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Abstract

Erectile dysfunction (ED) affects a growing number of men in the USA and abroad, with 

significant impacts on sexual function and overall quality of life. The risk factors for ED are 

numerous and include a strong link to cardiovascular disease, such that men with ED should be 

screened for cardiovascular disease. The evaluation of men presenting with ED includes a 

comprehensive history and physical exam to aid in the identification of comorbidities as well as 

laboratory testing to evaluate hormone and lipid levels and sugar metabolism. Adjunct studies are 

also available, though their utility is often limited to specific subtypes of ED. Once the etiology of 

ED is established, treatment can be initiated using appropriate medical therapies, including 

phosphodiesterase type 5 (PDE5) inhibitors, and transurethral or intracavernosal therapies, with 

surgical intervention via revascularization or penile prosthesis placement in men demonstrating a 

lack of response to medical therapy. In all cases of ED, a psychogenic component is present and 

referral for psychological intervention with or without medical therapy should be considered.
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Introduction

While previously considered the domain of younger generations, recent large cohort studies 

have demonstrated that many aging men and women engage in sex, with close to 50 % 

indicating that sex is important in their lives [1] and with 26–90 % of men and women aged 

70–90 years engaging in some form of sexual activity [2, 3]. Notably, the most common 

sexual problem in US men is erectile difficulties (43 %) [3]. Furthermore, the determinants 

of sexual activity in aging men and women are numerous and variable, ranging from 
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attitude, relationship satisfaction, marital status, physical and mental health, sleep 

satisfaction, and alcohol intake, necessitating a holistic approach to treatment [4, 5].

In men, sexual function declines over time, beginning during the fifth decade and affecting 

all domains of sexual health including desire, arousal, erectile function, and ejaculation/

orgasm [6–8]. Erectile dysfunction (ED) also negatively affects a man's relationships [9], 

emotional and psychological well-being [10, 11], and partner relationships [12, 13]. Given 

the male desire to continue to engage in sex throughout life and the ramifications of ED on 

physical and psychological health, appropriate diagnosis and management of ED is of 

significance. Furthermore, in light of the multitude of available treatments and the 

expanding evidence base supporting an ever-growing list of risk factors and diagnostic and 

management modalities, review of the diagnosis and management of ED is timely.

Physiology of Penile Erection

To place the upcoming discussion into context, a brief review of the physiology of penile 

erection is prudent. Erection is a complex process involving hormonal, vascular, and neural 

systems, with significant psychological inputs as well. Normal male sexual function 

progresses through four stages: (1) desire, (2) erection, (3) ejaculation, and (4) 

detumescence, and both the erect and flaccid penile states progress through initiation and 

maintenance phases [14]. The pathways and hormones involved in erection are important for 

both penile erection and flaccidity and maintenance of penile cavernosal integrity [15, 16].

Erection is initiated by external stimuli acting through somatic and autonomic pathways 

(reviewed in [17]). Sensory receptors in the penile skin, glans, urethra, and corpus 

cavernosum coalesce into the dorsal nerves of the penis and the pudendal nerve, which 

enters the spinal cord at the S2–S4 nerve roots, with interfaces with the thalamus and 

sensory cortex. Activation of parasympathetic pathways prompts release of nitric oxide 

(NO) from cavernous nerves and endothelial cells, resulting in penile cavernosal smooth 

muscle relaxation, reducing peripheral arteriolar resistance and permitting blood inflow [16]. 

On a molecular level, NO release activates guanylyl cyclase, catalyzing the formation of 

cyclic guanosine monophosphate (cGMP), which in turn activates protein kinase G and 

leads to phosphorylation of potassium and calcium channels. This phosphorylation event 

then results in cellular hyperpolarization, reduced intracellular calcium, dissociation of 

myosin from actin, and subsequent smooth muscle relaxation. Cyclic adenosine 

monophosphate (cAMP) is a functionally similar mediator of smooth muscle relaxation 

activated by adenosine, calcitonin gene-related peptides, and prostaglandins [16].

Several factors contribute to penile detumescence. Norepinephrine, phenylephrine, and 

endothelin activate phospholipase C, catalyzing the formation of inositol triphosphate and 

diacylglycerol and mediating an increase in intracytoplasmic calcium with subsequent 

smooth muscle contraction. Sympathetic discharge resulting in secretion of the above factors 

occurs soon after ejaculation, prompting detumescence [17]. Phosphodiesterase-mediated 

degradation of cGMP to GMP phosphodiesterase type 5 (PDE5) and cAMP to AMP (PDE4) 

can also prompt detumescence, and activation of Rho kinase phosphorylates and inhibits 

smooth muscle myosin phosphatase, preventing myofilament dephosphorylation and 

maintaining contraction [18].
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Risk Factors for Erectile Dysfunction

Erectile dysfunction is the persistent inability to achieve or maintain penile erection 

satisfactory for sexual performance [19] and is the most common male sexual disorder, with 

44 % of men 60–69 years old and up to 70 % of men ≥70 years old endorsing erectile 

difficulties; in men <40 years old, ~5 % endorse ED [20]. There are two major subtypes of 

ED: lifelong, in which erection cannot be achieved from the outset of sexual desire, and 

acquired, in which ED begins after a period of normal erectile and sexual activity. Each of 

these subtypes can have either psychogenic or organic contributors (Table 1), and both types 

may require intervention, particularly if lasting more than 3–6 months, given the link 

between ED and comorbidities that can worsen ED and a man's overall health.

