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Lower urinary tract symptoms/benign prostatic hyperplasia and erectile
dysfunction: from physiology to clinical aspects

Aldo E. Calogero, Giovanni Burgio, Rosita A. Condorelli, Rossella Cannarella and Sandro La Vignera

Department of Clinical and Experimental Medicine, Policlinico “G. Rodolico”, University of Catania, Catania, Italy

ABSTRACT

Erectile dysfunction, prostatic hyperplasia and lower urinary tract symptoms hare important
pathogenetic links. Endothelial dysfunction and hormonal alterations represent the main aspects.
The present article examines the anatomical, physiological, and pathophysiological characteristics
of this association, finalizing the text to an interpretation of the clinical management of these

patients based on these functional considerations.

Introduction

Low urinary tract symptoms (LUTS)/benign prostatic
hyperplasia (BPH) and erectile dysfunction (ED), both
severely affecting the aging male, are often associated
[1] and share similar pathophysiological mechanisms.
Emerging studies have shown that common thera-
peutic approaches may be effective in improving both
LUTS and DE in patients with BPH [2,3]. To clarify the
mechanisms that underlie this association and to bet-
ter understand the rational of such therapeutic
approaches, anatomy, physiology, pathophysiology
and the clinical approach of these two conditions are
deeply discussed in this review.

Anatomy and physiology of erectile
dysfunction

The central erectile structures are bilateral corpora cav-
ernosa, seen as dorsolaterally placed low-reflectivity
bodies on ultrasound, surrounded by the thick fibrous
tunica albuginea. The corpora cavernosa are formed
by multiple sinusoids composed of endothelium and
smooth muscle. These sinusoids are capable of sub-
stantial volume expansion. The ventrally located cor-
pus spongiosum is enclosed by a thinner layer of
tunica albuginea and surrounds the penile urethra.
The corpus spongiosum is anatomically independent
of the cavernosa. The three corpora are enclosed by
the more superficial Buck's fascia.
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The penile arterial supply displays slight variation
in its anatomy. The penis is usually supplied by
branches of the internal pudendal artery, which
continue as the penile artery. The bulbar artery
supplies the proximal shaft and is the first branch
of the penile artery, which then divides into the
dorsal and cavernosal arteries. The cavernosal artery
enters and supplies the corpora cavernosa via sev-
eral helicine arteries, which in turn flow into the
sinusoids via multiple arterioles. The intercavernous
septum is perforated, allowing for communication of
blood (and injected pharmacological agents) across
the midline. Emissary veins pierce the tunica albugi-
nea to drain into the deep dorsal vein, via the
spongiosal, circumflex and cavernosal veins [4]
(Figure 1).

The penile erectile tissue, specifically the cavernous
smooth musculature and the smooth muscles of the
arteriolar and arterial walls, plays a key role in the
sequence of events that brings to erection. In the flac-
cid state, smooth muscles are tonically contracted, let-
ting a small amount of arterial flow for nutritional
purposes. The blood partial pressure of oxygen (pO,)
is about 35 mmHg. The flaccid penis is in a mild state
of contraction, as shown by a further shrinkage follow-
ing exposure to cold temperatures or after phenyleph-
rine intracavernous injection. Sexual stimulation
triggers the release of neurotransmitters from the cav-
ernous nerve terminals. This results in relaxation of
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Figure 1. Penile anatomy.

these smooth muscles and the following chain of
events:

1. Dilatation of the arterioles and arteries which
bring increases blood flow in both the diastolic
and the systolic phases.

2. Trapping of the incoming blood by the expanding
sinusoids.

3. Compression of the subtunical venular plexus
between the tunica albuginea and the peripheral
sinusoids. This results in a decreasing venous
outflow.

4. Stretching of the tunica to its maximal capacity,
which occludes the emissary veins between the
inner circular and the outer longitudinal layers
and further decrease of the venous outflow.

5. A pO, of about 90 mmHg and an intracavernous
pressure of about 100 mm/Hg raise the penis from
the dependent position to the erect state (the full-
erection phase).

