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ABSTRACT
The causes of male erectile dysfunction (ED) are quite variable and are now commonly divided into etiolo-
gies such as ischemia, smooth muscle damage, or altered blood flow. Although varying rates of ED have 
been reported in literature, the number of men with ED is projected to increase worldwide by 2025 to ap-
proximately 322 million. Since the introduction of phosphodiesterase 5 (PDE5) inhibitors, there has been a 
paradigm shift in the treatment of ED because PDE5 inhibitors address a broad spectrum of etiologies for 
ED. Today, the American Urological Association recommends the use of three PDE5 inhibitors (sildenafil, 
tadalafil, and vardenafil) as a first-line therapy for the treatment of ED. This review evaluates the pharma-
cological mechanism of PDE5 inhibitors along with the impact and use of sildenafil, vardenafil, tadalafil, 
and avanafil. By increasing intracellular cGMP levels, PDE5 inhibitors have been shown to be effective in 
the treatment of ED. Through their effects on other cellular signaling pathways, PDE5 inhibitors have the 
potential for treating other urologic conditions as well. The use of PDE5 inhibitors can also be combined to 
produce a synergistic effect in conditions such as male hypogonadism and benign prostatic hyperplasia in 
addition to ED.
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Introduction

Erectile dysfunction (ED) is defined by the 
National Institute of Health as the incapacity to 
achieve and sustain a satisfactory erection for 
sexual intercourse.[1,2] This was first described 
over 2000 years ago by the ancient Egyptians; 
from that time, our knowledge of penile anato-
my and physiology has changed remarkably.[1,2]  
Today, it is recognized that ED has organic 
causes such as ischemia, smooth muscle dam-
age, or altered blood flow.[3] Other causes 
of ED are androgen deficiency, performance 
anxiety, Alzheimer’s disease, Parkinson’s dis-
ease, and in many cases, prescription drugs.[1-3] 
A common tool to evaluate ED in clinical trials 
is the 15-item self-administered questionnaire, 
the International Index of Erectile Function 
(IIEF); however, is has a limited use in routine 
clinical practice.[1,3] 

Varying rates of ED have been reported 
throughout literature. It is estimated that up to 
49 million men in the United States have some 
degree of ED and that the number is currently 
over 152 million worldwide. The Massachu-

setts Male Aging Study, which was the first ep-
idemiological study of ED, suggests that ED is 
commonplace affecting up to 52% of men.[3-9]  
Projections for 2025 indicate approximately 
322 million men worldwide will have ED.[2,4,5] 

In the past, pharmacological treatment of ED 
was limited to cavernosal or arterial injec-
tions or intraurethral agents. However, the oral 
treatment of ED has changed since the chem-
ist Leopold Spiegel described the aphrodisiac 
effects of yohimbine in 1896.[3] In 1998, oral 
pharmacotherapy for ED underwent a drastic 
advancement with the availability of phospho-
diesterase 5 (PDE5) inhibitors as sildenafil was 
introduced into the market.

The phosphodiesterase inhibitors can be cat-
egorized into eleven different subtypes de-
pending on the isozyme.[1,8] This enzyme is 
responsible for the degradation of 3’5’-gua-
nosine monophosphate (cGMP), which in turn 
causes the deactivation of cGMP. Most human 
tissue expresses several types of phosphodies-
terase isozymes. However, the human corpus 
cavernosum smooth muscle cells predomi-
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nantly express the phosphodiesterase 5-isozyme subtype.[1,8] 
The smooth muscle dilation and vasodilation of blood vessels 
in the penis that cause an erection are regulated by nitric oxide 
and guanylate cyclase. The PDE5 inhibitors potentiate penile 
erections by increasing the levels of cGMP, as seen in Figure 
1.[1,7,8] Although the currently available PDE5 inhibitors work 
in the same manner, they work at different plasma concentra-
tions and more importantly vary in their degree of selectivity of 
the PDE5 isozyme. Because of this reason, patients complain 
of lumbago and myalgia with the inhibition of PDE11 and have 
visual color changes with the inhibition of PDE6.[1,3,8] The use 
of PDE5 inhibitors raises the concern that their interaction with 
organic nitrates can lead to an unsafe drop in blood pressure.[1,8]  
The American College of Cardiology recommends waiting 24 h 
prior to administering nitrates to patients who have taken silde-
nafil or vardenafil.[1] Patients’ who have taken tadalafil are rec-
ommended to wait 48 h for nitrate administration to avoid life-
threatening cardiovascular problems.[1,3,6-8] 

