss of erection was reported in 53% of 55 male Alzheimer’'s disease patients
(Zeisset al. 1990).

Endocrine disorders are commonly associated with ED, and hypopituitarism, non-
functioning pituitary tumors, prolactin-secreting pituitary tumors and hyperthyroidism
may cause ED (Braunstein 1983). The effect of androgens on libido and sexual behavior
is well established, but their contribution to the erectile mechanism remains unclear
(Korenman 1990). In the MMAS survey, of the 17 hormones measured, only dehydroepi-
androsterone was strongly associated with impotence (Feléten1994).

Psychogenic ED is more prevalent in young men, but its prevalence in older men can-
not be ignored, especially not the widower's syndrome (Morley 1985).

Men suffering from depression may have organic ED due to the decreased testoster-
one levels caused by elevated levels of corticotropin-releasing factor (CRF)giCaio
1984). Several chronic infectious diseases are associated with ED. The outcome of pro-
longed priapism is usually ED, while many conditons are associated with priapism and
are often drug-induced and are caused by or sickle cell disease, trauma, neoplasia, leuke-
mia, intracavernosal injections and total parenteral alimentation.

Cigarette smoking has been shown to be an independent risk factor for vasculogenic
impotence (Rosert al. 1991). The roles of excessive alcohol consumption, obesity and
physical inactivity are unclear (Friedt al. 1986, Friedmaret al. 1986, Koschet al.

1988).

Trauma to the pelvic structures may cause ED in a significant number of men affected,
and urologic surgery is also closely associated with ED. Radical prostatectomy using the
retropubic approach and a nerve-sparing procedure causes ED in 15 % to 30% (@tinlan
al. 1991). Transurethral resection of prostate (TURP) has resulted in a high incidence of
ED in many studies, but the incidence varies from none to 40% (Holtgrave & Valk 1964,
Finkle & Prian 1966, Hargreave & Stephensen 1977, Boll. 1987, Libman & Fichten
1987, Mebustt al. 1989).

Drug-induced erectile dysfunction is common. The data available on this topic are
based on empirical observations, case reports and pre- or post-marketing drug surveys.
Most of the studies have been uncontrolled. Slag and collegues (1983) found a 25 % prev-
alence of drug-associated impotence in a medical outpatient population. Most of the drugs
causing male erectile dysfunction have been associated with the available antihyperten-
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sive agents, including symphatolytigadrenoceptor blocking agents, vasodilatators and
diuretics (Weinet al. 1988). Many drugs that produce central nervous system sedation or
depression, such as opiates, are also associated with ED by causing elevation of plasma
prolactin levels (von Graffenreidt al. 1978), as are also drugs that lower plasma testo-
sterone levels, such as estrogen, ketokonazole and digoxin éPahtLl982, Przybilla &

Schill 1985). There are numerous drugs and many different mechanisms that could also
cause ED (Table 1). More and more drugs are being identified as causing ED, but consid-
eration should also be given to the natural occurrence of ED.

Table 1. Drugs that may produce erectile dysfunction (from Benet & Melman1995).

Drug type Drugs
Diuretics Thiazides
Spironolactone
Antihypertensives Methyldopa
Clonidine
Reserpine
B-Blockers
Guanethidine
Verapamil
Cardiac Clofibrate
Gemfibrozil
Digoxin
Tranquilizers Phenothiazines
Butyrophenones
Antidepressants Tricyclic antidepressants
Monoamine oxidase inhibitors
Lithium
Prozac
H, antagonists Cimetidine
Ranitidine
Hormones Estrogens
Progesterone
Corticosteroids
Cyproterone acetate
Eulexin
Proscar
Gonadotropin-releasing hormone agonists
Cytotoxic agents Cyclophosphamide
Methotrexate
Roferon-A
Anticholinergics Disopyramide
Anticonvulsants
Miscellaneous Metoclopramide
Baclofen
Carbonic anhydrase inhibitors
Nonsteroidal anti-inflammatory
Tobacco
Alcohol
Amphetamines
Opiates
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2.2. Physiology of penile erection

The central sensory psychogenic stimuli or penile stimulation or both increase parasym-
pathetic activity, resulting in relaxation of the penile smooth muscle (Saenz de Tejada &
Moncada 1996). This phenomenon is mediated by activation of the NO/cGMP pathway
and by additional activation of the cAMP pathway, which result in increased blood flow
through the penile arteries.

NO exerts a significant impact on the penis, operating as the princial mediator of ED
(Burnett 1997). NO is a free radical and therefore a highly reactive and chemically unsta-
ble molecule. NO crosses the plasma membrane of cells targeting on the guanylate
cyclase enzyme, producing a conformational change in the molecule that increases its
activity. Activated guanylate cyclase catalyzes the conversion of guanosine-5"-triphos-
phate (GTP) to 3',5'cyclic guanosine monophosphate (cGMP). The accumulation of
cGMP sets in motion a cascade of events at the intracellular level which induce a loss of
contractile tone of penile smooth muscle and increase of bood flow in cavernous body
(Saenz de Tejada & Moncada 1996, Figure 1).

The other pathway for inducing relaxation and erection is mediated by vasoactive
intestinal peptide (VIP) (Ehmket al. 1995). The VIP receptors in the cavernous body are
coupled to specific proteins that stimulate the catalytic activity of adenylate cyclase with
the formation of cAMP (Fig.1). Endogenous prostanoids participate in the regulation of
penile smooth muscle contractility. The receptor that mediates relaxation to PGE is desig-
nated "EP receptor” (prostaglandin E receptor, Fig. 1). The stimulation of beta-adrener-
gic receptors by catecholamines causes relaxation of the arterial and trabecular smooth
muscle. The beta-2 subtype is probably the most important receptor mediating these
effects (Dhabuwalat al. 1985). Adrenaline has high affinity for this receptor, whose
stimulation partly counteracts the constrictor effects of this catecholamine, which are
mediated by alpha-adrenergic receptors.

One of the mechanisms by which cyclic nucleotides induce the relaxation of smooth
muscle is through the opening of potassium channels, which hyperpolarize the cell. The
activation of potassium channels by PGE1 action, an effect mediated by AMPc, has been
demonstrated (Chrigtt al. 1996).

The termination of erection takes place via increased adrenergic activity, and it has two
components: a direct constrictor effect on the smooth muscle mediated by the alphal- and
alpha2-receptors and an indirect effect, whereby the vasodilatator effect of noncholinergic
neurotransmitter nerves is inhibited by a prejunctional, alpha2-adrenergic-mediated
mechanism (Saenz de Tajada & Moncada 1996).
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Fig. 1. The three pathways that regulate penile smooth muscle relaxation: cGMP, cAMP and
hyperpolarization. (NA=noradrenaline, AD= adrenaline, 3-ADR= 32-adrenergic receptor, EP-
P=prostaglandin E receptor, VIP-R= vasoactive intestinal peptide receptor, Na+-pump= Na+-
K+-ATPase, NO nitric oxide) (From Saenz de Tejada & Moncada 1996).

2.3. Evaluation of erectile dysfunction

2.3.1. Patient history and use of questionnaires

The evaluation of ED begins with a comprehensive patient history and physical examina-
tion. A careful sexual history and knowledge of current illnesses and medications are
essential. In the study by Davis-Joseph and colleagues (1995), history and physical exam-
ination had 95 % sensivity, but only 50% specificity in diagnosing organic ED. The accu-
racy rates of history and physical examination in diagnosing ED were 80% and 60%,
respectively.

The history of sexual function is best obtained through self-reporting by the patient. In
an effort to improve the way in which men communicate about their sexual function,
O’Leary and colleagues (1995) developed and validated a self-administered question-
naire, which they found useful in practice and research. The goal of the analysis was to
identify the minimum number of questions that would reliably and validly describe the
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four main domains of male sexuality: sexual drive or libido, erection, ejaculation and
overall satisfaction. The resulting 11-item index captures the key areas of male sexuality
as clearly and concisely as possible.

Visual analogue scale analysis has seldom used for assessment of ED, mainly it is used
in evaluating pain in clinical studies (Gillaet al. 1997, Yalcinet al. 1998) also concern-
ing pain after intracavernosal injections (Kihal. 1997, Sateet al. 1998).

Recently, several international questionnaires have been developed. The International
Index of Erectile Function (IIEF) has been used widely, and it has been validated in sev-
eral languages (Roset al. 1997, Goldsteinet al. 1998). According to Goldstein and col-
leagues (1998), the efficacy of sildenafil was assessed on the basis of the scores for the
five separate response domains concerning male sexual function on IIEF: erectile func-
tion, orgasmic function, sexual desire, intercourse satisfaction and overall satisfaction.

2.3.2. Laboratory tests

The laboratory tests of an impotent patient aim to identify treatable conditions or previ-
ously undetected medical illnesses that may contribute to ED (Catrall. 1992). The

value of routine endocrinologic testing in the evaluation of impotent men is controver-
sial, as the overall incidence of endocrinopathy in impotent patients varies from 1.7% to
35%, with most large series reporting incidences closer to 1.7% (Johnson & Jarow 1992).
The effectiveness of hormonal replacement in the treatment of hypogonadal impotence
has also been rather disappointing. Morales and associates (1994) reported a total
response rate of only 9% among patients treated with oral androgen replacement. Up to
20% of elderly men who undergo estrogen therapy or surgical castration for prostate can-
cer are able to maintain erections adequate for intercourse despite the castrate levels of
testosterone (Ellis & Grayhack 1963). Therefore, some investigators have suggested that
an evaluation of endocrinopathy is only necessary in men who demonstrate clinical evi-
dence of hypogonadism (bilateral testicular atrophy) or report decreased libido (Johnson
& Jarow 1992, Friedmaret al. 1986). If hormonal evaluation is done, it is enough to
assess serum testosterone. The National Institutes of Health (NIH) suggested the use of
an a.m. serum testosterone value (NIH Consensus Conference 1993). Serum testosterone
levels, however, vary widely in normal men and are related to the episodic secretion of
LH (Sprattet al. 1988).

2.3.3. Functional studies of ED

Evaluation of nocturnal penile tumescence (NPT) was one of the earliest tests devised to
study erectile dysfunction. The association between sleep and erections was documented
as early as 1940 by Halverson. Aserinsky and Kleitman (1953) first described rapid eye
movement (REM) sleep and later recognized that nocturnal erections seemed to corre-
spond to the REM periods during normal sleep. Fischer (1965) found the association
between REM sleep and erections. In 1970, Karacan suggested that NPT could be used to
evaluate ED. NPT testing might be a useful method for differentiating between organic
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and psychogenic impotence: the mechanism of NPT is presumed to rely on neurovascu-
lar response mechanisms similar to those seen in erotically induced erections. The basic
assumption is that the relevant psychologic factors which may inhibit sexually induced
erection while awake would be inoperative during sleep. The truth of this assumption has
not been proven. Some investigators have reported that NPT studies correlate poorly with
patient-reported sexual performance (Corglral. 1986). At least two consecutive nights

of recording NPT are necessary to evaluate nocturnal penile tumescence and rigidity; in
addition, sexual intercourse seems to decrease nocturnal penile tumescence and rigidity,
although not statistically significantly (Hatzichristetial. 1998).