6. A further pressure increase (to several hundred
mm/Hg) with contraction of the ischiocavernosus
muscles (rigid-erection phase).

Three phases of detumescence have been distin-
guished in animal studies. The first entails a transient
intracorporeal pressure increase, indicating the begin-
ning of smooth muscle contraction against a closed
venous system. The second phase shows a slow pres-
sure decrease, suggesting a slow reopening of the
venous channels with resumption of the basal level of
arterial flow. The third phase shows a fast pressure
decrease with fully restored venous outflow capacity.

Superficial lateral vein

Sinusoids

Dorsal artery

Erection thus involves sinusoidal relaxation, arterial
dilatation, and venous compression.

This process is dependent upon the parasympa-
thetic nervous system, which induces smooth muscle
relaxation allowing arterial pressure blood into the cor-
pus cavernosum by nitric oxide (NO) action [5]. NO is
generated by three nitric oxide synthase (NOS) enzyme
isoforms: neuronal, endothelial and inducible. The
neuronal isoform appears to be the primary mediator
of physiologic erection [6]. Neuronal NO induces erec-
tions while shear stress also propagates the erectile
response via endothelial NO. Regardless to the source,
NO modulates smooth muscle cyclic GMP to induce
relaxation in a paracrine fashion. Vascular relaxation in
turn allows arterial blood to fill the corpora that, by
distention, creates a venous seal to maintain erection.

Pathophysiology of lower urinary tract symptoms/
benign prostatic hyperplasia and erectile
dysfunction

Two main pathways in LUTS lead to the development
of symptoms in men: benign prostatic obstruction
(BPO) and benign prostatic enlargement (BPE). In add-
ition to this setting, detrusor overactivity/overactive
bladder (OAB) can occur in both men and women.
This dichotomy associates with voiding symptoms
and/or storage symptoms.

Voiding symptoms are associated with BPO, which
is linked to BPE because of BPH. Storage symptoms
are more complex and do not appear to be BPH- or
BPE-related because they manifest in men and women;
more likely, these symptoms are associated with
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Figure 2. Endothelial and nitrergic dysfunction in microcirculation.

involuntary detrusor contractions or detrusor over-
activity (DO) [7,8]. Involuntary detrusor contraction
during the storage phase of the voiding cycle [9]
seems to lead to OAB symptoms. Storage LUTS may
be associated with bladder dysfunction due to
changes or alterations in afferent nerves or in intersti-
tial cells within the bladder rather than BPE [10,11].

Four pathophysiological pathways might lead to
increased risk of LUTS development. These include
reduced nitric oxide (NO)-cyclic guanosine monophos-
phate (cGMP) signaling, chronic inflammation/steroid
hormone imbalance/increased RhoA-Rho-kinase activ-
ity, autonomic hyperactivity, and pelvic atherosclerosis
[1,12-14]. These factors can lead to reduced function
of nerves and endothelium, alterations in smooth
muscle tone, arterial insufficiency, reduced blood flow
and hypoxia-related tissue damage, increased smooth
muscle cell proliferation in the prostate, and bladder
hypertrophy/noncompliance [12].

The vascular system of the low urinary tract is regu-
lated by smooth muscle cell relaxation, which respond
to PDE5 inhibition. LUTS/BPH may develop from
decreased oxygenation of lower urinary tract tissue,
which might ensue with the above-mentioned risk fac-
tors. Atherosclerosis contributes also with remodeling
of smooth muscle structure and function in the pelvic
vasculature to its development [15,16] in penis [17],
prostate [18], and bladder [16]. This results in chronic
ischemia of the low urinary tract often associated with
LUTS/BPH [19].

Moreover, three nerve systems are involved in phys-
iopathology of LUTS/BPH: the pudendal, pelvic, and
hypogastric nerves. The voiding process involves

Tissue and nerve
hypoxia

Nitrergic
dysfunction

Smooth muscle cell
hyperplasia

Autonomic/sensory
nerve dysfunction

stimulation of the detrusor and inhibition of the para-
sympathetic innervation of the urethra and bladder
neck hypogastric nerves, plus recruitment of motor
neurons to the urethral sphincter [20]. The storage
process involves inhibition of the parasympathetic
innervation of the detrusor muscle with urethral
sphincter contraction via sympathetic innervation of
the hypogastric nerves and recruitment of the puden-
dal nerves. Storage symptoms may be the result of
bladder dysfunction due to changes or alterations in
afferent nerves or in interstitial cells [21].

