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Background: Nerve-sparing radical prostatectomy (NSRP) had to be performed because approximately 
94% of patients are diagnosed with localized prostate cancer (PCa). Although NSRP is generally done 
to improve functional outcomes, erectile dysfunction (ED) is one of the most prevailing complications 
after radical prostatectomy (RP). Phosphodiesterase type 5 inhibitors (PDE5-Is) are the most well-known 
treatment agent for postoperative ED. This study aimed to assess the efficacy of PDE5-Is in patients with 
ED after NSRP.
Methods: In this systematic literature review, randomized controlled trials on the efficacy and safety of 
PDE5-Is in patients who underwent NSRP were searched in MEDLINE, EMBASE, and the Cochrane 
Controlled Trials Register using the OVID platform. This study was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses and Cochrane Review Methods. 
The quality of the evidence of the outcome data was evaluated using the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) approach.
Results: A total of 14 trials involving 2,822 patients were included. Significant improvements in the 
International Index of Erectile Function—Erectile Function (IIEF) domain score [mean difference 
(MD) =4.93; 95% confidence interval (CI): 4.14–5.71; P<0.00001] and erectile function recovery 
events [odds ratio (OR) =2.06; 95% CI: 1.45–2.94; P<0.0001] were observed after PDE5-I treatment. A 
higher positive response to Sexual Encounter Profile (SEP) question 2 (OR =2.27; 95% CI: 1.80–2.86; 
P<0.00001) and question 3 (OR =2.78; 95% CI: 1.97–3.91; P<0.00001) was also found after PDE5-I 
treatment. However, the incidence of treatment-emergent adverse events (TEAEs) was higher after 
PDE5-I treatment than after placebo treatment (OR =2.91; 95% CI: 1.84–4.61). Furthermore, the 
incidence of headache (OR =3.38; 95% CI: 2.40–4.75) and flushing (OR =9.44; 95% CI: 4.30–20.70) was 
also significantly higher after PDE5-I treatment (P<0.00001). In terms of the quality of the evidence of 
the outcome data, inconsistency problems were detected in all outcomes and imprecision problems in 
most outcomes.
Discussion: PDE5-I treatment was more effective to placebo treatment in patients with ED after NSRP. 
No clinically serious complications were found in spite of the incidence of TEAEs being higher after PDE5-I 
treatment.
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Introduction

One in six men had been diagnosed with prostate cancer 
(PCa) in their lifetime, making PCa the most common 
type of cancer among men in Western countries (1,2). 
Approximately 94% of patients are diagnosed with 
localized PCa and thus need to undergo nerve-sparing 
radical prostatectomy (NSRP) (2,3). The number of radical 
prostatectomy (RP) operation has been rapidly increasing 
over years, and the age of patients seeking for this treatment 
has also increased correspondingly (4).

Despite the fact that NSRP is usually performed to 
promote the functional outcomes, such as erectile function, 
erectile dysfunction (ED) results frequently after the 
procedure. Postoperative ED has been reported in 15–18% 
of patients who undergo NSRP (5,6). It is a condition that 
can potentially take a toll on the patients’ everyday life (4). 
Therefore, if postoperative ED is less likely to occur, more 
patients will decide to receive NSRP (7). Various factors 
affect the development and severity of postoperative ED; 
these include patient age, preoperative potency, stage of the 
tumor, and surgeon’s experience (8-12). Postoperative ED 
can also cause vascular damage, neural injury, and smooth 
muscle damage (13,14).

The emergence of phosphodiesterase type 5 inhibitors 
(PDE5-Is) has innovated ED treatment with a success rate 
of approximately 60–70% (15,16). PDE5-Is are the most 
common treatment agent for postoperative ED. The efficacy 
and adverse effects of PDE5-Is have been reported; however, 
there is insufficient evidence to demonstrate the optimal use 
of PDE5-Is for penile rehabilitation. Several errors were 
found in meta-analyses and systematic reviews that have 
been performed to assess the efficacy and adverse effects of 
PDE5-Is (17-19). Therefore, we performed a systematic 
review and meta-analysis of randomized controlled 
trials to evaluate the efficacy and safety of PDE5-Is  
in patients with ED after NSRP. 