The validity and usefulness of NPT studies in the evaluation of ED have been ques-
tioned, and the normative values and the standardized technique available for determining
such parameters as the number of episodes, the degree of tumescence and rigidity, have
not been well established. Nor has it been determined what constitutes a normal NPT
study (Weinet al. 1981, Sohret al. 1993).

In 1985, Bradley and Timm described the Rigiscan monitoring device (Dacomed Cor-
poration, Minneapolis, MN) used by patients at home to provide continuous recording of
penile tumescence and rigidity (NPTR)(Figure2). It has been used widely in NPT studies
(Karadenizet al. 1997) and also for monitoring during audiovisual sexual stimulation
(AVSS) (Martins & Reis 1997).

AVSS tests have been used for the initial screening of psychogenic erectile dysfunc-
tion: a positive response to visual erotic stimulation is strongly indicative of a predomi-
nantly psychogenic cause of erectile dysfunction (Martins & Reis 1997). The use of
vibrotactile stimulation and visual sexual stimulation together may assist in determining
the potential sexual potency of men experiencing erection problems during the process of
differential diagnosis (Rowlanet al. 1994).

Fig. 2. Rigiscan ambulatory penile tumescence and rigidity monitoring device.
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2.3.4. Pharmacotest

Intracorporeal injection of vasoactive agents, which was first introduced by Virag and
associates, was found to be useful as a diagnostic tool in patients with suspected vasculo-
genic impotence (Viraget al. 1984, Abberet al. 1986). Theoretically, vasoactive sub-
stances substitute for the neurotransmitter to activate arterial and sinusoidal mechanisms.
Initially, a positive erectile response, defined as rigid erection, has been presumed to sig-
nify normal vascular status. If only short—lived, partial or no response resulted from the
injection, vascular ED was presumed (Lue & Tanagho 1987). In 1994, Pescatori and co-
workers demonstrated that a positive erectile response implies normal veno-occlusive
function, but not necessarily normal arterial function. A negative erectile response may
be due to excessive adrenergic constrictor tone as a result of anxiety @wlal986).
It has also been noticed that the level of norepinephrine in penile blood during a pharma-
cotest is higher in patients with psychogenic ED than in healthy controls or patients with
vascular ED (Kim & Oh 1992).

There are many vasoactive agents that can be used for pharmacotesting and adminis-
tered as therapy for ED (Junemann & Alken 1989, Staatkhl. 1990). In a multicenter
study comparing papaverine, papaverine-phentolamine and PGE1, PGE1 emerged as the
most reliable diagnostic drug with an overall erection rate of 74% and a prolonged erec-
tion rate of only 0.1% (Porst 1990). Nisen & Cormio (1993) concluded in their study that
pharmacotesting with a high dose of prostaglandin is a useful screening test for vasculo-
genic impotence. There have been several methods to enhance the diagnostic accuracy of
pharmacotesting: it has been used with initial high doses or re-dosing or combined with
genital self-stimulation or vibratory stimulation (Donatucci & Lue 1992, Jansdeal.
1994, Incrocciet al. 1996). Visual erotic stimulation (VES) or AVSS have also been used
with pharmacotesting to improve its accuracy (Katlovétzal. 1993, Jansseet al. 1994,
Vruggink et al. 1995). Montorsi and associates (1996) showed that a combination of
injection and genital plus audiovisual sexual stimulation caused a significantly greater
erectile response than re-dosing.

The most feared complication of pharmacotesting is prolonged erection (ebwuda
1989). Younger patients with nonvascular ED are most prone to prolonged erection
(Lomas & Jarow 1994). Therefore, the dose used for testing should be adapted to the his-
tory of the patient and reduced in the presence of suspected neurogenic or psychological
ED (Witjeset al. 1992).

2.3.5. Vascular evaluation of ED

Color duplex Doppler ultrasound is a minimally invasive method for studying the arterial
blood supply to the penis (Luet al. 1985, Gallet al. 1989, Lewis & Mauda 1994). It
assesses the integrity of the arterial supply to the penis and provides some useful informa-
tion on the veno-occlusive mechanism (Nissral. 1993). Because the arterial diameter
and the flow rate change during the different phases of erection, duplex Doppler ultra-
sound is performed after pharmacostimulation and, if necessary, after self-stimulation
(Lue 1990). Montorsi and associates (1996) suggested that color Doppler sonography
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should be performed after an injection plus genital and audiovisual sexual stimulation:
when the erectile response does not equal the maximal physiological erection reported by
the patient, a second injection with stimulation should be given. Ultrasonic and pulsed
Doppler scanning after pharmacostimulation can only be done on the area distal to the
pubic bone. When the study suggests an arterial disease and medical treatment is unsuc-
cessful, further visualization with internal pudendal arteriography may be indicated (Lue

& Tanagho 1987). It is recommended that all pudendal angiographies should be done
after an intracavernosal injection, which gives good visulialization of the penile arterial
tree (Lue & Tanagho 1987).

A more precise assessment of this mechanism requires a specialised invasive test: the
alternatives for diagnosing veno-occlusive dysfunction are cavernosography and pharma-
cologic cavernosometry (Wagner 1981, Wesekeal. 1986, Shabsiglet al. 1991). These
tests should be done if patient history supports congenital venous leakage or arterial sup-
ply of cavernous body has been shown to be normal and intracavernosal injection test is
negative.

Although many impotent men who underwent cavernosography were found to have a
venous leak, the initial enthusiasm for venous ligation procedures has waned due to the
poor long-term outcome seen in many patients (Kim & McVary 1995). The finding of
venous leakage is often related to other abnormalities in the erectile mechanism, such as
intrinsic sinusoidal disease (Aboseifal. 1992).

Over the past few years, attention has been focused on structural investigation of cav-
ernous tissue obtained by needle biopsy as a tool in the diagnosis of diseases of the cav-
ernous body (Wespet al. 1992).

2.3.6. Neurogenic evaluation of ED

The diagnosis of neurogenic ED is problematic, as there is no test available to examine
the autonomic nervous system (Weiske 1997). The measurement of the latency of the bul-
bocavernous reflex (BCRL) is probably the most widely used neurophysiologic test. It
can reveal only lesions of the somatic penile innervation (pudendal nerve), but not of the
autonomic innervation (parasympathetic and sympathetic nerves). Wagner and Gersten-
berg (1988) reported measurement of electric potentials in the cavernous body. Unfortu-
nately, corpus cavernosum EMG (cc-EMG) does not meet the demand to detect reliably
autonomic neuropathy of the cavernous body and smooth muscle dysfunction as a result
of degeneration because of artifacts; there is, however, some hope that intelligent soft-
ware will be capable of identifying and eliminating these artifacts in the future (Stief

al. 1994).
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2.4. Conservative treatment options

2.4.1. Psychosexual therapy

Psychosexual therapy for ED problems was introduced in the early part of this century
with Freudian-style psychoanalysis. In 1970, a treatment programme involving a combi-
nation of behavioral and psychotherapeutic elements was described, and a 70% success
rate after 5 years of follow-up was reported (Barnes 1991). Nowadays, these methods
have mostly been replaced by more behaviorally oriented therapy, which aims to reduce
performance anxiety via programmed relearning of sexual behavior. Hartman (1998) con-
cluded that psychosexual therapy is a feasible treatment option, with significant improve-
ments in 50 to 80% of cases, but its long-term outcome is less favorable.

Surridge and co-workers (1998) concluded that men with ED want to have a rigid
penis, while they and their partners are less interested in having help with relationship
issues, general sexual issues and life style issues.

2.4.2. VVacuum devices

The vacuum constriction device (VCD) works by a combination of the twin principles of
vacuum and tension: the negative pressure (vacuum) device increases corporeal blood
flow, thereby inducing an erection, which is maintained by a constriction ring (tension)
around the base of the penis that decreases corporeal venous drainage. VCD was devel-
oped over 100 years ago. Dr. John King introduced the first device in 1874, and the first
patent was issued for the device to Dr. Otto Lederer in 1917. It took over 100 years before
the device was approved as a legal treatment option; Osbon’s device (EréyAids
granted FDA permission in 1982 (Osbon 1983).

It has been reported that erections have succeeded in 84-95% of cases ¢Nalig
1986, Cookson & Nadig 1993, Baltagi al. 1995) and overall satisfaction with the device
has been slightly lower, 72-94% (Turnet al. 1991, Priceet al. 1991, Vrijhof et al.

1994).

Complications are generally of minor nature: pain, either during the suction (20-40%)
or caused by the ring (45%), is the commonest complaint, which is most frequently pre-
sented at the beginning of treatment (Tureeral. 1990). Pain on ejaculation has been
reported by 3-16% of users, and an inability to ejaculate by 12-30% (Witherington 1989,
Turneret al. 1991, Cookson & Nadig 1993). Petechiae on the penis have been reported by
25-39%, concurrent bruising by 6-20% (Cookson & Nadig 1993, Baéthal. 1995), and
numbness as a major problem during erection by 5% (Cookson & Nadig 1993). Few seri-
ous complications have been reported, usually due to misuse of the device, such as skin
necrosis (Meinhardtt al. 1990), Peyronie’s disease (Kim & Carson 1993) and Fournier's
gangrene (Theisat al. 1995). Many find the main disadvantage of the VCD to be the lack
of spontaneity in the production of effective erection and some men complain that the
rings act as a reminder of their inadequacy (Tumeteal. 1992).

In patients who fail to respond both subjectively and objectively to either intracavern-
osal injection or VCD, a combination of these options should be tested (@l 995).
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2.4.3. Hormonal treatment

Testicular function of both the exo- and endocrine compartments decreases at old age,
causing a series of clinical symptoms that are analogous to, although less pronounced
than, the menopausal syndrome: these symptoms are considered to represent the male cli-
macterium or andropause (Vermeulen 1993, Swerdloff & Wang 1993). With age, an
increase of sex hormone-binding globulin (SHBG) occurs in plasma and a corresponding
decrease is seen in non-SHBG-bound testosterone, which is believed to be the only effec-
tively bioavailable agent for target tissues (Nahoy & Roger 1990, @ta}. 1991). The
circadian rhythmicity in blood testosterone decreases in healthy aging men compared to
healthy young men (Bremnet al. 1983). Long-term androgen deficiency in aging men
may lead to asthenia, a decrease of muscle mass, osteoporosis, decreased sexual activity
and, in some cases, changes in mood and cognitive functions (Swerdloff & Wang 1993).

