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ABSTRACT: Erectile dysfunction (ED) is a common sexual disorder in adult males and one of the most important 

factors affecting their quality of life and that of their partners. Although PDE5 inhibitors (PDE5is) are the first 

choice for improving erectile function, there is a substantial proportion of ED patients, termed PDE5i 

nonresponders, who do not respond to PDE5is. Because of the lack of effective therapies, these patients always 

have serious social and psychological problems due to ED, which should be addressed. Here, we review the 

available literature about ED and PDE5is and propose several strategies for mitigating ED in PDE5i 

nonresponders. 
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1. Introduction 

 

Erectile dysfunction (ED) is a common sexual disorder in 

adult males and has significant biological, psychological 

and social effects on the quality of life (QOL) of men with 

ED and their sexual partners or spouses [1-2]. Indeed, the 

high prevalence of ED has become a global health concern 

[3]. The percentages of men affected by ED are as 

follows: 14.3–70% of men aged ≥60 years, 6.7–48% of 

men aged ≥70 years, and 38% of men aged ≥80 years [4]. 

Many treatments are available for ED, including 

psychotherapy, oral medication, vacuum constriction 

devices (VCDs), intraurethral drugs, intracavernous 

drugs, and implantable prosthetics. Among them, 

phosphodiesterase type 5 inhibitors (PDE5is), as a first-

line treatment, are recognized as the most satisfying and 

effective drugs for ED [5-6]. However, with the 

increasing administration of PDE5is in clinical practice, it 

has found that approximately 30–35% of ED patients 

cannot respond to PDE5is [7]. Although the unreasonable 

use of PDE5is, including the use of inadequate dosages, 

administration of a single dose, and lack of dosage 

regulation, is considered the main reason for the lack of a 

response to PDE5is [8], 50–70% of ED patients still do 

not respond to PDE5is after restoring rational PDE5i use 

[9]. In general, the detailed mechanisms of the lack of a 

response to PDE5is in ED remain to be clarified, and 

treating these patients is a challenge that urgently needs to 

be addressed. 
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Table 1.  Direct evidence of rescue treatment in PDE5i nonresponders. 

 
Approaches for 

rescue treatment in 

PDE5i 

nonresponders 

PDE5i nonresponse Rescue therapy with/without PDE5is Ref. 

PDE5i Dosage Dosing 

regimen 

PDE5i Dosage Dosing 

regimen 

Other 

therapeutic 

approaches 

Salvage 

success rate 

 

Increased PDE5i 

doses 

 Sildenafil 100 

mg 

On 

demand 

 Sildenafil 150 or 200 

mg 

On 

demand 

NA 24.1% 38 

Different dosing 

regimens 

Tadalafil 20 mg On 

demand 

Tadalafil Flexible 

doses of 10 
and 20 mg 

Once 

daily 

NA 58.0% 46 

Different dosing 

regimens 

 Vardenafil  20 mg On 

demand 

 Vardenafil  10 mg  Once 

daily 

NA 38.8% 47 

Different PDE5is   Sildenafil 100 
mg 

On 
demand 

 Vardenafil  Flexible 
doses of 10 

and 20 mg 

On 
demand 

NA 12.0% 48 

Different PDE5is   Sildenafil ≤100 
mg 

On 
demand 

 Vardenafil  Flexible 
doses of 5, 

10 and 20 

mg 

On 
demand 

NA 53.0% 49 

Non-drug 

therapeutic 

approaches with or 

without PDE5is 

At least one PDE5i (20 mg for 

tadalafil or vardenafil 

hydrochloride, 100 mg for 
sildenafil) 

 Taking the same PDE5i as PDE5i 

nonresponse 

VED 70.0% 59 

Non-drug 

therapeutic 

approaches with or 

without PDE5is 

Tadalafil 5 mg Once 

daily 

NA NA NA  LiSWT 41.7% 62 

Non-drug 

therapeutic 

approaches with or 

without PDE5is 

PDE5is (unclear in detail) NA NA NA  LiSWT 60.0% 63 

Non-drug 

therapeutic 

approaches with or 

without PDE5is 

Sildenafil (100 mg), tadalafil (20 

mg), and vardenafil (20 mg) as 
needed or tadalafil (5 mg) daily  

Taking the same PDE5i as PDE5i 

nonresponse 

 LiSWT 67.3% 64 

Attention to 

psychological factors 

 Sildenafil 100 

mg 

On 

demand 

 Sildenafil 100 mg On 

demand 

Trazodone 

(50 or 100 

mg, once 

daily) 

66.7% 68 

PDE5is combined 

with other non-

PDE5i drugs 

Highest available dosage of 
sildenafil, tadalafil, or vardenafil 

therapy  

Tadalafil  10 mg Once 
daily 

Testogel (5 g 
up to 10 g, 

once daily) 

33.1% 110 

PDE5is combined 

with other non-

PDE5i drugs 

 Sildenafil 100 

mg 

On 

demand 

 Sildenafil 100 mg On 

demand 

Oral 

testosterone 
undecanoate 

(Restandol, 

80 mg, bid or 
tid)  

34.3% after 

testosterone 
replacement 

only, 37.5% 

more after 
combined 

therapy 

111 

PDE5is combined 

with other non-

PDE5i drugs 

Tadalafil  20 mg On 
demand 

Tadalafil  20 mg Twice a 
week 

Testogel (5 g, 
once daily) 

NA 
(improvement 

in IIEF-EF) 

113 

PDE5is combined 

with other non-

PDE5i drugs 

 Sildenafil 100 
mg 

On 
demand 

 Sildenafil 100 mg On 
demand 

Atorvastatin 
(40 mg, once 

daily) 

NA 
(significant 

improvements 

in all IIEF-5 
questions and 

GEQ) 

117 

 

Salvage success is defined as being able to successfully complete sexual intercourse. NA, not applicable; VED, vacuum erectile device; LiSWT, low-

intensity shockwave therapy; IIEF, international index of erectile function; EF, erectile function; GEQ, global efficacy question. 