We present the following article in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) reporting checklist (available at 

https://tau.amegroups.com/article/view/10.21037/tau-21-
881/rc). 

Methods

We performed a systematic review to identify publications 
evaluating the efficacy and safety of PDE5-Is in patients 
with ED after NSRP. This systematic review and protocol 
was registered in PROSPERO database: CRD42020193371. 
There was no modifications to the protocol during the 
study process. This study was conducted in accordance 
with PRISMA and Meta-Analyses and Cochrane Review 
Methods (20).

Data and literature sources

We used the OVID platform to search for relevant 
literature in the following databases: EMBASE (from 
1974), OVID MEDLINE (R) 1946 up to the present 
(OVID platform), OVID MEDLINE (R) Daily and 
MEDLINE In-Process and Other Non-Indexed Citations, 
the Cochrane Controlled Trials Register (OVID platform), 
and the Cochrane Database of Systematic Reviews (OVID 
platform) from inauguration to July 2020. In addition, a 
literature search of the Web of Science was conducted to 
find all relevant studies. We also manually searched the 
World Health Organization International Clinical Trials 
Registry Platform and ClinicalTrials.gov for additional 
unpublished and published studies. The main keywords 
used were ED, nerve-sparing prostatectomy, PDE5-I, and 
randomized controlled trial.

Study selection

All searched studies were independently selected by two 
reviewers according to predefined selection criteria. When 
disagreements occurred on primary study selection, a 
third reviewer arbitrated them. The predefined selection 
criteria in our meta-analysis were as follows: (I) randomized 
controlled trial published in any international journal in 
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English language, (II) adult patients undergoing treatment 
with PDE5-Is for ED after nerve-sparing prostatectomy, 
(III) studies comparing the effects of PDE5-Is with those of 
placebo regardless of the treatment regimen, and (IV) the 
International Index of Erectile Function—Erectile Function 
(IIEF) domain score as the primary outcome, which 
was used for evaluating postoperative erectile function 
rehabilitation. In these studies, the number of patients who 
achieved erectile function recovery after PDE5-I treatment 
was also measured. The secondary outcomes were positive 
responses to Sexual Encounter Profile (SEP) questions 2  
and 3, which were included for additional assessment 
of postoperative erectile function rehabilitation and the 
incidence of adverse events after PDE5-I treatment. The 
outcome variables were mean differences (MDs) or the 
incidence of events between the groups at designated times.

Data extraction

The two reviewers independently extracted data through 
a prespecified data extraction form, and the third reviewer 
reviewed the extracted data. The following variables were 
extracted: (I) patient characteristics and number of patients, 
(II) means and standard deviations or incidence of events; 
(III) administration and dosage of detailed interventions; 
(IV) treatment time; and (V) incidence of adverse events 
after each intervention. When the abovementioned 
variables were not mentioned in the study, the data were 
requested via email.

Assessment of methodological quality

The risks of bias in the studies were independently 
estimated by two reviewers using the Cochrane risk of 
bias tool. This tool evaluates the quality of randomized 
controlled studies by reviewing the generation of random 
sequences, blinding of participants, assessment of outcomes, 
allocation concealment, incompleteness in outcome data, 
selective outcome reporting, and other possible sources of 
risk of bias.

Quality of evidence

The quality of the evidence of the outcome data was 
evaluated using the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) 
approach (20). The two reviewers independently evaluated 

the quality of each outcome. The five categories of GRADE 
quality assessment were limitations of design, inconsistency, 
indirectness, imprecision, and publication bias. “Summary 
of findings” tables were presented using a GRADE profiler 
(GRADEpro) and included the following outcomes: (I) 
IIEF domain score, (II) erectile function recovery event, 
(III) improvement in the response to SEP question 2, 
(IV) improvement in the response to SEP question 3, (V) 
incidence of treatment-emergent adverse events (TEAEs), 
(VI) incidence of headache, and (VII) incidence of flushing.

