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Combination therapy for erectile dysfunction: an update
review

Rohit R Dhir1, Hao-Cheng Lin1,2, Steven E Canfield1,3 and Run Wang1,3

The introduction of oral phosphodiesterase-5 inhibitors (PDE5Is) in the late 1990s and early 2000s revolutionized the field of sexual

medicine and PDE5Is are currently first-line monotherapy for erectile dysfunction (ED). However, a significant proportion of patients

with complex ED will be therapeutic non-responders to PDE5I monotherapy. Combination therapy has recently been adopted for more

refractory cases of ED, but a critical evaluation of current combination therapies is lacking. A thorough PubMed and Cochrane Library

search was conducted focusing on the effectiveness of combination therapies for ED in therapeutic non-responders to PDE5I therapy.

Journal articles spanning the time period between January 1990 and December 2010 were reviewed. Criteria included all pertinent

review articles, randomized controlled trials, cohort studies and retrospective analyses. References from retrieved articles were also

manually scanned for additional relevant publications. Published combination therapies include PDE5I plus vacuum erectile device

(VED), intraurethral medication, intracavernosal injection (ICI), androgen supplement, a-blocker or miscellaneous combinations.

Based on this review, some of these combination treatments appeared to be quite effective in preliminary testing. Caution must be

advised, however, as the majority of combination therapy articles in the last decade have numerous limitations including study biases

and small subject size. Regardless of limitations, present combination therapy research provides a solid foundation for future studies in

complex ED management.
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INTRODUCTION

Erectile dysfunction (ED), a sexual disorder consisting of penile rigid-

ity insufficient for satisfactory sexual intercourse, currently affects

52% of 40- to 70-year-old men.1 Current projections indicate an

increase in the prevalence of ED due to aging as well as the continued

abundance of comorbidities such as coronary artery disease, hyper-

tension and diabetes in industrialized nations. Over 320 million

people in Westernized nations will be affected by 2025, more than

double the prevalence seen 15 years ago, indicating a growing need

to reevaluate ED therapeutic strategies.2 Over the past four decades,

the treatment of ED has evolved rapidly and is still changing with new

discovery. Before the 1970s, psychotherapy was the primary means of

treatment and undoubtedly was limited in its success. During the

1970s, penile prostheses combined with psychotherapy remained pop-

ular but relatively inaccessible. The 1980s was dominated by intraca-

vernous injection (ICI) and followed by intraurethral therapy in the

mid-1990s. Despite this transition towards non-surgical management,

available treatment modalities were not patient-friendly. The intro-

duction of oral phosphodiesterase-5 inhibitors (PDE5Is) in the late

1990s and early 2000s revolutionized the field of sexual medicine and

PDE5Is are currently first-line monotherapy.1

Unfortunately, effective treatment of complex ED still stands to be

improved despite the convenience of oral therapy. Some patients con-

tinue to have medical contraindications to PDE5I therapy such as

concurrent nitrate use. Others cannot tolerate its bothersome side

effects including headaches, dizziness, and vision and hearing changes.

Furthermore, 11%–44% of patients will be therapeutic non-respon-

ders to PDE5I monotherapy.3 For this patient subset, second-line

treatments such as the vacuum erection device (VED), intraurethral

vasoactive prostanoids and ICI can be offered. The addition of adre-

noreceptor antagonists, centrally acting dopamine agonists, androgen

replacement therapy, and other experimental drugs also provide phy-

sicians a vast assortment of modalities to implement before consider-

ing surgical intervention. Despite these advances, satisfactory ED

treatment still continues to be a clinically challenging entity.

Combination therapy has recently gained widespread acceptance for

more refractory and complex cases of ED. It is important to critically

evaluate the current combination therapies based on the clinic evi-

dences before endorsement. Our review will focus on the available

combination therapies for ED after PDE5I monotherapy failure.

ARTICLES’ SEARCH METHODS

A thorough PubMed and Cochrane Library search was conducted on

combination therapies for ED. Journal articles spanning the time per-

iod between January 1990 and December 2010 were reviewed.

Inclusion criteria were articles evaluating combination therapy for

men refractory to PDE5I monotherapy. The majority of combinations

involved the use of PDE5I, but other combinations were also included
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in the review. Literary searches were restricted to the English language

and included combinations of the following terms: erectile dysfunc-

tion, combination therapy, PDE5I, VED, ICI, intraurethral alprosta-

dil, medicated urethral system for erections (MUSE), androgen

supplementation, penile prosthesis implantation and psychosocial

treatment. All pertinent review articles, randomized controlled trials,

cohort studies and retrospective analyses were included. References

from retrieved articles were also manually scanned for additional rel-

evant publications.

RESULTS

The published combination therapies include PDE5I plus VED,

intraurethral medication, ICI, androgen supplement, a-blocker, other

medications or miscellaneous combinations (not involving PDE5I).

