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Abstract

The medical management of erectile dysfunction(ED) has evolved greatly over the past 20 years. Prior to the
early 80’s we were able to offer patients one of two definitive surgical therapies for the management of their erectile
dysfunction: implantation of penile prosthesis and penile revascularization. The first approved phosphodiesterase
inhibitors (PDE5i) for the treatment of ED was sildenafil citrate (1998). Currently, there are four FDA approved oral
medications indicated for the treatment of ED (sildenafil, vardenafil, tadalafil and avanafil), all of which predominantly
inhibit PDE5.

Despite their similar modes of action, PDE5i differ in their biochemical properties, pharmacokinetic profiles, and
clinical performance. Most distinctive is their half-life, with sildenafil, vardenafil and avanafil having half-lives of
approximately 4-5 hours, compared with tadalafil, with a half-life of 17.5 hours. The median time to maximum
concentration (t max) is 30 minutes for avanafil, 1 hour for sildenafil and vardenafil, and 2 hours for tadalafil.

The abundance of choices poses the question, "which PDE-5 inhibitor?" relevant for clinicians, patients and their
partners. A significant percentage of men initiating treatment will ultimately switch between inhibitors or discontinue
therapy (poor compliance). Properly counseling patients and their partners as to the appropriate treatment choice is
paramount to optimizing compliance. It is widely accepted that there are no significant differences in the safety and
efficacy of the 4 PDE5i, although avanafil has shown great promise in reducing the typical side effects.

Lifestyle modifications should be certainly considered an integral part of the treatment regimen for ED, both
independently and in conjunction with other management options. The risk of developing ED is closely associated
with the presence of co-morbidities such as diabetes, cardiovascular disease, and metabolic syndrome. Prevention
or appropriate treatment of these disease states, can positively impact sexual health.
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Overview of ED and Medications
The medical management of erectile dysfunction(ED) has evolved

greatly over the past 20 years. Prior to the early 80’s we were able to
offer patients one of two definitive surgical therapies for the
management of their erectile dysfunction: implantation of penile
prosthesis and penile revascularization. Aside from these options,
outpatient management was relegated to sex therapy, psychoanalysis
and an endocrine workup for presumed hypogonadism [1]. In 1984
Brindley published his series describing pharmacologic penile
injection therapy [2]. Although effective, this treatment has a low long
term compliance rate. With the advent of oral phosphodiesterase
inhibitors (PDE5i), medical providers have been able to offer a safe,
effective and easy to administer oral medication to correct ED.

Although PDE5i were approved in 1998 by the FDA, the basic
science for this class of medications dates back to 1958. Sutherland and
Rall (1958) were the first to discover the enzyme phosphodiesterase
whose mechanism of action is the conversion of the intracellular
second messenger molecule cyclic guanosine monophosphate (cGMP)
to its inactive form. By blocking this conversion, the active form of

cGMP catalyzes a biochemical cascade resulting in corporal smooth
muscle relaxation and, hence, penile erection [3,4].

The first approved PDE5i for the treatment of ED was sildenafil
citrate. This was initially investigated as a treatment for angina
pectoris but was found to have several side effects, one of which was
improved erectile function. Currently, there are four FDA approved
oral medications indicated for the treatment of ED (sildenafil,
vardenafil, tadalafil and avanafil), all of which predominantly inhibit
PDE5 [5]. The introduction of these three drugs has resulted in an
increase in marketing to the general public by direct consumer
advertising. This awareness has fueled the surge in their demand. The
availability of the four distinct agents raises the question of which
PDE5i is best suited for the individual needs of the patient? The
approach taken by several physicians is to prescribe each of these
agents to a particular patient with ED, and to let him decide which
medication is best suited for his lifestyle [6].

Short Acting vs. Long Acting PDE5i
Despite their similar modes of action, PDE5i differ in their

biochemical properties, pharmacokinetic profiles, and clinical
performance. Most distinctive is their half-life, with
sildenafil,vardenafil and avanafil having half-lives of approximately
4-5 hours, compared with tadalafil, with a half-life of 17.5 hours. All
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three medications have been shown to be rapidly absorbed after oral
administration. The median time to maximum concentration (t max)
is 30 minutes for avanafil, 1 hour for sildenafil and vardenafil, and 2
hours for tadalafil. Median (t max) values as low as 30 minutes have
been reported with avanafil at the 50, 100 and 200 mg dose [7,8].
High-fat meal intake influences the absorption profiles of both
sildenafil and vardenafil but not tadalafil or avanafil [4,7,8]. The
differences in their pharmacokinetic properties offer a basis for clinical
selections of PDE5 inhibitors, based on patient needs and preferences.

The side effect profile of these three drugs is important to recognize
and may affect patient safety and compliance. Since PDE5i have an
additive effects on the nitric oxide (NO) pathway, their use is
contraindicated in patients taking any form of nitrates as they may
produce life threatening hypotension. The American Heart
Association/American College of Cardiology consensus panel
recommended that nitrates not be administered within 24 h after
sildenafil dosing [9]. Similar to other PDE5 inhibitors, tadalafil should
not be administered in combination with organic nitrates. In the event
that nitrates are given, especially within this critical time interval, it is
essential to have the capability to support the patient with fluid
resuscitation and alpha-adrenergic agonists if needed. In patients with
recurring angina after sildenafil use, other non-nitrate antianginal
agents, such as b-blockers, should be available [9]. In addition, PDE5i
can cross react with multiple different PDE receptors causing variable
effects on olfaction (PDE1), insulin action (PDE3), and platelet
aggregation and vascular tone (PDE3, PDE5) [5]. Because of the cross-
reactivity of sildenafil and vardenfil with PDE6 receptors, patients
should be counseled about color changes in vision (chromatopsia) and
more infrequently, increased sensitivity to light and blurred vision.
These visual affects are not seen with tadalafil and avanfil.