ED is closely related to aging. Penile erection is a 

complex physiological activity involving the 

neuroendocrine vascular tissue system [10], and aging can 

not only cause tissue dysfunction related to this 

physiological activity, including dysfunction involving 

the nerves, blood vessels, cavernous tissue and 

reproductive hormones, but also increase the risk of penile 

ED [11]. Aging also increases the risk of various chronic 



Cai Z., et al                                                                                   Treatment strategies for ED in PDE5i nonresponders 

Aging and Disease • Volume 11, Number 5, October 2020                                                                              1204 

 

diseases in the elderly, such as cardiovascular diseases, 

diabetes, metabolic syndrome, late-onset hypogonadism 

(LOH), and lower urinary tract symptoms (LUTSs) [11]. 

These chronic diseases have been recognized as risk 

factors for ED and can cause and/or aggravate ED [12]. It 

has been shown that the prevalence of ED ranges from 1–

10% for men aged under 40 years, 2–15% for men aged 

40–49 years, 22–31% for men aged 50–69 years, 20–40% 

for men aged 60–69 years, and 50–100% for men over 70 

years old [13]. Therefore, aging is an important risk factor 

for ED development. At the same time, the changes 

caused by aging will also increase the difficulty of ED 

treatment, which is an important factor of the lack of a 

response to PDE5i treatment. It is worth noting that 

according to previous reports, approximately 15% of the 

global population will be over 65 years old by the year 

2025 due to the increase in life expectancy [11, 14]. 

Therefore, sexual dysfunction, especially ED, in elderly 

men is a problem that cannot be ignored. Moreover, 

PDE5i nonresponsiveness in older men as a result of age 

is a major challenge that urgently needs to be addressed. 

Here, we propose several strategies for treating ED in 

PDE5i nonresponders and present a summary of the direct 

evidence of rescue treatment in PDE5i responders in 

Table 1. 

 

2. Possible causes for ED in PDE5i nonresponders 

 

PDE5i-nonresponsive ED patients always have 

comorbidities, including diabetes, cardiovascular disease, 

and metabolic syndrome, among others [15-16]. The 

nerves, blood vessels, and cavernous tissues in the penis 

can be injured as a result of these comorbidities, which is 

the basis of ED development [17-18]. Although PDE5is 

can improve erectile function through the cGMP-PKG 

and cAMP-PKA signaling pathways, among others, the 

therapeutic effect of PDE5is depends on the proper 

function of tissue effectors, such as nerves, blood vessels 

and cavernous tissues. Therefore, the above comorbidities 

affect the therapeutic efficacy of PDE5is in ED by 

damaging these tissues in the penis. As diabetes can 

disrupt the balance of sex hormones, such as by lowering 

testosterone levels to affect erection function [19-20], the 

presence of such comorbidities may be an important cause 

of PDE5i nonresponsiveness. In addition, the side effects 

of some drugs used for comorbidities, such as selective 

serotonin-reuptake inhibitors, thiazides, and β-blockers, 

affect erectile function and thereby weaken the effect of 

PDE5is on ED [21-22]. Interestingly, unhealthy 

behaviors, such as excessive drinking, smoking, and a 

high-fat diet, can also promote the development and 

progression of these comorbidities in men, in turn 

affecting the efficacy of PDE5is in the treatment of ED 

[23-25]. Hence, lifestyle factors should be emphasized in 

ED treatment when there is the lack of a response to 

PDE5is. 

In addition to comorbidities, complications from 

treatments for diseases are common reasons for ED. For 

example, radical prostatectomy (RP) can cause cavernous 

nerve injury and vascular damage, and pelvic radiation 

therapy for prostate cancer can result in the death or 

fibrosis of cavernosal smooth muscle cells, nerve cells, 

and vascular smooth muscle cells, among others [26-27]. 

These complications destroy the tissues that are the basis 

for the therapeutic efficacy of PDE5is in ED, thus 

reducing the efficacy of the drug. If the damage is 

significant enough, the ED patient will not respond to 

PDE5i therapy. Furthermore, spinal cord injury can 

directly damage nerves, resulting in damage to or the 

attenuation of sexual activity-related nerve reflex arcs, 

e.g., nerves and blood vessels in the penis, by altering 

neuroendocrine reflexes [21, 28]. Such traumas involving 

injury to nerves, blood vessels, and cavernous tissues 

related to erectile function can cause the abovementioned 

adverse events. 

It has been found that nonresponsiveness to sildenafil 

for ED is related to incorrect administration factors, such 

as taking the medication after heavy meals, a lack of 

sexual stimulation, administration timing, too few 

attempts and other reasons [22, 29]. Additional 

mechanisms are unknown. However, correcting PDE5i 

administration or replacing the PDE5i regimen according 

to the metabolic and distribution characteristics of 

different PDE5i drugs can attenuate the abovementioned 

problems associated with incorrect drug administration. 

Male erectile function is closely related to 

psychological factors [30]. Mental disorders can cause or 

aggravate ED, and such disorders can be derived from 

society, family, spouse, and self [30-31]. During PDE5i 

treatment for ED, the sexual psychological disorders of 

ED patients will directly influence the effects of PDE5i 

treatment for ED and could even lead to the lack of a 

response to the treatment [31-32]. Fortunately, 

psychological interventions, such as cognitive behavioral 

therapy and sexual counseling, can improve the patient's 

erectile function or enhance the efficacy of PDE5is in the 

treatment of ED [31-32]. Therefore, psychological factors 

may be another cause of PDE5i nonresponsiveness. 

 

3. Approaches to improve ED in PDE5i nonresponders 

 

3.1 Improved pharmacotherapy with PDE5is 

 

3.1.1 Sufficient medication attempts 

During treatment with an on-demand regimen, 

insufficient medication attempts is a common reason for 

patients not achieving a response to PDE5is [29], and the 

reason may be associated with an insufficient blood 
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concentration. It has been shown that the coital success 

rate was elevated with increased sildenafil frequency but 

remained stable after eight doses (with a success rate of 

up to 86%) [33]. For vardenafil, another short-acting drug, 

research has also indicated that the likelihood of 

successful penetration and intercourse increases with 

additional medication attempts, with the effect of 

vardenafil on ED reaching a plateau at approximately the 

fourth dose [34]. Therefore, it has been suggested that 

patients who fail to achieve treatment success initially 

should continue treatment with increased doses [34]. 

