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Erectile Dysfunction

 Definition

oPersistent or recurrent failure to achieve or maintain a penile erection to allow 
for satisfactory sexual intercourse. (impotence)

 Persistent failure

 Must be distinguished from disorders of  libido or ejaculation, and of  infertility.

 More than one disorder may present at the same time. (e.g. primary hypogonadism)



Introduction



Epidemiology

 The incidence is low in men younger than 40 years of  age.

 The prevalence has been reported to be as high as 80% in men older than 70 years 
old.

 Many patient fail to seek medical treatment. (may be due to the decrease in sexual 
activity)

 ED is sometimes assumed to be a symptom of  the aging process.

o More likely it results from concurrent medical conditions (HTN, DM)

o Role of  medications



Physiology of  a Normal Penile Erection

 Vascular system

o Arterial flow into the corpora is 
enhanced by acetylcholine-
mediated vasodilation.

 Nervous System and Psychogenic 
Stimuli

o Sacral nerve reflex

o Brain (hypothalamus) role in the 
conscious patient



Hormonal System

 Testosterone circadian rhythm

 Beginning at age 40 years, men experience a gradual decrease in testicular 
production of  testosterone.

 The European Male Aging Study described three cardinal symptoms of  low 
serum testosterone levels: decreased libido, erectile dysfunction, and loss of  
spontaneous morning erections.

 Serum concentration of  testosterone should always be interpreted in the context 
of  the patient’s symptoms and physical exam findings.

Physiology of  a Normal Penile Erection



 The relationship between serum testosterone and erectile dysfunction

 American Society of  Andrology guidelines:

o Serum testosterone greater than 350 ng/dL (12.2 nmol/L) requires no treatment.

o Serum testosterone of  230 to 350 ng/dL (8.0-12.2 nmol/L) requires treatment if  the 
patient is symptomatic.

o Serum testosterone below 230 ng/dL (8.0 nmol/L) generally should be treated.

Physiology of  a Normal Penile Erection



Etiology/Pathophysiology

 Organic erectile dysfunction (vascular, neurologic, or hormonal etiologies): 
approximately 80% of  patients.

 Psychogenic erectile dysfunction (less severe symptoms): patients who do not 
respond to psychogenic stimuli and have no organic cause.



Social habits

 Cigarette smoking: the vasoconstrictor effect may compromise blood flow to the 
corpora and decrease cavernosal filling.

 Excessive ethanol intake: may lead to androgen deficiency, peripheral neuropathy, or 
chronic liver disease, all of  which can contribute to erectile dysfunction.

Etiology/Pathophysiology





Diagnosis

With the availability in the late 1990s of  effective medications for erectile dysfunction 
independent of  the etiology, diagnostic evaluation of  erectile dysfunction became 
streamlined.



Medical history

 Concurrent medical illnesses (eg, hypertension, atherosclerosis, hyperlipidemia, 
diabetes mellitus, and depression)

 Surgical procedures (eg, perineal or pelvic)

 Discontinuation of  social habits

Diagnosis



Physical examination

 Check for hypogonadism.

 Penis should be evaluated for diseases associated with abnormal penile curvature (eg, 
Peyronie’s disease).

 Femoral and lower extremity pulses

 Digital rectal examination in patients 50 years or older

 Assess patient’s cardiac reserve.

Diagnosis





Serum testosterone levels should be checked in patients older than 50 years and in 
younger patients who complain of  decreased libido and erectile dysfunction. 

At least two early morning serum testosterone levels on different days, approximately 
4 weeks apart, are needed to confirm the presence of  hypogonadism.

Diagnosis



General Approach to Treatment

 The first step: identify and, if  possible, reverse underlying causes.

 Patients should follow a heart-healthy lifestyle (no excessive alcohol, no smoking).

Sufficient in some patients to restore erectile function.

 Psychotherapy can be used as monotherapy or as an adjunct to specific treatments for 
psychogenic ED.

 Specific treatments

oPharmacologic treatment

oVacuum erection devices (VEDs)

o Surgery



The 2018 American Urological Association guideline on the management of  erectile 
dysfunction, the Fourth International Consultation of  Sexual Medicine, the 2010 European 
Urology Association guideline, and the American College of  Physicians clearly identify oral 
phosphodiesterase type 5 inhibitors for first-line treatment. 