With the increasing rates of ED worldwide and improved social 
networking, healthcare providers are increasingly prescribing 
PDE5 inhibitors and therapy for ED. Today, the American Uro-
logical Association (AUA) recommends the use of three PDE5 
inhibitors (sildenafil, tadalafil, and vardenafil) as a first-line ther-

apy for the treatment of ED. This review evaluates the urological 
impact and use of sildenafil, vardenafil, tadalafil, and avanafil.

Sildenafil
Sildenafil was the first oral PDE5 inhibitor used for the treat-
ment of ED and has the largest clinical evidence to support of 
its use. It has a bioavailability of 40% and a peak plasma con-
centration of 1h.[1,2] After absorption, sildenafil is converted into 
an active metabolite N-desmethyl, which accounts for 20% of 
its pharmacological activity.[1,2] The half-life of both sildenafil 
and N-desmethyl metabolite is 4 h.[1] Absorption is slowed with 
the ingestion of food, especially a high fat meal.[9] Sildenafil is 
metabolized by the CYP3A4 and CYP2C9 pathways and has 
reduced clearance rates in volunteers older than 65 years.[1,2,9] 
Additionally, patients with hepatic cirrhosis were found to have 
elevated maximum concentrations. It is for this reason that the 
starting dose for men who are older than 65 and who have ED or 
severe cirrhosis is 25 mg 1 h prior to sexual activity.[1,9]

In clinical studies, sildenafil has been shown to improve IIEF 
scores especially in regard to questions on penetration and sexu-
al intercourse.[1,8,9] Goldstein et al demonstrated a mean increase 
in achieving and maintaining erections from 60% to 130% 
above baseline on IIEF scores in a 24-week double-blind con-

Figure 1. Penile smooth muscle cell
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trol study of 532 men.[10] Sildenafil has been shown to improve 
erections in 45–80% of all men with broad ED.[1,2,8] Specifically, 
studies have demonstrated a 90% response rate in men with 
depression and a 45% response rate after radical prostatectomy.
[1,2] The efficacy of sildenafil in the management of ED in type I 
and II diabetes in a multicenter double-blind control study with 
dosing escalation demonstrated a 78% improvement in penetra-
tion frequency and a 93% increase in erection maintenance rates 
when compared with those using a placebo.[9] 

Clinically, the chief adverse side effects in sildenafil trials are 
headache, dyspepsia, flushing, and abnormal vision.[9] Flushing 
and headache are attributed to the vasodilatory effect by silde-
nafil peripherally.[9] The 9% of men who have sensitivity to light 
and visual color changes are because in part of sildenafil’s weak 
affinity for PDE6 isozyme that is predominantly found in the 
photoreceptors of the eye.[1,9,10] Additionally, transient changes 
are seen in the electroretinogram, and patients with retinitis 
pigmentosa are advised to not take this medication.[9]

Vardenafil
Vardenafil is a potent PDE5 inhibitor that was Food and Drug 
Administration (FDA) approved to treat ED in 2003. Its chemi-
cal structure is very similar to that of sildenafil; however, it 
boasts a superior potency and selectivity (IC50 is 0.6 compared 
with 3.9 of sildenafil).[8] Like sildenafil, vardenafil has inhibito-
ry effects on the PDE6 isoform (in the retina), which is respon-
sible for the rare visual disturbance side effects. With respect to 
PDE6, the selectivity ratio of vardenafil is 15 compared with a 
selectivity ratio of approximately 7 for sildenafil. This translates 
to 15 times higher concentrations of vardenafil and seven times 
higher concentrations of sildenafil that are necessary to inhibit 
PDE6 in comparison to PDE5.[11,12] The half-life of vardenafil is 
4 h, similar to that of sildenafil. It has an approximate duration 
of action of 6–8 h. 