Interestingly, for the long-acting PDE5i drug tadalafil (as 

needed), a substantial proportion of ED patients who fail 

on the first attempt will achieve success provided the 

treatment is maintained [35]. Moreover, approximately 

80% of patients achieved successful sexual intercourse 

within eight attempts at 10 mg and within four attempts at 

20 mg, which also indicates that fewer attempts are 

required with a greater dose; these findings reflect the 

importance of an adequate PDE5i blood level in the 

treatment of ED [35]. Overall, to ensure efficacy, ED 

patients should be given regular and sufficient PDE5i 

doses. Indeed, sufficient medication attempts is an 

important strategy for improving the therapeutic efficacy 

of PDE5is in nonresponders. 

 

3.1.2 Increased PDE5i doses 

 

The therapeutic efficacy of PDE5is in ED increases with 

increasing dose. ED patients treated with 50 mg of 

sildenafil on demand achieved 1.4 sexual intercourse 

attempts per week, with a success rate of 82% [36]. 

However, with 100 mg of sildenafil as needed, the number 

of sexual intercourses attempts per week increased to 1.7, 

with a 91% success rate, indicating that increasing the 

dose of sildenafil can increase both the number of sexual 

intercourse attempts and the sexual success rate [36]. 

Early sildenafil treatment failure does not necessarily 

mean that there will be no effect in the future, and on-

demand administration can be increased to 100 mg to 

increase the success rate of treatment, further 

demonstrating that increasing the dose can improve the 

effect of sildenafil on ED [37]. Additionally, the dose of 

sildenafil can be increased to 200 mg, which can render 

24.1% of sildenafil nonresponders responsive to the drug 

[38]. Although 200 mg of sildenafil on demand has a 

higher incidence of adverse effects, increasing the 

administered dose within a safe range is a viable treatment 

strategy in PDE5i nonresponders. Vardenafil has a similar 

dose-effect trend as sildenafil. Clinical studies on 

vardenafil have indicated that regarding indexes of the 

therapeutic efficacy of PDE5is in ED, such as the Sexual 

Encounter Profile question 2 (SEP-2) (penetration) and 

SEP-3 (maintenance) scores, and overall satisfaction with 

the sexual experience, first-attempt and subsequent 

success rates increase with increasing dose [39-40]. For 

long-acting PDE5is, such as tadalafil, increasing clinical 

studies have also demonstrated gradual increases in 

indexes of erectile function, such as the International 

Index of Erectile Function (IIEF)-EF, SEP-2, SEP-3, and 

Global Assessment Question (GAQ) scores, with 

increasing dose, regardless of the dosing regimens, e.g., 

as needed or daily [41-43]. Additionally, no association 

with the severity of ED has been observed in the gradually 

enhanced therapeutic effect with increasing dose [44], 

suggesting that an increased PDE5i dose may be key for 

improving efficacy in ED treatment. Furthermore, during 

early treatment, PDE5i nonresponders may not actually be 

nonresponders, and it is recommended to use PDE5is 

starting from the highest label-approved dose followed by 

down-titration to minimize the frustration caused by 

inadequate response due to inadequate drug dosage, 

thereby reducing the impact of psychological factors on 

the treatment [12, 45]. Thus, increased doses may be an 

important strategy in PDE5i nonresponders. 

 

3.1.3 Different dosing regimens 

 

The use of PDE5is for ED has two dosing regimens, i.e., 

on demand and daily. In ED patients who were previously 

unresponsive to on-demand tadalafil, daily flexible 

tadalafil (10/20 mg) significantly improved the IIEF-EF 

and SEP-3 scores compared to baseline and on-demand 

tadalafil, and more patients had achieved an erection at the 

end point [46]. Thus, tadalafil with a daily dosing 

regimen (10/20 mg) is considered an effective salvage 

treatment in previous on-demand tadalafil nonresponders 

[46]. Regarding the short-acting PDE5i vardenafil, one 

study on daily dosing for on-demand nonresponders has 

shown that according to the SEP-3 score, 38.8% of 

patients with ED who previously did not respond to 

the as-needed regimen became responders; the study 

suggests that daily vardenafil can be applied as a salvage 

strategy in ED patients with no response to the on-

demand regimen [47]. In summary, regardless of whether 

a PDE5i is short acting or long acting, the daily dosing 

regimen allows ED patients who do not respond to the on-

demand dosing regimen to achieve appropriate blood 

levels for improved therapeutic efficacy and is thus 

expected to be an important strategy for treating on-

demand regimen nonresponders. 

 

3.1.4 Different PDE5is 

 

Because of the heterogeneity among individuals, each ED 

patient’s response to PDE5is differs. The advantage of 

individual responsiveness to different PDE5is may be an 
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important strategy for improving the efficacy of PDE5is 

in nonresponders. 

Vardenafil can be used for salvage treatment in a 

small proportion of sildenafil (100 mg) nonresponders 

[48], and flexible-dose vardenafil (5-20 mg) for moderate 

to severe ED in sildenafil nonresponders achieved high 

insertion and sexual success rates [39, 49]. Most patients 

receiving vardenafil reported improved erections and the 

achievement of normal erections [42,49]. Therefore, 

vardenafil can be used to treat ED patients who do not 

respond to sildenafil. As a long-acting PDE5i, tadalafil 

has been shown in several studies to change the dosing 

and sexual attempt behavior of ED patients, reflecting the 

extended period of efficacy of tadalafil [50]. Compared to 

sildenafil, as-needed tadalafil has several advantages, 

including a broader window of opportunity available for 

sexual activity, decreased time concerns, reduced IIEF-EF 

scores, reduced side-effect severity scores, more 

satisfying erection hardness and more sexual attempts 

[51-52]. Therefore, more patients prefer on-demand 

tadalafil [52]. In conclusion, changes in the dosing and 

sexual attempt behavior in patients taking tadalafil on 

demand and patient preferences for tadalafil suggest that 

on-demand tadalafil may be superior to sildenafil and an 

important strategy for treating PDE5i nonresponders. 