Similar mechanisms have been studied in patho-
physiology of ED and are strongly linked to this condi-
tion. The NO-cGMP pathway is important in smooth-
muscle relaxation and erection of the penis. Activation
of the RhoA/ROCK signaling pathway decreases
smooth-muscle relaxation tone in corpora cavernosa.
Increased sympathetic nervous system activity might
affect smooth muscle and vascular tone via o1-adren-
ergic receptors in the penis. Finally, atherosclerosis can
result in decreased perfusion/ischemia of penile
arteries [13,14,22]. All of these pathophysiological
mechanisms are thought to contribute to the develop-
ment of either ED or LUTS/BPH [13], and can explain a
link between these conditions (Figure 2).

Etiology and clinical aspects of lower urinary tract
symptoms/benign prostatic hyperplasia and
erectile dysfunction

The European Association of Urology (EAU) and the
American Urological Association (AUA) [23] guidelines
define LUTS as storage (irritative) symptoms (daytime
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urinary frequency, urgency, and nocturia), voiding
(obstructive) symptoms (straining, weak stream, inter-
mittent stream, and incomplete emptying), or post-
micturition symptoms (post-micturition dribbling) that
affect the lower urinary tract [23,24].

The clinical diagnosis of LUTS/BPH is a multistep
process used to eliminate prostate cancer, identify risk
factors, and obtain physiological measures. Symptoms
of LUTS/BPH are generally assessed using the
International Prostate Symptom Score (IPSS) or AUA
Prostate Symptom Index (AUA-SI); serum prostate spe-
cific antigen (PSA) levels; urinalysis; a transrectal ultra-
sound of the prostate; the measurement of the
maximal urinary flow rate (Qmax) assessed by uroflow-
metry; and the measurement of post-void residual vol-
ume assessed by post-void bladder ultrasound.

The definition of LUTS/BPH used in clinical studies
and in the literature varies widely. Men with LUTS/BPH
have generally been identified:

e Histologically by having BPH;

e With symptom severity assessed by total IPSS as
being either mild (0-7), moderate (8-19), or severe
(20-35);

e With increased prostate size (BPE - defined as pros-
tate volume >20mL [12]. Patients with prostate
volume >30ml have 3.5-times greater risk of hav-
ing moderate-to-severe symptoms, three-times
greater risk of acute urinary retention, and a signifi-
cantly greater risk of requiring BPH-related surgery
[25,26];

e and with a Qmax of 4-15mL/s, which is indicative
of benign prostatic obstruction (BPO).

The large overlap of men with both LUTS and ED
has shown the strong link between the two condi-
tions, being age a known predictor of the combined
phenotype and LUTS/BPH severity an even better pre-
dictor, thus establishing an independent link between
LUTS/BPH and ED [11].

According to the underlying causes, ED can be clas-
sified as (Table 1):

e Psychogenic
e Organic; this one further divided in nonendocrine
and endocrine
In the past, ED was considered, in most cases, to be
a purely psychogenic, but current evidence shows that
more than 80% of cases have an organic etiology. The
two milestone epidemiological studies (MMAS and
EMAS) have studied this condition in men aged
40-80 years. However, the prevalence of ED in younger
men is increasing even due to social awareness and

Table 1. Etiology of erectile dysfunction.