Statistical analysis

Continuous data were presented as MDs and 95% 
confidence intervals (CIs) and were analyzed using weighted 
MDs and the generic inverse variance method. Binary 
outcomes, such as the incidence of adverse events, were 
analyzed by comparing odds ratios (ORs) with 95% CIs. 
Heterogeneity between studies was evaluated using the  
χ2 test and I2statistics (21). I2values of >50% and P values of 
<0.10 in the χ2 test were regarded as statistically significant. 
When significant clinical or statistical heterogeneity was 
found, random-effects models were applied.

A subgroup analysis was conducted according to the 
regimen of PDE5-I treatment, such as daily use and on-
demand use. A sensitivity analysis was conducted to 
evaluate the influence of risk of bias on our estimates. 
When the study had 3 or more the unclear or high risk 
of bias, we excluded from analysis. All statistical analyses 
were performed using the Cochrane Collaboration Review 
Manager Software (RevMan version 5.4.). Publication bias 
was evaluated by the funnel plots in the meta-analysis.

Results

Identification of the studies

Initial searches of the databases identified 597 publications. 
After removal of 314 duplicated articles, 283 articles were 
further excluded after reviewing their titles and abstracts. 
The full text of the 28 remaining articles was obtained for 
scrutiny; of these, 14 were excluded because they were 
abstracts (n=4); they used a different study design (n=2); 
the study design was not randomized (n=4); or the same 
data were reported (n=4). Thus, 14 studies involving  
2,822 participants were finally included in this meta-analysis 
(Figure 1) (22-35).
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Study characteristics and patient populations

Seven studies were performed in multiple centers and 
the other studies in three countries: Germany (n=3), 
Italy (n=2), and Turkey (n=2) between 2003 and 2015. 
Of these, four studies evaluated the efficacy of PDE5-Is  
after unilateral nerve-sparing radical prostatectomy 
(UNSRP) or bilateral nerve-sparing radical prostatectomy 
(BNSRP) (28,31,32,35) and nine studies after BNSRP 
(22-24,26,27,29,30,33,34). The characteristics of the 
studies are summarized in Table 1.

Quality of the included studies

Although all 14 studies used a random method, most 
studies did not describe detailed allocation concealment 
methods. The risks of blinding of participants and outcome 
assessment were unclear in five studies. The risks of 
selective reporting, incomplete outcome data, and other bias 

were low. Risk of bias graphs and summaries are presented 
in (Figure 2A,2B).

Efficacy

IIEF domain score
Our meta-analysis found significant improvements in the 
IIEF domain score after PDE5-I treatment (MD =4.93; 95% 
CI: 4.14–5.71; P<0.00001; I2=53%) (Figure 3A). A subgroup 
analysis was conducted according to the regimen of PDE5-I 
treatment. The subgroup analysis revealed significantly 
improved IIEF domain scores for both daily use (MD =4.68; 
95% CI: 3.89–5.46; P<0.00001; I2=0%) and on-demand use 
(MD =4.98; 95% CI: 3.57–6.39; P=0.0003; I2=74%).

Erectile function recovery after PDE5-I treatment was 
determined at an IIEF domain score of >25 in four studies 
(26,27,30,34) and IIEF domain score of ≥22 in one study (23). 
The incidence of erectile function recovery events was also 
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Figure 1 Flow chart of the literature search strategy. 