Unfortunately, in ED patients who do not respond to the 

maximum dose of sildenafil or vardenafil, the 

recommended maximum dose of tadalafil (20 mg) did not 

significantly improve the IIEF-5, SEP-2, SEP-3, or GAQ 

score by the end point [53]. However, it has been shown 

that daily tadalafil can serve as a rescue therapy in 

previous on-demand tadalafil nonresponders [46]. Daily 

tadalafil may have potential as a salvage treatment in ED 

patients nonresponsive to sildenafil or vardenafil, but 

more studies are needed to demonstrate this hypothesis. It 

is worth mentioning that first-generation PDE5is had a 

high discontinuation rate due to side effects. According to 

the results of a meta-analysis, avanafil, a new PDE5i, 

showed efficacy comparable to that of first-generation 

PDE5is but a lower incidence of side effects and thus a 

reduced discontinuation rate [54]. By increasing 

compliance, reducing the discontinuation rate is 

beneficial to ensure the smooth implementation of related 

treatment approaches in PDE5i nonresponders. 

Nonetheless, research to date on avanafil for the treatment 

of PDE5i nonresponders is insufficient, and further 

studies are needed. Overall, other PDE5is can be used in 

ED patients who do not respond to a given PDE5i. 

 

3.1.5 Combined use of long-acting and short-acting 

PDE5is 

 

PDE5i nonresponders always suffer from pathological 

changes in penile vascular tissue. Most ED patients with 

no response to 100 mg of sildenafil have been found to 

also have vascular diseases, such as arterial insufficiency, 

mixed vascular insufficiency, and cavernous venous 

occlusive disease [48]. The chronic use of low-dose, long-

acting PDE5is, such as tadalafil, contributes to repair of 

the injury to penile vascular endothelial cells, and short-

acting PDE5i administration on demand has an 

instantaneous effect on improving erection [55]. Thus, the 

combination of long-acting and short-acting PDE5is may 

be an important direction for treating PDE5i non-

responders. Compared with 5 mg of tadalafil daily alone, 

5 mg of tadalafil daily combined with sildenafil on 

demand resulted in higher IIEF-5 scores and percentages 

of 'yes' responses to SEP-4 and SEP-5 at the end of a 12-

week follow-up period. Interestingly, in the combination 

group, the IIEF-5 scores of severe ED patients were 

significantly higher [56]. The side effects were similar in 

the two groups. Overall, the long-term, low-dose 

administration of long-acting PDE5is combined with 

short-acting PDE5is on demand is an important strategy 

in those who do not respond to PDE5i treatment. 

 

3.2 Non-drug therapeutic approaches with or without 

PDE5is 

 

Vacuum erectile devices are a noninvasive treatment for 

ED, and their first treatment efficiency can reach 90% 

[57]. For ED patients who are not satisfied with the 

therapeutic effect of PDE5is, the combination of a PDE5i 

and a vacuum erectile device can improve the IIEF-EF 

score, with a good therapeutic effect [58]. For example, a 

PDE5i combined with a vacuum erectile device 

significantly improved the SEP-2, SEP-3, and global 

patient assessment scale (GPAS) scores in PDE5i 

nonresponders. The IIEF-5 score increased from 9 to 17.6, 

and there were no obvious side effects [59]. Accordingly, 

a PDE5i combined with a vacuum erectile device can be 

considered an important strategy for treating PDE5i 

nonresponders. 

Low-intensity shock-wave therapy (LISWT) is a new 

treatment method for ED. The low-intensity shock wave 

can release endogenous media and nitric oxide (NO) to 

promote the regeneration of neovascularization and 

improve both the blood supply to the cavernous artery and 

vasodilation [60]. A meta-analysis of LISWT for ED has 

shown that the effect of LISWT on improving ED can last 

for 6 and 12 months [61]. For example, LISWT was 

effective for 41.7% of ED patients who did not respond to 

PDE5is, resulting in satisfactory erectile function [62]. 

Similarly, in a study on LISWT for PDE5i nonresponders, 

it was confirmed that LISWT was effective for 

approximately 60%, and the therapeutic effect continued 

until the end of the 12-month follow-up period [63]. A 

PDE5i [sildenafil (100 mg), tadalafil (20 mg), or 
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vardenafil (20 mg) with a trial of at least four attempts, or 

tadalafil (5 mg) with a trial of at least 28 days] combined 

with LISWT (twice a week for 12 weeks) also resulted in 

67.3% of PDE5i nonresponders achieving successful 

sexual intercourse [64]. In summary, the administration of 

LISWT with or without a PDE5i is an important direction 

in treating PDE5i nonresponders. 

 

3.3 Attention to psychological factors 

 

ED is a complex disease, and minimal organic ED can 

induce psychogenic components. The incidence of 

psychological distress, including anxiety, depression and 

stress, is also closely related to the severity of ED [65-66]. 

Therefore, psychological distress is a crucial factor 

affecting the therapeutic effect on ED. It has been shown 

that psychological intervention combined with PDE5is 

could restore erectile function more effectively than 

psychological intervention alone, as based on the IIEF 

score [67]. Drugs are considered an adjunct to the 

treatment of psychosocial disorders, and sildenafil 

combined with trazodone, an antidepressant, was 

effective for men with ED who initially failed to respond 

to oral sildenafil and allowed them to achieve satisfactory 

sexual activity [68]. 

As one type of psychological intervention, sexual 

counseling can not only improve erectile function and 

sexual satisfaction but also increase treatment compliance 

in patients with ED caused by RP and penile prosthesis 

implantation, extended device application or hypospadias 

repair performed in childhood [69-73]. A meta-analysis 

has demonstrated that taking PDE5is to improve erectile 

function requires other comprehensive management, 

including sexual counseling, exercise and lifestyle 

changes [74]. While an ED patient is using a PDE5i, the 

addition of counseling therapy can more effectively 

improve sexual function and sexual satisfaction, even in 

the elderly male population [74]. 