Etiology of erectile dysfunction
Psychogenic (stress, depression, anxiety)

Organic
Nonendocrine
Vasculogenic

Arterial inflow disorders (atherosclerosis, ischemic heart
disease, peripheral vascular disease, cavernosal disorders)
Venous outflow disorders (venous incompetence, injuries
of tunica albuginea, Peyronie’s disease, often associated
with arterial, neurogenic or psychogenic etiology)

Neurogenic
Upper motor neuron lesions (above spinal nerve T10)
Sacral lesions (52-54)
Lesions of pudendal nerves

latrogenic
Pelvic surgery (non-nerve sparing)
Medications (thiazide diuretics, B-blockers, spironolactone,
digoxin, 5a-reductase inhibitors, anti-androgens, luteinizing
hormone-releasing agonists and antagonists, tricyclic antide-
pressants, selective serotonin reuptake inhibitors, benzodia-
zepines, antipsychotics and phenytoin, H2 blockers, opiates)

Dysgenesis issues (i.e. phymosis, frenulum breve)

Endocrine
Hypogonadism
Hyperprolactinemia
Hyper- or hypothyroidism
Cushing’s syndrome
Addison’s disease

overcoming taboo issues. In this context, a recent nat-
uralistic study has demonstrated that one out of four
men seeking medical help for ED is <40 years old [27].
Currently, it is believed that most cases of ED in
younger men have a psychological basis; this is often
strengthened by sudden onset, good quality spontan-
eous or self-stimulated erections, major life events or
previous psychological problems. However, recent
studies have been brought that consider ED in younger
men a possible spy of subclinical or future organic
problems, linked to endothelial dysfunction, insulin
resistance Peyronie’s disease, neurogenic disorders,
medication side effects, early onset hypogonadism,
dysthyroidism [28-32]. Often, even organic causes lead
in the end to a psychological component, regardless of
the trigger event, since ED imposes negative effects on
interpersonal relationships, mood and quality of life.

Psychogenic ED is also called adrenaline-mediated
ED (noradrenaline-mediated or sympathetic-mediated
ED). Stress, depression and anxiety are generally
defined as heightened anxiety related to the inability
to achieve and maintain an erection before or during
sexual relations, and are commonly associated with
psychogenic ED. This association is explained by the
role of noradrenaline as the primary erectolytic (anti-
erectile) neurotransmitter.



Among the nonendocrine causes, the vasculogenic
mechanism is by far the most common one and can
be divided into arterial inflow disorders and venous
outflow disorders (defects in the veno-occlusive
mechanism).The arterial changes related to athero-
sclerosis, diabetes, cigarette smoking and other vascu-
lar risk conditions can lead to arterial stenosis and
changes in arterial wall (decreased elasticity), thus
decreasing corpora cavernosa oxygenation and paving
road to collagen deposition and decrease of smooth
muscle/collagen ratio. This may eventually lead to
inability of the cavernosa to compress the subtunical
veins, causing secondary veno-occlusive dysfunction.

Veno-occlusive defects are, by themselves, uncom-
mon. The pathophysiology of structurally based cor-
poreal veno-occlusive dysfunction is related to
increase in corporeal connective tissue content. It may
be present alone in injuries in penile tunica albugi-
neaor Peyronie’s disease, but it is often associated to
arterial inflow disorders, neurogenic disorders with
reduction in NO load, or psychological etiologies that
involve an increase in orthosympatic activation (i.e.
stress, depression, anxiety) [33].

Other organic etiologies include neurogenic factors
(affecting innervation and nervous function), with def-
icit in nerve signaling to the corpora cavernosa; this
may be due to various conditions, such as spinal cord
injury, multiple sclerosis, Parkinson disease, lumbar
disc disease, pelvic fractures, traumatic brain injury,
radical pelvic surgery (radical prostatectomy, radical
cystectomy, abdominoperineal resection) and diabetic
neuropathy. Upper motor neuron lesions (above spinal
nerve T10) do not create local changes in the penis
but can inhibit the central nervous system (CNS)-medi-
ated control of the erection. Instead, sacral lesions
(S2-54 typically responsible for reflexogenic erections)
cause functional and structural alterations due to the
decreased innervation. These changes in innervation of
cavernosal tissue lead finally to the reduction in NO
load that is available to the smooth muscle. From this
condition, chronic ischemia can occur, leading to
reduced arterial inflow, and changes in smooth
muscle/collagen ratio, resulting in veno-occlusive dys-
function [34-37].