Risk factors for ED are numerous (Table 2), with patients over 40 years old demonstrating a 

significant association between ED and cardiovascular risk factors including hyper-tension, 

dyslipidemia, diabetes mellitus (DM), coronary artery disease (CAD), and the metabolic 

syndrome. Based on meta-analysis of 45,558 participants from seven cohort studies, the 

relative risk (RR) of coronary events in men with ED is 1.47 (95 % confidence interval (CI) 

1.29–1.66) [21]. More significantly, the RR of all-cause mortality in men with ED is 1.23 

(95 % CI 1.02–1.48), indicating that ED is a marker for future morbidity and death. A study 

stemming from the Prostate Cancer Prevention Trial (PCPT) examining the effects of ED on 

CAD risk demonstrated that ED may be a harbinger of cardiovascular events, with 0.024 

cardiovascular events per person year occurring in men with ED compared with 0.015 

events in men without ED [22]. Other studies have demonstrated a 2–5-year interval 

between ED symptoms and the onset of cardiovascular symptoms and events [23, 24], and 

ED has been shown to be a risk factor for peripheral arterial disease and stroke [25, 26]. 

Thus, all men with ED should be screened for CAD, with evaluation for related 

comorbidities where appropriate.

Other risk factors for ED include obesity and sedentary lifestyle. Obesity, even in the 

absence of other ED risk factors, increases the risk of ED. In two large, cross-sectional 

population studies, elevated body mass index (BMI) predicted ED [27, 28]. Additional 

studies have identified obesity, insulin resistance, metabolic syndrome, and a lack of 

exercise as independent risk factors for ED [29, 30]. Furthermore, treatment of obesity and 

sedentary lifestyle improves ED, with approximately 30 % of men who lost 10 % or more of 

their body weight demonstrating an improvement in erectile function [31].

While the precise mechanism of obesity-related hypogonadism is unknown, it is likely 

linked to hormonal alterations, given the essential contribution of testosterone to normal 

erectile function [32, 33]. A link between hypogonadism and ED has been forged in recent 

years with, conservatively, 12 % of men with ED being concomitantly hypogonadal [34]. 

Testosterone is involved in many aspects of male sexual arousal and function, and 

suppression of testosterone in men decreases sexual desire and leads to ED and sexual 

dysfunction [35–37]. In animal models, androgens are essential in the regulation of nitric 

oxide synthase (NOS), PDE5 activity, and penile muscle cells, supporting the clinical 

finding that PDE5 inhibitor (PDE5i) efficacy is increased after correction of hypogonadism 

[15, 38].
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Benign prostatic hypertrophy (BPH) and lower urinary tract symptoms (LUTS) have also 

been linked to ED, and the pathophysiologies of both conditions may be the same [39]. The 

prevalence of ED is higher in men with LUTS and increases with LUTS severity [2, 40, 41]. 

Animal models have demonstrated that bladder neck obstruction results in increased 

cavernosal smooth muscle tone and worse erectile function [42, 43], and investigators have 

confirmed high expression of PDE5 in the genital tissues, with PDE5i's decreasing genital 

muscle contraction in a dose-dependent manner [44]. Clinical evidence demonstrates an 

improvement in International Index of Erectile Function (IIEF) and International Prostate 

Symptom Score (IPSS) in treated patients, with a small but significant improvement in 

urinary flow in men taking sildenafil [45•, 46].

While much work has focused on organic risk factors, ED is also linked to psychological 

parameters. The risk of LUTS and ED is higher in men with depressive symptoms and has a 

racial proclivity. The Massachusetts Male Aging Study demonstrated an association between 

men with ED and depressive symptoms (odds ratio (OR) 1.82) [47]. In a study of 2,173 men 

completing an interview in the Male Attitudes Regarding Sexual Health Study, men with 

depressive symptoms had a higher likelihood of LUTS (OR 2.68) and ED (OR 1.73) than 

men without [48•]. Furthermore, the study found that Hispanic and black men with ED were 

significantly more likely to report depressive symptoms than white men. Other studies have 

also demonstrated a strong relationship between ED and depression [49]. When considering 

psychogenic ED, the link with sexual confidence and performance anxiety should not be 

overlooked. In 1978, Boyarsky and Boyarsky stressed the need to include psychological 

principles in the evaluation and treatment of all men with ED [50]. Since then, numerous 

studies have highlighted the link between ED and sexual confidence/performance anxiety 

[51, 52], loss of self-esteem, relationship concerns [51], and other psychosocial stresses [53], 

all of which should be considered in men presenting with ED.