 In general, vardenafil is well tolerated in healthy patients and 
patients with ED. In clinical trials, 22–61% of subjects reported 
adverse effects, increasing in a dose-dependent fashion. Most 
side effects were mild in severity, with headache and flushing 
being the most common.[5] In the largest single safety analysis 
trial of vardenafil, a trial of 762 subjects showed the most com-
mon side effects were headache (10–21%), rhinitis (9–17%), 
flushing (5–13%), and dyspepsia (1–6%).[13] Vardenafil, unlike 
other PDE5 inhibitors, causes lengthening of the QT interval. 
Therefore, it should not be taken by men taking other medica-
tions that prolong the QT interval or by men with a congenital 
prolonged QT interval.[14] 

The efficacy and safety of vardenafil was previously demon-
strated in a large population of patients and gave significantly 

better results than placebo in terms of successful intercourse 
attempts.[8] In one of the largest published studies to date, 805 
men with ED were treated with 5 mg, 10 mg, or 20 mg of 
vardenafil or placebo. Significant increases in erectile func-
tion domain scores were seen in the 10 mg and 20 mg dosages 
(p<0.0001) [higher scores indicated greater erectile function].[13] 

Tadalafil
Tadalafil is another selective PDE5 inhibitor that was approved 
by the FDA in 2003 and is recommended by the AUA as first-
line treatment of ED. Its chemical structure is significantly dif-
ferent from that of sildenafil and vardenafil. In addition, it does 
not have inhibitory effects on the PDE6 isozyme. Therefore, 
there have been no significant visual side effects observed 
with tadalafil use, as seen with sildenafil and vardenafil.[5,14,15] 
Tadalafil does have affinity for the PDE11 isoform, which is 
expressed in the skeletal muscle, prostate, liver, kidney, pitu-
itary gland, and testes. Some researchers believe that this may 
explain the back pain and myalgias that some patients experi-
ence while using this drug.[1,3,8,15,16] 

The potency of tadalafil is similar to that of vardenafil (IC50 0.94 
nM), and the plasma peak concentration is achieved approxi-
mately 2 h after oral dosing. The rate and extent of absorp-
tion is not reduced by fatty foods or alcohol differentiating it 
from sildenafil and vardenafil.[5] Tadalafil is predominantly 
metabolized via CYP3A4. Based on studies with drugs such 
as midazolam, lovastatin, theophylline, and warfarin, tadalafil 
does significantly inhibit or induce the clearance of drugs 
metabolized by CYP isoforms.[17] Tadalafil has a terminal half-
life of 17.5 h and an approximate duration of action of 24–36 h. 
Unlike sildenafil and vardenafil, tadalafil is FDA approved for 
daily dosage (in addition to as needed), usually between 2.5–5 
mg daily. The most frequent adverse effects noted with tadalafil 
use is headache, dyspepsia, and back pain.[5] 

A recent large clinical trial with a total of 1112 men supported 
the efficacy of tadalafil. Men with mild to severe ED with 
numerous etiologies were evaluated at fixed doses of tadalafil 
and placebos. In this 12-week trial, Brock et al.[18] showed that 
tadalafil significantly enhances all efficacy outcomes. In total, 
81% of men reported improved erections compared with 35% 
in the control group, and 75% of sexual intercourse attempts 
were successful. 

Avanafil
In 2012, avanafil became the fifth and newest PDE5 inhibi-
tor approved by the FDA for the treatment of ED. Avanafil 
(4-[(3-chloro-4-methoxybenzyl)amino]-2-[2-(hydro- 
xymethyl)-1-pyrrolidinyl]-N-(2-pyrimidinylmethyl)-5-pyrimi-
dinecarboxamide;(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-[(2-pyrimidinylmethyl) car-
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bamoyl]pyrimidine) is a pyrimidine derivative with a molecular 
weight of 483.95 Da.[6,7] Avanafil has been found in Phase III 
clinical trials to be a fast-acting and highly selective PDE5 
inhibitor. Its oral bioavailability is 69%, and it has a peak plas-
ma concentration of 35 min with a half-life of 1.5 h.[6] Unlike 
sildenafil, it has a diminished inhibition of PDE6 isozyme, and 
studies on anesthetized dogs demonstrate that it is less likely to 
affect retinal function.[6,7] Studies on both sildenafil and avanafil 
demonstrate decreases in mean arterial pressure with lessened 
effects in the avanafil group. Phase III clinical trials were 
recently completed evaluating avanafil in men with ED and a 
mean IIEF score of 12.7. This study was performed at three 
dosing ranges (50 mg, 100 mg, and 150 mg). The data exhibit 
dose-dependent increases in successful vaginal intercourse from 
45% to 64%, 46% to 74%, and 48% to 77%, respectively, with 
increases in IIEF scores of 12.7–22.2.[6,7] Common side effects 
include headaches, flushing, nasal congestion, muscle cramps, 
and postural hypotension, which were seen at higher doses.[6,7] 
Clinical studies demonstrate that avanafil is a fast-acting PDE5 
inhibitor with activity 15 min after administration.[6] 