Among iatrogenic factors (caused by medical or sur-
gical treatment), the most common is radical pelvic sur-
gery. The damaged structures are usually nerves (of
periprostatic plexus or cavernous nerves); sometimes
damage is done to accessory pudendal arteries. A var-
iety of drugs and medications has been studied in asso-
ciation with ED. However, a clear role in determining
ED for many medications has been recently debated
and results difficult to define. TOMHS compared five
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anti-hypertensive drugs with a placebo for changes in
quality of life (sexual function was assessed by phys-
ician interviews). Chlorthalidone (a diuretic drug used in
hypertension) had the greatest effect on sexual function
two years after treatment, but the placebo achieved
almost the same level at four years. Accordingly, chlor-
thalidone may potentiate ED earlier in those who are
likely to develop the condition later in life (see
“Epidemiology and risk factors of ED and LUTS/BPH-
hypertension and cardiovascular disease” section of this
chapter for more) [38].

The endocrine factors leading to ED include low
serum testosterone levels, since androgens are the
major regulators of penile development and function.
Few data have established a clear role of other hor-
mones in ED. A role has been documented for thyroid
hormones, prolactin, growth hormone, insulin-like
growth factor 1, dehydroepiandrosterone, and oxyto-
cin. Although these hormones play a part in the
pathophysiology of erection, their epidemiological
impact is likely to be small and must be confirmed
through further studies. After testosterone, prolactin is
the most commonly altered hormone in men with sex-
ual dysfunction; its main effect is to inhibit gonado-
tropin secretion to induce hypogonadism. Thus,
prolactin should be considered for further screening in
ED patients with low serum testosterone and LH levels
[39] (Figure 3).

Patients with combined LUTS/BPH and ED are
more complex and heterogeneous to examine. They
will seek medical care for the impact of LUTS on qual-
ity of life and/or management of ED. Thus, an inte-
grated urological and andrological approach is
essential to effectively treat the condition from all
points of view. Typically, these patients are aged
50-80years and often have both ED and LUTS/BPH.
Thus, establishing an accurate medical and sexual his-
tory is essential to ensure the correct treatment. We
suggest avoiding empirical treatment before establish-
ing a correct diagnosis, as failure in first-step therapy
may eventually lead to dropout. This is particularly
true for elderly patients who can easier renounce to
medical help for ED after the first failure. A practical
set of signs and symptoms to look for is summarized
in Table 2.

To accurately trace urological and sexual anamnesis,
structured interviews and self-reported questionnaires
come to help. These are composed of a set of standar-
dized questions, which require a unique response.
Among the most used ones, we mention IPSS, IIEF and
IIEF-5 and Structured Interview on erectile dysfunction
(SIEDY). The IPSS questionnaire is a validated, seven-
part, self-administered questionnaire that is used to
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Figure 3. Normal and pathological hypothalamic—pituitary—testicular axis. (A) Normally functioning hypothalamic—pituitary—testicu-
lar axis. Gonadotropin-releasing hormone (GnRH) stimulates the release of luteinizing hormone (LH). This triggers the testes to
respond by secreting testosterone, which, in turn, exerts a negative feedback on the hypothalamus and pituitary gland. Both circu-
lating LH and testosterone are within the normal range. (B) Central hypogonadism. The pituitary release of LH is impaired, the tes-
tes are no longer stimulated and testosterone production drops; both circulating LH and testosterone are decreased.
(C) Subclinical or compensated hypogonadism. The testicular responsiveness to LH is impaired, testosterone production is main-
tained owing to overstimulation by LH; circulating testosterone is normal or borderline, whereas LH is increased. In this case,
the system is driven to its maximal capacity and no further adjustment can be achieved. (D) Primary hypogonadism. In testicular
failure, increases in LH serum levels can no longer sustain testosterone release by Leydig cells; circulating testosterone is low and

LH is high.

Table 2. Differences in symptoms of erectile dysfunction by
etiology.