Due to the heterogeneous assortment of current combination therapies

and significant individual study limitations, the meta-analysis of the

data was not possible. The results of current combination treatment

data is therefore presented as a systematic review in no significant order.

PDE5I plus VED

The VED utilizes negative pressure to engorge the corpora cavernosa

sinusoids with increased blood flow and can maintain penile rigidity

via a constriction band.4 It is considered a second-line treatment for

patients where PDE5Is are either contraindicated or ineffective. The

VED is also very useful in the subset of men with prostate cancer who

have undergone radical prostatectomy or pelvic radiation therapy.

Recent animal studies suggest that the VED works regardless of pelvic

neuropraxia from surgical manipulation and is tantamount to post-

prostatectomy penile rehabilitation by reducing hypoxia and corpor-

eal fibrosis.5,6

Recently, the VED has been shown to have synergistic effects

when used in conjunction with PDE5Is (Table 1). In a randomized-

controlled study by Chen et al.,7 161 patients with ED were rando-

mized to take either sildenafil or use a VED for a period of 2 months.

Forty-one men were unhappy with monotherapy, and formed a

selected combination cohort using both VED and sildenafil before

sexual intercourse. Comparing pre- and post-treatment international

index of erectile function (IIEF) scores, a significant increase in only

the erectile function domain for both PDE5I and VED monotherapy

arms was established. The men in the combination group, however,

had significantly increased scores in all five domains of the IIEF ques-

tionnaire (erectile function, intercourse satisfaction, orgasmic func-

tion, sexual desire and overall satisfaction). Interestingly, the average

age of patients in the combination arm was significantly younger than

that of both groups unsatisfied with monotherapy. This could possibly

indicate that younger men were more open to pursuing combinations

to achieve a strong erection and less likely to compromise on the

quality and efficacy of their ED treatment. This also indicates a sys-

tematic difference in these combination men which likely biases the

results.

A study conducted by Raina et al.8 assessed 74 patients who had

undergone radical prostatectomy for prostate cancer. This cohort was

instructed to use the VED three times weekly for a total of 9 months

beginning 4 weeks after surgery. Thirty-one out of 74 (42%) patients

were unsatisfied with this monotherapy and were offered 100 mg of

sildenafil to be taken before using the VED for intercourse. Twenty-

four of these 31 (77%) patients subsequently improved in the follow-

ing domains: perceived rigidity, patient/spousal sexual satisfaction,

successful penetration rate, overall IIEF score and return of nocturnal

erection. Canguven et al.9 reported a case series of 69 patients who

Table 1 Phosphodiesterase-5 inhibitors (PDE5Is) plus vacuum erection device (VED)

Author (year) Study

design

No. of

patients

Follow-up Evaluation

questionnaire

Results Evidence level

PDE5I VED Combination

Chen et al. (2004)7 Cohort 41 2 months IIEF Erectile function 15.762.3 17.161.9 27.461.4* IIb

Intercourse satisfaction 7.862.3 8.161.7 11.561.4*

Orgasmic function 5.262.7 5.662.5 6.261.9*

Sexual desire 6.661.7 6.661.5 7.560.8*

Overall satisfaction 5.661.5 5.761.1 8.861.0*

Raina et al. (2005)8 Cohort 31 4.5 months,

with at

least five

attempts

IIEF Successful penetration rate (%) 52 70 IV

VAS Patient rigidity score (0–100) 55 76

Partner rigidity score (0–100) 59 82

Spousal satisfaction (%) 55 64

Total IIEF-5 score 14.565.7 18.568.2

Return of nocturnal

erections (%)

0 29 (7/24)

Comments:

77% (24/31) of patients reported

improvement in penile rigidity and

sexual satisfaction.

Canguven et al. (2009)9 Case

series

69 4 weeks IIEF 9.065.7 17.667.2* IV

SEP
GPAS Comments:

With the combination therapy, 79% (27/

34), 70% (50/35) and 74% (31/42) of

patients responded ‘‘yes’’ to SEP-2 and

SEP-3 and improvement to GPAS,

respectively.

Abbreviations: GPAS, global patient and assessment scale; IIEF, international index of erectile function; SEP, sexual encounter profile; VAS, visual analog scale to gauge rigidity.

*P,0.001, compared with each monotherapy.
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failed standard PDE5I therapy. The patients were then treated with

VED and PDE5I for 4 weeks and the clinical efficacy of combination

therapy was evaluated using IIEF, sexual encounter profile (SEP)-2,

SEP-3 and the global patient assessment scale (GPAS). With the com-

bination therapy, 79% and 70% of patients responded ‘yes’ to SEP-2

and SEP-3, respectively, 74% of patients reported improvement on

GPAS, and the IIEF was also significantly improved.

According to the Oxford Centre of Evidence-based Medicine’s

‘Levels of Evidence’,10 there appears to be levels 2 and 4 evidence

supporting higher patient satisfaction with combination PDE5I and

VED. The VED clearly has an important role in combination therapy

and can safely be used with few side effects or complications. In addi-

tion, it is a durable, reusable device that is relatively cost-effective.

