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ED.5 It has also been reported in the literature that VED therapy also 
has a good effect on ED after radical prostatectomy.5–7 The purpose of 
this study was to evaluate EF and penile length in the non-erectile state 
(PLNES) following scheduled PDE5i, VED treatment, and combination 
therapy after nsRP.

PATIENTS AND METHODS
This prospective, randomized, single institution trial evaluating EF and 
PLNES after 5 mg oral tadalafil once a day (OaD) and VED treatment 
following nsRP was approved by Renji Hospital Ethics Committee, 
Shanghai Jiao Tong University School of Medicine, Shanghai, China 
(approval No. [2016]132K). One hundred patients with localized 
prostate cancer (pT2a–pT2c, Gleason score ≤ 7) who elected to undergo 
surgical treatment at the Department of Urology and Andrology of 
Renji Hospital were involved in this study. Patients were counseled 
and provided informed written consent for participation. Patients with 
known risk factors for ED and those with health conditions that were 
potential contraindications for PDE5i therapy were excluded from this 

INTRODUCTION
Cavernous nerve injury is an important cause of erectile dysfunction 
(ED), which is common after pelvic surgery. Although protective 
nerve technology has been widely used in nerve-sparing radical 
prostatectomy (nsRP), the incidence of ED remains very high after 
surgery, which seriously affects the quality of life of patients and 
their partners.1 At present, increasing attention is being paid to 
penile rehabilitation after nsRP. The treatment methods include oral 
phosphodiesterase 5 inhibitor (PDE5i), vacuum erectile devices (VED), 
low-energy shock waves, and penile cavernous medicine injections. 
Although the effective rate in patients after nsRP is significantly lower 
than that in the general population, PDE5i remains a first-line drug 
for the treatment of ED after nsRP.2,3 VED is an important method for 
improving erectile function (EF). This method has no obvious side 
effects and is relatively simple to perform.4 Studies have found that 
VED therapy can significantly improve the peak flow velocity and 
vascular diameter of the cavernous arteries of patients with organic 
ED and can effectively promote penile rehabilitation in patients with 
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study. Patients with known cardiovascular disease, significant renal 
or hepatic impairment, cerebrovascular disease, poorly controlled 
hypotension or hypertension, retinitis pigmentosa, a history of 
bleeding disorders, or active peptic ulcer disease were also excluded. 
All patients had normal preoperative EF, which was defined as an 
International Index of Erectile Function-5 (IIEF-5) score ≥ 17. We 
measured the PLNES before surgery. Patients underwent nsRP using 
surgical approaches that included laparoscopic radical prostatectomy 
(LRP) or robot-assisted radical prostatectomy (RRP). The operations 
were performed by multiple surgeons from our unit. Study accrual 
occurred from November 2016 to September 2019.

Patients were randomized into the following four groups: patients 
received 5 mg oral tadalafil OaD (Group T), VED treatment for 15 min 
twice daily (Group V), and the combination of the two methods 
(Group T+V) as well as a control group that received no intervention 
(Group C). Patients began treatment 4 weeks after the operation when 
all drainage tubes were removed. Patients continued medication use 
and VED treatment for one calendar year. EF was evaluated using 
the IIEF-5. Efficacy information was also recorded after each sexual 
encounter by answering yes/no to questions in their Sexual Encounter 
Profile (SEP) diaries, including SEP-Question 2 (successful penetration: 
“were you able to insert your penis into your partner’s vagina?”) and 
SEP-Question 3 (successful intercourse: “did your erection last long 
enough for you to have successful intercourse?”). The PLNES was 
measured using an electronic Vernier calliper (Deli Inc., Ningbo, 
China). Three measurements were obtained and averaged. All patients 
stopped the use of medication and VED treatment after 12 months. EF 
and PLNES were evaluated after 6 months and 12 months of treatment. 
The final assessment was made at 13 months following a 1-month 
drug washout. At these time points, the self-reported IIEF-5 score and 
PLNES measurement were obtained and evaluated. The IIEF-5 score 
was used to provide a subjective assessment of EF. Return to target EF 
was defined as an IIEF-5 score ≥ 17 (normal or mild ED). Those who 
met the screening criteria, underwent randomization, and completed 
follow-up assessment were included in the final study sample.