Androgen substitution may improve ED in some patients with diagnosed hypogonad-
ism (Kraneet al. 1989). Improvements in mood and sexual function can be elicited in
hypogonadic men by increasing the plasma concentrations of either testosterone (T) or
dihydrotestosterone (DHT) (Kuhet al. 1986). However, it has been demonstrated that, in
hypogonadal men with impotence, the administration of testosterone alone results in
improvement of erection in only approximately 60% of patients (Morafeal. 1997).
Androgens facilitate erection, and their absence does not necessarily preclude good erec-
tile function. Furthermore, there are some hypogonadal men in whom ED is more
dependent on vascular risk factors than low testosterone levels (M@tadds1997). In
elderly men, short-term studies on a small number of patients have been performed and
have shown favorable effects on sexuality, well-being and muscular strength (Marley
al. 1993, Tenover 1992). However, its well known that a great majority of prostatic carci-
nomas are androgen-dependent, and it is reasonable to believe, until proved otherwise,
that androgen substitution might accelarate the growth and evolution of prostatic carci-
noma, which is why androgen substitution should only be performed under strictly con-
trolled conditions (Vermeulen 1993). Kirby (1994) proposed that testosterone should not
be used in eugonadal men with ED because it may enhance prostatic hyperplasia or pro-
mote the growth of prostate cancer.

Which hormonal changes could be implied in the pathophysiology of prostatic anoma-
lies in men aged over 50 years remains to be debated: testosterone (T) and dihydrotesto-
sterone (DHT) are two potent androgens with opposite effects regarding aromatase activ-
ity, which presents in prostatic stroma and is suspected to have a pathogenic influence
through local estradiol synthesis. Testosterone is the main substrate for aromatase and
estradiol synthesis, while dihydrotestosterone is not aromatizable and, at a sufficient con-
centration, lowers the testosterone and estradiol levels (de Lignieres 1993). In a 1.8-year
survey of 37 men aged 55-70 years, daily percutaneous DHT treatment (>8.5 nmol/l)
effectively induced clinical benefits while slightly but significantly reducing prostatic
size. DHT may therefore be considered an attractive alternative for long-term treatment of
andropause (de Lignieres 1993).

Because of the poor bioavailability of the drug, oral therapy with testosterone is less
effective than parenteral testosterone in achieving normal serum testosterone levels and
has a higher incidence of hepatotoxicity and adverse serum lipid effects (iEtaale
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1989, Morley & Kaiser 1989). New transdermal formulations of testosterone and dihy-
drotestoterone as well as oral formulations without associated liver toxity have been
developed (Wagner & Tejada 1998).

Bromocriptine has been used successfully in men with hyperprolactinaemia-associated
hypogonadism, with subsequent improvements in erectile dysfunction (Leataal
1989).

2.4.4. Oral drug therapy

Yohimbine is an indole alkaloid derived from the bark of the Central African
Paysinystalin yohimbe tree. It has been classified as an aphrodisiac for over a century, but
it was only recently investigated in controlled trials. Yohimbine is a centrally and periph-
erally acting alpha-2-adrenoceptor antagonist (Grunleaas 1989); it produces a rise in
sympathetic drive by increasing noradrenaline release and the firing rate of cells located
in noradrenergic nuclei of the central nervous system. It is 50 to 100 times more active at
presynaptic compared to postsynaptic receptors (Bretal. 1980). Many studies have

failed to demonstrate any statistically significant benefit of yohimbine over placebo in the
treatment of erectile failure (Moralet al. 1982, Sussett al. 1989). Otherwise, several
placebo-controlled, non-randomized trials have suggested the efficacy of yohimbine
(Miller 1968, Sobotka 1969, Sondd al. 1990). A promising effect of yohimbine on psy-
chogenic impotence was reported by Reid and associates (1987): a 62% response rate
versus a 16% rate for placebo. Many studies have supported the original assessment of
yohimbine as an erectogenic agent, although the optimal dose remains undetermined
(Sussett al. 1989). Yohimbine has no effect on erectility when given intracavernosally
(Brindley 1986). The adverse effects of yohimbine hydrochloride include anxiety, nausea,
palpitations, fine tremor and elevation of diastolic blood pressure (Mogdlas 1995),

but serious adverse reactions are infrequent and reversible (Ernst & Pittler 1998).

In association with testosterone and strychnine, yohimbine contributed to a 80 %
improvement or cure rate in a series of 10,000 impotent men reported by Margolis and
associates (1971). Clark and co-workers (1985) concluded that testosterone is not
required for the enhancement of sexual motivation by yohimbine and supported the sug-
gestion that alpha-2-adrenoceptors are involved in the modulation of sexual arousal.
Recent studies have attributed a synergistic effect to a combination of yohimbine and
trazodone (Montorsét al. 1994).

Trazodoneis an a antidepressant that has been used empirically for the treatment of
erectile dysfunction. In addition to its serotonergic activity, trazodone has also been
demonstrated to have alpha-blocking properties. Its activity was initially found inciden-
tally through anecdotal observations of improved libido and the development of priapism
in men (Saenz de Tejadd al. 1991) and a woman taking trazodone for its antidepressant
properties (Pescatoet al. 1993). The mechanism of trazodone has not been elucidated,
but it is recognized that the drug acts centrally by increasing serotonin at the 5-HT1c
receptor through reuptake inhibition (Abbetral. 1987). Some studies have reported that
trazodone used as a single agent is effective in a about 60% of patients (Atbakr
1987). Meinhardt and co-workers (1997) concluded recently that in a group of patients
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not selected on the basis of the etiology of ED, the efficacy of trazodone could not been
demonstrated over placebo. When injected intracavernosally to patients with impotence,
trazodone causes tumescence, but not full erection (Azatzdi1990).

Phentolamine which is an alphal/alpha-2-receptor antagonist, was suggested to be
effective in an initial study by Gwinup (1988). Zorgniotti reported a 42% positive
response in men with psychogenic or mild vascular impotence in 1993. In an trial by
Becker and associates (1998), the drug was found to be free of major systemic side
effects. Phentolamine mesylate is now being examined in large multicenter studies in men
with ED, and it will also be examined in women with female sexual dysfunction (FSD)
(Goldsteinet al. 1998).

Apomorphinds a dopaminergic agonist with direct central D2 receptor agonist activ-
ity. It has long been known to induce bouts of yawning and penile erections in animals
and humans when administred by subcutaneus injection (Moetlak 1995). Morales
and co-workers (1995) developed a buccal tablet of apomorphine that appears to be effec-
tive in many patients with minimal vascular impotence; 67% of patients with psychogenic
impotence experienced durable erections with apomorphine. The adverse effects of apo-
morphine include persistent yawning, nausea, vomiting and hypotension, but recent for-
mulations (a sublingual, sustained-release tablet) minimise these side effects (efteaton
al. 1995).

L-Arginineis a precursor of nitric oxide.The only study reported in the literature is a
placebo-controlled trial in which large oral doses of L-arginine (2800 mg) were given
daily for a short period (2 weeks). 40% of the patients experienced improvement in their
erections (Zorgniotti & Lizza 1994).

Sildenafilis a competetive and selective inhibitor of cGMP type V phosphodiesterase,
the predominant isozyme metabolizing cyclic GMP in the corpus cavernosum (Beblell
al. 1996). Normal penile erection depends on the relaxation of smooth muscles in the cor-
pora cavernosa. In response to sexual stimuli, cavernous nerves and endothelial cells
release nitric oxide, which stimulates the formation of cyclic guanosine monophosphate
(GMP) by guanylate cyclase (Burnett 1995). In a large study of patients with erectile dys-
function of organic, psychogenic or mixed causes, it was found that 69 percent of all
attempts at sexual intercourse were successful among men receiving sildenafil as com-
pared to 22 percent of those receiving placebo (Goldste#h 1998). Headache, flushing
and dyspepsia were the most common adverse effects of sildenafil, occuring in 6 to 18 %
of the men (Goldsteiet al. 1998).

2.4.5. Topical drug therapy

Nitroglycerin (glyceryl trinitrate),a nitric oxide donor, applied topically to the penis or

the perineum has been shown to induce some degree of penile erection (Claes & Baert

1989). Side effects include hypotension and severe headache, which may also be experi-

enced by the partner; this can be avoided by applying the pasta to the perineum.
Papaverinegel applied topically to the penis has been shown to increase penile blood

flow (Kim et al. 1995): it appears to augment reflex erections in patients with spinal cord

injuries and may be of benefit in this population.
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Minoxidil is a vasodilator widely known for its capacity to reverse alopecia androge-
netica, and it has also been investigated in the management of erectile dysfunction. In a
direct comparison with nitroglycerin, minoxidil was shown to be more effective in pro-
ducing erectile rigidity (Cavallini 1991). It has further been shown that the addition of
capsacain may increase the efficacy of minoxidil (Cavallini 1994).

Topical prostaglandin Elhas also been investigated in the treatment of ED. Kim and
McVary (1995) concluded, in a phase | placebo-controlled, non-blinded investigation, that
topical prostaglandin E1 appears to be safe and well tolerated after application to the
genitals and significantly increases blood flow to the penis.

2.4.6. Transurethral drug therapy

Padma-Nathan and co-workers (1994) reported that intraurethral administration of
alprostadil 500ug elicits marked cavernosal smooth muscle relaxation. Alprostadil
pellets measuring 1 x 1 mm are placed 2 to 3cm into the distal urethra after voiding
followed by massaging of the distal shaft. Approximately 20% of the medication absorbs
into the corpus cavernosum via intercommunicating veins. The remaining 80% of the
drug is absorbed into the systemic circulation, although 99% of it is metabolized on the
first pass through the lungs (Padma-Natketaal. 1994).

In 1997, Padma-Nathan and associates reported a double-blind, placebo-controlled
multicenter phase Il study including 1511 men with chronic erectile dysfunction due to
various organic causes. The men were first tested in the clinic with up to four doses of the
drug (125, 250, 500 and 10QM), and those with sufficient responses were randomly
assigned to treatment with either an effective dose of alprostadil or placebo for three
months at home. 64.9% of the patients showed responses sufficient to enter the "at home
phase” of the study. 62% of the patients who used this system at home had, on at least one
occasion, an erection sufficient for intercourse. The most common side effect was mild
penile pain, which occured after 10.8% of alprostadil treatments. Hypotension occured in
the clinic in 3.3% of men receiving alprostadil. None of them had priapism or penile
fibrosis. Porst (1996) concluded in his study that, due to the superior efficacy and fewer
side-effects, intracavernosal self-injection therapy with alprostadil remains the gold stand-
ard in the management of male impotence.

2.4.7. Intracavernosal therapy

In 1982, Virag reported incidental findings of penile erection induced by an intracavern-
ous injection of papaverine. One year later, Brindley reported the induction of erection
with phenoxybenzamine (Brindley 1983a). 1984 Virag and co-workers suggested that int-
racavernous injection of papaverine could be used diagnostically to differentiate between
vasculogenic and nonvasculogenic impotence. Since then, a number of agents have been
utilised for diagnostic and treament purposes, most commonly papaverine and phentola-
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mine and later alprostadil (PGE1). Zorgniotti and Lefleur (1985) began teaching patients
autoinjection of a mixture of papaverin and phentolamine in home use.These drugs have
been administered alone or in a variety of combinations with good results.