However, quality trials in multicenter settings with randomized con-

trols and long-term follow-up are still in need.

PDE5I plus intraurethral alprostadil

Several articles in the past decade have investigated the combination of

PDE5I and intraurethral alprostadil (or prostaglandin E1 (PGE1)),

otherwise known as MUSE (Table 2). These two drugs act on different

cavernosal pathways. PDE5I indirectly relaxes corporal smooth muscle

via inhibiting the enzymatic breakdown of cyclic guanosine monopho-

sphate by PDE5 and requires endogenous nitric oxide (NO). MUSE

directly relaxes trabecular smooth muscle tissue via e-prostanoid recep-

tors leading to an increase in cyclic adenosine monophosphate.

Combining MUSE and PDE5I theoretically allows for therapeutic syn-

ergy via activating separate but interrelated pathways. Moreover, pre-

clinical evidence shows that combination therapy can induce crosstalk

between both pathways further potentiating treatment efficacy.11

Mydlo et al.12 presented data on a group of 120 men who individu-

ally failed both sildenafil and intraurethral alprostadil monotherapy.

Combination therapy was initiated and efficacy was measured subjec-

tively via the IIEF questionnaire. The erectile function domain with

the use of combination therapy was significantly higher than that

obtained with sildenafil and MUSE monotherapies. Combination

therapy was safe with no patients dropping out secondary to side

effects. Interestingly, the discontinuation rate of community clinic

patients was approximately three times higher than private clinic

patients. This perhaps points to additional variables involved in thera-

peutic compliance such as education level, socioeconomic status,

medication costs and other psychosocial factors. In a case series of

28 patients, Nehra et al.13 achieved a 100% rate of erections deemed

sufficient for penetration with combination treatment after patients

failed sildenafil and/or alprostadil monotherapy. Using this regimen,

no patients desired a transition to more invasive treatments such as ICI

or penile prosthesis implantation. Eight of 28 patients decreased their

sildenafil dose from 100 to 50 mg with no change in erectile function.

Impressively, a 100% compliance rate to combination therapy was

obtained at an average 30-month follow-up indicating the importance

of good communication between physicians and patients to improve

the success of treatment. This also reflects the selective nature of ret-

rospective analysis. Another study replicated the abovementioned

findings in the context of men undergoing bilateral nerve-sparing

radical prostatectomy. Twenty-three men switched to combined ther-

apy after PDE5I failure with an 83% response rate based on analysis of

pre- and post-treatment IIEF-5 and 38% of patients reported

increased visual analog scale scores.14

Based on the available retrospective case series, combination ther-

apy with PDE5I and intraurethral alprostadil appears to be effective

after monotherapy failure. The adverse effects (such as headache,

dyspepsia, urethral burning, etc.) associated with this combination

therapy are about the same as those seen with PDE5I or MUSE mono-

therapy. The success of this combination appears dependent upon the

good communication between physician and patient in this moti-

vated, selected group to ensure compliance and avoid unnecessary

drop-out rates. Limitations to this therapeutic combination include

lack of randomized controlled trials as well as overall drug cost.

PDE5I plus ICI

Triple-therapy ICI (usually with alprostadil, phentolamine and papa-

verine) functions by inducing an erection via the following cavernosal

smooth muscle biochemical pathways: (i) elevation of the second

messenger cyclic adenosine monophosphate via alprostadil; (ii)

non-selective inhibition of phosphodiesterases by papaverine; and

Table 2 Phosphodiesterase-5 inhibitors (PDE5Is) plus intraurethral alprostadil

Author (year) Study design No. of patients Follow-up Evaluation

questionnaire

Results Evidence level

Sildenafil Alprostadil Combination

IVMydlo et al.

(2000)12

Case series 120 18 months IIEF-EF 19.861.8 15.261.6 24.162.0*

Comments:

1. All 120 patients failed both monotherapies.

2. High discontinuation rate (7.6%–27.0%) depending

on the clinical setting of the patient.

Nehra et al.

(2002)13

Case series 28 30 months GAQ Comments:

1. All 28 patients failed either sildenafil and/or alprostadil

monotherapy.

2. 100% improvement on GAQ in combination arm from 0% in

monotherapy.

3. 100% compliance rate to combination therapy at 30 months.

IV

Raina et al.

(2005)14

Case series 23 at least four

attempts

IIEF 13.265.8 18.665.2 IV

VAS Comments:

1. All patients had NSRP.

2. 83% (19/23) report improvement of erectile function.

3. 38% increase on VAS with combination.

Abbreviations: GAQ, global assessment question; IIEF, international index of erectile function; NSRP, nerve-sparing radical prostatectomy; VAS, visual analog scale to gauge rigidity.