Synergistic Effects
PDE5 inhibitors have been shown to have a beneficial impact 
in patients with lower urinary tract symptoms (LUTS) due to 
benign prostatic hyperplasia (BPH).[19] While LUTS is ultimate-
ly a multifactorial and multidimensional problem, similarities 
between the pathophysiological mechanisms of LUTS and ED 
include the nitric oxide–cyclic guanosine monophosphate (NO/
cGMP) pathway, RhoA/Rho-kinase signaling, pelvic ischemia, 
and autonomic adrenergic over activity.[19,20] These similarities 
may explain why PDE5 inhibitors such as tadalafil and sildenafil 
are successfully utilized in the treatment of BPH-related LUTS. 
Taken alone, PDE5 inhibitors reduce the International Prostate 
Score Symptoms scores by nearly three points compared with 
the scores using a placebo and demonstrate moderate synergy 
when taken in combination with α-blockers.[19,20] There is cur-
rently a lack of objectivity, however, pertaining to the effects of 
PDE5 inhibitors (i.e., tadalafil) on other quantifiable variables 
such as Qmax.

[19,21] The AUA does not include PDE5 inhibitors in 
its clinical guidelines for LUTS, but the European Association 
of Urology lists the class of medications under “new emerging 
drugs” for the treatment of male LUTS.[22,23] 

Another synergistic effect of PDE5 inhibitors has been demon-
strated by their relationship with testosterone repletion therapy. 
It is known that testosterone deficiency leads to a reduction in 
nitric oxide synthetase expression and activity, which is one of 
the driving factors in erectile function.[24,25] Testosterone defi-
ciency is most commonly defined at <300 ng/dL. This threshold 
is controversial because there is a variable response in patients 
to this value.[24,25] This reduction can be restored with testoster-
one therapy. Therapy can in fact enhance the response to PDE5 

inhibitors in hypogonadal men with ED who failed previous 
monotherapy treatment with either testosterone or a PDE5 
inhibitor alone.[26] In a systematic review, Alhathal et al.[27] 
found that in 14 studies, combination therapy of testosterone 
plus a PDE5 inhibitor (12 testosterone + sildenafil, 2 testoster-
one + tadalafil) demonstrated an overall efficacy of 34–100% in 
patients with ED who failed on either drug alone or in patients 
who had previously experienced suboptimal improvement on 
monotherapy. Recently, a multicenter, double-blind, placebo-
controlled TADEST study examined 173 patients with low tes-
tosterone levels and ED.[26,27] Men who received 1% testosterone 
along with tadalafil had a significant increase in IIEF scores.
[26,27] In addition to restoring sexual function, PDE5 inhibitors 
have also been shown to enhance the Leydig cell secretory 
function, increasing sperm function and aiding sperm motility.
[28] The emerging studies point to the efficacy of combination 
therapy (testosterone supplementation and PDE5 inhibitor use) 
over monotherapy in the management of ED, especially in men 
who have a low testosterone level. 

In conclusion, the causes of ED are variable, and since the intro-
duction of PDE5 inhibitors, there has been a paradigm shift in 
the treatment of ED. With the increasing rates of ED worldwide 
PDE5 inhibitors will also play an important role in the manage-
ment of ED across a broad spectrum of etiologies. Additionally, 
the emergence of newer more selective PDE5 inhibitors, which 
may cause patients with ED may prefer these drugs. Further-
more, with a growing body of knowledge revealing the potenti-
ating effects of PDE5 inhibitors in the management of hypogo-
nadism and BPH that the role of PDE5 inhibitors in urology has 
yet to be revealed.
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