Cognitive behavioral therapy is another 

psychotherapeutic approach that can be applied to treat 

psychogenic ED. Compared to sildenafil or cognitive 

behavioral therapy alone, the combination of cognitive 

behavioral therapy and sildenafil significantly improved 

the IIEF-EF score, with a higher success rate for treating 

ED within the first 4 weeks of therapy [75]. At the same 

time, PDE5is combined with cognitive behavioral therapy 

can both effectively improve ED and alleviate anxiety, 

depression and other mental problems, and the effect can 

be maintained for 15-18 months compared with PDE5is 

alone [31, 76]. 

Increased satisfaction is related to increased 

therapeutic efficacy, partner support, and the number of 

sexual attempts [77]. In fact, the partner’s role in ED 

treatment is an important influential and psychological 

factor that can be presented in many different ways, such 

as partner-initiated communication to relieve the anxiety 

and stress of ED patients, partner-facilitated activities to 

improve intimacy, partner-facilitated adaptation of sexual 

techniques and lifestyle changes, and partner-encouraged 

professional counseling and follow-up of medical 

treatment [3]. Thirty-four percent of ED patients express 

willingness to visit a doctor if their sexual partners asked 

them to do so [3], and 10.7% of ED patients cited their 

partner’s preference as an influential factor of their 

treatment choice [78]. Partner negativity is also an 

important factor that affects the responsiveness of ED 

patients to PDE5is [29]. Therefore, the roles of partners 

should be considered when treating PDE5i 

nonresponders. In summary, paying attention to 

psychological factors is important for enhancing the 

effects of PDE5is on ED, even in nonresponders. 

 

3.4 Focus on the comorbidities of ED 

 

3.4.1 Selection of PDE5is with greater effects on ED 

 

Many diseases are likely associated with ED, causing 

refractory ED and a poor prognosis. Males who have 

metabolic syndrome, diabetes, hypertension, coronary 

heart disease, and hypogonadism, among other 

conditions, are particularly susceptible to ED [79]. 

Moreover, the comorbidities of ED are reasons why 

patients with ED might not respond to PDE5is, although 

the potential mechanisms differ. Thus, the selection of a 

PDE5i that is suitable or more suitable for the treatment 

of ED along with any comorbidities is a key strategy for 

improving the therapeutic efficacy in patients with a poor 

or no response to some PDE5is. 

 

3.4.1.1 PDE5is, ED and premature ejaculation 

 

In some ED patients, premature ejaculation is associated 

with ED, forming a vicious cycle [80]. It has been 

reported that 29.5% and 52.4% of patients with mild and 

severe ED, respectively, experience premature ejaculation 

[81]. To conceal the decrease in hardness during sexual 

intercourse, some ED patients often subjectively and 

consciously hope to end sexual intercourse as soon as 

possible (ejaculation is an important sign of the end of 

sexual intercourse), resulting in premature ejaculation 

[82]. The poor sexual performance caused by premature 

ejaculation will further aggravate the anxiety and pain of 

patients and lead to reactive ED, thus weakening the 

therapeutic effect, including the response to PDE5i 

treatment [82]. In addition, the treatment of premature 

ejaculation, whether psychologically or medically, aims 

to reduce the intensity of local stimulation and sexual 

excitation to delay ejaculation, and a reduction in 
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stimulation intensity and sexual excitation leads to or 

aggravates ED, further the weakening therapeutic effect 

[83]. Hence, premature ejaculation is an important 

comorbidity of ED, and ED along with premature 

ejaculation is a reason for the lack of a response to PDE5i 

treatment. Interestingly, PDE5is can reduce sympathetic 

nerve tension in the vas deferens and seminal vesicles 

through the NO/cGMP signaling pathway and relax 

smooth muscle to achieve the dual goals of treating ED 

and delaying ejaculation [84]. Several studies have 

confirmed that regardless of whether they are combined 

with drugs for treating premature ejaculation, such as 

paroxetine (20 mg daily) and fluoxetine (90 mg once a 

week), PDE5is, including sildenafil (25-100 mg on 

demand), vardenafil (10 mg on demand) and tadalafil (20 

mg on demand), can enhance ejaculation control, 

effectively prolonging the ejaculation time, improving 

anxiety and overall satisfaction and reducing the recovery 

time after orgasm to achieve a second erection [85-89]. 

Although a few studies have indicated that PDE5is cannot 

prolong the ejaculation time, PDE5is can help improve 

anxiety and overall satisfaction, which can partly alleviate 

the vicious cycle of ED and premature ejaculation from a 

therapeutic perspective [90]. Furthermore, the emotional 

outcomes of the loss of erectile function are more painful 

than those of premature ejaculation. Although PDE5is 

improve erectile function and enhance erectile 

confidence, patients with ED and premature ejaculation 

can achieve delayed ejaculation without the fear of losing 

erectile stiffness, but the ability to delay ejaculation often 

does not exceed that before ED [82]. Therefore, drugs for 

premature ejaculation, as well as psychosocial and 

behavioral therapy, are needed to increase the ejaculation 

threshold from a biological point of view and enable 

patients to achieve the physical and psychological 

changes necessary for delayed ejaculation [82, 91]. 

Premature ejaculation will aggravate the difficulty using 

PDE5is for the treatment of ED. PDE5is, including 

sildenafil, tadalafil and vardenafil, can be used to treat 

ED; however, both drugs for treating premature 

ejaculation and psychosocial behavioral therapy should be 

implemented to break the vicious cycle of ED and 

premature ejaculation, restore responsiveness to PDE5is 

and improve overall life satisfaction in the treatment of 

ED. 

 

3.4.1.2 PDE5is, ED and diabetes 

 

The presence of diabetes increases the difficulty of 

treating ED. In patients with type 1/2 diabetes and ED, as-

needed tadalafil remarkably improved the IIEF-EF, SEP-

2 and SEP-3 scores; thus, it is believed that tadalafil (10 

mg or 20 mg as needed or 20 mg three times per week) 

can enhance erectile function in men with diabetes and ED 

[92-94]. Additionally, flexible-dose vardenafil (5-20 mg) 

in men with type 1 diabetes and ED significantly 

improved the mean success rate according to the SEP-2 

and SEP-3 scores [95]. Nonetheless, the effect of 

sildenafil on ED in patients with diabetes was moderate, 

and the response rate was relatively low [93]. 