*P,0.001, compared with each monotherapy.
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(iii) a-adrenergic receptor antagonism by phentolamine.15 Alter-

natively, sildenafil acts upon the NO/cyclic guanosine monopho-

sphate pathway. It is plausible that triple-agent ICI pathways in

combination with PDE5Is can act synergistically through different

mechanisms of action.

Two studies are available that use ICI in combination with PDE5I

for therapy (Table 3). McMahon et al.16 reported a case series includ-

ing 93 patients with chronic ED who failed ICI therapy. ICI was dis-

continued, and salvage sildenafil was offered and found to be effective

with increased IIEF questions 3 and 4 scores in roughly one-third

(34%) of these non-responders. The remaining non-responders

switched to a combination of ICI triple-therapy plus a PDE5I.

Forty-eight percent of patients positively responded to the dual ther-

apy with increased IIEF questions 3 and 4 scores. Despite favorable

results for salvage combination, ICI plus sildenafil caused an increase

in the number of adverse effects per patient in comparison to the

monotherapy groups. The authors concluded that caution should be

used in patients receiving ICI/PDE5I combinations and blood pres-

sure challenge studies could be helpful in selecting the ideal ICI/PDE5I

combination therapy patients. However, ICI acts locally and should

not affect systemic blood pressure for the given dosage. The somewhat

increased systemic adverse effects (dizziness and syncope) in combina-

tion group compared to PDE5I monotherapy (no statistical analysis

performed) cannot be simply explained by additional ICI.

In a prospective case series, 22 patients after radical prostatectomy

were started on early combination of sildenafil and ICI (either with

alprostadil only or with triple agents) upon hospital discharge.17 At an

average 6-month follow-up, patients on combination therapy had

significantly better IIEF scores compared to monotherapy either with

sildenafil or ICI. Also, the authors believed that the combination

treatment allowed for a lower dose of ICI to minimize penile discom-

fort from injection, particularly with alprostadil.

Physiological evidence exists for the use of combination sildenafil

and ICI therapy. Park et al.18 demonstrated the benefit of combination

sildenafil and triple-agent ICI for pharmacological erection testing

with color Doppler ultrasonography. They found that the best results

obtained regarding hemodynamic changes were seen in the combina-

tion arm; furthermore, cyclic guanosine monophosphate and cyclic

adenosine monophosphate production from the cavernosum were the

highest with the use of sildenafil plus triple-agent ICI when compared

with single-agent ICI, triple-agent ICI or sildenafil plus single-agent

ICI.

ICI is highly effective for treatment of ED. Its role as combination

modality with PDE5I, however, has yet to be defined for refractory

cases. Clinically, the combination of PDE5I and ICI may require addi-

tional attention for dose optimization and management of side effects.

The risk of prolonged erection or even priapism may be increased with

combination PDE5I and ICI, though available studies with this com-

bination therapy did not show or emphasize this concern. It is also

difficult to make dosage adjustments for patients using combination

therapy. Therefore, in addition to developing a well-designed clinical

trial, future studies should focus on optimizing dosing to avoid local

and systemic adverse events.

PDE5I plus androgen supplementation

Early paradigms linked low to low-normal levels of androgens

with a decrease in sexual libido. In the 1990s, animal and human

studies showed that androgens not only worked centrally, but also

played a direct role in peripheral physiological erections via

effects on the corpora cavernosa. In rats, castration caused

decreased nitric oxide synthase activity and dampened erectile

function to pelvic nerve stimulation.19 Further studies on humans

have associated low free testosterone levels with impaired cavern-

ous vasodilation.20

ED and hypogonadism are two disease processes often found con-

currently in the clinic setting. This subset of patients can be unrespon-

sive to PDE5I monotherapy. It is reasonable to postulate that the

addition of androgen supplementation to PDE5I use would enhance

Table 3 Phosphodiesterase-5 inhibitors (PDE5Is) plus intracavernous injection (ICI)

Author (year) Study

design

No. of

patients

Follow-up Evaluation

questionnaire

Results Evidence

level

PDE5I ICI Combination

McMahon et al.

(1999)16

Case series 93 Every 4 weeks for

3.5 months

IIEF Q3 score 3.1 2.3 3.3 IV

Q4 score 2.4 1.9 3.1

Comments:

1. All 93 patients were ICI failure.

2. 34% (32/93) patients achieved erections sufficient

for intercourse with salvage sildenafil.

3. 48% (29/61) responded to combined therapy

(sildenafil and ICI) with erections sufficient for

intercourse.

4. Overall, 66% (61/93) ICI failures responded to

salvage sildenafil monotherapy or combined

therapy.

5. Side effects: 31% for ICI, 37% for salvage Sildenafil

and 49% with combination therapy.

Nandipati et al.

(2006)17

Case series 22 6 months IIEF 10.561.8 19.462.4* 22.160.3** IV

CDU Comments:

1. 42.9% (9/21) require combination therapy after

RP.