Clinical Evaluation of the Male with Erectile Dysfunction

The evaluation of the male with ED comprises three categories: (1) history and physical 

exam, (2) lab testing, and (3) adjunctive testing with imaging and related modalities.

History and Physical Examination—The initial assessment of any sexual problem 

requires a detailed history and physical exam. Given the risk factors for ED, a broad-based 

history should be taken in men presenting with ED. A medical history evaluating potential 

roles of medical conditions in the patient's ED and differentiating between organic and 

psychological causes of ED is essential. A detailed sexual history aimed at determining the 

severity, onset, and duration of the ED should also be performed [54•]. A psychosocial 

assessment is also essential, considering that ED and its treatment are associated with 

overall quality of life and relationship quality, confidence, self-esteem, and depression [55•].

Objective measures of erectile function should be used in evaluating men with ED, 

particularly when determining treatment effects. The Sexual Health Inventory for Men 

(SHIM) is one of the most commonly used validated instruments for evaluation of ED 

severity, comprised of five questions based on a five-point Likert scale and derived from the 

gold standard 15-question IIEF, a broader-based instrument with five domains developed for 
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use in clinical trials [56–58]. The IIEF has high sensitivity and specificity for detecting 

treatment effects, but its length makes it inefficient to administer in the office setting, 

whereas the SHIM is specifically intended as an office screening tool for ED [59, 60]. In 

scoring the SHIM, lower scores portend worse ED with classification into five severity 

grades: no ED (SHIM score 22–25), mild (17–21), mild to moderate (12–16), moderate (8–

11), and severe (1–7).

In light of the link between hypogonadism and ED, clinicians should also consider a 

validated screening tool for hypogonadism such as the Androgen Deficiency in the Aging 

Male (ADAM) questionnaire [61]. Comprised of ten yes/no questions, the ADAM 

questionnaire has a sensitivity of 84–88 %, with a specificity of 37–60 %. To potentially 

improve on this specificity, another option is the quantitative ADAM (qADAM), which 

utilizes a five-point Likert scale in place of binary yes/no responses [62]. Given the broad-

based impact of ED and sexual dysfunction more generally [63], on psychosocial domains 

of life, evaluation of depressive symptoms and psychosocial status should be included. 

Several validated instruments exist for this purpose, including the Patient Health 

Questionnaire (PHQ-9) and the Beck Depression Inventory (BDI), among others.

The physical examination may be illuminating for comorbidities associated with ED, such as 

Peyronie's disease, and may be instrumental in identifying endocrinopathies via testicular 

size and consistency as well as other conditions [64] including hypertension [65] and 

arrhythmias [66]. Physical exam in men with ED is recommended, but not always necessary, 

according to the International Consultation in Sexual Medicine (ICSM) for the Clinical 

Evaluation of Men and Women with Sexual Dysfunction [67]. The exam comprises 

evaluation of the genitalia for lesions, scars, plaques, and meatal position as well as 

evaluation of the testicles for size and consistency. Examination should also evaluate 

secondary sex characteristics, peripheral pulses and sensation, abdominal masses, and 

presence of gynecomastia. Waist and hip circumference may be informative regarding 

obesity, with the waist-to-hip ratio providing a good metric for evaluation of weight loss and 

response to hypogonadal therapies [68], and digital rectal examination is recommended in 

men being considered for hormone replacement.

Understanding the patient's psychosocial circumstances may also be illuminating, as ED 

may have a significant negative effect on a partner's sexuality and partner's circumstances on 

the patient [51]. Prior to the introduction of PDE5is, intracavernosal injection (ICI) and 

vacuum erection devices were the primary nonsurgical interventions in ED treatment. When 

incorporated into the treatment of ED, both ICI and vacuum erection device (VED) use 

resulted in improvements in partner's sexual satisfaction [69, 70]. Similarly, in the Female 

Experience of Men's Attitudes to Life Events and Sexuality (FEMALES) Study, ED had a 

marked negative effect on female partners, resulting in declines in sexual frequency, desire, 

arousal, orgasm, and sexual satisfaction, all of which subsequently improved with vardenafil 

treatment [12]. While significantly less literature exists evaluating the impact of a female 

partner's status on a patient's ED, several studies have linked vaginal atrophy and 

vaginismus to sexual dys-function, including ED and premature ejaculation, in male partners 

[71, 72].
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Laboratory Testing—Lab testing in men with ED is focused on the evaluation of ED risk 

factors and includes tests to assess the hypothalamic-pituitary-gonadal axis, lipid status, and 

sugar metabolism (Table 3). Lab tests for ED recommended by the ICSM for evaluation of 

men and women with sexual dysfunction include fasting blood glucose, lipid panel, and 

gender-specific hormones [67].