Goh et al. Efficacy of PDE5 inhibitors in ED128

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(2):124-138 | https://dx.doi.org/10.21037/tau-21-881

Table 1 Characteristics of the included randomized controlled trials

Study Year Country/region Intervention Control
Sample size Treatment 

period 
Surgical 

approachIntervention Control

Aydogdu et al. (26) 2011 Turkey Tadalafil 20 mg/day Placebo 32 33 6 months BNSRP

Bannowsky  
et al. (31)

2008 Germany Sildenafil 25 mg/day Placebo 23 18 52 weeks UNSRP

BNSRP

Bannowsky  
et al. (28)

2010 Germany Sildenafil 25 mg/day Placebo 23 18 78 weeks UNSRP

BNSRP

Bannowsky et al.  
A (25)

2012 Germany Vardenafil 5 mg/day Placebo 12 12 12 months UNSRP

Bannowsky et al.  
B (25)

Vardenafil 10 mg/day 12

Brock et al. A (35) 2003 United States 
and Canada

Vardenafil 10 mg on demand Placebo 140 140 3 months UNSRP

Brock et al. B (35) Vardenafil 20 mg on demand 147 BNSRP

Canat et al. A (22) 2015 Turkey Tadalafil 20 mg three times/
week

Placebo 38 34 12 months BNSRP

Canat et al. B (22) Tadalafil 20 mg on demand 40

Cavallini et al. (33) 2005 Italy Sildenafil 100 mg on demand Placebo 35 29 4 months BNSRP

Montorsi et al. (34) 2004 Canada, 
Germany, 
Italy, The 

Netherlands, 
Spain, United 
States, and 

United Kingdom

Tadalafil 20 mg on demand Placebo 201 102 3 months BNSRP

Montorsi et al. A (30) 2008 Europe, United 
States, Canada, 

and South 
Africa

Vardenafil 10 mg/day Placebo 137 145 9 months BNSRP

Montorsi et al. B (30) Vardenafil 10 mg (5 to 20 mg) 
on demand

141

Montorsi et al. A (23) 2014 Nine European 
countries and 

Canada

Tadalafil 5 mg/day Placebo 138 141 9 months BNSRP

Montorsi et al. B (23) Tadalafil 20 mg on demand 143

Mulhall et al. A (24) 2013 53 sites in the 
United States

Avanafil 100 mg on demand Placebo 99 100 3 months BNSRP

Mulhall et al. B (24) Avanafil 200 mg on demand 99

Nehra et al. A (32) 2005 United States 
and Canada

Vardenafil 10 mg on demand Placebo 140 140 3 months UNSRP

Nehra et al. B (32) Vardenafil 20 mg on demand 147 BNSRP

Pace et al. (27) 2010 Italy Sildenafil 50 or 100 mg/day Placebo 20 20 6 months BNSRP

Padma-Nathan  
et al. A (29)

2008 North America, 
France, 

Belgium, and 
Australia

Sildenafil 50 mg/day Placebo 40 42 9 months BNSRP

Padma-Nathan  
et al. B (29)

Sildenafil 100 mg/day 41

BNSRP, bilateral nerve-sparing radical prostatectomy; UNSRP, unilateral nerve-sparing radical prostatectomy. 
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higher after PDE5-I treatment (OR =2.06; 95% CI: 1.45–
2.94; P<0.0001; I2=42%) (Figure 3B). The subgroup analysis 
revealed that the incidence of these events was significantly 
higher for daily use (OR =1.68; 95% CI: 1.15–2.45; P=0.007; 
I2=0%) and on-demand use of PDE5-Is (OR =2.76; 95% 
CI: 1.34–5.69; P=0.006; I2=70%).

Response to the SEP questions
The rate of positive response to SEP question 2 was 
significantly higher after PDE5-I treatment (OR =2.27; 
95% CI: 1.80–2.86; P<0.00001; I2=23%) (Figure 4A). The 
subgroup analysis revealed a significantly higher positive 
response rate for on-demand use of PDE5-Is (OR =2.39; 
95% CI: 1.81–3.15; P<0.00001; I2=34%).