2. Early combination therapy with sildenafil allowed a

lower dose of ICI.

Abbreviations: CDU, color doppler ultrasonography; IIEF, international index of erectile function; RP, radical prostatectomy.

*P,0.05, compared with PDE5I monotherapy. **P,0.05, compared with two monotherapies.
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sexual activity in hypogonadal men with ED. Indeed, there are clinical

trials using the combination of PDE5I with androgen supplementa-

tion as summarized in Table 4.

Aversa et al.20 conducted a small prospective randomized trial in

patients with arteriogenic ED and total and free testosterone levels in

the lower quartile of normal range who failed sildenafil monotherapy.

These patients were treated with either placebo plus PDE5I or testoster-

one supplement plus PDE5I. After 1 month of treatment, combination

users had significant increases in arterial inflow as measured by Doppler

Ultrasound as well as in IIEF score. Shabsigh et al.21 randomized 75

hypogonadal men unresponsive to sildenafil monotherapy into daily

placebo or 1% testosterone gel (T-Gel) in combination with sildenafil.

Seventy patients completed the study for final analysis. In as early as 4

weeks, the PDE5I plus T-Gel group had twice as many responders as the

placebo group, although this difference lost significance over time.

A case series by Greenstein et al.22 reported that 17 of 49 hypogonadal

patients who had failed testosterone monotherapy had significant

improvement of their erectile function using IIEF questionnaire mea-

surements after combination with sildenafil. All 49 men answered ‘yes’

to being satisfied with their erections with combined therapy using the

global assessment question (GAQ). In another case series, 24 hypogo-

nadal sildenafil non-responders were given 4 weeks of T-Gel followed

by the addition of a PDE5I for 12 weeks. Ninety-two percent of men

reported an increase in erectile quality score, although the study lacked

a control group and failed to use a validated questionnaire.23 Yassin

et al.24 conducted a randomized uncontrolled study in 69 hypogonadal

tadalafil non-responders and concluded that androgen supplementa-

tion alone was sufficient in increasing erectile function as monotherapy

in these patients. However, adding PDE5I again potentiated the erectile

function domain scores with additive effect. The authors also discov-

ered that a period of at least 4 weeks of androgen supplementation

might be necessary to obtain a benefit when combining treatment

modalities.

Overall, these studies did not identify any additional adverse

effects to discourage combined treatment. However, caution should

be taken regarding potential infertility caused by long-term exogen-

ous androgen replacement in young men. Also, the quality of these

trials is questionable due to study limitations, short follow-up per-

iods and small patient numbers. The mechanism of additional

androgen replacement to PDE5I in the treatment of ED in patients

with low or low–normal testosterone is not clear since decreased

testosterone affects libido more than it affects the erection unless

patients have a castrated level of androgen. Currently there is not

sufficient evidence to support routine use of androgen supple-

mentation plus PDE5I for patients with low to low–normal tes-

tosterone levels and ED.

PDE5I plus a-adrenergic receptor antagonist

Male sexual dysfunction and lower urinary tract symptoms

(LUTS) are both highly prevalent in the aging, Westernized male

Table 4 Phosphodiesterase-5 inhibitors (PDE5Is) and androgen supplementation

Author (year) Study

design

No. of

patients

Follow-up Evaluation

questionnaire

Results Evidence

level

Aversa et al.

(2003)20

RCT 20 1 month IIEF 1. All patients were sildenafil failure (100 mg six consecutive attempts)

with low-normal T (12.862.1 nmol) and free T (260618 pmol).

2. Transdermal (5 mg) or placebo patches (daily) and 100 mg Viagra on

demand for 1 month with sexual activity at least twice weekly.

3. Significant improvements of IIEF (21.862.1 versus 14.461.4,

P,0.05) and arterial flow by penile Doppler study were seen

in combination groups.

II

Shabsigh et al.

(2004)21

RCT 75 12 weeks IIEF 1. All patients were sildenafil failure (IIEF Q3 and Q4f2 and 3)

with Tf400 mg dl21.

2. 1% T-Gel or 5 mg placebo gel as adjunctive therapy to 100 mg

Sildenafil for 12 weeks.

3. Combination arm had statistically significant erectile function

domain increase at 4 weeks but lost statistical significance thereafter.

I

Greenstein et al.

(2005)22

Case

series

49 6 months IIEF; GAQ 1. All patients had total T,400 mg dl21 and were treated with

T-Gel for 6 months.

2. 31/49 had improved EF scores (from 13.661.9 to 27.060.8)

and GAQ improvement.

3. 17/49 had EF scores ,26 who were treated with combination of

T-Gel and sildenafil and the EF scores became normal and GAQ improved.

IV

Rosenthal et al.

(2006)23

Case

series

24 16 weeks Custom-made

erectile scale

(1–5)

1. All 24 patients were sildenafil failure (100 mg at least three

attempts in 3 months) with T,400 mg dl21.