Diabetes mellitus occurs in 20–25 % of men with ED, with dyslipidemia occurring in 40–70 

% [65, 73]. While fasting blood glucose can inform a potential diagnosis of DM, 

hemoglobin A1C is strongly associated with ED (OR 3.19) and should be considered in lieu 

of fasting blood glucose or in men with known DM [74]. Assessment of the hypothalamic-

pituitary-gonadal axis can reveal endocrinopathies that can significantly affect erectile 

function, including hypogonadism. While pituitary adenomas occur in only 0.4 % and 

hyperprolactinemia in 0.76 % of men with ED, these conditions can contribute to long-term 

morbidity if untreated [75]. Given the similarity between symptoms of hypothyroidism and 

hypogonadism and the contributory effect of hypothyroidism on hypogonadism, thyroid 

function tests should be considered if the clinical scenario warrants them [76, 77]. In men 

≥40 years old, serum PSA evaluation is also indicated, particularly in those who are being 

considered for testosterone replacement.

Additional Diagnostic Studies in Men with ED—While history, physical 

examination, and laboratory testing are sufficient to diagnose most physical causes of ED, in 

complex patients, additional diagnostic studies may identify specific ED etiologies and 

guide treatment selection. While numerous adjunct tests are available, vascular and psycho-

physiological evaluations with a strong evidence base are focused on below, given that these 

may provide significant diagnostic information.

Vascular Evaluation—Specialized vascular evaluation is aimed at diagnosing arterial and 

venous insufficiency in men with ED. At the most basic level, ICI of one or more 

vasodilators (evidence level B), combined with genital or visual stimulation, is the simplest 

way to bypass neurological and hormonal influences and to assess organic erectile function 

[78]. However, this approach does not provide anatomic data.

Penile duplex ultrasonography (evidence level B), which combines ICI with Doppler 

ultrasound to evaluate blood flow direction and velocity, is the most common and 

informative method of assessing for both arterial insufficiency and venoocclusive 

dysfunction [79]. Men with arteriogenic ED demonstrate a peak systolic velocity (PSV) of 

<25 mL/s, which has 100 % sensitivity and 95 % specificity in men with abnormal pudendal 

arteriograms. Veno-occlusive dysfunction, in contrast, demonstrates a PSV of 25 mL/s or 

greater, but with a persistent end-diastolic velocity (EDV) of >5 mL/s, with a sensitivity of 

90 % and specificity of 56 % in the setting of venous leak on penile cavernosometry [80]. 

The resistive index (RI) (RI=PSV−EDV/PSV) is a measure of vascular resistance based on 

the Doppler spectrum, with a RI of ≥0.9 indicative of normal function and a value of ≤0.75 

indicative of venous leak [81].

Arteriography (evidence level C) can help define arterial occlusion, although it is better 

suited for evaluation of anatomy than function and is most useful in young men after 
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traumatic arterial disruption or perineal compression injury to plan surgical reconstruction. 

In the setting of ED, the iliac, internal pudendal, penile, and inferior epigastric arteries are 

studied.

Dynamic infusion cavernosometry and cavernosography (DICC) (evidence level B) is an 

alternate method of assessing for venous leak. Cavernosometry involves injection of 

vasodilator followed by saline infusion with simultaneous cavernous pressure monitoring to 

assess penile outflow. Venous leak is indicated by an inability to raise intracavernous 

pressure to mean systolic blood pressure or by a rapid drop in intracavernous pressure after 

cessation of saline infusion [82]. In contrast, cavernosography involves infusion of radi-

opaque dye into the corpora after vasodilator injection to visualize the site of leakage. While 

informative, the utility of DICC is limited by technical factors, restricting its use to young 

men with a history of trauma or primary ED who are potential revascularization candidates.

Numerous other forms of vascular evaluation in men with ED are available, but the value of 

these methods is unclear due to an insufficient evidence base or conflicting reports regarding 

their utility.

Psychophysiological Evaluation—The distinction between psychogenic and organic 

ED can be made without invasive testing using nocturnal penile tumescence (NPT) 

evaluation (evidence level B). NPT evaluation determines the number, duration, and rigidity 

of tumescent episodes during sleep. The RigiScan, introduced in 1985, has facilitated NPT 

recording, with four to five erectile episodes with a mean duration of 30 min or longer, an 

increase in penile circumference of 3 cm at the base and >2 cm at the tip, and maximal 

rigidity of >70 % at both the penile base and tip considered normal [83]. However, given the 

overall complexity of the exam, it is not recommended for routine ED evaluation. That 

being said, the degree of psychogenic involvement can be readily deconvoluted using a 

thorough sexual history that assesses erection quality on awakening, as well as during 

masturbation, foreplay, and intercourse [54•]. When variability in erectile function as a 

function of circumstance is observed, psychogenic ED can be accurately diagnosed. In 

contrast, men with organic ED are more likely to have consistent difficulties with erection.