2.4.7.1. Papaverine hydrochloride

Papaverine is an opium derivative that increases intracellular cAMP via nonselective
inhibition of phosphodiesterases. In this way, papaverine alters the membrane calcium
channel function and increases the efflux from cells, resulting in a decline of intracellular
calcium levels and subsequent smooth muscle cell relaxation (Wang & Large 1991).
Papaverine relaxes all components of the penile erectile system, i.e. the penile arteries,
the cavernous sinusoids and the penile veins (Kirkettgl. 1990). Papaverine is acidic in
solution (pH 3 to 4) and may precipitate at pH higher than 5. Papaverine has relatively
short plasma life (1-2 h), and it is extensively metabolized in the liver. High concentra-
tions are obtained following intracavernosal injection, and the drug is relatively slow to
clear from the corpora (Hakenbeggjal. 1990).

Various doses of papaverine have been used in the diagnosis and treatment of ED. At
the University of lowa, from 1986 to 1989, papaverine alone was used for test injections,
and 55% of 232 patients achieved satisfactory erectile response at initial doses of 5 to
60 mg (Fallon 1995). Only 35% of 356 patients combined from five studies using
papaverine alone achieved full erection (Juneman & Alken 1989). In Virag and associ-
ates’ follow-up study in 1980-1988, the average doses wetd2@ng of papaverine for
the psychogenic type and 485 mg of papaverine for the organic type of erectile dys-
function (Viraget al. 1991).

Because corporal clearance of papaverine is relatively slow, papaverine tends to pre-
dispose to priapism (Foudet al. 1989, Hwanget al. 1991). According to a literature
review of agents, papaverine alone produced priapism in 9.5% of 2,134 patients,
papaverine-phentolamine in 5.3% of 2,914 patients, and PGE1 in 2.4% of 1,284 patients
(Juneman & Alken 1989). A lethal complication of papaverine-induced priapism has also
been reported: when papaverine and phentolamine failed to produce adequate erection,
the patient injected a second dose, which resulted in priapism and death from massive
pulmonary embolism (Hashmat al. 1991).

Fibrotic nodules were reported in 5.4% of 1,573 patients collected from different series
using papaverine monotherapy and papaverine-phentolamine combinations (Juneman &
Alken 1989). In a prospective study, Levine and coworkers (1989) reported that the per-
centange of men with painless nodules almost consistently doubled from one follow-up
examination to the next, being 8% at 1 month, 17% at 3 months, 32% at 6 months, and
57% at 12 months. Aboseif and coworkers (1989) studied monkeys which were given 75
intracavernous injections of papaverine over a nine-month period and found significant
histologic changes with a loss of normal architecture in both light and electron micros-
copy.

The solution of papaverine hydrochloride is acidic (pH 3 to 4), and the importance of
this for the production of intracavernous fibrosis has been discussed (Seidmon & Samaha
1989). It was suggested that an intracavernosal injection buffered by blood will lead to
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precipitation of the drug, which may cause primary intracorporeal scarring. After all, rab-
bit studies have shown that intracorporeal scarring is related to the drug itself rather than
the pH or osmolarity of the solution (Stacd al. 1989). Papaverine is extensively metab-
olized in the liver and some elevation of liver transaminases may therefore take place, but
the hepatotoxicity of papaverine is less well known (Anderssbal. 1991). Prolonged

pain after intracavernous papaverine monotherapy or papaverine in combination with
phentolamine is rare (Levinet al. 1989).

2.4.7.2. Prostaglandin E1 (alprostadil)

PGE1 is a natural constituent of many mammalian tissues (Piper 1973), and human
cavernous tissue generates prostaglandins @af. 1984). PGE1 is known to have a
variety of pharmacological effects: it produces systemic vasodilatation, prevents platelet
aggregation and stimulates intestinal activity. Administered systemically, the drug has
been used clinically to a limited extent. It has been given to keep the ductus arteriosus
patent in congenital heart disorders and also as a treatment of peripheral vascular disease.
It is of interest that it has a short duration of action and is extensively metabolized; as
much as 80% may be metabolized upon one pass through the lungs, which may partly
explain why PGE1 seldom causes circulatory side-effects when injected intracavernosal-
ly (Stacklet al. 1988, Anderssost al. 1991).

PGE1 relaxes the isolated penile smooth muscle contracted by noradrenaline and PGF
2-alpha (Hedlund & Andersson 1985). It exerts its effect by activating adenylate cyclase
via G-protein cleavage. When administered intracavernosally, PGE1 has a half-life of 5 to
10 minutes (Stackét al. 1988) and is almost completely metabolized in the corporal tis-
sue.

The published reports on intracavernosal use of PGEL since 1986 @chiil986,

Virag & Adaikan 1987) consist primarily of data derived from uncontrolled retrospective
studies with different formulations. PGE1 has been used as monotherapy for erectile dys-
function in doses typically ranging from 1 to 40 ug. Earle and associates (1990) reported
that patients with spinal cord injury are very sensitive and may respond to as little 1 or 2
Hg. Hwang and co-workers (1989) treated 80 impotent men with a singley 2Gjection

of prostaglandin E1, and their overall positive response rate was 79%, while in patients
with psychogenic and neurogenic impotence the response rate was 100%. The assumption
that intracavernous injections of vasoactive drugs, including PGE1, are most successful in
patients with neurogenic, psychogenic and mild arteriogenic impotence was supported by
Gerber and Levine's findings in 1991. Men with psychogenic and neurogenic impotence
and those with ED following a radical pelvic operation required significantly lower doses

of prostaglandin E1 to achieve tumescence. PGEL was increasingly effective as the doses
increased from 2.5 to 2g (Schramek & Waldhauser 1989). A dose-response relation
was also found in another trial of alprostadil by von Heyden and collegues (1993). Fallon
(1995) has concluded several studies of PGE1 with an overall response rate of 71%, but
the erectile dysfunction in these studies has been of mixed origin. The most frequently
used initial dose was 20g. Typically, a latency of about 10 minutes was noted before the
onset of erection, and the duration of erection ranged from 30 minutes to 6 hours with an
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average of about 2 hours. Several studies have confirmed the efficacy of PGEL1 to induce
erections sufficient for intercourse, and in one meta-analysis PGE1 proved to be the most
efficient monotherapeutic intracavernosal drug with an overall success rate of 75% (June-
man & Alken 1989).

Prolonged erection or priapism is seldom seen in PGE1 users. In a literature review of
different agents, PGE1 produced priapism in 2.4% of 1,284 patients (Juneman & Alken
1989). Linet and Ogrinc (1996) reported, in their three separate multi-institutional pro-
spective studies, prolonged erection (4 to 6 h) in 5% of men and priapism (> 6 h) in 1 %.
Many large studies have reported no priapism at all (Statkl. 1988, Ishiiet al. 1989,
Sarosdyet al. 1989, Gerber & Levine 1991). Gerber and Levine (1991) conclude that,
while prolonged erections may still occur with prostaglandin E1, their likelihood is
extremely small once the proper PGE1 dose has been determined.

PGE1 monotherapy seems to result in a very low incidence of fibrosis (Ravnik-Oblak
et al. 1990, Gerber & Levine 1991, Linet & Ogrinc 1996, Porst 1996). Chen and associ-
ates (1996) compared PGE1 users with or without penile scarring and did not find any
significant differences between the groups with regard to the duration of follow-up, the
injection frequency, the PGE1 dose per injection, the total number of injections or the
total PGE1 dose: penile scarring and fibrosis are sporadic and unpredictable. Support for
the lack of side-effects in cavernous tissue associated with PGE1 has also been derived
from animal studies (Aboseét al. 1989, Staclet al. 1989, Hwanget al. 1991): Aboseif
and collegues (1989) found that monkeys injected withug0f prostaglandin E1 twice
weekly until a total of 75 injections was reached showed few pathological changes in
cavernous tissue. The changes were similar to those caused with intracavernosally
injected saline alone.

Prolonged pain, which is variously described by patients as occurring through the shaft
of the penis, in the perineum or both (Fallon 1995) or an aching sensation along the
ventral surface of the penis lasting for 30 minutes to 3 hours (Gerber & Levine 1991)
after the injection is quite common with PGE1 alone. The incidence of penile pain after
the injection of PGE1 has varied in different series from 0 to 91% (Steckll. 1988
Hwanget al. 1989, Ishiiet al. 1989, Leeet al. 1989, Earleet al. 1990, Schramelet al.

1990, Linet & Ogrinc 1996, Kinet al. 1997). In most cases, however, the pain is mild.
Gerber and Levine (1991) did not find any difference in pain incidence based upon the
etiology. The etiology of pain has not been fully elucidated. The pain is probably induced
by alprostadil itself, because PGE1 can sensitize the peripheral terminals of primary
afferent nociceptors and, consequently, produce hyperalgesia (Ferreira 1983, Capetola
1983). Alkalinization of the injected solution from pH 4.17 to 7.05 by the addition of
sodium bicarbonate was found to produce significant alleviation of penile pain in a rand-
omized study of patients injected with a mixture containingptpof PGE (Moriel &

Rajfer 1993). The addition of procaine has also been experimentally used as a method of
reducing PGE1-associated pain (Schraree&l. 1994): a combination of 2(dg of PGE1

with 20 mg of procaine decreased the incidence of local pain significantly. Multidrug
combinations including PGE1 have resulted in a lower incidence of pain (Gevigl

1993, Montorskt al. 1993).
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2.4.7.3. Phentolamine

Phentolamine is a competetive alpha-adrenoceptor antagonist with similar affinity for
alphal- and alpha2-adrenoceptors (Andersgtai. 1991). In addition, the drug may have

a direct non-specific, relaxant effect on vessels (Tagtal. 1965). Its plasma half-life is

30 minutes. Since a single intravenous phentolamine injection does not result in a
satisfactory erectile response in most cases, the drug has been used in combination with
other agents, primarily papaverine (Zorgniotti & Lefleur 1985, Juneman & Alken 1989).

2.4.7.4. Phenoxybenzamine

Phenoxybenzamine is a potent alphal- and alpha2-blocker. It also blocks the receptors for
acetylcholine, histamine, and 5-HT. The adrenergic blockade is prolonged and the serum
half-life is 24 hours, and prolonged effects of phenoxybenzamine may be demonstrable
for 3-4 days (Anderssomt al. 1991). Systemic side effects are common, including
postural hypotension, which may be associated with reflex tachycardia and cardiac
arrhythmias. Local pain at the injection site, prolonged erections and cavernous fibrosis
may occur, and the agent has also been demonstrated to have carcinogenic effects in
rodents (Flind 1984).

2.4.7.5. Vasoactive intestinal peptide (VIP)

VIP is a potent vasodilatator that inhibits contractile activity in many types of smooth
muscle and stimulates cardiac contractility and many exocrine secretions (Fahrenkrug
1989). Gu and associates (1984) suggested that VIP not only was the principal neuro-
transmitter involved in penile erection, but that the depletion of peptide may also play a
key role in the development of impotence. In animals works, VIP was later shown to be
the most important noncholinergic transmitter involved in penile erection (Juenestann

al. 1987, Aoki et al. 1990). Later, however, the weak intracavernosal erectile response
suggested that it cannot be the only noncholinergic mediator for the relaxation of penile
erectile tissues (Rogt al. 1990). Combination with phentolamine has resulted in a better
erectile response (McMahon 1996).