2. 1% T-Gel for 4 weeks, then sildenafil was added on

demand and evaluated at week 16.

3. 92% (22/24) of patients reported improved potency capable of

penetration with erection quality score of 4 or greater.

IV

Yassin et al.

(2006)24

RCT 69 10 weeks IIEF 1. All patients were tadalafil failure (poor EF score and persistent

dissatisfaction) with Tf3.4 ng ml21.

2. Testogel started for 10 weeks with tadalafil restart at 4 weeks

(20 mg twice/week) in one group.

3. IIEF was improved in both T monotherapy and combination groups,

but greater improvement in combination.

II

Abbreviations: EF, erectile function; GAQ, global assessment question; IIEF, international index of erectile function; RCT, randomized controlled trial; RT, randomized trial;

T, testosterone.
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population.25 Anecdotal evidence based on clinical practice has

indicated that treatment of LUTS with a-adrenergic receptor

antagonists also provides ED symptom improvement; alterna-

tively, ED treatment with PDE5Is may partially relieve symptoms

of benign prostatic hyperplasia (BPH). The perceived connection

between both disease processes and their respective treatment

modalities has been validated in the literature.26

Experimental animal models have directly linked a-adrenergic

receptor antagonists to relaxation of cavernosal smooth muscle.27,28

Researchers also have found that a-adrenergic receptor antagonists

potentiates corporal vasodilators dependent on cyclic nucleotide

second-messengers.28 Applying these findings to human models, Oger

et al.29 used cavernosal and prostatic tissue specimens from patients

who underwent penile or prostatic surgery and demonstrated that

combining sildenafil with doxazosin in tissue baths significantly

increased overall tissue relaxation. This discovery has been the impetus

for several randomized studies attempting to demonstrate the efficacy

and safety of combining PDE5Is with a-adrenergic receptor antago-

nists to treat complex ED (Table 5).

de Rose et al.30 randomized 28 sildenafil non-responders to either

the combination sildenafil plus doxazosin experimental group or the

sildenafil plus placebo control group. The combination arm had a

significantly higher mean IIEF score post-treatment in comparison

with the placebo group. Another pilot study31 examined 62 men with

both LUTS and ED and randomized them into three groups: sildenafil

monotherapy, alfuzosin monotherapy or combination therapy with

sildenafil plus alfuzosin. After a 12-week period, relative IIEF score

increases were greatest in the combination arm (58.6% improvement)

versus either monotherapy group (16.7% for alfuzosin and 49.7% for

sildenafil). Also, relative international prostate symptom scores (IPSS)

were the lowest in the combination arm (a 24% decrease from base-

line), which supports other clinical studies showing sildenafil’s inde-

pendent positive effect on IPSS reduction in men with benign prostatic

hyperplasia.32,33 Liguori et al.34 examined tadalafil and alfuzosin in 66

men with LUTS and ED. As seen in earlier studies, combination

therapy again showed benefits in comparison to monotherapy in treat-

ing both of these disease processes.

The efficacy in the literature of combining PDE5Is with a-adrener-

gic receptor antagonists suggests a synergistic method of treating ED

refractory to monotherapy. More specifically, these initial pilot studies

indicate that combining these two treatment modalities is ideally sui-

ted and most efficacious in men with concurrent ED and LUTS.

However, some degree of caution is advised with using PDE5I in

conjunction with a-adrenergic receptor antagonists to avoid any

adverse hemodynamic effect.26

PDE5I plus other medications

In the last decade, researchers have introduced many novel therapies

combined with PDE5I that could help modify current clinical practice.

Listed in Table 6 is a summary of the preliminary findings involving

the newest medical combination treatments with PDE5I.

PDE5I monotherapy is often less efficacious in diabetics.35,36

Gentile et al.37 were the first to administer propionyl-L-carnitine

(PLC), a naturally occurring substance in mammalian energy meta-

bolism, to patients with both ED and diabetes. Men randomized to the

PDE5I/PLC combination group scored significantly higher on the

IIEF questionnaire and had more positive responses to the global

efficacy question (GEQ: has treatment improved your erection?). A

follow-up study showed significantly higher IIEF scores in men using

combination PDE5I plus PLC and acetyl-L-carnitine when compared

with PDE5I monotherapy in patients undergoing bilateral nerve-

sparing radical prostatectomy for prostate cancer.38 It is currently

thought that both PLC and acetyl-L-carnitine function as antifibrotic

and antioxidative compounds.