Treatment of Erectile Dysfunction

The treatment of ED comprises psychosexual therapy, lifestyle modifications, and medical 

and surgical management (Fig. 1) [84, 85]. Medical management is emphasized in this 

review, with a more limited discussion of surgical interventions. Briefly, psychotherapy is 

considered as a first-line ED therapy, is both noninvasive and effective, and can be 

combined with other therapies. In a Cochrane Review of 11 trials of psychotherapy alone or 

psychotherapy and medication or VED in men with ED, men receiving group psychotherapy 

alone had less ED at 6-month follow-up when compared to controls, with up to a 95 % 

success rate, and men concomitantly taking PDE5is were less likely to drop out of therapy 

[86].

Lifestyle Modification in Men with ED—The third Princeton Consensus Conference in 

2010 recommended lifestyle adjustments in men with ED to not only reduce cardiovascular 

risk but also improve ED symptoms [87••]. A 2011 meta-analysis encompassing 740 
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participants demonstrated a SHIM score improvement after ≥6 weeks of lifestyle alteration, 

even in the absence of statin therapy [88]. While lifestyle alterations benefit ED symptoms, 

they are most beneficial for primary prevention, with smoking cessation reducing 

cardiovascular mortality by 36 % [89], physical activity resulting in 30–50 % reductions in 

DM and CAD incidence [90], and diet reducing death from CAD by up to 36 % [91]. Based 

on these findings, recommended lifestyle alterations include regular exercise, smoking 

cessation, dietary intervention with emphasis on the Mediterranean diet, and moderate 

alcohol consumption.

Hypogonadism and ED—The third Princeton Consensus Conference recommends 

testosterone supplementation in hypogonadal men with ED [87••], which may ameliorate 

both ED symptoms as well as cardiovascular risk. Meta-analysis has shown a 57 % overall 

response rate to testosterone monotherapy in men with ED [92], with an improvement in 

erectile function in 39 % of men [93•], as well as improvements in sexual performance, 

desire, and motivation [94]. Serum testosterone levels correlate with sexual symptom onset, 

with decrements in libido at ~430 ng/dL and ED at 230–300 ng/dL, with the response to 

testosterone supplementation only evident starting 4–12 weeks after initiation [95]. Thus, 

testosterone supplementation should begin prior to treatment with ED-specific medications. 

In addition, approximately 30 % of men with ED treated with PDE5is do not respond [96]. 

However, concomitant administration of testosterone or placebo and PDE5is results in a 

greater improvement in erectile function in men receiving testosterone compared to those 

receiving placebo [15].

Several studies have explored the role of human chorionic gonadotropin (hCG) and 

clomiphene citrate on sexual function in hypogonadal men, which is particularly significant 

in hypogonadal men with ED who wish to achieve fatherhood. The use of hCG to raise 

testosterone was shown to increase sexual activity in 50 % of men with normal testosterone 

levels [97]. Using clomiphene citrate to normalize testosterone levels resulted in an 

improvement in sexual function in 39 % of treated men, with a bias towards younger and 

healthier individuals [98].

Oral Therapies—Phosphodiesterase 5 inhibitors are first-line medical therapy for ED [99] 

and encompass numerous drugs including the first-generation drugs sildenafil (Viagra®), 

vardenafil (Levitra®), and tadalafil (Cialis®) as well as next-generation drugs including 

avanafil (Stendra®), mirodenafil (Mvix®), lodenafil (Helleva®), and udenafil (Zydena®). 

Udenafil, lodenafil, and mirodenafil are not yet approved for use in the USA but have been 

approved in other countries. All PDE5is inhibit PDE5, found in high concentrations in the 

corpora cavernosa, thus blocking 3′5′-cGMP cleavage in the corpora cavernosa and 

promoting erection. Of note, PDE5is only work with sexual stimulation, as this generates 

3′5′-cGMP. Thus, becoming aware of the patient and partner's sexual script will often be 

useful in determining both choice of medication and dosing strategy used [100].