2.4.7.6. Moxisylyte (thymoxamine)

Thymoxamine has a competetive and relatively selective blocking action on alphal-
adrenoceptors and may also have antihistaminic actions (Andersson 1991). Brindley
(1986) showed that moxisylyte produces erection when injected intracavernosally. It has
been shown that moxisylyte is less active than papaverine, but its main advantage is its
safety (Buvatet al. 1989). Navratil and co-workers (1995) concluded that there was no

instances of priapism and no pain was experienced on injection. Moxisylyte is able to
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induce an erectile response at a minimum dose of 10 mg. Costa and co-workers (1993)
found out in their double-blind study that, compared to placebo, intracavernous injection
of 10, 20 and 30 mg of moxisylyte is efficient at inducing pharmacological penile
erection without any side effects: a majority of the patients had predominantly psy-
chogenic ED (Costat al. 1993). Buvat and associates (1991) also found out that there is
a reduced rate of fibrotic nodules in the cavernous bodies following intracavernous injec-
tions of moxisylyte compared to papaverine.

2.4.7.7. Multidrug combinations

The first combination used was papaverine combined with phentolamine, which has been
extensively used since 1985 (Zorgniotti & Lefleur 1985). This combination has been
more effective, especially for older men, than papaverine alone (Riehtar 1990). A
combination of three drugs, papaverine-phentolamine-PGEL (Trimix), was introduced in
1991 by Bennet and associates. They concluded that the synergism of agents reduces the
amounts of individual drugs needed while improving erectile quality and reducing side
effects. A randomized crossover study of 228 patients comparing the efficacy of Trimix
with that of PGE1 alone and with a mixture of papaverine and phentolamine also
revealed the superiority of Trimix (McMahon 1991). A long-term follow-up also showed

a low incidence of priapism (1.7%), pain (3.5%) and scarring (4.2%) (Getiat. 1993).

It has further been shown that the total dose and volume of the injected drugs is reduced
when several vasoactive drugs are combined (Beetnalt 1991, McMahon 1991, Govier

et al. 1993, Montorsiet al. 1993, Fallon 1995). Montorsi and co-workers used (1993) a
four-drug vasoactive mixture (papaverine hydrochloride, PGE1, phentolamine mesylate,
atropine sulphate) for intracavernous injection therapy in 94 patients with vasculogenic
impotence with good results, the total response rate being over 90%. A mixture of six
vasoactive substances has been described, which is called Ceritine (contains papaverine
hydrochloride, ifenprodil tartrate, atropine sulphate, yohimbine, dipyridamole, piribedil),
which is equally effective as a three-drug combination (Vieagl. 1991).

2.4.7.8. Miscellaneous agents

Linsidomine, a nitric oxide donor (SIN-1), has been used to treat ED, but it has not been
shown to be of significant benefit (Wegnet al. 1994). Calsitonin Gene-Related Peptide
(CGRP) is a potent vasodilator, as it has been shown in bladder and penis smooth muscle:
a combination of CGRP to alprostadil allowed the use of subthreshold dosage of the latter
(Stiefet al. 1990).
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2.4.7.9. Long-term results and acceptance of intracavernosal therapy

Many reports do not mention the initial acceptance rates, but after a trial injection at the
office, some of the responders normally refuse injection treatment because of pain, incon-
venience, lack of regular partner, etc. (Cooper 1991). Long-term follow-up has shown
that the proportion of drop-outs varies from 11% to over 50 % (Vietgl. 1991, Gerber

& Levine 1991, Montorsket al. 1993, Govieret al. 1993, Valdevenito & Melman 1994):

most reports do not have cover periods beyond 2 or 3 years, but those which have longer-
term information show the retention rate of patients to be high (Vtag. 1991). Many
reasons for dropping out in the long term have been described: recovery of spontaneous
erections, loss of interest, complications, disacceptance of the injection technique, etc.
(Fallon 1995). There have been several reports in the literature of transient, partial or
complete restoration of spontaneous coital or nocturnal erections in patients using self-
injection (Viraget al. 1984, Aravena & Bustamente 1986, Buwtal. 1987, McMahon
1991). In conclusion, intracavernous injection therapy is often associated with the restora-
tion of spontaneous erections in patients with psychogenic impotence, but is rarely seen
in patients with organic impotence.



3. Outlines of present research

Erectile dysfunction, i.e. a persistent inability to achieve and maintain an erection suffi-
cient for satisfactory sexual activity, is known to be a common condition, which increas-
es with age. This study had the following aims: First, we wanted to use the modern inves-
tigation modalities (AVSST, questionnaires, VAS, Rigiscan) in the evaluation of ED. Sec-
ond, we wanted to learn more about erectile dysfunction and sexuality in men (I-V), espe-
cially aging men (1V, V), and third, we wanted to obtain more knowledge about specific
guestions related to the modern conservative treatment options.
The purposes of the present research were:

1. to determine the effectiveness and safety of high-dose yohimbine for the treatment of
mixed-type impotence (I).

2. to test the effectiveness and safety of prostaglandin E1 (PGE1), papaverine hyd-
rochloride (PV) and moxisylyte (MS) and to evaluate the suitability of these three
agents for intracavernosal injection tests (ICI test) (l1).

3. to assess the long-term outcome of PGEL1 treatment and the patients™ overall satisfac-
tion with their sexual life (111).

4. to evaluate the sexual functions of aging men with benign prostatic hyperplasia
(BPH) before and after transurethral resection of the prostate (TURP) (1V).

5. to study the effect and tolerance of transdermal dihydrotestosterone (DHT) in men
with andropausal symptoms (V).



4. Patients and methods

The present work was carried out at the Department of Surgery, Urological Unit, Oulu
University Hospital during the years 1991-1998. More detailed descriptions of the
materials and methods have been given in the original papers (I-V).

4.1. High-dose yohimbine hydrochloride in the treatment of
mixed-type impotence (I)

The series of patients consisted of 29 men with mixed-type erectile dysfunction. Two
patients did not complete the whole treatment schedule. Purely psychogenic or organic
causes were excluded including patients having a definite arterial or venous cause for
impotence. The mean age of the patients was 51 years, the youngest subject being 25
years old and the oldest 69.

The patients underwent the following tests and examinations before the beginning of
the treatment: filling in an anamnestic form, physical examination, blood pressure, pulse
rate, weight, laboratory tests (hemoglobin, white and red blood cells, platelets, creatinine,
testosterone, prolactin, thyroxine, thyroid-stimulating hormone, prostate-specific antigen,
urine analysis), assessment of the sensory pain threshold of the dorsal nerve of the penis,
bulbocavernous reflex, prostaglandin E1 injection test, AVSST, visual analogue scale
(VAS, a 0- to 100-point scale), assessments of libido, rigidity of the penis, failure of
erection, duration of erection, and sensation of orgasm. Duplex Doppler ultrasonography
was performed on all patients.

The treatment consisted of two 25-day therapy with a 14-day washout period between
courses. Patients therapy was started randomly with yohimbine hydrochloride (36 mg per
day orally) or placebo and swithced over to other test medication.

The patients came for a control visit three times: the first took place at the end of the
first part of the trial (25 days), the second at the end of the washout period (39 days) and
the third at the end of the second part (64 days). The following examinations were made



on each occasion: blood pressure, pulse rate and weight, testosterone, assessment of side
effects, VAS scales, and AVSST. Penile tumescence and rigidity were tested with a porta-
ble monitor (Rigiscan) during the AVSST.

The Mann-Whitney test was used to compare the data of the groups.

4.2. Intracavernous injection test in the evaluation of patients with
erectile dysfunction (II)

The study population consisted of 30 consecutive patients with ED at a mean age of 55
years (range 22-71 years). The patients had been referred to our outpatient clinic in the
university hospital by primary care physicians. All patients were suspected to have
organic erectile dysfunction. Each patient filled in our own questionnaire on sexual disor-
ders. Apart from a clinical examination and hormonal laboratory tests (total testosterone
and prolactin), the patient underwent an ICI test with each of the agents: (papaverine
hydrochloride (PV), prostaglandin E1(PGE1), moxisylyte (MS) and saline solution
(NaCl)) during different visits. Each patient made five visits. Altogether 120 ICI tests
were administered.

The order of the ICI test agents was randomized for each patient. A Rigiscan device
was used to measure the tumescence and rigidity of cavernous tissue for 15 minutes after
each injection. Pulse rate and blood pressure were recorded before the injection and at 5
and 15 minutes afterwards. The degree of erection was estimated clinically (grades 0-5)
by the doctor. Grade 0 was no response after the injection, grade 1 was minimal tumes-
cence and no rigidity, grade 2 was moderate tumescence and no rigidity, grade 3 was full
tumescence and no rigidity, grade 4 was moderate rigidity, but the penis could be bent,
and grade 5 was full rigidity. The grades 4 and 5 are sufficient for penetration. In addition,
after each ICI test, the patient evaluated his own satisfaction with the erection and the
amount of pain on a visual analogue scale (VAS a 0- to 100-point scale). If the erection
persisted for more than two hours, it was released by giving the patient an intracavernous
dose of 5 mg of etilephrine before discharge. The ICI tests doses for different test agents
were physiological saline 1 ml, papaverine hydrochloride 40 mg (1ml), prostaglandin E1
20 pg (Iml) and moxisylyte 20 mg (1ml). The amounts of PV, PGE1 and MS adminis-
tered are commonly used in the treatment of impotence.

A statistical comparison of the treatment and control groups in terms of the response to
treatment was carried out using the Mann-Whitney U-test.

4.3. Intracavernous self-injection of prostaglandin E1 in the treatment
of erectile dysfunction (lll)

The primary study population consisted of 95 patients with ED who had been started on
intracavernosal PGE1 medication in the Oulu University Hospital at least three years pre-
viously. The patients were invited to a control visit after three years. 26 patients did not
come, and the final study population hence consisted of 69 patients. The mean age of the
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patients was 60.5 years (range 44 - 83 years). All patients had erectile dysfunction: 30
had mainly a vasculogenic etiology, 31 had mainly a psychogenic etiology, and 8 had
mainly a neurogenic etiology. The primary examinations consisted of a thorough sexual
history with a questionnaire, physical examination, laboratory tests (hemoglobin, white
cells, serum creatinine, serum glucose, serum cholesterol, serum total testosterone). Each
patient underwent an intracavernous injection test (ICI) with PGE1u@0and duplex
Doppler ultrasonography of the penile vessels.

Before the control visit, all patients filled in a follow-up questionnaire at home, and the
responses were checked when the patient came for the control visit. The questionnaire
included several items pertaining to various aspects of sexual function at home and possi-
ble problems with PGEL self-injection. Each patient also evaluated his own satisfaction
with erection with or without intracavernosal injection as well as his ejaculation, orgasm
and libido on a Visual analogue scale (VAS a 0- to 100-point scale). A clinical examina-
tion was made, and the penile shaft was examined by ultrasonography (5MHz, Bruel &
Kjaer). Apart from the clinical examination, the patients underwent an ICI test with their
home dose of PGE1. The tumescence and rigidity of erection were determined with a por-
table monitor (Rigiscan). The degree of erection was also estimated clinically (grades 0-
5) in the same way as in study Il. The erection induced in the examination room was com-
pared to the erection attained at home by the patient.