Symptoms of erectile dysfunction

Gradual onset

Often constant response

Defect in achieving and/or
maintaining erection

Lack or absence of nocturnal erection

Erection better in standing position
than lying down (in the presence
of venous leak)

Rapid and sudden onset
Situational, variable
Defect in maintaining erection

Good nocturnal erection
Excellent response to PDEI-5

assess LUTS/BPH severity and response to treatment
[40]. The 15-item IlIEF is a validated self-administered
patient questionnaire that assesses ED [41]. An
abridged five-item version of the IIEF was developed
(IEF-5) to diagnose the presence and severity of ED.
The five items selected are based on ability to identify
the presence or absence of ED and on adherence to
the National Institute of Health’s definition of ED [42].
IIEF-5 is an excellent diagnostic test for detecting the
presence and severity of ED, and should be adminis-
tered more often by clinicians [1]. SIEDY is a 13-item
interview composed of three scales that identify and
quantify important domains in men with ED (organic,
scale 1; marital, scale 2; and intrapsychic, scale 3) [43].

Physical examination must search for signs related
to causes of ED, including chest evaluation (presence

of gynecomastia — enlargement of the chest and/or
mammalian button >2cm; search for signs of chronic
cardio-pulmonary diseases), distribution of body hair
and androgenization grade. Evaluation of penis pros-
tate and testes is mandatory to establish-related vol-
umes: according to patient’s age, small testes and/or
small prostate volume might imply hypogonadism. It
is important to ask for eventual muscular force decre-
ment, as well as a decrease in beard and body hair
growth. Assessment of the peripheral vascular system
is also important to determine the characteristics of
the pulse, to ascertain the presence of an arterial bruit
(a vascular sound that is associated with turbulent
blood flow). Increased pulse rate (tachycardia) might
suggest hyperthyroidism, whereas reduced pulse rate
(bradycardia) might be evident in men with heart
block (arrhythmia), hypothyroidism or in those who
use certain drugs (e.g. [B-blockers). Diminished or
absent pulses in the various arteries examined could
be indicative of impaired blood flow caused by athero-
sclerosis. The evaluation of the penis in the flaccid
state might show the presence of Peyronie disease
(involving palpable fibrous plaques), phimosis (con-
genital narrowing of the opening of the foreskin) or
frenulum breve (whereby the tissue under the glans
penis that connects to the foreskin is too short and
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Table 3. Princeton Il consensus recommendations for risk stratification and cardiovascular evaluation for sexual activity.

Profile

Description

Sexual activity and PDE5 inhibitor use

Low .

Intermediate .

Fewer than three risk factors for coronary artery .
disease® (excluding sex) °
Controlled hypertension
Class | or Il stable angina®
Successful coronary revascularization
History of uncomplicated myocardial infarction
Mild valvular disease, congestive heart failure
without left ventricular dysfunction and/or New
York Heart Association class | heart failure

At least three risk factors for coronary artery U
disease” (excluding sex)

Class | or Il stable angina® U

Recent myocardial infarction (within 2-6 weeks)

Left ventricular dysfunction and/or New York

Heart Association class Il congestive heart failure

Noncardiac sequela from atherosclerotic disease

(stroke and/or peripheral vascular disease)

Cleared to resume sexual activity
Cleared to take PDE5 inhibitors

Cardiac evaluation necessary prior to resuming
sexual activity
No contraindication to PDE5 inhibitor use

High e Unstable or refractory angina
e Uncontrolled hypertension

heart failure

High-risk arrhythmias
Severe cardiomyopathy
Moderate to severe vascular disease

e Sexual activity delayed until cardiac condition
stabilized

New York Heart Association class IlI-IV congestive

Recent myocardial infarction (within two weeks)

“Major cardiovascular risk factors include age, male gender, hypertension, type 1 and type 2 diabetes mellitus, smoking, dyslipidemia, a sedentary lifestyle

and a family history of premature cardiovascular disease.

PDefined by the Canadian Cardiovascular Society (Reference: Campeau, L. (1976) Grading of angina pectoria. Circulation 54, 522-523.

restricts the movement of the foreskin), which can all
contribute to ED. Measurement of blood pressure,
waist circumference and body mass index should also
be performed [44].