Data were analyzed using SPSS 21.0 software (SPSS Inc., Chicago, 
IL, USA). If the data obeyed a normal distribution, they are reported 
as the mean ± standard deviation, and comparisons between groups 
were performed by one-way analysis of variance (ANOVA). If 
the measurement data did not obey a normal distribution, they 
were reported as the median (lower quartile, upper quartile), and 
comparisons between groups were performed with the Kruskal–
Wallis test at an adjusted test level of α’ = 0.0083. Enumeration data 
were described as frequencies, the Chi-square test was used for 
comparisons between groups, and the Chi-square split method and 
the Kruskal–Wallis test were used for pairwise comparisons between 
groups (α’ = 0.0083). Logistic regression analysis was used to measure 
the correlation between the variables and return to target EF (IIEF ≥ 
17), and between the variables and the effective shortening of the penis 
(shortening ≥ 1 cm) after 12 months of intervention. P < 0.05 indicates 
statistical significance.

RESULTS
A total of 186 patients were screened for enrolment in this study 
(Figure 1). Of these patients, 100 met the screening criteria and were 
randomized. At the 13-month follow-up, 91 patients had completed 
the study, including 22 (88.0%) in Group C, 24 (96.0%) in Group T, 22 
(88.0%) in Group V, and 23 (92.0%) in Group T+V. The evaluation of 
the randomization process revealed balance across treatment arms in 
key demographic and clinical patient characteristics (Table 1).

To compare whether the IIEF-5 scores of the patients in the treatment 
groups improved after 6 months and 12 months, nonparametric statistical 
analysis and the Kruskal–Wallis test were used because the values did 
not conform to a normal distribution. We found that the IIEF-5 scores 
were significantly different after 6 months and 12 months of intervention 
in the different treatment groups (6 months, P = 0.002; and 12 months, 
P < 0.001; Supplementary Table 1). The Mann–Whitney U test was 
performed to clarify the difference between the groups at an adjusted 
test level of α’ = 0.0083. After 6 months of treatment, the IIEF-5 scores 
were much higher in Group T+V than those in Group C (P < 0.0001). 
After 12 months of treatment, the IIEF-5 scores in Group T+V and 
Group V were much higher than those in control Group C (P < 0.0001). 
In addition, the IIEF-5 scores of Group T+V were significantly different 
from those of Group T (P < 0.0001), as shown in Figure 2.

The difference in the PLNES after 6 months and 12 months of 
treatment in the different groups was compared using one-way ANOVA 
because the values conformed to a normal distribution. After 6 months 
and 12 months of treatment, the PLNES of the patients in Group V 
(6 months, P = 0.005; and 12 months, P < 0.0001) and Group T+V 
(6 months, P = 0.043; and 12 months, P = 0.001) was much longer than 
that in Group C. In addition, the PLNES of the patients in Group V 
(P = 0.003) and Group T+V (P = 0.027) were much longer than that 
in Group T after 12 months of treatment (Figure 3).

No significant differences in return to the target EF using the IIEF-5 
were noted between the groups (P = 0.090; Supplementary Table 2). 
The proportions of patients with a return to target EF were as follows: 
16.7% (Group T), 22.7% (Group V), and 39.1% (Group T+V), versus 
9.1% (Group C). SEP-Question 2 (successful penetration) in Group 
T+V was significantly higher than that in Group C after 12 months 
(P = 0.015; Supplementary Table 3). The proportions of patients 
with successful penetration as measured by a “yes” response to SEP-
Question 2 were as follows: 16.7% (Group T), 22.7% (Group V), and 
47.8% (Group T+V), versus 9.1% (Group C). The responses to SEP-
Question 3 (successful intercourse) did not significantly differ among 
the groups (P = 0.660; Supplementary Table 4). The proportions of 
patients with successful intercourse as measured by a “yes” response to 
SEP-Question 3 were as follows: 12.5% (Group T), 13.6% (Group V), 
and 21.7% (Group T+V), versus 9.1% (Group C).