VEDs, intracavernosal injection of  erectogenic agents, or intraurethral prostaglandin inserts are 
second-line treatments.

General Approach to Treatment





Phosphodiesterase Type 5 Inhibitors

 cGMP is a vasodilatory
secondary messenger that 
decreases intracellular calcium 
levels, resulting in smooth 
muscle relaxation, enhanced 
arterial flow to the corpora 
cavernosa, and increased blood 
filling of  cavernosal sinuses.

 Catabolism of  cGMP in 
cavernosal tissue is mediated by 
phosphodiesterase isoenzyme
type 5.



Phosphodiesterase Type 5 Inhibitors





Phosphodiesterase isoenzyme 1

 Found in the peripheral vasculature. 

 Inhibition has been linked with peripheral vasodilation, which can lower blood pressure, and 
cause flushing and reflex tachycardia in some patients.

Phosphodiesterase isoenzyme type 6

 Is localized to the rods and cones of  the retina. 

 Inhibition has been associated with blurred vision and cyanopsia.

 Sildenafil is the most potent inhibitor and tadalafil is the least potent inhibitor.

Phosphodiesterase Type 5 Inhibitors



Phosphodiesterase isoenzyme type 11

 Is localized to striated muscle. 

 Inhibition has been associated with myalgia and back muscle pain. 

 Tadalafil exerts the greatest inhibitory activity against phosphodiesterase type 11.

Phosphodiesterase Type 5 Inhibitors



Efficacy

 PDE-5 inhibitors allow for discreet use.

 All four commercially available PDE-5 inhibitors are considered to be equally effective.

 Satisfactory erection

o Sildenafil: 56-82% of  patients

o Vardenafil: 65-80% of  patients

o Tadalafil: 62-77% of  patients

o Avanafil: 50-55% of  patients

Phosphodiesterase Type 5 Inhibitors



 Approximately 30% to 40% of  patients do not respond.

 Follow-up is always recommended after a phosphodiesterase type 5 inhibitor is initiated.

 Education should include the following points:

o Foreplay (sexual stimulation)

o Sildenafil should be taken on empty stomach.

o At least five to eight doses should be used before failure is declared.

o Dosage titration (up to 100 mg sildenafil or 20 mg tadalafil)

o Avoid excessive alcohol use

o Treatment of  concomitant medical illnesses.

Phosphodiesterase Type 5 Inhibitors



Phosphodiesterase type 5 inhibitors should be avoided in patients predisposed to developing
priapism, including men with sickle cell anemia, leukemia, or multiple myeloma.

Long-term use of  phosphodiesterase type 5 inhibitors for up to 10 consecutive years 
continues to be effective and is not associated with tachyphylaxis.

Voluntary discontinuation rate:

o Less than 2% per year in clinical trials

o Actual discontinuation rate: 35-47% after 6-24 months 

Phosphodiesterase Type 5 Inhibitors



 Some patients with severe vascular or neurologic disease will show minimal or no response to 
maximum doses of  a PDE-5.

 Suggested strategies:

 The effectiveness of  switching among PDE-5 inhibitors is controversial.

 Switching the patient from an as-needed to a daily regimen of  tadalafil.

 High-dose phosphodiesterase type 5 inhibitor treatment. (sildenafil 200 mg)

 PDE-5 inhibitor combined with intracavernosal or intraurethral alprostadil in selected patients.

Phosphodiesterase Type 5 Inhibitors



Pharmacokinetics and Drug–Food Interactions

Sildenafil and vardenafil have a 1-hour onset of  action and short duration of  action. Oral absorption 
is significantly delayed by 1 hour when either drug is taken within 2 hours of  a fatty meal.

In contrast, tadalafil has a slower onset of  action of  2 hours, has a prolonged duration of  action 
up to 36 hours, and food does not affect its rate of  absorption. (greater spontaneity for 
patients, one dose can last through the entire weekend).

Phosphodiesterase Type 5 Inhibitors



Sildenafil and vardenafil have been reported to be effective in some patients up to 12 hours after 
dosing, and tadalafil is effective up to 36 hours after dosing, which is long after plasma 
concentrations have declined. 

It has been hypothesized that this may be due to the continued intracellular action of  the 
phosphodiesterase type 5 inhibitor.