Sildenafil, tadalafil, and vardenafil are the most popular ED drugs in current use. Sildenafil 

was the first PDE5i approved for ED treatment, in 1998, and has a time of onset of 30 min, 

with an 8-h duration of clinical efficacy, pharmacokinetics that are nearly identical to those 

of vardenafil. Both sildenafil and vardenafil have a delayed onset of action after fatty food 
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ingestion. In contrast, tadalafil has a longer time of onset of 2 h, with a 36-h duration of 

efficacy and with no interaction with food (reviewed in [101]). Next-generation PDE5is are 

just coming to the market and may have additional benefits when compared with first-

generation drugs, along with comparable safety profiles in early trials. Avanafil is touted for 

its rapid onset of 15 min with a duration of action of >6 h [102], whereas lodenafil and 

mirodenafil are short-acting PDE5is with half-lives of 2.5 h [103, 104], and udenafil is a 

long-acting PDE5i with a half-life of 11–13 h [105].

Sildenafil, vardenafil, and tadalafil have all shown efficacy in normal men with use on as-

needed as well as long-term bases, with high first-dose response rates. Efficacy has also 

been demonstrated in subpopulations of men with ED including those with DM, 

neurological disorders including multiple sclerosis and spinal cord injury, hypertension, 

CAD, renal insufficiency, status postrenal transplant, and after nerve-sparing radical 

prostatectomy (reviewed in [106]). Several PDE5is, including tadalafil and sildenafil, may 

be used daily to either minimize as-needed dosing for sexual activity (tadalafil) in the setting 

of erectile preservation after surgery (tadalafil, sildenafil) or in the setting of men with 

concomitant LUTS and ED (tadalafil).

Transurethral Therapies—While limited in its utility, transurethral alprostadil 

(prostaglandin E1 (PGE1)) is a reasonable first-line or combination ED therapy. First 

brought to market in 1994 and marketed as Medicated Urethral System for Erection 

(MUSE®), transurethral alprostadil has shown limited efficacy, with response rates of 27–

53 % when compared with 66–96 % for intracavernosally injected alprostadil [107]. In 

addition, the formulation requires placement into the penile urethra, with penile pain in 25–

43 % of patients. However, combination therapy with sildenafil has been shown to salvage 

the effects of MUSE® in nonresponders [108] and MUSE® is also beneficial in men whose 

penile nerves have been compromised as it bypasses the need for intact neurological 

pathways for erection.

Intracavernosal Therapies—Intracavernosal injection therapies constitute a second-line 

ED treatment and are often used when oral therapies fail. Like MUSE®, injectable therapies 

bypass the need for intact neurological pathways for erection. Several medications are 

currently in use and include various combinations of PGE1, phentolamine, papaverine, and 

vasoactive intestinal peptide (VIP). Many of these medications have been available for two 

decades or more and constitute some of the most effective ED therapies available.

When used alone, PGE1 results in high rates of erections usable for sexual intercourse, 

ranging from 91 to 96 % in a European prospective trial [109]. Furthermore, the overall 

satisfaction rate with ICI using PGE1 was 78.3 % in a study evaluating satisfaction in 596 

patients, with 86 % of patients recommending ICI to their friends [110]. The dose range for 

PGE1 varies from 5 to 40 μg and is dependent on the severity and etiology of the ED. Men 

with poor response are more likely to have arteriogenic ED and hypogonadism, DM, 

cardiovascular disease, and the metabolic syndrome [111].

A combination of papaverine and phentolamine, marketed as Androskat® but commonly 

referred to as bimix, is also available. Bimix is sold as 2-mL vials containing 30 mg 
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papaverine and 1 mg phentolamine, with each vial being the equivalent of 10 μg of PGE1 

[112]. A multicenter study evaluating bimix in 157 men demonstrated an efficacy rate of 94 

% with a side effect incidence of 0.9–2.6 % for prolonged erection, pain, or hematoma 

[113].

A combination of papaverine 30 mg, phentolamine 1 mg, and PGE1 40 μg, commonly 

referred to as trimix, is preferred by patients over monotherapy with PGE1, with comparable 

efficacy in a smaller injected volume (0.1–0.5 vs. 1 mL for PGE1) [114]. Furthermore, 

trimix may be superior to PGE1 monotherapy in venous leak ED and results in less penile 

pain than PGE1 monotherapy. Trimix produces a longer-lasting erection than PGE1 but does 

increase the risk of priapism [115]. Currently, however, no commercially available version 

of trimix exists, and the prescription requires reconstitution by pharmacies or patients. A 

combination of VIP and phentolamine (Invicorp®) may also be used for ICI and is packaged 

as VIP/phentolamine 25 μg/1 mg or 25 μg/2 mg. However, the drug combination is only 

approved in several countries and not in the USA. A double-blind, placebo-controlled study 

observed 75–84 % overall response rates in the nonplacebo and placebo phases of the trial 

[116].

Combination therapy with PDE5i and intracavernosal therapy has shown some success in 

PGE1 or trimix monotherapy nonresponders, providing an additional medical treatment 

option in these men. One study of 93 nonresponders demonstrated a satisfactory response to 

PDE5i monotherapy in only 34 % of patients with 47 % responding to combined PDE5i and 

trimix and 53 % with persistent nonresponse [117].