A few biochemical and hormonal parameters are of
value in patients with ED (hormonal parameters
include essentially total testosterone, LH, prolactin,
SHBG to assess free testosterone). However, levels of
cholesterol, triglycerides, fasting glucose and glycosy-
lated hemoglobin (HbA1c) are important determinants
of cardiovascular and metabolic risk stratification. Total
testosterone and SHBG for the evaluation of calculated
free testosterone are sufficient parameters to rule out
hypogonadism. Prolactin and thyroid hormone evalu-
ation are limited to a subset of patients.

In the eventuality of abnormal biochemical or hor-
monal values, a second-line evaluation is necessary. If
the fasting plasma glucose level is 100-126 mg/dI, or
HbA1c is >5.7%, an oral glucose tolerance test can be
used to exclude overt type 1 and type 2 diabetes mel-
litus. The Princeton Ill Consensus Panel has established
criteria for performing further cardiovascular evalu-
ation (Table 3).

Second-line evaluation

Ultrasound examination is a second-line test that can
be used to examine penile structure and vasculature

with penile Doppler ultrasonography, allowing for the
examination of the cavernosal and dorsal penile
arteries. The ultrasound scan can be performed during
flaccidity (static) or following drug-stimulated erection
(dynamic). Drugs commonly used to stimulate erection
comprehend PgE; derivatives, such as alprostadil,
which, injected through a fine needle into the corpora
cavernosa, cause smooth muscle relaxation, vasodilata-
tion and increased blood inflow, leading to erection in
physiological conditions. An adequate response to a
trial of these agents confirms adequate arterial supply
and veno-occlusive mechanism, and precludes the
need for further investigation. Penile Doppler ultrason-
ography is used in those patients in whom arterial or
venous insufficiency is suspected. Furthermore, penile
Doppler sonography may be used to study the penile
anatomy in patients with post-traumatic/post-surgical
abnormalities where curative/reconstructive surgery is
being considered.

At ultrasound, the corpora cavernosa appear as lon-
gitudinally orientated vascular beds of mixed echoge-
nicity, with the tunica albuginea visualized as a thin
echogenic envelope, usually 2mm thick. In the
absence of cavernosal fibrosis, the interface between
the tunica and the underlying cavernosal tissue is
quite distinct. The spongiosum is visualized on the
ventral surface and is of slightly higher reflectivity
than the cavernosa. The cavernosal arteries can be
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Figure 4. Schematic representation of the main phases of cavernosal artery waveform during a penile Doppler ultrasound examin-
ation. (A) In basic conditions, the waveform appears hardly detectable in a velocity/time curve. (B) A few minutes after injection of
alprostadil, the cavernosal artery inflow becomes well detectable. (C) The waveform continues to modify with increasing peak sys-
tolic velocity (PSV, cutoff >35cm/s) and decreasing end-diastolic velocity (EDV, cutoff <5cm/s), until the systolic velocity peaks,
indicating the grade of arterial inflow. Acceleration time (AT, cutoff <100) narrows, and can be measured from the bottom to the
top of the peak. (D) Later, diastolic flow reversal is shown, indicating an intact venous occlusion mechanism. (E) Intracavernosal
pressure exceeds systolic pressure at maximal tumescence, causing reduction in the systolic velocity and narrowing of the systolic

peak.

found within the corpora cavernosa at ultrasound as
parallel hyperechoic lines. Variants in arterial anatomy
exist in up to 20%, but they are not relevant to clinical
practice. After intracavernosal injection of alprostadil,
Doppler scan shows a change overtime of the spectral
Doppler waves in a velocity/time curve to evaluate the
cavernosal arteries both anatomically and functionally.
A quiet, private and comfortable environment is essen-
tial for a good outcome of the test. Many patients will
be anxious, and a detailed explanation of the proced-
ure is of paramount importance. Informed consent
should be obtained, especially with regard to the low
risk of priapism following intracavernosal injection; this
accounts for about 0.01% of the procedures, and is
defined as prolonged and painful response of the
penis to drug-stimulated erection (longer than 4h),
which requires urgent treatment. With patient posi-
tioned supine on the bed, an initial injection of alpros-
tadil is done at the basis of left and/or right corpora
cavernosa, with an angle of about 30 degrees and per-
pendicular to longitudinal axis of the penis. Before
injection, eventual abstinence from antiplatelet drugs,
if possible, is advised.