4.4. Effect of transurethral resection of the prostate
on sexual functions (V)

The primary study population consisted of 212 consecutive patients with BPH referred
for elective electroresection of the prostate. 57 patients were not included in the analysis
because of a lack of data. The mean age of the patients was 69 years (range 49-86). The
mean prostatic volume determined by transrectal sonography (Bruel & Kjaer) before
TURP was 50.4 crh(range 14.0 - 107.0 ¢ The mean weight of the prostate chips
resected in TURP was 27.4 g (range 3 — 96 g). Incidental malignancies were diagnosed
from the chips in only three of the 155 patients (2%).

On the day before TURP, each patient filled in a questionnaire related to this study in
our hospital. The questionnaire consisted of 22 items pertaining to various aspects of sex-
ual function, including the patients’ life styles and general health, libido, satisfaction with
their current sex life, occurrence of early morning erections, coital frequency, sexual
potency, satisfaction with erection and ejaculation, percentage of successful intercourses,
and the possible detrimental effect of the procedure on potency. When necessary, the staff
helped the patient to fill in the questionnaire. The patients completed the same question-
naire 6 and 12 months after TURP.

The Prat test was used to compare the different sexual functions before and after
TURP.
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4.5. Effects of transdermal dihydrotestosterone
on andropausal symptoms (V)

A total of 123 males aged 50 to 70 years (mean age 58) participated in this mono-center,
double-blind, randomized, placebo-controlled, parallel group study. The subjects were
randomized into a DHT (61) and a placebo (62) group.

The patients included were to have had rarefaction of nocturnal penile tumessgeince (
time/week) and at least one of the following symptoms of andropause: astenia, depres-
sive mood, erectile dysfunction, decreased libido and urinary disorders. In addition, the
subjects were to have total serum testosteromBnmol/l and/or SHBG over 30nmol/I.

The patients were excluded from the study if they had neurogenic impotence, major
depression, significant psychiatric pathology, suspected prostatic pathology (PSA over 10
ng/ml), prostatectomy, known diabetes, other known endocrinological pathology, poly-
globulia (Hb over 170 g/l and/or hematocrit over 50%), clinically significant hepatic dys-
function, renal dysfunction, lipid profile out of the normal age-adjusted range, coronary
heart disease, incompensated heart failure, unstable hypertension, thromboembolic
disease, alcohol or narcotics abuse. Other reasons for exclusion were androgenic or other
hormonal therapy or therapy with inhibitors of 5-alpha-reductase, anticoagulants or
platelet antiaggregants. Significant obesity (BMI>30) was also an exclusion criteria.

The patients were treated for 6 months with DHT or placebo, and the drug was applied
transdermally to the shoulders once a day. The doses of DHT varied within 125 - 250mg
daily; for all patients with a DHT level <5.8 nmol/l the daily dose was 250 mg of gel, for
patients with a DHT level between 5.8 and 11.6 nmol/l the daily dose was 187.5 mg of
gel, and for patients with a DHT levell1.6 nmol/l the daily dose of 125 mg was main-
tained. The gel was applied to both forearms, arms and shoulders.

The study findings were evaluated with the Quality of Life questionnaire, which also
includes sexual questions, with the International Prostate Symptoms Score (I-PSS), with
transrectal ultrasonography (TRUS) and with laboratory tests (PSA, total testosterone,
SHBG, FSH, LH, hemoglobin, hematocrit, platelets, liver function tests, creatinine, cho-
lesterol, triglycerides). The patients came for a control visit at one, three and six months
after the randomization.

All the parameters were analyzed using the ANOVA test for the main efficacy criteria
analysis and Student’s t-test for the analysis of quantitives variables.



5. Results

A summary of the results is presented here. More detailed results have been given in the
appropriate papers (I-V).

5.1. High-dose yohimbine hydrochloride in the treatment of
mixed-type impotence (I)

The average weight, pulse rate, and systolic and diastolic blood pressure of the patients
during each treatment did not differ statistically significantly between the two groups.The
patients” subjective assessments of libido, rigidity of the penis, duration of erection, and
sensation of orgasm on the VAS scale (0 to 100) are shown in Table 2.

Table 2. The patients’ subjective visual analogue scale (0-100) assessments of libido,
rigidity of the penis, duration of erection, and sensation of orgasm before and during
placebo and yohimbine treatmentsa

Period Libido Rigidity of penis  Duration of erection Orgasm
Before treatments 74 (0-100) 49 (0-100) 60 (0-100) 79 (0-100)
During placebo treatment 72 (14-100) 58 (0-99) 40 (0-91) 79 (0-99)
During yohimbine treatment 75 (27-98) 59 (0-96) 47 (2-100) 82 (17-100)

o The results are given as arithmetic means and ranges.

Orgasm was achieved slightly more frequently in the yohimbine group, but the differ-
ence was not significant. The results of the audiovisual sexual stimulation test with
Rigiscan device measurements of rigidity and tumescence showed that rigidity at the base
of the penis was slightly, but not significantly, better in the yohimbine group. On the
whole, none of the parameters revealed a statistical significance between the control
group and the yohimbine group. Only 3 of the 27 (11%) patients on yohimbine hydro-
chloride and 2 of the 27 (7%) on placebo reported having received adequate help for their
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impotence. 33% of the patients in the yohimbine group and 41% in the placebo group
reported some help, while 56% in the yohimbine group and 52% of those on placebo felt
no effect at all.

High-dose yohimbine hydrochloride (36 mg/day) was tolerated moderately well, but
there were two serious side effects, one hypertensive crisis and one severe palpitation.
Both patients discontinued the trial after the episode.

5.2. Intracavernous injection test in the evaluation of patients with
erectile dysfunction (II)

There was no difference in the amount of tumescence between the three vasoactive
agents. Measured with the Rigiscan device, PGE1 produced significantly (p<0.05-0.01)
better rigidity both at the base and at the tip of the penis than papaverine hydrochloride or
moxisylyte. 15 minutes after the ICI, the physician estimated the grade of erection. The
results are presented in table 3. As it can be seen, PGE1 produced much better erections
even when estimated clinically.

Table 3. Grade 3-5 erection and the duration of erection (grades 4-5) achieved with
physiological saline (NaCl), papaverine hydrochloride (PV), prostaglandin E1 (PGE1)
and moxisylyte (MS) at 15 minutes after the injection. The results are expressed as
arithmetic means.

Injected agent Patients with grade 3-5 erection (no.) Duration of erection
(min)

NacCl 0% 0

PV 37% (11) 13.4

PGE1 77% (23) 40.2

MS 27% (8) 6.5

The patients™ satisfaction with the erection in the ICI test was measured with VAS:
overall, it was quite low, being mean 33% (range 0-86 %) in the PGE1 group and 18% (O-
98%) in the PV, 12% (0-96%) in the MS and 3% (0-15%) in the NaCl groups, respec-
tively. VAS was also used to identify the amount of pain just after the injection and when
the erection began. The pain score was 22% ( 0-76%) for PGE1, 22% (0-100%) for PV,
13% (0-50%) for MS and 5% (0-38%) for NaCl. There were no statistically significant
changes in the pulse rate and blood pressure values 5 and 15 minutes after the injection in
correlation to preinjection values. The erection lasted for two hours in three patients given
PGEL, two patients given PV and one patient given MS, and all of those was given etile-
phrine (5 mg) which ceased the erections effectively.

After the ICI tests with every study medicine, the patients were presented the treatment
options. Nine patients (30%) started intracavernosal treatment: seven patients selected
PGEL, one PV and one MS according to their preference in blind testing. In addition, nine
patients (30%) wished primarily to try oral medication before the use of intracavernosal
injection. Twelve patients (40%) underwent further investigations.
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5.3. Intracavernous self-injection of prostaglandin E1 in the treatment
of erectile dysfunction (111)

The mean home dose of PGE1 was 1{igh(4-40ug). The most common dose of PGE1
was between 10-1fg (33%). 25% of the patients used 15426, 20% 5-10ug,16% 20-
30 pg, 3% under 5ug and 3% over 3Qug. 13% of the patients had changed the home
dose of PGEL1 after they had first been precsribed it three years ago. Nearly half (46.4%)
of the patients had discontinued PGEL1 therapy. Most of the patients (84.1%) had found it
easy to learn the injection technique, and the rest (15.9%) had only had difficulties in the
beginning. The mean time of using PGE1 was 23.3 months (0-48). The mean coital fre-
quency with ICI therapy was 2.8 times per month (0-8). Erection began after the injec-
tion within 9.4 minutes (2-20), and the duration of erection at home was 58.7 minutes (0-
240). The injections failed to produce a sufficient erection in 2% of the patients after at
least ten attempts. 34.8% of the patients reported that their own erections improved after
the introduction of ICI therapy: most of the patients who reported improvement of their
own erections had a psychogenic etiology (54.2%), while 37.5% had a vasculogenic dys-
function and 8.3% a neurogenic etiology.

Table 4 shows the reasons for the discontinuation of therapy, loss of efficacy and spon-
taneous erections being prominent. The dropout rate was highest among the patients with
vasculogenic dysfunction (56.3%) compared to the other etiologies.

Table 4. Reasons for dropping out among 69 patients who began intracavernosal home
therapy with PGEL.

Reasons for dropping out Number
Loss of efficacy 9 (13%)
ICI therapy too expensive 2 (2.9%)
lliness of wife 2 (2.9%)
Wife disapproved of treatment 2 (2.9%)
Spontaneous erections 8 (11.6%)
Did not get a new prescription 2 (2.9%)
Fibrosis in the penile shaft 3 (4.3%)
Pain after injection 4 (5.8%)
Total 32 (46.4%)

All the complications within the use of PGE1 were slight, and the most common prob-
lem was hematomas, which occurred in 10.1% of the patients, but were small and did not
cause discontinuation of the therapy. Three instances of priapism (4.3%) occurred at the
beginning of the therapy, but after an adjustment of the amount of PGEL1, there were no
further problems. 7.2% of the patients reported some kind of pain immediately after the
injection, which did not, however, cause discontinuation of therapy. Four patients (5.8%)
had fibrosis in the penile shaft at the control visit, which was also detected by ultrasound,
the mean size being 1.75 cm (1-2cm).

The mean value of libido estimated on a VAS scale at the time of the control checkup
was 65.3% (5-97). The patients’ satisfaction with their erections at home without injec-
tions was only 23.5%, but PGE1 therapy increased it up to 67.3%.
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The ICI test was done with the home dose of PGE1, and erection was determined with
the Rigiscan device. The mean maximal rigidity at the tip and the base of the penis was
56.6% and 53.3%. The degree of erection was estimated as in study Il by the doctor, and
there was grade 3-5 erection in 85.9% of the cases. About half of the patients estimated
their erection at the control visit worsen than in a "real situation” at home, while 40.4%
said their erection was the same as at home. Only 7% considered their erection better at
the office than at home.