According to standard dosing recommendations for sildenafil and
vardenfil, patients are instructed to take the medications on demand
approximately one hour before intended sexual activity. Tadalafil 20
mg can have effects lasting up to 36 hours. However, a daily dosing
regimen has been approved for tadalafil based on its extended half-life,
to provide patients with the ability to have sexual intercourse on
demand with greater spontaneity [10,11]. In a randomized, double-
blind, placebo-controlled evaluation of the safety and efficacy of
avanafil in subjects with erectile dysfunction successful intercourse by
subjects was seen within 15 minutes of dosing at all three doses [7].

The abundance of choices makes the question "which PDE-5
inhibitor?" relevant for clinicians, patients and their partners. A
significant percentage of men initiating treatment will ultimately
switch between inhibitors or discontinue therapy (poor compliance).
Properly counseling patients and their partners as to the appropriate
treatment choice is paramount to optimizing compliance. It is widely
accepted that there are no significant differences in the safety and
efficacy of the 4 PDEi, although avanafil has shown great promise in
reducing the typical side effects from PDE5i [7]. This has led to the
initiation of studies aimed at evaluating patient preferences.
Strodeburg et al. (2006) showed high success rates when giving the
patients the freedom to try all available PDE5i [6]. Similarly,
Lunjunggren et al. (2007) evaluated 127 men at a mean age 60 years
(range: 36–79 years), who were given the option of taking any of three
PDE5i [12]. Seventy-five percent of the men used only one drug; the
others alternated between a short and long-acting drug, depending on
their situation and preference. Of the 127 men, 109 (86%) were still
using PDE5 inhibitors at the end of the 2 year period. The most
common reason for discontinuation of therapy was a return of

satisfactory spontaneous erections. The authors concluded that
allowing patients to choose any of the three medications resulted in a
high compliance rate over an extended period of time [12]. In another
study evaluating compliance rates, 1,900 men with ED taking tadalafil
were enrolled in a 1-year trial. Available data from 1,567 men at 12-
months indicated that 1,319 (85.9%) were still taking tadalafil. The
most important factor in predicting long-term compliance was patient
satisfaction at 1 month [13].

In the Endotrial (2009), the authors evaluated the efficacy of
sildenafil, tadalafil, and vardenafil in a randomly assigned 8-week fixed
regimen study [14]. The primary outcome was the post-treatment
erectile function scores from the abridged International Index of
Erectile Function (IIEF5+1). Subjects were sub-divided into four
treatment groups: sildenafil 50 mg, sildenafil 100 mg, tadalafil 20 mg,
and vardenafil 20 mg. All groups demonstrated a statistically
significant baseline-to-end point improvement in subjective
perception of erectile function measured by IIEF5+1. Overall
equivalence was demonstrated in the subjective perception of
treatment benefits for all the PDE5i tested. However, only sildenafil, in
a dose-dependent manner resulted in improvement in penile flow
parameters within the 8-week treatment period [14].

PDE5i + Lifestyle Changes
Lifestyle modifications should be certainly considered an integral

part of the treatment regimen for ED, both independently and in
conjunction with other management options. While seemingly easy to
recommend, in practice can be quite difficult to implement. The risk
of developing ED is closely associated with the presence of co-
morbidities such as diabetes, cardiovascular disease, and metabolic
syndrome. Prevention or appropriate treatment of these disease states,
can positively impact sexual health [15]. For example, several reports
have suggested that discontinuation of cigarette smoking results in a
recovery of functional erection status [16-18]. In addition, exercise and
weight control have been shown to improve ED status. Miroglu et al.
evaluated the effects of lifestyle changes ED. Their data suggest a link
between the occurrence of ED and a number of lifestyle factors,
including smoking, obesity, alcohol consumption, and lack of physical
activity. They concluded that appropriate modification in these
lifestyle factors could help improve ED, as well as reduce the risks of
developing cardiovascular disease [19].

Gupta et al. (2011) performed a multi-center study investigating the
effect of lifestyle modification on cardiovascular risk factor reduction
and ED [20]. In this multi-center trial, a total of 740 participants from
4 countries were evaluated. The effective change in ED was measured
using the IIEF-5 questionnaire. Lifestyle modifications and
pharmacotherapy for cardiovascular risk factors were associated with a
statistically significant improvement in sexual function. Specifically,
the mean change in IIEF-5 score was 2.7 points for the entire cohort.
Patients with mild ED demonstrated a more significant improvement
than those with more severe ED [20]. Other investigators have
demonstrated the specific dietary changes and their effects on ED.
Esposito et al (2006), analyzed patients with ED who were on a
Mediterranean diet. This diet rich in whole grain, fruits, vegetables,
legumes, walnuts, and olive oil was associated with improvement in
both ED and metabolic syndrome [21].
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Conclusion
This review is an in-depth look at PDE5i medications with

particular emphasis on the pharmacodynamics of PDE5i as well as
improvement in ED symptoms with lifestyle changes. The data
confirms that no one PDE5i has any specific advantage over the other.
Rather, all four drugs should be used interchangeably, with the patient
and his partner(s) making the ultimate decision as to which is
preferable. Finally, there is ample data confirming that the appropriate
lifestyle changes can have a beneficial effect on ED, either
independently or in conjunction with medical treatment.
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