If the patient is pharmacologically naive, a small
dose (5mg of alprostadil) is initially given. If there
has been a poor response to PDE5i agents previously,
then up to the full dose (20mg) may be given.
Utilizing a high frequency linear probe, and once
tumescence starts; a longitudinal scan enables visual-
ization of the cavernosal artery at its root. A velocity
gradient exists within the artery from the base to the
tip, and reproducible and accurate measurements are
best obtained at the penile base towards the peno-
scrotal junction. Two-three minutes after injection,
the cavernosal arteries should become more visible,
and spectral measurement and image acquisition
should begin at this stage. In addition, the quality of
the erection should be assessed both objectively (by

the operator) and subjectively (by the patient) and
recorded. If the quality of the erection is insufficient,
repeated injection can be made. Repeated Doppler
measurements should occur at 5-min intervals until
the maximal peak systolic velocity (PSV) and end-dia-
stolic velocity (EDV) are judged to have been
reached. The PSV cutoff is >35cm/s and EDV is usu-
ally normal if negative or close to 0cm/s, usually
<5cm/s. The waveform during erection follows four
main phases. Following injection of pharmaco-stimu-
lant, initial waveforms display elevation of velocities,
especially the diastolic velocity, which reflects
smooth muscle relaxation. The PSV then usually sta-
bilizes after this and is sustained for at least 5min.
After this, intracavernosal pressure increases, and this
phenomenon can be indirectly measured by a steady
reduction in the end-diastolic velocity as increasing
sinusoidal distension elevates IP and reduces venous
outflow. As the IP continues to rise, the diastolic vel-
ocity diminishes and the systolic waveform narrows.
When [P exceeds diastolic pressure, the diastolic
waveform will reverse. As the maximal penile rigidity
is achieved in the final phase, the intracavernosal
pressure is equal to or greater than systolic, produc-
ing further narrowing of the systolic peak. In some
cases, the systolic velocity may reduce to such an
extent that there is a transient interruption to systolic
flow. When the minimal diastolic velocity is reached,
the Doppler study is finished (Figure 4). The examin-
ation is completed by longitudinal and transversal
gray scale scan to search for the presence of non-
vascular abnormalities such as plaques, fibrosis or
tunica albuginea defects.

Conclusions

Low urinary tract symptoms/benign prostatic hyperplasia
and erectile dysfunction share similar pathophysiological



pathways (NO - cGMP signaling, increased sympa-
thetic nervous system activity, atherosclerosis). They
also have common risk factors, such as metabolic syn-
drome, obesity, hypertension [45-47]. Furthermore,
the lIEF-5 index seems to positively correlate with the
IPSS score [48]. These observations provide the
rational for common therapeutic approaches.
Interestingly, treatment with PDE5 inhibitors has
been showed to improve LUTS in patients with BPH
[3,49], probably ameliorating the endothelial function
[2]. Although the pathophysiologic role of the a-adre-
noceptor system in the etiology of both ED and LUTS
in patients with BPH has been demonstrated [50], a
meta-analytic study highlighted a worse negative
impact of the combination therapy with 5a-reductase
inhibitors plus a-blockers on ED compared to the sin-
gle therapy [51]. Therefore, patients with LUTS/BPH
and ED may benefit from single therapy with a-block-
ers. Finally, long-term testosterone replacement ther-
apy has shown to restore urinary and sexual function
in hypogonadal men [52]. Accordingly, its withdrawal
has been associated with a worsening of LUTS and
IIEF-5 index [53]. In conclusion, common therapeutic
approaches in the aging male suffering from LUTS/
BPH and ED may be sought.
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