Meanwhile, the rate of positive response to SEP question 
3 was also significantly higher after PDE5-I treatment  
(OR =2.78; 95% CI: 1.97–3.91; P<0.00001; I2=64%) (Figure 4B). 
The subgroup analysis also revealed a higher positive response 
rate to SEP question 3 for daily use (OR =1.73; 95% CI: 

1.19–2.50; P=0.004; I2=0%) and on-demand use of PDE5-Is  
(OR =3.32; 95% CI: 2.15–5.12; P<0.00001; I2=68%).

Safety

The incidence of TEAEs was reported in eight studies. In 
our analysis, we found a higher incidence of TEAEs after 
PDE5-I treatment than after placebo treatment (OR =2.91; 
95% CI: 1.84–4.61; P<0.00001; I2=89%) (Figure 5A). In the 
subgroup analysis, the OR for the incidence of TEAEs for 
on-demand PDE5-I treatment (OR =3.44; 95% CI: 1.88–
6.30; P<0.00001; I2=92%) was higher than that for daily 
PDE5-I treatment (OR =1.71; 95% CI: 1.17–2.49; P=0.005; 
I2=30%). However, clinically serious adverse events related 
to the study drug were not reported in the included studies.

In terms of headache, we found a significantly higher 
incidence in the patients who received PDE5-I treatment 
(OR =3.38; 95% CI: 2.40–4.75; P<0.00001; I2=23%) 
(Figure 5B). The subgroup analysis revealed that the 

Figure 2 Risk of bias for all included randomized controlled trials. (A) Risk of bias graph. (B) Risk of bias summary. 
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Figure 3 Efficacy of phosphodiesterase type 5 inhibitor treatment. (A) Impact on the IIEF domain score. (B) Impact on the recovery 
events in relation to the IIEF domain score (patient number). PDE5-Is, phosphodiesterase type 5 inhibitors; CI, confidence interval; IIEF, 
International Index of Erectile Function—Erectile Function. 

incidence of headache was significantly higher for on-
demand PDE5-I treatment (OR =4.33; 95% CI: 3.09–6.08; 
P<0.00001; I2=0%) than for daily PDE5-I treatment  
(OR =1.69; 95% CI: 0.98–2.91; P=0.06; I2=0%).

In terms of flushing (OR =9.44; 95% CI: 4.30–20.70; 

P<0.00001; I2=11%) (Figure 6A), dyspepsia (OR =4.49; 
95% CI: 2.44–8.27; P<0.00001; I2=6%) (Figure 6B), and 
nasopharyngitis (OR =2.59; 95% CI: 1.97–4.18; P<0.00001; 
I2=0%), we found a significantly higher incidence in the 
patients who received PDE5-I treatment (Figure 6C).

A

B
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Sensitivity analysis

A sensitivity analysis was conducted to assess the influence 
of risk of bias on our estimates. Five studies (16,19,21,22,25) 
had unclear risk of bias in three components. These studies 
were included in the analysis of the improvements in IIEF 
score, the incidence of erectile function recovery events, and 
the incidence of TEAEs. The sensitivity analysis revealed 
that the risk of bias did not alter the outcome of this meta-
analysis (Table 2).

Quality of evidence

The quality of the evidence of the outcome data, which 
was assessed using the GRADE approach, is presented in 
(Table 3). Herein, the quality ranged from low to moderate. 
Inconsistency problems were detected in all outcomes and 
imprecision problems in most outcomes. As the statistical 
power was low owing to the number of included studies 
(≤10), publication bias was not assessed (20). 

Discussion

Our meta-analysis and systematic review of the efficacy 
and safety of PDE5-Is demonstrated the feasibility of this 
treatment as penile rehabilitation after NSRP. The use of 
PDE5-Is improved the total IIEF domain score, erectile 
function recovery, and positive response rate to each SEP 
question. However, some adverse effects were noted, 
including headache, flushing, and dyspepsia.

Recovery of postoperative ED takes up to 4 years, and 
approximately 20–80% of patients recover their erectile 
function (16). Thermal damage to the cavernous nerve can 
result in permanent loss of potency after RP, and vascular 
damage in the accessory pudendal arteries can occur. 
Moreover, traction during RP can be damaged, resulting 
in conditions, such as neurapraxia. Neurapraxia can 
consequently result in structural changes in the endothelium 
and smooth muscle during RP (36).