5.4. Effect of transurethral resection of the prostate
on sexual functions (V)

In this study population, only 7% of the 155 patients had been treated by pharmacothera-
py for impotence before TURP. 60% of the patients reported good libido before TURP,
while 59% did so at 6 months and 54 % at 12 months. Before TURP, 56% of the patients
reported failure of intercouse on half or more than half of occasions, while after the pro-
cedure the corresponding percentages were 51% at 6 months and 43% at 12 months. The
patients estimated their erections, and 26% of the patients had completely satisfactory
erections before TURP, while 11% had no erections at all before the procedure. After the
operation, 22% of the patients had completely satisfactory erections at 6 months and 24%
at 12 months. No erection was reported by 13% of the patients at 6 months and 16% at 12
months. Orgasm was experienced during intercourse on half or more than half of the
occasions by 76% of the patients before the procedure, and by 70% at 6 months and 74%
at 12 months. 12% of the patients did not have ejaculation before TURP, and 84% of the
patients did not have it after the operation. Early morning erections were reported by 53%
of the patients before the procedure, and 83% at 6 months and 72% at 12 months, the dif-
ference before and after TURP was significant (p<0.01).

A majority of the patients, i.e. 68%, were satisfied with their sex life before TURP
despite of the fact they had some ED. Satisfaction did not change notably after the proce-
dure, being 67% after 12 months. There were no diffrences in coital frequency before and
after the procedure, and 32% of the patients reported not having had intercourse during
the previous year (Fig. 3.)

601 Obefore

% 5071 38%°~"3605 37%
30%5795 279 32%32%, |6 months

012 months

1/week 1/month never

Fig. 3. Coital frequency in the study group before and after TURP.
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5.5. Effects of transdermal dihydrotestosterone
on andropausal symptoms (V)

The most common amount of DHT gel used was 187.5mg (44.3% of patients), followed
by 250 mg (31.1%) and 125mg (24.6%). Early morning erections improved significantly
in DHT group at three months (p<0.05) and correspondenly the ability to maintain erec-
tions improved significantly at six months (p<0.05). DHT also had a positive effect on
libido, which improved in 26.5% of the subjects receiving DHT compared to 8.5% in the
placebo group (p< 0,02). There were no differences in positive well-being or vitality in
either treatment group.

Among the patients who had high I-PSS-scores initially (over 12 points), the I-PSS
score decreased from 17.7 to 12.3 points. Prostatic volume did not change in the DHT
group. PSA did not change in either group.There were no major adverse events; three
patients (5.6%) had mild headache during the DHT treatment. As regards adverse events,
one subject with acute pyelonephritis in the DHT group, and two subjects suffering from
worsened angina pectoris plus one subject with skin cancer in the placebo group dropped
out: these adverse events were not considered to be related to the treatment. The active
medication group showed a significant reduction in serum estradiol, serum testosterone
and S-SHBG (p<0.005). There were no changes in the serum cholesterol and HDL values,
but triglycerides were higher in both groups at the end of the study. Hemoglobin (Fig. 4)
and hematocrit increased significantly in the DHT group. Liver function tests did not
change in either group.
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Fig. 4. Effect of DHT on the hemoglobin level during the treatment.



6. Discussion

6.1. General

For the evaluation of erectile dysfunction, there are several modalities available, but all of
them suffer from certain weaknesses: the results of objective measurements (ICI test,
Rigiscan device, duplex Doppler —ultrasound, etc.) vary from time to time, and the inves-
tigator must know that a natural relaxing atmosphere gives the most appropriate values
(Buvatet al. 1986). You can get "the right values” only in a real situation with your part-
ner at home. In large series of patients evaluating the efficacy of ED therapy, the most
practical method to have answers is a questionnaire, which allows the patients to make
their own estimations about their sexual functions (Andersen & Broffitt 1988). Multidi-
mensional scales have been said to be better in the evaluation of treatment efficacy than
monodimensional scales (Stewart & Ware 1992). We used both multidimensional ques-
tionnaires and VAS scales. When internationally standardized questionnaires are used, the
investigators can compare the results of different studies.

When treating aging men, we should first take a careful sexual history, for which pur-
pose questionnaires are helpful, and also notice symptoms other than ED and try to con-
clude which is the main problem and which symptom is the target for treatment; men
older than 50 may also have other symptoms of andropause than ED, e.g. decrease of
libido and well-being or depressive mood (IV,V).

The first-line treatment of ED always includes testing of the medicine at home, and
before the treatment the patient should have all the available information about the medi-
cine, including how it should be taken and how it works. Before the ICI —program, pre-
cise determination of the home dose of PGE1 and counselling concerning the technique
are important (1,11,111). At the beginning of androgen therapy, it is necessary to inform the
patient that androgens affect mainly libido and well-being (V). Furthermore, it is useful to
arrange follow-up to assess the effectiveness of the treatment and, when necessary,
change the medication or give more advice concerning the administration of the medi-
cine. Especially when having androgen treatment, one should consider the efficacy of the
treatment, because unnecessary treatment should be avoided (V,Vermeulen 1993).



Before surgical procedures, which may have negative consequences on sexual func-
tions, e.g. TURP, the patient must have appropriate information about it: unnecessary fear
about a total loss of erection may lead to ED (IV). At the time of the first postoperative
control checkup, it would therefore be wise to ask about the patient’s sexual functions and
give him a possibility for treatment.

During treatment for ED, we should always bear in mind the possibility of side-effects,
as there is no totally safe treatment option available (1,11,111,V). Especially in old men
with severe heart disease and other concurrent problems, it is not feasible to introduce
new treatment modalities for ED and predispose the patient to extreme physical distress.

6.2. High-dose yohimbine hydrochloride in the treatment of
mixed-type impotence(l)

Yohimbine has been known for over 100 years: it increases parasympathomimetic or cho-
linergic activity and reduces sympathetic or adrenergic activity (Murlairgl. 1991).
Yohimbine hydrochloride produces a rise in sympathetic drive by increasing noradrena-
line release and, theoretically, by blocking the alpha-2-adrenergic receptors and increas-
ing the blood supply to cavernous body tissues (Gruntedues. 1989, Murburget al.

1991). Because erection is dependent on cholinergic activity, yohimbine has long been
used to treat impotence. The response rates have varied a lot from no effect to a statisti-
cally significant benefit compared to placebo (Retdal. 1987, Sussett al. 1989, Sonda

et al. 1990, Moraleset al. 1995). Studies have shown yohimbine to be an erectogenic
agent, but the optimal dose remains undetermined (Sets¢t1989). In cases of impo-
tence, there has not been good assessment of high-dose yohimbine in a complete cross-
over design using modern treatment modalities with placebo.

Our study showed high-dose yohimbine hydrochloride to have no effect on mixed-type
impotence contrary to many other studies (Retiél. 1987, Sussedt al. 1989, Deamer &
Thompson 1991, Nessel 1994). Montorsi and co-workers (1994) have noticed in their
study that combination treatment with trazodone is clearly better than placebo alone for
the treatment of psychogenic impotence (Montetsil. 1994).

Reported side-effects have been minimal (Moraleal. 1995). However, two patients
in this study had serious side-effects that necessitated an interruption of the trial, one had
a hypertensive crisis and the other severe palpitation. Yohimbine may elevate blood pres-
sure and pulse rate by increasing serum noradrenalin (Murtuad, 1991). High dose
treatment with yohimbine hydrochoride should be accepted critically.

Over half of the patients had no effect on sexual function either with placebo or with
active medication. Positive clinical results (complete and partial responses) were obtained
in 12 cases (44%) at the end of yohimbine phase and 13 (48%) after placebo period. In
our study concerning ED, the response rates in the placebo group were high compared to
many other studies (Re&t al. 1987, Goldsteiret al. 1998).

In this study, yohimbine appeared to be no better than placebo as a first-line treatment
for mixed-type impotence.
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6.3. Intracavernous injection test in the evaluation of patients with
erectile dysfunction (II)

After the finding that penile erection can be induced by intracavernous injection of
papaverine in 1982, examinations of various intracavernosal medications were started.
Since then, a number of agents have been utilized for both diagnostic and treatment pur-
poses. One year later, Brindley reported the induction of erection with phenoxybentz-
amine and phentolamine (Brindley 1983a, Brindley 1983b).

In the course of developing treatments for erectile impotence and priapism in 1986,
Brindley made, using himself as an object, observations on the actions of a number of
other drugs given intracavernosally, including imipramine, verpamil, naftidrofuryl, salb-
utamol, hydralatzine, lignocaine, bupivacaine, neostigmine, atropine propranolol and ida-
zoxan. He ended up suggesting the use of thymoxamine, phentolamine, verpamile and
guanethidine (Brindley 1986). Later in 1988, especially in France, a thymoxamine called
moxisylyte was introduced into clinical use. In the same year, the first reports about pros-
taglandin E1 in intracavernosal use were published (lstai. 1986).

The most widely used agents for ED injected alone are papaverine hydrochloride (PV),
prostaglandin E1 (PGE1) and moxisylyte (MS). PGE1 has been claimed to cause occa-
sionally painful erections (Staadt al. 1990), while papaverine has been found to cause
prolonged erection, priapism and fibrosis (Levieeal. 1989, Lakinet al. 1989), and
moxisylyte has been criticized for its poor effectiveness (Betat. 1989).

We noticed in our study that PGE1 was the most effective of these three vasoactive
agents both objectively (Rigiscan measurement) and subjectively (VAS questionnaire).
Induced tumescence was about the same in all the three groups. Pain was evaluated to be
more intense by the PGE1 and PV users (22 % on a VAS scale in both groups). There
were no serious side-effects in the tests, and the pulse rates and blood pressure values
were low. The present findings strongly suggest that PGEL is the most effective drug in
the ICI test.

6.4. Intracavernous self-injection of prostaglandin E1 in the treatment
of erectile dysfunction (llI)

One of the most significant improvements in the treatment of erectile dysfunction took
place in 1982when intracavernosal injection therapy was introduced (Anderstah
1991). Most of the impotent patients (70-90%) can be treated by intracavernosal agents
(Stacklet al. 1988, Schramekt al. 1989, Ravnik-Oblalet al. 1990). The most common
vasoactive agent nowadays is PGE1 (Gerber 1991). Its effectiveness and safety have been
proved in several studies (Stackt al. 1988, Ravnik-Oblaket al. 1990, Hwanget al.
1991). Prolonged pain immediately after the injection has been described with PGE1
(Ravnik-Oblaket al. 1990). There are very few local complications, such as indurations
and fibrosis, during long-term use.

The patients were followed up for three years after starting the ICI program. The mean
coital frequency with ICI therapy was quite low, 2.8 times per month. Most of the patients
did not have problems with giving injection themselves even in the beginning (84.1%).
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The mean dose of PGEL1 used at home was 17.5 micrograms. The most frequently used
dose of PGEL1 is 2Qug (Stacklet al. 1988, Hwanget al. 1989, Ravnik-Oblalet al. 1990).
Erection began within a normal time (9.4 minutes), and its duration was about one hour,
which is less than reported previously (Staeklal. 1988, Ravnik-Oblaket al. 1990,
Hwanget al. 1991).