No significant correlation was noted between the variables (such 
as patient age, body mass index [BMI], prostate-specific antigen 

Figure 1: Study design and patient dispositions. One hundred and eighty-six 
patients were screened for enrolment in this study. One hundred patients 
met the screening criteria and were randomized. At the 13-month follow-up, 
91 patients had completed the study, including 22 in Group C, 24 in Group T, 
22 in Group V, and 23 in Group T+V. Group C: control group; Group T: tadalafil 
5 mg oral OaD; Group V: vacuum erectile devices treatment for 15 min twice 
daily; Group T+V: tadalafil 5 mg oral OaD combined vacuum erectile devices 
treatment for 15 min twice daily. OaD: once a day.
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[PSA], Gleason score, preoperative IIEF-5 score, and PLENS) and 
return to target EF (IIEF ≥ 17), and between the variables and effective 
shortening of the patient’s penis (shortening ≥ 1 cm) after 12 months 
of intervention as measured by logistic regression analysis (Table 2).

DISCUSSION
The purpose of penile rehabilitation after nsRP is to improve the oxygen 
supply and minimize the denervation of the cavernous tissue following 
vascular and nerve damage through early intervention and prevent penis 

cavernous fibrosis.8 Ideal penis rehabilitation can help patients regain 
their erectile function, allowing them to achieve spontaneous erection 
without relying on drugs, VED or other auxiliary erection treatments.9,10

PDE5i has become the first choice for doctors to perform penis 
rehabilitation. Patients have good tolerance to PDE5i, which has 
been shown to be safe in many studies.11–13 In our study, no serious 
adverse reaction occurred following administration of 5 mg oral 
tadalafil OaD.

Table  1: Baseline characteristics of the study population

Characteristic Overall (n=100) Group C (n=25) Group T (n=25) Group V (n=25) Group T + V (n=25) P

Age (year)

Mean±s.d. 64.1±6.2 67.2±5.1 63.6±4.5 61.9±6.6 63.7±7.4 0.019

Median (range) 64 (49–76) 65 (60–76) 63 (54–70) 63 (49–74) 63 (50–75)

BMI (kg m−2)

Mean±s.d. 23.8±2.5 23.5±2.5 24.8±2.5 23.1±1.8 23.8±2.9 0.102

Median (range) 23.7 (16.1–30.8) 23.5 (18.3–30.1) 24.8 (19.9–30.8) 22.8 (19.7–27.7) 23.7 (16.1–30.5)

PSA (ng ml−1)

Mean±s.d. 10.1±5.1 12.1±7.0 9.4±4.5 10.2±4.0 8.8±3.7 0.135

Median (range) 9.0 (3.3–29.9) 10.1 (3.3–29.9) 8.3 (5.0–29.4) 9.5 (5.0–19.5) 8.0 (4.4–16.6)

Stage, n (%)

T2a 59 (59.0) 15 (60.0) 13 (52.0) 16 (64.0) 15 (60.0) 0.853

T2b 22 (22.0) 5 (20.0) 8 (32.0) 5 (20.0) 4 (16.0) 0.552

T2c 19 (19.0) 5 (20.0) 4 (16.0) 4 (16.0) 6 (24.0) 0.870

Gleason score, n (%)

6 29 (29.0) 9 (36.0) 5 (20.0) 7 (28.0) 8 (32.0) 0.637

7 71 (71.0) 16 (64.0) 20 (80.0) 18 (72.0) 17 (68.0) 0.637

Type of surgery, n (%)

LRP 72 (72.0) 17 (68.0) 18 (72.0) 20 (80.0) 17 (68.0) 0.755

RARP 28 (28.0) 8 (32.0) 7 (28.0) 5 (20.0) 8 (32.0) 0.755

Baseline IIEF‑5 score

Mean±s.d. 21.6±2.0 20.7±1.8 21.8±2.0 23.5±1.7 23.0±2.2 0.147

Median (range) 20 (17–25) 21 (18–25) 21 (20–25) 22 (20–25) 21 (20–25)