New insights into the pathophysiology of postoperative 
ED led to the development of a rehabilitation strategy 
defined as the use of any drug or device in patients who 
have undergone RP to maximize the recovery of erectile 
function. The efficacy and adverse effects of PDE5-
Is as penile rehabilitation were previously evaluated in 
meta-analyses and systematic reviews (17-19). However, 
concerns on the methodological quality have been raised 
in these reports. In these previous reports, errors in the 

data entered could be found, which has led to problems 
regarding the methodological query. In the age of evidence-
based medicine, systematic review plays an important role 
in clinical decision making (37). In this situation, errors 
in the previous systematic reviews gave clinicians wrong 
information for decision making. These analyses were 
performed by entering the intention-to-treat population as 
the total number, and not the complete study population, 
or by entering the value of the score change as the value 
of the score. Additionally, there were cases in which 
the total population value and standard deviation value 
were incorrectly entered into the study data. Moreover, 
a retrospective study was included in a previous meta-
analysis. Although the research subject of previous studies 
was the same as that of our study, our systematic review 
analyzed the results of 14 studies compared to only 6 to 8 
studies included in the former. In addition, the quality of 
the evidence of the outcome data was evaluated using the 
GRADE approach in this systematic review. Taken together, 
our analysis provides a more accurate and reliable basis for 
penile rehabilitation, including the latest findings.

A part of the physiological process is the release of 
nitrous oxide (NO) in the blood vessels of the corpus 
cavernosum by sexual stimulation. NO activates the 
guanylate cyclase enzyme, which increases the number of 
annular cyclic guanosine monophosphate (cGMP). cGMP 
relaxes the catholic blood vessels, increasing blood flow and 
consequently evoking it. PDE5-I decomposition of cGMPs 
by phosphodiesterase type 5 increases the blood flow of the 
penis during sexual stimulation. Owing to this mechanism 
of action, PDE5-Is work only when there is sexual 
stimulation. Our analysis also demonstrated the superior 
efficacy of PDE5-Is with the improvements observed in the 
IIEF domain score, erectile function recovery, and positive 
response rate to SEP questions 2 and 3.

A subgroup analysis was conducted to assess the effects 
of the regimen of PDE5-I treatment, i.e., daily use and on-
demand use. We found that on-demand use of PDE5-Is  
was more efficient than daily use of PDE5-Is. The 
pharmacokinetics of PDE5-Is showed a steady state after 
5 days of daily use, with a total plasma concentration of 
55 ng/mL achieving a reasonable drug dynamics goal, 
indicating maintenance of these concentrations over a  
24-hour administration interval (18,38). In terms of side 
effects, daily use yielded a lower incidence than did on-
demand use, and a fundamental change in the plasma 
concentration was expected. Considering these factors, 
the optimal administration methods can be considered 
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Figure 4 Efficacy of phosphodiesterase type 5 inhibitor treatment. (A) Impact on the response to SEP question 2. (B) Impact on the 
response to SEP question 3. PDE5-Is, phosphodiesterase type 5 inhibitors; CI, confidence interval; SEP, Sexual Encounter Profile. 
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depending on the degree of response.
In terms of safety, most studies have raised concerns 

on cardiovascular safety, although some studies have 
reported that PDE5-Is can have beneficial effects on the 
cardiovascular system (39-43). Because cardiovascular 
safety is directly linked to survival, it should be considered 
differently from other factors, even if it is less frequent. 
Although the total incidence of adverse events associated 

with PDE5-I administration was higher than that with 
placebo treatment, no serious cardiovascular adverse events 
were reported in our analysis. Our subgroup analysis 
showed that daily use of PDE5-Is had fewer side effects 
than on-demand use of PDE5-Is. A well-organized large-
scale study is needed to confirm the difference in the effects 
of the regimen of PDE5-I treatment.