Acupuncture and Complementary Medicine—Complementary and alternative 

medical treatments have been gaining favor in the West. Acupuncture has been used for 

centuries in a wide variety of conditions, but only recently has it been studied using Western 

scientific principles. In ED, acupuncture has shown moderate efficacy, with an early study 

in 1999 of 16 men with ED treated with twice weekly acu-puncture for 8 weeks 

demonstrating an improvement in erec-tile function in 39 % of men [118]. A more recent 

systematic review of two uncontrolled clinical trials (UCTs) and two randomized clinical 

trials (RCTs) [119], however, reported insufficient data to determine acupuncture efficacy in 

ED, with only one of the four analyzed studies, a RCT, demonstrating a benefit over placebo 

[120].

Oral complementary medical treatments with potential efficacy in ED treatment include 

yohimbine, L-arginine, and ginseng. Yohimbine is derived from the bark of the yohimbehe 

tree and, until PDE5is came onto the market, was the most commonly prescribed ED 

treatment. In a meta-analysis of clinical trials, yohimbine was found to be superior to 

placebo [121], but the Clinical Guidelines Panel on Erectile Dysfunction of the American 

Urological Association concluded that there are insufficient data to recommend yohimbine 

as a standard ED treatment [122]. L-Arginine is a precursor of NO synthesis, and a recent 

double-blind, placebo-controlled study of a European commercial L-arginine product 

demonstrated a significant SHIM score improvement in a cohort of 124 men aged 30–50 

with moderate ED [123]. However, the SHIM score improvement was higher than that 

previously seen with PDE5is, which is in contrast to other studies that have shown response 
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rates of <50 %, suggesting the need for additional, larger trials. Ginseng has also shown 

potential efficacy in ED, though most studies evaluating its effects have been small. In a 

recent systematic review of the literature incorporating seven RCTs with a total of 349 

patients, a risk ratio of 2.40 (95 % CI 1.65–3.50) supported an overall beneficial effect in 

men with ED. However, the combined sample size and the methodological quality of the 

studies were overall insufficient to draw rigorous conclusions [124].

While numerous other medications are touted as having efficacy in men with ED, the lack of 

rigorous evidence base limits their utility and they are not discussed here.

Vacuum Erection Devices in ED—VEDs can be applied in nearly all etiologies of ED, 

making the VED a first-line ED therapy. Efficacy rates of VED approach those of PDE5is 

and ICI, but VEDs have low overall acceptance and high long-term discontinuation rates 

due to the unnatural feeling of the erection and the mechanical procedure required to 

produce it [125]. Several reports describe improvement in erectile function with the use of 

VED in combination with PDE5is or ICI in comparison with monotherapy (reviewed in 

[126]). In addition, VED use is a standard part of postradical prostatectomy (RP) erectile 

preservation programs when used alone or in combination with PDE5i, ICI, or transurethral 

therapies and can be used to prevent penile shrinkage after RP and potentially prevent 

Peyronie's disease as well as after surgery to correct Peyronie's disease to prevent its 

recurrence [127].

Surgical Therapy in Men with Erectile Dysfunction

To round out the spectrum of ED treatment, a brief discussion of invasive therapies is 

essential, with a focus on penile prostheses and penile revascularization procedures.

Penile Prosthesis—Insertion of a penile prosthesis is considered as the third-line therapy 

for ED, used after patients fail medical therapies. Penile prostheses are available in semirigid 

and inflatable forms, with the inflatable form being the most popular in the USA. The 

semirigid prosthesis is easier to implant, however, and may be a better option for men with 

poor manual dexterity and difficulty using the pump of the inflatable prosthesis. Patient and 

partner success rates after penile prosthesis implantation are high, reaching 70 and 90 %, 

respectively, with 80 % of patients indicating improvement in their sex lives and 97 % 

indicating that they would recommend a prosthesis to friends [128]. Penile prostheses 

require replacement every 8–15 years, and the most common complication after 

implantation is infection, occurring in 1–4 % of virgin implants and in fewer antibiotic-

coated or hydrophilically coated prostheses, but increasing to 3–10 % after revision [129].

Penile Revascularization Surgery—Approaches to penile revascularization include 

repair of arterial stenosis and penile venous ligation, depending on the ED etiology. Neither 

of these approaches, however, has a substantial evidence base, with only grade D 

recommendations offered in the absence of prospective, randomized studies (reviewed in 

[130]). However, the consensus at this time is that penile revascularization can be offered to 

nonsmoking, nondiabetic men <55 years old with isolated arterial stenoses without 
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generalized vascular disease. A consensus for penile venous ligation has not been reached, 

given the absence of evidentiary support.