A pilot study by Herrmann et al.39 focused on men with both ED

and coronary artery disease and found that combination therapy with

PDE5I and atorvastatin (a statin to decrease blood cholesterol levels by

inhibiting the liver enzyme HMG Co-A reductase) yielded signifi-

cantly higher IIEF scores in comparison with the placebo arm. PT-

141, a melanocortin analog, has been used in several phases I and II

trials and may help treat ED by acting upstream on the NO pathway.40

Its intranasal administration along with simultaneous PDE5I use

demonstrated a statistically significant increased erectile response as

documented by RigiScan when compared with placebo groups.41 A

pilot study combining trazodone (a non-tricyclic antidepressant) and

sildenafil has yielded promising results in PDE5I monotherapy non-

responders; however, study limitations include small sample size and

lack of a control group.42 Pentoxifylline, a methylxanthine derivative

used in peripheral arterial disease, now believed to have an antifibrotic

effect, has been effectively combined with PDE5I to significantly

Table 5 Phosphodiesterase-5 inhibitors (PDE5Is) plus a-adrenergic receptor antagonists

Author (year) Study

design

No. of

Patients

Follow-up Evaluation

Questionnaire

Results Evidence level

Sildenafil Combination

de Rose et al. (2002)30 RCT 28 60 days IIEF 13.564.1 20.8663.2* II

Comments:

1. All 28 patients were sildenafil failure.

2. 78.6% (11/14) patients with doxazosin daily and

sildenafil on demand showed a significant IIEF

increase compared to sildenafil on demand only group.

Alfuzosin PDE5I Combination

Kaplan et al. (2007)31 RCT 62 12 weeks IIEF-EF,

IPSS

20.365.2 21.465.7 25.764.9 II

14.663.7 14.964.2 13.564.2

Liguori et al. (2009)34 RCT 66 12 weeks IIEF-EF,

IPSS

16.064.6 18.864.8 19.964.8 II

10.563.6 12.565.6 9.064.0

Comments:

The greatest improvements of IIEF-EF and IPSS are observed

with the combination therapy compared to the baseline.

Abbreviations: IIEF-EF, international index of erectile function-erectile function; IPSS, international prostate symptom score.

*P,0.001, compared with sildenafil monotherapy.
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increase IIEF scores when compared to PDE5I monotherapy.43 A

small study of PDE5I non-responders were given at least 1 month of

a-tocopherol (vitamin E, an important antioxidant that neutralizes

free radicals in the body) combined with sildenafil. The sample size

was small, but favorable subjective change was noted in eight of nine

patients.44

Miscellaneous combinations

For completeness of the review, the following miscellaneous ED com-

bination treatments are found in the literature:

. Lebret et al.45 combined yohimbine (an alkaloid that possesses

adrenergic-antagonism properties) with L-arginine in a three-

way crossover randomized controlled trial and found that the

combination group had significant increases in IIEF erectile

domain scores and was most effective in mild to moderate ED cases

with baseline sexual health inventory for men scores of greater than

or equal to 14. It is proposed that this combination takes advantage

of the synergistic mechanisms between L-arginine and yohimbine:

increased NO availability via increased upstream precursors versus

peripheral action via alpha-2 adrenoreceptor blockade and

increased NO release from penile nerves, respectively.
. In patients with ED from cavernosometry-proven veno-occlusive

dysfunction, 93.8% of patients receiving combination therapy,

consisting of penile venous stripping surgery plus postoperative

sildenafil, were satisfied with their improvement postoperatively;

the control group was simply re-introduced to sildenafil mono-

therapy and only 12.7% of patients perceived satisfactory erectile

function.46 This study lacked a true placebo treatment to combine

with sildenafil in the control group, and also lacked much-needed

objective data of comparing pre- and postoperative erection

improvement.
. Perimenis et al.47 investigated the concurrent effects of ED and

obstructive sleep apnea. Forty patients with these dual comorbid-

ities were randomized to combination continuous positive airway

pressure plus PDE5I versus continuous positive airway pressure

alone. The combination arm had a significantly higher successful

intercourse rate compared with continuous positive airway pres-

sure monotherapy and PDE5I monotherapy.

. Two recent studies have combined sildenafil plus psychosocial

treatments in the form of sex therapy. Results show at least a partial

response to the combined treatment in regards to erectile function

and overall sexual satisfaction.48,49

. John et al.50 conducted the only known objective study of combina-

tion therapy with intraurethral PGE1 plus VED. A cohort of 19

patients with ED underwent measurements of penile length and

diameter while flaccid, following use of VED, and finally after com-

bination with PGE1. Mean increases in diameter and length with

VED monotherapy were 4 and 26 mm, respectively. Twenty micro-

grams of liquid PGE1 instilled intraurethrally before VED use resulted

in mean increases of 7 and 36 mm, respectively. Both mean measure-

ment increases by combination therapy were statistically significant,

giving rare objective evidence of ED combination therapy efficacy.
. An early study in 1988 identified the complementary benefit of ICI

and VED by measuring patient’s penile buckling pressure, a mea-

surement of penile rigidity. Twenty-one of 22 men who originally

had a low buckling pressure after ICI improved their erection para-

meters with the immediate addition of VED.51 Chen et al.52 found

similar results in a cohort of 10 men that were non-responders to

both ICI and VED monotherapy. This group combined ICI with

VED and achieved statistically significant mean increases in length,

circumference and buckling pressure as compared with monother-

apy. VED plus ICI, although often described as cumbersome,

appears to be an effective non-surgical ED solution.
. Failing first- and second-line therapies for ED are indications for