Nandipati et al. (44) reported the effectiveness of 
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Figure 5 Safety of phosphodiesterase type 5 inhibitor treatment. (A) Impact on the incidence of TEAEs. (B) Impact on the incidence of 
headache. PDE5-Is, phosphodiesterase type 5 inhibitors; CI, confidence interval; TEAEs, treatment-emergent adverse events. 

A

B

combination therapy in penile rehabilitation and reported 
that combination therapy of intra-cavenosal injection and 
PDE5-I were effective for ED. According to reporting by 
Deng et al. (45), the combination therapy of PDE5-I and 
vacuum erection device had a synergistic effect in penile 
rehabilitation. Although these studies were not included in 
this analysis because they did not meet the inclusion criteria, 
it should be considered that PDE5-I based combination 

therapy is effective in penile rehabilitation.

Limitations

First, clinical heterogeneity among the studies was 
observed. The type of treatment drug, drug dose, frequency 
of drug administration, and treatment period varied among 
the studies. Because of this heterogeneity, all outcomes 
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Figure 6 Safety of phosphodiesterase type 5 inhibitor treatment. (A) Impact on the incidence of flushing. (B) Impact on the incidence of 
dyspepsia. (C) Impact on the incidence of nasopharyngitis. PDE5-Is, phosphodiesterase type 5 inhibitors; CI, confidence interval. 

A

B

C
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Table 2 Sensitivity analysis of primary and secondary outcomes

Outcome Studies, n
Phosphodiesterase 
type 5 inhibitors, n

Control 
patients, n

OR or 
MD

95% CI
P value for 

effect
P value for 

heterogeneity
I2 (%)

The improvements in IIEF score

Total studies 11 (22-25,27-29,31,33,34,35) 1,143 1,004 4.93 4.14 to 5.71 <0.00001 0.005 53

Including only 
studies with 
low risk of 
bias

6 (23,24,29,33-35) 973 856 4.99 3.78 to 6.20 <0.00001 0.002 65

The incidence of erectile function recovery events

Total studies 5 (23,26,27,30,34) 807 732 2.06 1.45 to 2.94 <0.0001 0.11 42

Including only 
studies with 
low risk of 
bias

4 (23,26,30,34) 787 712 2.07 1.40 to 3.05 0.0002 0.07 52

The incidence of TEAEs

Total studies 8 (23,24,27,29,30,32,34,35) 1,766 1,660 2.91 1.84 to 4.61 <0.00001 <0.00001 89

Including only 
studies with 
low risk of 
bias

7 (23,24,29,30,32,34,35) 1,746 1,640 2.91 1.84 to 4.61 <0.00001 <0.00001 89

n, the number of cases; OR, odds ratio; MD, mean difference; CI, confidence interval; IIEF, International Index of Erectile Function—
Erectile Function; TEAEs, treatment-emergent adverse events. 

were evaluated using a random-effects model. To eliminate 
heterogeneity in the frequency of drug administration, 
we conducted a subgroup analysis. Consequently, this 
heterogeneity did not affect the results. Second, the 
GRADE assessments demonstrated that the quality 
of the evidence of some outcome data was low. These 
outcome assessments revealed problems of imprecision and 
inconsistency. Lastly, only randomized controlled trials were 
included in this meta-analysis to increase the reliability of 
the assessments. It is possible that the incidence of TEAEs 
is low because the predetermined exclusion criteria used 
for the randomized controlled trials excluded uncommon 
clinical situations. Third, a patient’s age and comorbidities 
may be important factors that affect the PDE5-Is response 
rate. Although we made every effort to the effect of each 
factors using subgroup analysis, only the regimen of 
PDE5-I treatment was available for subgroup analysis. 
Further studies on the effect of the patient’s age and 
comorbidities on the PDE5-Is response rate are needed. 