Accordingly, tadalafil or vardenafil may be a suitable 

PDE5i for ED patients with diabetes. 

 

3.4.1.3 PDE5is, ED and spinal injury 

 

Spinal injuries are closely related to the therapeutic 

efficacy of PDE5is in secondary ED. Sildenafil, tadalafil, 

and vardenafil are effective for ED secondary to spinal 

injury, at a rate of 85%, 72% and 74%, respectively [96-

97]. Interestingly, upper motor neuron (UMN) lesions are 

associated with PDE5i treatment success, and poorer 

responses to PDE5is are observed in patients with lower 

motor neuron lesions and horsetail injuries [97]. The 

efficacy of sildenafil in ED patients with UMN lesions 

was significantly higher than that of the placebo (85% vs 

25%, P<0.05) [98]; only 28% of patients with non-UMN 

lesions showed a response to sildenafil, although the 

difference was not significant [98]. Furthermore, research 

has shown that compared to sildenafil, tadalafil allowed 

significantly more ED patients to achieve normal sexual 

function up to 24 h postdosing, as well as a more 

satisfying sex life [99]. In other words, the effect of 

PDE5is on ED secondary to spinal injury is limited to the 

spinal injury site. Although sildenafil, tadalafil, and 

vardenafil are effective for ED secondary to UMN lesions, 

their suitability is not clear and requires further study. 

 

3.4.1.4 PDE5is, ED and RP 

 

One common complication after RP is ED. The 

therapeutic effect of PDE5is on ED is closely associated 

with the degree of neurovascular sparing. In one study, 

76% of patients with bilateral nerve-sparing treatment and 

53.5% of patients with unilateral nerve-sparing treatment 

responded to sildenafil, whereas only 14.2% of patients 

with non-nerve-sparing treatment responded to sildenafil 

[100]. Similar to sildenafil, 10 mg and 20 mg of vardenafil 

as needed for ED secondary to nerve-sparing RP 

improved erectile function according to the IIEF domains 

and allowed patients to have more satisfying sexual 

experiences [100]. Interestingly, a systematic review has 

shown that after bilateral nerve-sparing RP, avanafil on 

demand was the most effective PDE5i for the recovery of 

drug-assisted erectile function; tadalafil was equally 

effective when used on demand and daily, although 

vardenafil significantly improved drug-assisted erectile 

function recovery only when used on demand [101]. In 

addition to the degree of neurovascular bundle 



Cai Z., et al                                                                                   Treatment strategies for ED in PDE5i nonresponders 

Aging and Disease • Volume 11, Number 5, October 2020                                                                              1209 

 

preservation, the effect of sildenafil on ED has been 

shown to correlate with age, the preoperative erectile 

function status, and the interval before starting treatment 

[102-103]. Therefore, when PDE5is are used to treat ED 

after RP, the therapeutic effect depends on more than the 

PDE5i, and avanafil, tadalafil, sildenafil and vardenafil 

are all candidates for treating ED after RP with 

neurovascular bundle preservation. 

 

3.4.1.5 PDE5is, ED and other comorbidities 

 

Dyslipidemia is a common etiological or causative factor 

of ED. The effectiveness of vardenafil was not affected by 

the TC/HDL-C ratio, the LDL-C level, or the presence of 

metabolic syndrome, and it has been recommended for 

treating ED in patients with dyslipidemia [104]. ED 

patients with comorbid benign prostate hyperplasia/lower 

urinary tract symptoms (BPH/LUTSs) can benefit from 

the long-term use of long-acting tadalafil [105]. 

Therefore, it is necessary to consider the characteristics of 

the comorbidities during ED treatment with PDE5is, and 

more suitable PDE5is should be selected for treating ED. 

Fortunately, an integrated analysis of 11 double-blind, 

placebo-controlled studies showed that on-demand 

tadalafil (10 mg or 20 mg) significantly improved the 

IIEF-EF, SEP-3 and GAQ scores of ED patients with 

different comorbidities, such as diabetes mellitus, 

hypertension, cardiovascular disease, hyperlipidemia, 

depression, and BPH [79]. Therefore, it is believed that 

tadalafil, a long-acting PDE5i, can significantly improve 

the erectile function of patients with ED and different 

comorbidities. Tadalafil may be widely suitable for ED in 

most patients with comorbidities, but further research is 

needed. 

 

3.4.2 Management of medications for comorbidities of 

ED 

 

The comorbidities of ED include diabetes, cardiovascular 

diseases, sex hormone disorders, metabolic diseases, 

LUTSs, obstructive sleep apnea syndrome, and 

psychosocial diseases, among others, which are all 

important factors of the cause or aggravation of ED. At 

the same time, these comorbidities increase the difficulty 

of ED treatment and are important factors for the lack of 

a response to PDE5is. In the course of ED treatment, the 

treatment of comorbidities will improve the efficacy of 

the ED treatment. Nevertheless, the side effects of some 

drugs used to treat comorbidities can impair erectile 

function. Interestingly, some drugs combined with 

PDE5is have synergistic effects in treating ED. Overall, 

understanding the effects of drugs for comorbidities on 

ED will help in the development of therapeutic strategies 

for PDE5i nonresponders. 

3.4.2.1 Associated medication modifications 

 

It is worth noting that while treating primary diseases or 

comorbidities, the side effects of some drugs can impair 

male erectile function. Antidepressants, such as selective 

serotonin-reuptake inhibitors and tricyclic 

antidepressants, antipsychotic drugs, such as 

phenothiazines and butanones, antihypertensive drugs, 

such as thiazides and β-blockers, and lipid-lowering 

drugs, such as statins and antiandrogens, can lead to male 

ED [106-107]. In the course of ED treatment, the use of 

these drugs will aggravate the difficulty treating ED. The 

drugs taken by patients with ED should be considered, and 

associated medications should be modified to reduce the 

loss of therapeutic effects on ED. 