implantation of a penile prosthesis. Inflatable penile prostheses

(IPPs) carry the highest patient and partner satisfaction rates of all

ED treatment modalities. A large, multicenter trial documented a

maintained mechanical function rate of 82.5% at median follow-up

of 4 years and 87.1% of men had erections satisfactory for sexual

intercourse at a mean of 84.9 months.53 Despite the ease of achieving

a strong erection, disadvantages to IPPs include a lack of mechanical

glans engorgement. This can lead to dissatisfaction due to a partially

flaccid or ‘cold penis’. Early reports of combined intraurethral

alprostadil with IPP showed promise for increased glans tumescence

and even subjective penile girth increases. There was a high dropout

rate, however, due to penile pain from intraurethral therapy.54,55

With ED treatment success rates higher for PDE5I compared with

Table 6 Phosphodiesterase-5 inhibitors (PDE5Is) and other medications

Author (year) Study

design

No. of

patients

Follow-up Evaluation

questionnaire

Combination modality Results Evidence

level

Gentile et al.

(2004)37

RCT 40 24 weeks IIEF Sildenafil/PLG Statistically significant increase

of IIEF in combination group

II

Cavallini et al.

(2005)38

RCT 96 4 months IIEF Sildenafil/PLG1ALC Statistically significant increase

in IIEF scores in combination arm

II

Herrmann et al.

(2005)39

RCT 12 12 weeks IIEF Sildenafil/atorvastatin Statistically significant increase

in mean IIEF in combination arm

II

Diamond et al.

(2005)41

RCT 19 6 hours

post-dose

RigiScan Sildenafil/PT-141 Statistically significant increase in erectile

response in combination arm

II

Taneja et al.

(2007)42

Case series 18 2 weeks EDIS Sildenafil/trazodone 66.7% of patients had considerable EDIS

increase with addition of trazodone

IV

Osdal et al.

(2008)43

Case series 68 8 weeks IIEF Sildenafil/pentoxifylline Statistically significant increase in mean

IIEF score in combination compared

with sildenafil monotherapy

IV

Kondoh et al.

(2008)44

Case series 9 ,1 month IIEF PDE5Is/vitamin E Increased IIEF score with

combination arm

IV

Abbreviations: ALC, acetyl-L-carnitine; EDIS, erectile dysfunction intensity scale; IIEF, international index of erectile function; PLG, propionyl-L-carnitine; PT-141,

melanotan-II metabolite.
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intraurethral PGE1, Mulhall et al.56 investigated the PDE5I/IPP

combination. Thirty-two patients were given combination therapy

and all patients reported some degree of glans engorgement.

Additionally, all four IIEF satisfaction domain questions carried

significantly higher scores in the combination group. Although this

study had no objective criteria for glans engorgement, significant

increases in patient satisfaction in the combination arm suggest a

benefit of PDE5I/IPP therapy in men complaining of a flaccid glans

penis with IPP monotherapy. An earlier, smaller study comprising

of 12 men with IPP who were offered sildenafil had similar results.57

. Soderdahl et al.58 published the only known article discussing the

combination of penile prosthesis with the VED. Twelve patients

who had undergone implantation of a penile prosthesis tried con-

comitant VED therapy. A follow-up telephone survey collected

patient opinions regarding efficacy, satisfaction and side effects.

All patients reported increased rigidity and satisfaction, and 11

of 12 noticed improved length and girth. Combination therapy

was deemed safe for the group regardless of using a semirigid or

inflatable prosthesis. This small survey, although subjective and

retrospective, identifies an additional option either for patients

unsatisfied with the quality of erection with prosthesis, or for those

who are awaiting prosthesis revision secondary to malfunction.

The abovementioned studies represent hypothesis generating

results regarding new treatment combinations. It is important to note

that the collected data are far from complete, and continued research

efforts will help shed light on safe and useful combinations for com-

plex ED patients who fail first-line monotherapy.

CONCLUSION

The efficacy of combination therapy appears encouraging at this time

and likely represents the foundation for difficult-to-treat ED now and

in the near future. In the recent past, PDE5I non-responders had few

alternative non-surgical options for their ED management. Based on a

review of the literature, second-line ED treatment algorithms must

now be modified to include the option of implementing several

encouraging combination treatments shown to be quite efficacious

in preliminary testing. The combination therapy choice appears to

be logical based on the etiology, such as in patients with ED associated

with LUTS, hypogonadism, depression and sleep apnea. Caution must

be advised, however, as the majority of combination therapy studies in

the last decade have numerous limitations which introduce bias and

lower the quality of the evidence. Regardless of limitations, present

combination therapy findings provide a solid foundation for future

studies in complex ED management.
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