The principles guiding penile revascularization include anastomosis of the inferior epigastric 

artery to the dorsal penile arteries and/or the deep dorsal vein. However, no peer-reviewed 

study has demonstrated increased corporal inflow after these procedures [131]. Venous 

ligation spans a spectrum of procedures, ranging from superficial and deep dorsal vein 

ligation to embolization of penile veins to a combination of approaches, but the emerging 

consensus is that these procedures fail primarily due to extensive collateral penile venous 

drainage. In the absence of prospective studies to evaluate the efficacy of penile 

revascularization procedures, several retrospective studies have evaluated both arterial 

revascularization and venous ligation procedures, with mixed results. Overall, arterial 

procedures appear to be more consistently successful than venous ligation procedures [130]. 

While the current data support intervention in select individuals, a definitive evidence base 

remains lacking, limiting the ability to identify and appropriately treat patients via 

revascularization.

Future Therapies—While numerous effective ED treatments exist, additional drug-based, 

interventional, and genetic therapies are being developed that may improve upon or 

complement current treatments. Future medical ED therapies include guanylate cyclase 

inhibitors [132], potassium channel inhibitors [133], melanocortin system activators [134], 

and Rho kinase inhibitors [135]. Interventional therapies include a zotarolimuseluting stent, 

which has shown benefit in a trial of three men with pudendal artery stenosis [136]. Gene 

therapy with the maxi-K potassium channel in a small cohort of 14 men without a control 

group yielded significant improvements in erec-tile function in men given the highest doses 

[137]. Additional work evaluating growth factors and cell-based therapies may yield 

additional fruit to add to the growing cornucopia of ED treatments. Finally, there is 

accumulating evidence that an integration of counseling with new medical/surgical 

treatments will improve both efficacy and safety, while simultaneously resulting in greater 

patient and partner satisfaction [138••, 139].

Conclusions

Erectile dysfunction significantly limits the quality of life of a growing number of men. 

Given the rise in conditions predis-posing to ED as well as an aging male population, 

addressing ED risk factors through lifestyle modification, in conjunction with medical and 

surgical therapy in appropriate patients, will mitigate the physical and psychological impact 

of ED. In light of the relationship between ED and several comorbidities, particularly CAD, 

the role of specialty physicians treating men with ED is expanded to include screening for 

comorbid conditions that can shorten life with appropriate referral to appropriate treating 

physicians. Continued research into the molecular mechanisms of ED and development of 

improved medications to address ED and its risk factors will further expand the significant 

armamentarium of treatments currently available, improving not only the quality of life of 

affected men but also their life span.
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Fig. 1. 
Treatment algorithm for erectile dysfunction
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Table 1

Types of ED and associated causes
*

Classification Causes

Psychogenic Physical and mental health problems

Psychological trauma

Relationship problems/partner dissatisfaction

Family/social pressures

Depression

Organic

Neurologic Central nervous system—spinal cord injury, multiple sclerosis, stroke

Peripheral nervous system—neuropathy

Vasculogenic Arterial insufficiency/peripheral arterial disease

Veno-occlusive disease

Hypertension

Trauma

Medical disorders Hepatic insufficiency

Dyslipidemia

Renal insufficiency

Chronic obstructive pulmonary disease

Sleep apnea

Penile factors Cavernous fibrosis

Peyronie's disease

Penile fracture

Endocrine Hypogonadism

Hyperprolactinemia

Diabetes mellitus

Thyroid disorders

Urologic disorders Benign prostatic hypertrophy

Lower urinary tract symptoms

Drug-induced Antihypertensives

Antidepressants

Antiandrogens

Marijuana

Heroin

Iatrogenic Drug-induced

Postoperative

Postradiation

*
The below causes are often characteristic of the following classifications, however it should be remembered that ED etiology is often “mixed”
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Table 2

ED risk factors
*

Age

Coronary artery or peripheral vascular disease

Hypertension

Obesity/sedentary lifestyle

Hyperlipidemia

Trauma or surgery to the pelvis or spine

Diabetes mellitus

Benign prostatic hypertrophy

Lower urinary tract symptoms

Hypogonadism

Peyronie's disease

Endocrine disorders

Smoking

Depression

Alcohol and drug use

Certain medications

*
The etiology of ED is often the result of a number of the below causes and not merely a single factor
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Table 3

Laboratory tests recommended in evaluation for ED

Hemoglobin A1C

Hypothalamic-pituitary-gonadal axis evaluation

    Testosterone

    Free testosterone

    Sex hormone-binding globulin

    Prolactin

    Luteinizing hormone

    Follicle stimulating hormone

Lipid profile

    Total cholesterol

    HDL cholesterol

    LDL cholesterol

    VLDL cholesterol

    Triglycerides

Thyroid function tests (if indicated)

    Thyroid-stimulating hormone

    Triiodothyronine (T3)

    Total thyroxine (T4)

    Free thyroxine (FT4)
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