PLNES

Mean±s.d. 7.7±1.5 7.6±1.7 8.1±1.1 7.5±1.6 7.4±1.7 0.442

Median (range) 7.6 (4.5–11.5) 7.5 (4.6–11.5) 8.2 (6.2–10.5) 7.6 (4.5–10.5) 7.5 (4.8–10.6)

Group C: control group; Group T: tadalafil 5 mg oral OaD; Group V: vacuum erectile devices treatment for 15  min twice daily; Group T+V: tadalafil 5 mg oral OaD combined vacuum 
erectile devices treatment for 15  min twice daily, BMI: body mass index; LRP: laparoscopic radical prostatectomy; PLNES: penile length in non-erection state; PSA: prostate‑specific 
antigen; RARP: robot‑assisted radical prostatectomy; s.d.: standard deviation; OaD: once a day; IIEF‑5: International Index of Erectile Function-5

Figure 2: IIEF-5 improvement in different groups after 6 months and 
12 months of intervention. The IIEF-5 scores are reported as the median with 
range. (a) After 6 months of treatment, the IIEF-5 scores were as follows: 
Group C, 5 (0–15); Group T, 5 (0–17); Group V, 5 (0–12); and Group T+V, 7 
(5–18). (b) After 12 months of treatment, the IIEF-5 scores were as follows: 
Group C, 5 (0–17); Group T, 5 (4–19); Group V, 12 (5–19); and Group 
T+V, 16 (5–21). C: control group; T: tadalafil 5 mg oral OaD; V: vacuum 
erectile devices treatment for 15 min twice daily; T+V: tadalafil 5 mg oral 
OaD combined vacuum erectile devices treatment for 15 min twice daily. 
*P = 0.004 (Group T vs Group V); #P < 0.0001 (Group T vs Group T+V); 
Mann–Whitney U test, adjusted test level α’ = 0.0083. IIEF-5: International 
Index of Erectile Function-5; OaD: once a day.

ba
Figure 3: Differences in PLNES in the treatment groups after 6 months and 
12 months of intervention. The PLNES were reported as the mean ± s.d. 
(in cm). (a) After 6 months of treatment, the PLNES values were as follows: 
Group C, 6.42 ± 1.57; Group T, 7.04 ± 1.10; Group V, 7.72 ± 1.48; and 
Group T+V, 7.33 ± 1.78. (b) After 12 months of treatment, the PLNES 
values were as follows: Group C, 5.97 ± 1.40; Group T, 6.45 ± 1.12; Group 
V, 7.74 ± 1.49; and Group T+V, 7.40 ± 1.69. C: control group; T: tadalafil 
5 mg oral OaD; V: vacuum erectile devices treatment for 15 min twice daily; 
T+V: tadalafil 5 mg oral OaD combined vacuum erectile devices treatment 
for 15 min twice daily. *P = 0.003 (Group T vs Group V); #P = 0.027 (Group 
T vs Group T+V), one-way ANOVA, P < 0.05 indicates statistical significant. 
ANOVA: analysis of variance; PLNES: penile length in the non-erectile state; 
s.d.: standard deviation; OaD: once a day.

ba
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However, the results of clinical research on the use of PDE5i for 
treating ED after nsRP have not been satisfactory. In a prospective, 
randomized, placebo-controlled clinical trial, there were no findings 
to support a therapeutic benefit of 50 mg nightly sildenafil in addition 
to 100 mg on-demand sildenafil compared with on-demand dosing 
alone.14 Other studies comparing on-demand versus nightly PDE5i 
include the randomized placebo-controlled trial, which reported 
the same conclusion.15,16 Based on our single-center study, 5 mg 
oral tadalafil OaD can improve patients’ feelings of penis congestion 
in the morning. The IIEF-5 score improved, but 12 months of 
follow-up revealed that 5 mg tadalafil OaD did not improve the 
percentage of IIEF-5 scores that returned to normal. A 9-month 
double-blind trial confirmed that long-acting PDE5i tadalafil OaD 
was currently the most effective penile erectile dysfunction aid.17–19 
Although tadalafil was significantly better than the placebo in the 
double-blind treatment period, tadalafil OaD had no significant 
effect on non-drug-assisted erectile function after a 6-week 
withdrawal period, and the result did not statistically differ from 
that obtained with the placebo.