Phosphodiesterase Type 5 Inhibitors



Concomitant ingestion of  ethanol with phosphodiesterase type 5 inhibitors can result in 
orthostatic hypotension and drowsiness.

Therefore, the manufacturer recommends that patients avoid ethanol when taking 
these medications.

Phosphodiesterase Type 5 Inhibitors



All four phosphodiesterase type 5 inhibitors are hepatically catabolized principally by the 
cytochrome P450 3A4 microsomal isoenzyme.

Tadalafil and the active metabolite of  sildenafil are excreted in the urine. Both drugs need 
dose adjustment in significant renal failure. 

Phosphodiesterase Type 5 Inhibitors



Adverse Effects

 Most adverse effects are mild or moderate, are self-limited, and tolerance to the adverse 
effects develops with continued use.

 The most common: headache (11%), facial flushing (12%), dyspepsia (5%), nasal 
congestion (3.4%), and dizziness (3%)

 Hypotension

Phosphodiesterase Type 5 Inhibitors



Sildenafil, vardenafil, and avanafil cause increased sensitivity to light, blurred vision, or 
loss of  blue–green color discrimination in 2% to 3% of  patients. This adverse effect is 
dose-related with the incidence increasing to 40% to 50% in patients taking sildenafil 
200 mg.

Phosphodiesterase Type 5 Inhibitors



Visual adverse effects commonly occur at the time of  peak serum concentrations. Avanafil has 
moderate and tadalafil has minimal to no inhibitory activity against phosphodiesterase type 6, and 
they are associated with a lower incidence of  visual adverse effects (less than 1%) when 
compared to sildenafil and vardenafil.

Phosphodiesterase Type 5 Inhibitors



Nonarteritic anterior ischemic optic neuropathy (NAION) is a sudden, unilateral, painless 
blindness, which may be irreversible. Isolated cases of  NAION have been associated with 
phosphodiesterase type 5 inhibitor use. NAION has developed at variable and unpredictable
times after starting a phosphodiesterase type 5 inhibitor, ranging from 6 hours to months or 
years after the first dose.

Phosphodiesterase Type 5 Inhibitors



A patient who experiences sudden vision loss in one eye 
while taking a phosphodiesterase type 5 inhibitor should be 
evaluated for NAION before continuing treatment. 

If  NAION is present, the phosphodiesterase type 5 inhibitor 
should be discontinued as there is a 15% to 25% risk of  
developing NAION in the other eye in the ensuing 5 to 10 
years.

Phosphodiesterase Type 5 Inhibitors



Acute unilateral hearing loss

 Causality not established.

 In the cases reported, the hearing loss occurred within 1 to 3 days of  starting 
treatment.

 Variably accompanied by tinnitus or vertigo, and often resulted in residual hearing 
loss despite drug discontinuation.

 Immediately stop the medication.

Phosphodiesterase Type 5 Inhibitors



Priapism is a rare adverse effect of  phosphodiesterase type 5 inhibitors, particularly 
sildenafil and vardenafil, which have shorter plasma half-lives than tadalafil.

Priapism has been associated with excessive doses of  the phosphodiesterase type 5 
inhibitor or concomitant use with other erectogenic drugs.

Phosphodiesterase Type 5 Inhibitors



Recently, sildenafil use has been associated with an increased risk of  melanoma. 
However, a cause–effect relationship has not been established.

Phosphodiesterase Type 5 Inhibitors



Drug Interactions

 Sudden and severe hypotension with nitrates.

 Use of  phosphodiesterase type 5 inhibitors is 
contraindicated in patients taking nitrates given by any 
route at scheduled times or intermittently.

 Nitrates should be withheld for 24 hours after sildenafil, 
vardenafil, or avanafil administration and for 48 hours 
after tadalafil administration.

 If  a patient who has taken a phosphodiesterase type 5 
inhibitor requires medical treatment of  angina, non-
nitrate-containing agents (eg, calcium channel blocker, 
β-adrenergic antagonist, and morphine) should be used.

Phosphodiesterase Type 5 Inhibitors



 Small decreases in blood pressure with clinically symptomatic orthostatic 
hypotension in patients taking α-adrenergics.

 Interaction with CYP 3A4 inhibitors or inducers.