Almost all attemps at intercourse succeeded with PGE1 at home. When measured with
Rigiscan at the office, the home dose of PGE1 showed the erection to be fairly good
(mean maximal rigidity 53.3% at the base and 56.6% at the tip of the penis). When the
patients themselves evaluated the rigidity of the penis in the ICI test situation compared to
that at home, the majority did not have equally good erection at the office (52.6%) as at
home. This can be explained by sympathoconia or adrenergic constrictor tone due to anxi-
ety (Buvatet al. 1986).

There were no systemic side-effects with PGE1. 7.2% of patients had prolonged pain
after the injection, leading to discontinuation by 5.8% of the patients. This is less than in
most of other studies where PGEL has been used alone. When PGEL1 is used in combina-
tion with other drugs, the incidence of pain could be less (Statkll. 1988, Gerber &
Levine 1991, Schramedt al. 1994). Priapism occurred in only 3 cases at the beginning of
the treatment, but after finding the right dose, no more problems occurred. Priapism used
to be a relatively common complication in papaverine users, but after the introduction of
PGEL treatment it has been become rare (Fetdh 1989, Hasmagt al. 1991).

Fibrosis was seen in 5.8% of the patients using PGEL for three years. It led to discon-
tinuation of the drug in 4.3% of the cases. The fibrosis or nodules were small, their mean
size being less than 2 cm. In the literature, papaverine users have been reported to have
penile scarring and fibrosis more often than PGE1 users (€hah 1994, Hwanget al.

1991).

Many studies have reported improvement of spontaneous erections in men using intra-
cavernous injections (Gerber & Levine 1991, Viragal. 1991, McMahon 1992, Sharlip
1997). In our study, 34.8% of the patients reported improvement of their own erections
after PGEL therapy. 11.6% of the patients discontinued the ICI therapy for this reason and
majority of those patients had a psychogenic etiology. High amount of psychogenic etiol-
ogy may be one reason for the high dropout percentage up to 49% in some studies (Sister
1990, Gerber & Levine 1991, Goviet al. 1993, Fallon 1995).

The main reasons why many patients do not continue their PGE1 therapy in the long
run include the fact that their own erections improve or that there are changes in their life
situation. At the baseline, precise determination of the home dose of PGE1 and instruc-
tion with the technique are important for treatment acceptance.

6.5. Effect of transurethral resection of prostate
on sexual functions (V)

Transurethral resection of the prostate (TURP) continues to be the commonest and most
effective method of treating benign prostatic hyperplasia (BPH) despite the new treat-
ments available. It may, however, have some adverse effects, most commonly disturbanc-
es of sexual function, which have been reported to occur in 4 - 40% of the patients under-
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going this procedure (Bokt al. 1986, Libman & Fichten 1987, Mebust al. 1989). Our
interest was to examine prospectively the effect of TURP on sexual functions. At the
same time, we would have a good sample of aging men with BPH to ask about their life-
styles, libido, satisfaction with their current sex life, erection and coital frequency.

Erection is a complex phenomenon that involves neurological, hormonal, arterial,
venous and muscular components and is further influenced by psychogenic, cognitive and
environmental factors (Lue & Tanagho 1987, Biglal. 1992). TURP can have an effect
on these components, causing erectile dysfunction: ED can be brought about via several
different routes, including the psychogenic effect of an invasive procedure in the genital
region, injury of the nerve tracts supplying the corpus cavernosum as a result of electro-
coagulation, thrombosis of the arteria cavernosa, venous leakage, and injury of nerve
tracts resulting from urethral dilatation and uretrotomy before TURP (Walsh & Donker
1982, Handbury & Sethia 1995, Padma-Nathan & Goldstein 1998).

Our patients were rather old, with a mean age of 69 years, and the resected tissue in
TURP was quite extensive: TURP did not cause overall changes in the patients’ libido,
erection, orgasm and sex life in our study. Early morning erections even improved after
the operation. No such result has been reported previously. Also the amount of reported
failures of intercouse reduced after TURP. This may be explained by that fact that the
patients already had some ED before the operation, and they were fairly satisfied with
their sex life as a whole both before and after the operation, although one third of them
had not had coitus for a year. On the other hand, this may be explained by the fact that
after TURP voiding problems diminished and overall condition was better. These results
could also be explained by the fact that detailed information was given to the patient on
the nature of TURP as well as on the possible risks related to it and their probability, and
the study was prospective and the patients™ memories did not hence influence the results.

6.6. Effects of transdermal dihydrotestosterone
on andropausal symptoms (V)

Serum testosterone is said to decline in aging men, but this process is slow and the clin-
cal picture is therefore difficult to recognize (Gray al. 1991). This situation has been
called "andropause”, "male climacterium”, "male menopause”, "mid-age crisis” or
"androgen decline in the aging male (ADAM)”".

Androgens stimulate the production of erythropoietin in the kidneys, increasing hemo-
globin concentrations (Bagatedit al. 1994) and hematocrit (Tenover 1992). Because
older men tend to have slightly lower hematocrits than young adult men, the hematopoie-
tic effects of androgens may only rarely lead to problems with polycythemia (Tenover
1992). In our study, both hemoglobin and hematocrit increased significantly during DHT
treatment, however staying in normal value range in all patients. Despite this, in patients
using DHT, Hb should be controlled after 3-6 months of treatment.

The administration of androgens decreases plasma HDL cholesterol in adolecent boys
with delayed puberty and in men with hypogonadism (Satval. 1988).Treatment with
parenteral administration of normal doses of either T or DHT to healthy aged men induce
limited changes in circulating lipids with tendency to lower total levels of The significance
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of this finding is that low HDL and high LDL-to-HDL ratios are associated with
increased risk for coronary heart disease (Swerdloff & Wang 1993). On the other hand,
some authors have reported a favourable effect on HDL cholesterol after moderate doses
of natural testosterone (Marat al. 1992). It has also been concluded that low circulating
testosterone levels might be associated with hypercoagulability and could therefore con-
tribute to an increased risk of ischemic heart disease (Bonithon-i€bpp 1988). In our

study, there were no changes in cholesterol and HDL values in either group, but, for some
unknown reason, both the DHT and the placebo groups had an increase in the triglycer-
ide values.

Huge doses of parenteral administration of testosterone may reduce insulin sensitivity
(Cohen & Hickman 1987), but normal doses improve insulin sensitivity in middle-aged
abdominally obese men (Margt al. 1992). In our study, there was no changes in plasma
glucose level during the medication.

Percutaneus testosterone and DHT have been shown to be equally effective in the
treatment of hypogonadal men (Kuleth al. 1986). Testosterone increases plasma estra-
diol levels, which DHT does not do, though it has been shown to reduce the estradiol lev-
els (Fietet al. 1982). In our study, there was a significant reduction in the estradiol and
also in serum testosterone and S-SHBG levels.

There were no changes in the liver function tests in either group in this study. Alky-
lated androgens administered at high doses in long-term use may cause liver dysfunction
(Gurakalet al. 1994).

It has been earlier noticed that testosterone administered to elderly men involves the
risk of stimulating the growth of sublinical prostatic carcinoma (Vermeulen 1993). Fur-
thermore, it has been recognized in some studies that physiological testosterone enan-
thate supplementation results in sustained stimulation of PSA (Tenover 1992, étajar
1997). Holméang and associates (1993) reported that testosterone increased the mean pros-
tatic volume in a study where 160 mg/day testosterone undecanoate was used for 8
months. Many other studies have failed to reveal any change in prostatic volume during
the treatment (Coopeat al. 1998). It has therefore been recommended that aging should
be screened carefully and followed periodically throughout testosterone therapy (Tenover
1992).

It has been noticed that the administration of estradiol both stimulates prostatic growth
(Suzukiet al. 1994) and increases the incidence of prostatic carcinoma in rats (8hirai
al. 1994). Rats treated with DHT plus estradiol did not develop tumors (Seirail.

1994). In a 1.8-year open survey of 37 men aged 55-70 years treated with daily percuta-
neus DHT treatment, high plasma levels of DHT (>8.5 nmol/l) effectively induced clini-
cal benefits in andropausal symptoms, while slighly but significantly reducing prostatic
size (de Lignieres 1993). It has been concluded in many studies that estrogens play an
important role in the pathogenesis of BPH. Estradiol but not DHT acts in concert with
SHBG to produce an 8-fold increase in intracellular cAMP in human BPH tissue, causing
growth of the prostate, while DHT, which blocks the binding of estradiol to SHBG, com-
pletely negates the effect of estradiol (Nakkltaal. 1994). In our study, the size of the
prostate remained the same and serum PSA did not increase, and there was also some
relief in the obstructive symptoms in BPH patients with high symptom scores (I-PSS)
before the study.
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Androgens are expected to have some positive effects on the central nervous system
and a stimulating effect on sexual function in men (Buetsal. 1992, Bagatelket al.
1994). There was no clear positive effect on well-being and vitality, which may be
because the patients mostly expected the drug to have an effect on their sexual function.

In our study, morning erections improved and libido was better in the DHT group, and
the maintenance of erections during the intercourse was also better in the actively medi-
cated group. We found DHT to be a safe option for long-term treatment of andropausal
symptoms, it may also have a positive effect on urinating problems.



7. Conclusions

. This study could not show any benefit from high-dose yohimbine hydrochloride in
correlation with placebo in the treatment of mixed type ED. The medication was
moderately well tolerated, but two serious side-effects were reported (a hypertensive
crisis and a severe palpitation) leading to discontinuation of medication.

. PGE1 was shown to be the most effective of the three agents (papaverine hydrochlo-
ride(PV),prostaglandin E1 (PGE1) and moxisylyte (MS)), both subjectively and
objectively. There were no differences in the amount of tumescence produced by
these drugs. PGE1 and PV caused more pain than MS, but not significantly. All the
vasoactive drugs were well tolerated. When using pharmacotest to evaluate ED, the
most effective vasoactive drug is strongly suggested to be the drug of choice, which
was PGEL1.

. In long-term use PGEL is well tolerated and has only minor problems. The patie-
nts satisfaction with their erection at home was good. The high dropout percentage in
long term use of PGE1 may be due partly to the fact that spontaneous erections did
improve, especially with patients with a psychogenic etiology. Precise determination
of home dose of PGE1 and teaching of the technique are important at the beginning of
this treatment modality.

. TURP does not affect the sexual function of patients with BPH, with exception of ret-
rograde ejaculation. Early morning erections even improved after the operation. The
majority of patients were satisfied with their sexual life both before and after pro-
cedure, although one third of them had not had coitus for a year.

. Transdermal administration of dihydrotestosterone (DHT) improves sexual function
and libido and offers a useful and safe alternative in the treatment of andropause. If
oestrogens play a role in prostate growth, as has been suggested, the use of non-aro-
matize androgens may be beneficial compared with aromatizable androgens. Control-
led follow-up trials of androgen replacement therapy in general are needed to clarify
the possible long-term benefits and risks.
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