 

3.4.2.2 PDE5is combined with other non-PDE5i drugs 

 

For ED patients with other disorders, the therapeutic 

regimen focuses on the control or cure of the primary 

diseases, although the application of PDE5is at suitable 

doses for an adequate course of treatment, regardless of 

these diseases, is a definite factor related to the status of 

ED. Therefore, combining PDE5is with other drugs for 

comorbidities is an important strategy for improving ED 

or salvaging erectile function in PDE5i nonresponders. 

In vitro studies have found that persistent low 

testosterone levels can lead to a decrease in the activity 

and expression of NO synthase (NOS), thereby damaging 

penile tissues [108]; normal testosterone levels result in 

PDE5i efficacy because PDE5 is under the control of 

testosterone [109]. Serum testosterone levels less than 300 

ng/dl can hamper the response to PDE5is [110]. In 

patients with ED and hypogonadism, which leads to low 

testosterone levels, testosterone alone can enable 34.4% 

of patients to achieve satisfactory erection, with the 

combined use of testosterone and sildenafil allowing 

another 37.5% patients to achieve satisfactory erection. 

These results suggest that the combination of testosterone 

and sildenafil has synergism in ED [111]. Additionally, 

testosterone combined with 10 mg of tadalafil once a day 

or 20 mg twice a week can treat ED in patients with low 

testosterone levels (T ≤3 or 3.4 ng/ mL) who do not 

respond to tadalafil [110, 112-113]. Therefore, during 

treatment with PDE5is for ED along with hypogonadism, 

the addition of testosterone can rescue PDE5i 

nonresponsiveness. For routine treatment, testosterone 

alone can be used first in ED patients with hypogonadism. 

If this is not sufficient to restore erection, a short-acting 

PDE5i (sildenafil or vardenafil) can be added and, if 

necessary, combined with a long-acting PDE5i (tadalafil) 

[109] (Fig. 1). Middle-aged and elderly men commonly 

always suffer from BPH, which increases the risk of ED 

[114], and α-adrenergic antagonists are commonly used 
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for treating BPH. Evidence-based studies have found that 

in patients with BPH and ED, the combination of a PDE5i 

and an α-adrenergic antagonist resulted in higher IIEF 

scores compared with the use of a PDE5i alone [115]; in 

particular, the long-term use of long-acting tadalafil was 

found to be remarkably beneficial for ED along with 

BPH/LUTSs [109]. Statins are important lipid-lowering 

drugs, and their side effects can cause male dysfunction. 

Interestingly, by activating endogenous NOS, atorvastatin 

significantly elevated the IIEF-5 score and improved 

erectile function in patients with ED who did not respond 

to sildenafil [116]. Two clinical studies have found that 

adding atorvastatin to sildenafil for ED significantly 

improved the response to sildenafil and enhanced erectile 

function in patients with hypercholesterolemia and no 

response to sildenafil [117-118]. In conclusion, 

combining non-PDE5i drugs with PDE5is to improve the 

therapeutic effect on ED in PDE5i nonresponders is an 

important strategy to consider. It is also worth noting that 

in studies of sildenafil nonresponders, some drugs, such 

as intraurethral alprostadil, cabergoline, and 

intracavernous PGE1 injections, were found to restore 

erectile function in patients who did not respond to 

sildenafil treatment [119-121]. Although there have been 

no studies to date on these drugs in combination with 

PDE5is for ED in PDE5i nonresponders, these drugs may 

also represent important future directions for ED 

treatment. 

 

 
 
Figure 1. Management of patients with ED and hypogonadism. In patients with ED, more attention should be paid to 

testosterone supplementation after hypogonadism is confirmed by the detection of testosterone. In patients with ED and 

hypogonadism, some will recover from ED after treatment with PDE5is, but others will show nonresponsiveness to PDE5is; 

in these cases, ED can be treated by adding testosterone to the PDE5i treatment. The reason for this lack of a response is 

that PDE5 is under the control of testosterone, and a normal testosterone level is the basis for the full effect of PDE5is. 

Therefore, in ED patients with hypogonadism, we recommend giving priority to testosterone supplementation to treat a 

portion of them and using a combination of testosterone supplementation and PDE5is for the remaining patients. 

 

 

3.5 Lifestyle adjustments: a neglected issue 

 
In the process of using PDE5is to treat ED, lifestyle 

adjustments, such as those involving smoking, drinking, 
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low levels of physical activity, and obesity, are important 

factors affecting erectile function and the efficacy of these 

drugs. Smoking increases the risk for ED development, 

regardless of whether it is active or passive smoking 

[122]. Compared to a nonsmoking group, a (current and 

past) smoking group showed an odds ratio (OR) for ED of 

1.51 (95% CI: 1.34–1.71), whereas the OR for ED in the 

group with a past smoking history was 1.29 (95% CI: 

1.07–1.47) [123]. Indeed, the cessation of smoking is 

reported to enhance sexual health indexes in male 

smokers with a relatively long smoking history, and this 

effect was independent of the current ED status. Long-

term and excessive drinking are also risk factors for sexual 

dysfunction [124]. For instance, it has been demonstrated 

that heavy drinking and nondrinking are associated with 

the ED risk and that moderate drinking actually protects 

males from developing ED and diabetes [125-126]. 

Alcohol consumption can also seriously affect the 

efficacy of sildenafil in the treatment of ED, which is 

related to the pharmacological characteristics of this drug. 

Overweight, obesity and metabolic syndrome are all 

associated with an increased risk of ED [127]. In one 

study, the risk of ED was increased to 40% in males with 

obesity [125], and sexual activity and behaviors improved 

in ED patients who participated in a weight-loss program 

[128]. Some studies have also reported that adherence to 

the Mediterranean diet could help patients with obesity 

and metabolic syndrome alleviate and resolve symptoms 

of ED in comparison with the controls [129]. Moreover, a 

high-fat meal slows the absorption of most PDE5is, 

except tadalafil and the orally disintegrating formulation 

of vardenafil, delaying the maximum blood concentration 

for up to approximately 1 h. Thus, some ED patients who 

have sex according to the drug instructions may 

inadvertently unconsciously and indirectly reduce the 

therapeutic effect due to an insufficient blood drug 

concentration [12]. It has been found that a low exercise 

level is an independent factor that correlates positively 

with the risk of ED [130-131]. A study on the mechanism 

involved found that with increasing exercise, markers of 

vascular endothelial dysfunction, such as serum 

endothelial progenitor cells and endothelial 

microparticles, decreased significantly, suggesting that 

exercise can improve erectile function by protecting 

vascular endothelial cells [67]. In short, ED patients 

treated with PDE5is should be advised to adopt a healthy 

lifestyle as part of their regimen. Although there have 

been no studies on the direct relationship between lifestyle 

adjustments and PDE5i nonresponsiveness, lifestyle 

adjustments may be a nonnegligible strategy in these 

patients. 