Phosphodiesterase Type 5 Inhibitors



Alprostadil

Alprostadil, also known as prostaglandin E1, stimulates adenyl cyclase, resulting in increased 
production of  cAMP.

Alprostadil is commercially available as an intracavernosal injection (Caverject and Edex) and 
as an intraurethral insert (medicated urethral system for erection [MUSE]).



Indications

Both commercially available formulations of  alprostadil are FDA approved as 
monotherapy for management of  erectile dysfunction. Alprostadil is more effective by the 
intracavernosal route than the intraurethral route.

Both formulations of  alprostadil are considered more invasive than VEDs or phosphodiesterase 
type 5 inhibitors. For this reason, intracavernosal alprostadil is generally prescribed after patients 
do not respond to or cannot use less invasive interventions.

Alprostadil



Intracavernosal Alprostadil

 The overall efficacy is 70-90%.

 The effect is dose-related (mean duration of  erection is 12-44 min).

 Tolerance does not appear to occur.



Pharmacokinetics

 Intracavernosal injection should be administered into only one corpus cavernosum. 
From this injection site, the drug will reach the other corpus cavernosum.

 Onset is within 5-15 min. The duration is not more than 1 hour (with doses of  2.5-20 
mcg)

 Local 15-hydroxy dehydrogenase in the corpora cavernosum quickly converts alprostadil
to inactive metabolites.

 Any alprostadil that escapes into the systemic circulation is deactivated on first pass 
through the lungs.

Intracavernosal Alprostadil



Dosing
 The usual dose of  intracavernosal alprostadil is 10 to 20 mcg, with a maximum

recommended dose of  60 mcg.

 The dose should be administered 5 to 10 minutes before intercourse.

 Slow dose titration to minimize the likelihood of  hypotension.

 After injection the penis should be massaged to help distribute the drug.

Intracavernosal Alprostadil



Adverse Effects
 Hematoma and bruising (apply pressure for 5 minutes after each injection)

 Infection at injection site

 Cavernosal plaque or fibrosis

 Penile pain

 Priapism

 Rare systemic reactions such as dizziness and hypotension

Intracavernosal Alprostadil



Intraurethral Alprostadil

 Contains a medication pellet inside a prefilled urethral applicator.

 The usual dosage range of  intraurethral alprostadil is 125 to 1,000 mcg, but 500 mcg 
is typically needed in most patients.

 The dose should be administered 5 to 10 minutes before sexual intercourse.

 Overall effectiveness is 43-65%.

 The voluntary dropout rate is high.



Adverse Effects

 Urethral injury

 Urethral pain

 Vaginal burning, itching, or pain in sexual partners

 Priapism

 Syncope and dizziness

Intraurethral Alprostadil



Alprostadil



Unapproved Agents

Yohimbine
 A central α2-adrenergic antagonist

 Has peripheral proerectogenic effects.

 Yohimbine may reduce peripheral α- adrenergic tone, thereby permitting a 
predominant cholinergic tone.

 The usual oral dose is 6 to 15 mg three times per day.



Based on a meta-analysis of  published studies that concluded that yohimbine is only mildly 
efficacious for psychogenic erectile dysfunction, the American Urological Association has cautioned 
against the use of  yohimbine. In addition, yohimbine can cause many systemic adverse effects, 
including anxiety, insomnia, tachycardia, and hypertension.

Unapproved Agents



Papaverine

 A nonspecific phosphodiesterase type 5 inhibitor.

 Not FDA approved for erectile dysfunction.

 Intracavernosal papaverine alone is not commonly used for management of  erectile 
dysfunction because the large doses required to achieve a therapeutic effect also produce 
dose-related adverse effects, such as priapism, corporal fibrosis, hypotension, and 
hepatotoxicity.

Unapproved Agents



Phentolamine

 A competitive nonselective α-adrenergic blocking 
agent.

 Most often as an intracavernosal injection.

 Monotherapy is avoided because large doses are 
required for an erection, and at these large doses 
systemic hypotensive adverse effects would be 
prevalent.

 A ratio of  30-mg papaverine to 0.5 to 1 mg 
phentolamine is typical, and the usual dose ranges 
from 0.1 to 1 mL of  the mixture.

Unapproved Agents



Vacuum Erection Device