In our study, after treatment with VED for 6 months and 
12 months, the penis was prevented from experiencing shortening in 
the non-erectile state. Penis shortening is a common phenomenon after 
RP. Shortening of the penis starts approximately 4–8 months after the 
operation20 and can exceed 1 cm by the 12th month after the operation.21 
The gradual shortening of the penis after the operation will affect the 
patient’s standing urination ability and cause a serious psychological 
burden. Even if the patient has no need for the recovery of erectile 
function, this can also affect the patient’s quality of life. Therefore, 
maintaining the length of the penis after surgery is also one of the 
goals of penile rehabilitation. Studies have found that VED therapy 
can significantly improve the peak flow velocity and vascular diameter 
of the cavernous arteries of patients with organic erectile dysfunction 
and prevent penis corpus cavernosum fibrosis.5,6 After 13 months of 
follow-up, it was found that 5 mg oral tadalafil OaD did not prevent 
PLNES shortening after RP, and this finding was not significantly 
different from that in the control group.

We defined EF recovery as a return to a baseline IIEF-5 score ≥ 17, 
at which point erections are sufficient to maintain sexual intercourse. 
No significant differences in improvements in effective erections were 
noted among the three treatment groups with respect to the control 
group. To compare the difference in erectile function recovery rate, we 
used the Chi-square test. However, because the minimum frequency 
within the group was less than 5, nonparametric statistical methods 
were required, which demonstrated that the difference was not 
statistically significant. Another study indicated that the percentage of 
patients who returned to normal EF plateaued approximately 9 months 
following nsRP.14 Another study reported that recovery can occur up to 
24–40 months following surgery, and several authors have suggested a 
treatment course of up to 24 months.22,23 Longer follow-up is needed 
to assess long-term recovery in this study.

The limitation of our study was the small sample size. Insufficient 
attention is given to ED among elderly Chinese patients, especially 
patients with prostate cancer. More attention is given to the treatment 
and control of the primary disease but not to the treatment of ED. In 
particular, elderly female partners have extremely low sexual demands, 
leading to a low enrolment rate of penile rehabilitation after nsRP.

Male sexual dysfunction associated with prostatectomy can be divided 
into three main categories: ED and changes in penis size, ejaculation and 
orgasm dysfunction, and changes in libido and mental health associated 
with changes in sexual behaviour.24 In this study, we focused on the 
effectiveness and safety of different rehabilitation treatments in patients 
with erectile dysfunction and changes in penis size. Given the particularities 
of the study, the researcher needed to inform the patients in detail about the 
risks and precautions of different rehabilitation methods. The patients were 
informed and understood their own rehabilitation treatment methods, that 
was the reason why the trial could not be double-blind.

CONCLUSIONS
Treatment with 5 mg tadalafil OaD combined with VED can help 
improve the IIEF-5 score in nsRP patients after 6 months and 
12 months. VED treatment alone or combined with tadalafil OaD 
can help patients maintain PLNES. In addition, the patients in Group 
T+V reported significantly higher successful penetration. Due to the 
limitation of the small sample size, there were no significant differences 
in the return to target EF among the groups after 12 months. According 
to our study, scheduled PDE5i with VED treatment can improve penile 
erectile function recovery, whereas VED treatment can prevent penile 
length shrinkage after nerve-sparing prostatectomy.
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Table  2: Correlations between the variables and return to target 
erectile function  (International Index of Erectile Function‑5 ≥17), and 
between the variables and effective shortening of the patient’s penis 
(shortening ≥1 cm) after 12 months of intervention were analyzed 
using logistic regression