In terms of the level of evidence, although meta-
analysis is at a high level, studies other than RCTs were 
not included. In addition, although there have been some 

studies on different subjects of penile rehabilitation, 
only studies satisfying the criteria for meta-analysis were 
included in this meta-analysis. In order to overcome these 
limitations, it is thought that analysis including all studies 
related to penile rehabilitation is necessary through systemic 
review in the further study.

Despite these limitations, this meta-analysis corrected 
some errors that could be found in previous meta-analyses 
and clearly showed the efficacy of PDE5-Is in patients with 
ED after NSRP.

Conclusions

This meta-analysis demonstrated the efficacy of PDE5-I 
treatment in patients with ED after NSRP based on the 
improvements observed in the IIEF domain score, erectile 
function recovery, and positive response rate to SEP 
questions 2 and 3. These efficacies were observed both for 
daily use and on-demand use of PDE5-Is. In terms of safety, 
clinically serious adverse effects were not found, although 
the incidence of TEAEs after PDE5-I treatment was higher 
than that after placebo treatment.
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Table 3 GRADE summary of findings table

Outcomes Studies, n

Patients, n Anticipated absolute effects (95% CI) Relative 
effect  

(95% CI)

Quality of 
evidence 
(GRADE)PDE5-Is Placebo Risk with PDE5-Is

Risk with 
placebo

IIEF domain score 11 RCTs 1,143 1,004 The IIEF domain 
score was 4.93 
higher (from 4.14 
higher to 5.71 
higher)

⨁⨁⨁◯

MODERATE1

Recovery events in 
relation to the IIEF 
domain score 

5 RCTs 252/807 
(31.2%)

143/732 
(19.5%)

138 more per 1,000 
(from 65 more to 
221 more)

195 per 1,000 OR =2.06 
(1.45 to 2.94)

⨁⨁◯◯

LOW1,2

Response to SEP 
question 2

7 RCTs 447/987 
(45.3%)

233/886 
(26.3%)

185 more per 1,000 
(from 128 more to 
242 more)

263 per 1,000 OR =2.27 
(1.80 to 2.86) 

⨁⨁◯◯

LOW1,2

Response to SEP 
question 3

7 RCTs 469/1,301 
(36.0%)

221/1,209 
(18.3%)

201 more per 1,000 
(from 123 more to 
284 more)

183 per 1,000 OR =2.78 
(1.97 to 3.91)

⨁⨁◯◯

LOW1,2

Incidence of TEAEs 8 RCTs 1,014/1,766 
(57.4%)

376/1,209 
(31.1%)

157 more per 1,000 
(from 110 more to 
204 more)

311 per 1,000 OR =1.95 
(1.61 to 2.35)

⨁⨁⨁◯

MODERATE1

Incidence of 
headache 

8 RCTs 207/1,781 
(11.6%)

68/1,669 
(4.1%)

85 more per 1,000 
(from 52 more to 
127 more)

41 per 1,000 OR =3.38 
(2.40 to 4.75)

⨁⨁◯◯

LOW1,2

The risk in the intervention group (and its 95% CI) was based on the assumed risk in the comparison group and the relative effect of 
the intervention (and its 95% CI). 

1
, downgraded by one level owing to inconsistency; 

2
, downgraded by one level owing to imprecision. 

GRADE Working Group quality of evidence. High quality, we are very confident that the true effect lies close to the estimate of the effect; 
Moderate quality, we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect; 
however, there is a possibility that it is substantially different; Low quality, our confidence in the effect estimate is limited: the true effect 
may be substantially different from the estimate of the effect; Very low quality, we have very limited confidence in the effect estimate: 
the true effect is likely to be substantially different from the estimate of the effect. GRADE, Grading of Recommendations, Assessment, 
Development, and Evaluation; n, the number of cases; PDE5-I, phosphodiesterase type 5 inhibitor; CI, confidence interval; IIEF, 
International Index of Erectile Function—Erectile Function; RCT, randomized controlled trial; OR, odds ratio; SEP, Sexual Encounter Profile; 
TEAEs, treatment-emergent adverse events. 
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