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FIGURE67-2 Biochemical pathways modified by phosphodies-
terase type 5 (PDE-5) inhibitors. Sildenafil, vardenafil, tadalafil and
avanafil enhance erectile function by inhibiting PDE-5, thereby main-
taining high levels of cyclic 3”,5-guanosine monophosphate (cyclic
GMP). iCa?, intracellular calcium; NO, nitric oxide; NOS, nitric oxide
synthase.

ERECTILE DYSFUNCTION

Epidemiology Erectile dysfunction (ED) is not considered a nor-
mal part of the aging process. Nonetheless, it is associated with
certain physiologic and psychological changes related to age. In the
Massachusetts Male Aging Study (MMAS), a community-based survey
of men age 40-70, 52% of responders reported some degree of ED.
Complete ED occurred in 10% of respondents, moderate ED in 25%,
and minimal ED in 17%. The incidence of moderate or severe ED more
than doubled between the ages of 40 and 70. In the National Health
and Social Life Survey (NHSLS), which included a sample of men and
women age 18-59, 10% of men reported being unable to maintain
an erection (corresponding to the proportion of men in the MMAS
reporting severe ED). Incidence was highest among men in the age
group 50-59 (21%) and men who were poor (14%), divorced (14%),
and less educated (13%).

The incidence of ED is also higher among men with certain medical
disorders, such as diabetes mellitus, obesity, lower urinary tract symp-
toms secondary to benign prostatic hyperplasia (BPH), heart disease,
hypertension, decreased high-density lipoprotein (HDL) levels, and
diseases associated with general systemic inflammation (e.g., rheuma-
toid arthritis). Cardiovascular disease and ED share etiologies as well
as pathophysiology (e.g., endothelial dysfunction), and the degree of
ED appears to correlate with the severity of cardiovascular disease.
Consequently, ED represents a “sentinel symptom” in patients with
occult cardiovascular and peripheral vascular disease.

Smoking is also a significant risk factor in the development of ED.
Medications used in treating diabetes or cardiovascular disease are
additional risk factors (see below). There is a higher incidence of ED
among men who have undergone radiation or surgery for prostate
cancer and in those with a lower spinal cord injury. Psychological
causes of ED include depression, anger, stress from unemployment,
and other stress-related causes.

Pathophysiology ED may result from three basic mechanisms: (1) failure
to initiate (psychogenic, endocrinologic, or neurogenic), (2) failure
to fill (arteriogenic), and (3) failure to store adequate blood volume
within the lacunar network (venoocclusive dysfunction). These cat-
egories are not mutually exclusive, and multiple factors contribute
to ED in many patients. For example, diminished filling pressure can
lead secondarily to venous leak. Psychogenic factors frequently coex-
ist with other etiologic factors and should be considered in all cases.

Diabetic, atherosclerotic, and drug-related causes account for >80% of
cases of ED in older men.

VASCULOGENIC 'The most common organic cause of ED is a dis-
turbance of blood flow to and from the penis. Atherosclerotic or
traumatic arterial disease can decrease flow to the lacunar spaces,
resulting in decreased rigidity and an increased time to full erection.
Excessive outflow through the veins despite adequate inflow also
may contribute to ED. Structural alterations to the fibroelastic com-
ponents of the corpora may cause a loss of compliance and inability
to compress the tunical veins. This condition may result from aging,
increased cross-linking of collagen fibers induced by nonenzymatic
glycosylation, hypoxemia, or altered synthesis of collagen associated
with hypercholesterolemia.

NEUROGENIC  Disorders that affect the sacral spinal cord or the auto-
nomic fibers to the penis preclude nervous system relaxation of penile
smooth muscle, thus leading to ED. In patients with spinal cord injury,
the degree of ED depends on the completeness and level of the lesion.
Patients with incomplete lesions or injuries to the upper part of the
spinal cord are more likely to retain erectile capabilities than are those
with complete lesions or injuries to the lower part. Although 75% of
patients with spinal cord injuries have some erectile capability, only
25% have erections sufficient for penetration. Other neurologic dis-
orders commonly associated with ED include multiple sclerosis and
peripheral neuropathy. The latter is often due to either diabetes or
alcoholism. Pelvic surgery may cause ED through disruption of the
autonomic nerve supply.

ENDOCRINOLOGIC  Androgens increase libido, but their exact role in
erectile function is unclear. Individuals with castrate levels of testoster-
one can achieve erections from visual or sexual stimuli. Nonetheless,
normal levels of testosterone appear to be important for erectile func-
tion, particularly in older males. Androgen replacement therapy can
improve depressed erectile function when it is secondary to hypogo-
nadism; however, it is not useful for ED when endogenous testosterone
levels are normal. Increased prolactin may decrease libido by suppress-
ing gonadotropin-releasing hormone (GnRH), and it also leads to
decreased testosterone levels. Treatment of hyperprolactinemia with
dopamine agonists can restore libido and testosterone.

DIABETIC ED occurs in 35-75% of men with diabetes mellitus.
Pathologic mechanisms are related primarily to diabetes-associated
vascular and neurologic complications. Diabetic macrovascular com-
plications are related mainly to age, whereas microvascular complica-
tions correlate with the duration of diabetes and the degree of glycemic
control (Chap. 417). Individuals with diabetes also have reduced
amounts of nitric oxide synthase in both endothelial and neural tissues.

PSYCHOGENIC 'Two mechanisms contribute to the inhibition of erec-
tions in psychogenic ED. First, psychogenic stimuli to the sacral cord
may inhibit reflexogenic responses, thereby blocking activation of
vasodilator outflow to the penis. Second, excess sympathetic stimula-
tion in an anxious man may increase penile smooth-muscle tone. The
most common causes of psychogenic ED are performance anxiety,
depression, relationship conflict, loss of attraction, sexual inhibition,
conflicts over sexual preference, sexual abuse in childhood, and fear
of pregnancy or sexually transmitted disease. Almost all patients with
ED, even when it has a clear-cut organic basis, develop a psychogenic
component as a reaction to ED.

MEDICATION-RELATED  Medication-induced ED (Table 67-1) is esti-
mated to occur in 25% of men seen in general medical outpatient clin-
ics. The adverse effects related to drug therapy are additive, especially
in older men. In addition to the drug itself, the disease being treated
is likely to contribute to sexual dysfunction. Among the antihyper-
tensive agents, the thiazide diuretics and beta blockers have been
implicated most frequently. Calcium channel blockers and angiotensin
converting-enzyme inhibitors are cited less frequently. These drugs
may act directly at the corporal level (e.g., calcium channel blockers) or
indirectly by reducing pelvic blood pressure, which is important in the
development of penile rigidity. a-Adrenergic blockers are less likely to