 

3.6 Patient management 

 

Counseling based on the needs of patients and their 

partners is an important part of ED management. The 

approach requires good communication between patients 

and doctors, which helps to resolve patients' concerns and 

facilitate implementation of the clinicians' 

recommendations [12]. Additionally, there are many 

factors affecting nonresponsiveness to PDE5is during ED 

treatment. For example, due to the pharmacokinetic 

characteristics of PDE5is, most should be taken 45-60 

minutes before sexual intercourse, and premature sexual 

activity after taking a PDE5i will lead to a poor 

therapeutic effect due to an insufficient blood 

concentration [12]. A high-fat diet can also delay the 

maximum observed concentration of most PDE5is, except 

tadalafil and the orally disintegrating formulation of 

vardenafil, and thus affect the treatment outcome [132]. 

Furthermore, some patients also use herbal remedies or 

dietary supplements during ED treatment. Although some 

are effective, these medicines contain many unknown 

ingredients [12], and they may increase the difficulty of 

using PDE5is in nonresponders. Therefore, periodic 

follow-up visits with patients can help to reveal the use of 

such drugs, the psychological state and the medical status 

to determine whether the treatment is adequate, whether 

the medications are correct, whether poor lifestyle factors 

have been addressed, and whether there are other adverse 

factors affecting ED treatment to guide the correct 

management of ED [12, 22, 29]. 

 

4.  Management of strategies for treating ED in PDE5i 

nonresponders 

 

In the management of ED treatment, lifestyle factors, such 

as smoking, excessive drinking, high-fat diets, and low 

exercise levels are closely related to the treatment effect; 

thus, addressing the above unhealthy lifestyle factors is 

necessary in the treatment of PDE5i nonresponders. 

Accordingly, lifestyle adjustments combined with 

improved pharmacotherapy with PDE5is is the first 

choice. At the same time, for patients with definite mental 

issues, therapeutic strategies to improve the psychological 

status should be added. For ED patients with 

comorbidities, the treatment of these comorbidities is an 

important prerequisite to ensure and improve the 

therapeutic effects on ED. Therefore, on the basis of 

correcting unhealthy lifestyle factors and improving 

PDE5i treatment, cooperation with comorbidity-related 

treatment strategies should be instilled. Of course, disease 

characteristics vary among ED patients, and 

individualized treatment should be emphasized. In 

particular, for the treatment of ED patients who are 

nonresponsive to PDE5is, the different treatment 

strategies mentioned above should be jointly adopted 

according to the characteristics of each patient (Fig. 2). It 
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is noteworthy that there is a difference between the 

application of treatment approaches in young adults and 

elderly men. In young adults, psychological factors have 

a great impact on ED, and attention should be directed 

toward strengthening the treatment of these factors to 

quickly improve erectile function. In older men, the 

presence of comorbidities due to aging may be the main 

reason for the difficulty in treating ED, and attention 

should be directed toward overall health and the 

management of chronic diseases in these ED patients. 

 

 

 

 

 
Figure 2. Management of strategies to treat ED in PDE5i nonresponders. In the management of PDE5i nonresponders, the 

first-line strategies consist of lifestyle adjustments and improved pharmacotherapy with PDE5is, including sufficient medication 

attempts, increased PDE5i doses, different dosing regimens, different PDE5is and the combined use of long-acting and short-acting 

PDE5is. If the patient has an obvious mental disorder, we should focus on the patient's psychology and give corresponding 

treatment, such as attaching importance to the partner’s role and providing psychological intervention, including drugs, sexual 

counseling and cognitive behavioral therapy. In addition, strategies of improved pharmacotherapy with PDE5is and lifestyle 

adjustments should be added. If ED patients have comorbidities, comorbidity-related strategies, such as the selection of PDE5is 

with greater effects on ED and the management of medications for comorbidities of ED, including associated medication 

modifications, and combining PDE5is with other non-PDE5i drugs, should be fully considered on the basis of the strategies of 

improved pharmacotherapy with PDE5is and lifestyle adjustments. If necessary, non-drug therapeutic approaches with or without 

PDE5is can be selected according to the actual treatment profile of each PDE5i nonresponder. It is worth noting that in process of 

treating every PDE5i nonresponder, patient management should be of great concern. Periodic follow-up visits should be carried 

out to find any deficiencies in the ED treatment process. Good communication should also be established through patient 

counseling to resolve patients' concerns and ensure the smooth implementation of treatment. 

5.  Conclusions 

 

ED is a common sexual abnormality in adult men that 

measurably affects their psychological and physical QOL 

as well as that of their partners. The discovery and 

application of PDE5is has been revolutionary for the 

treatment of ED. With increasing clinical trials on PDE5is 

and ED, there are now many strategies for improving 

erectile function, as reviewed above. Regardless, ED is a 

very complex condition involving both psychological and 

physical factors. The treatment program for ED will vary 

among individuals, especially in patients with a poor 

response to PDE5is. Therefore, combinations of various 

strategies to enhance the response to PDE5is should be 

applied to improve the therapeutic efficacy according to 

the clinical characteristics of each patient. Additionally, 

PDE5i nonresponders are a unique group of ED patients, 

and the causes of the lack of a response to PDE5is remain 

to be clarified. Although some studies have suggested 

improved strategies for PDE5i nonresponders, these 

studies are limited, and more related basic and clinical 

research is needed to help PDE5i nonresponders achieve 

satisfactory sexual experiences. 
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