Predictor OR (95% CI) P

IIEF‑5 ≥17

Age (year) 0.974 (0.886–1.070) 0.597

BMI (kg m−2) 1.030 (0.845–1.257) 0.768

PSA (ng ml−1) 0.966 (0.858–1.089) 0.575

Gleason score 1.362 (0.466–3.983) 0.573

Baseline IIEF‑5 1.188 (0.914–1.544) 0.198

PLNES (cm) 1.005 (0.704–1.434) 0.979

Penis shortening ≥1 cm

Age (year) 1.056 (0.972–1.148) 0.199

BMI (kg m−2) 1.110 (0.926–1.330) 0.261

PSA (ng ml−1) 1.054 (0.955–1.163) 0.297

Gleason score 1.923 (0.773–4.781) 0.159

Baseline IIEF‑5 0.950 (0.783–1.154) 0.607

PLNES (cm) 1.245 (0.919–1.687) 0.157

BMI: body mass index; PLNES: penile length in non-erection state; PSA: prostate‑specific 
antigen; CI: confidence interval; IIEF‑5: International Index of Erectile Function-5; OR: 
odds ratio
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Supplementary Table  1: International index of erectile function‑5 
improvement in different groups after 6 and 12 months of intervention 
(P<0.05)

IIEF‑5 scores Group C Group T Group V Group T + V P

6 months

Mean±s.d. 4.1±3.4 5.7±3.8 6.9±3.8 8.3±3.9 0.002

Median (range) 5 (0–15) 5 (0–17) 5 (0–12) 7 (5–18)

12 months

Mean±s.d. 5.6±4.7 8.4±5.0 12.2±4.7 15.5±4.1 <0.001

Median (range) 5 (0–17) 5 (4–19) 12 (5–19) 16 (5–21)

Group C: control group; Group T: tadalafil 5 mg oral OaD; Group V: vacuum erectile devices 
treatment for 15  min twice daily; Group T+V: tadalafil 5 mg oral OaD combined vacuum 
erectile devices treatment for 15  min twice daily; SD: standard deviation; EF: erectile 
function; IIEF‑5: International index of EF; OaD: once a day

Supplementary Table  2: Number of cases of self‑reported International 
index of erectile function‑5 score return to target erectile function 
(international index of erectile function‑5 ≥17) after 12 months 
treatment in different groups (P=0.090)

Groups IIEF5 ≥17 (n) 0 <IIEF5 <17 (n) IIEF5 ≥17 (n, %)

C 2 20 9.1

T 4 20 16.7

V 5 17 22.7

T + V 9 14 39.1

Sum 20 71 22.0

Group C: control group; Group T: tadalafil 5 mg oral OaD; Group V: vacuum erectile devices 
treatment for 15 min twice daily; Group T + V: tadalafil 5 mg oral OaD combined vacuum 
erectile devices treatment for 15 min twice daily; EF: erectile function; IIEF‑5: International 
index of EF; OaD: once a day

Supplementary Table  4: Number of cases of answering yes/no about 
sexual encounter profile Q3 after 12 months treatment in different 
groups (P=0.660)

Groups Yes No Yes (n, %)

C 2 20 9.1

T 3 21 12.5

V 3 19 13.6

T + V 5 18 21.7

Sum 13 78 14.3

Group C: control group; Group T: tadalafil 5 mg oral OaD; Group V: vacuum erectile devices 
treatment for 15 min twice daily; Group T + V: tadalafil 5 mg oral OaD combined vacuum 
erectile devices treatment for 15 min twice daily; OaD: once a day

Supplementary Table  3: Number of cases of answering yes/no about 
sexual encounter profile Q2 after 12 months treatment in different 
groups (P=0.015)

Groups Yes No Yes (n, %)

C 2 20 9.1

T 4 20 16.7

V 5 17 22.7

T + V 11 12 47.8

Sum 22 69 24.2

Group C: control group; Group T: tadalafil 5 mg oral OaD; Group V: vacuum erectile devices 
treatment for 15 min twice daily; T + V: tadalafil 5 mg oral OaD combined vacuum erectile 
devices treatment for 15  min twice daily; OaD: once a day




