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Abstract

Radical prostatectomy (RP) represents the treatment of choice to manage 
clinically-localized prostate cancer (PCa). However, the risk of postoperative 
functional side effects including urinary incontinence (UI) and erectile dysfunc-
tion (ED) remains non-negligible. The pathophysiology of post-RP ED primarily 
involves three factors which almost inevitably occur after RP: neural damage, 
vascular damage, and damage to the penile smooth muscle. Due to post-RP neu-
roapraxia, the penis remains in a condition of unantagonized flaccidity, with the 
metabolic balance being shifted in favour of collagenisation which eventually 
exerts a permanent detrimental effect on erectile function (EF). Preoperative 
EF-levels, the patients’ fitness and surgical-technique associated factors repre-
sent the main predictors to estimate the likelihood to recover after RP. Penile 
rehabilitation aims to prevent corporal smooth muscle alterations through the 
means of obtaining reasonably frequent erections in order to enable the patient to 
re-engage in sexual activity but also to re-establish his preoperative sexual func-
tion. The rehabilitation-protocol should be tailored according to the individuals’ 
features and their estimated likelihood to recover. PDE5Is exert a favourable 
effect on both the EF-levels during the treatment and on the structure of the cor-
pora cavernosa, even though they have failed to show an improvement of sponta-
neous EF-recovery vs. placebo. The concomitant use of vacuum erection devices 
(VEDs) may offer some advantages in terms of patients’ satisfaction and compli-
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ance with the rehabilitation vs. PDE5I-monotherapy. Intracavernous Injections 
(ICIs) present with high and immediate levels of effectiveness, but should be 
reserved to PDE5I-refractory cases due to their inconvenient modality of admin-
istration. A number of novel rehabilitation options, including the use of Low 
Intensity Extracoroporeal Shock Wave Therapy (LI-SWT) and the use of stem 
cells, are currently under investigation in both the preclinical and clinical set-
tings. Penile rehabilitation protocols should be initiated as early as feasible after 
RP. Patients should routinely associate drugs with sexual stimulation, with or 
without the involvement of the partner. Moreover, the comprehensive sexual 
well-being of the couple should be considered with a specific attention toward 
the occurrence of sexual dysfunctions other than ED, thus including low sexual 
desire and orgasmic dysfunction.

�Introduction

Prostate cancer (PCa) represents one of the most frequent diagnosed malignancies 
in Europe and in the United States [1]. Radical prostatectomy (RP) is the treatment 
of choice to manage clinically localized PCa, providing indeed excellent oncologic 
outcomes in the long-term [2].

However, the risk of significant post-surgical side effects has to be taken into 
account. Even though significant progresses have been made aiming to ensure a 
minimally-invasive surgical approach, the risk of postoperative urinary inconti-
nence [3] (UI) and erectile dysfunction (ED) remains non-negligible, with a detri-
mental impact on the patient’s well-being [2, 4]. Over the last decades, PCa has 
been more and more often diagnosed at younger ages, hence the increased impor-
tance of focusing on post-operative sexual function.

It is difficult to provide an accurate estimate of the real prevalence of ED after RP 
based on the existing literature, due to the remarkable heterogeneity of the popula-
tions in study, the different modalities of data collection and reporting, and the dis-
crepancies in definitions of a normal erectile function (EF) after RP [5]. Postoperative 
ED is however a relatively common sequela after RP, with rates ranging between 
19% and 78% [6].

In this context, penile rehabilitation has been proposed as a strategy to enhance 
the recovery of EF after surgery for PCa and reducing the risk of permanent ED.

�Pathophysiology

The pathophysiology of post-RP ED pathophysiology primarily involves three dif-
ferent factors: neural damage, vascular damage, and damage to the smooth muscle 
of the penis [7].

The erection of the penis can be considered a neurovascular event, and this 
indeed requires the integrity of both the neural and the vascular mechanisms. In the 
flaccid state the smooth muscles of the corporal sinusoids of the penis are tonically 
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contracted, allowing only a small amount of arterial flow. The penis receives its 
innervation from the cavernous nerves which originate from the pelvic plexus. 
Sexual stimulation triggers the release of neurotransmitters from the cavernous 
nerve terminals, which initiate the erectile cascade. The endothelial cells in the sinu-
soidal veins of the corpora cavernosa of the penis produce nitric oxide, which elicits 
an intracellular pathway resulting in decreased intracellular calcium levels and sub-
sequent corporal smooth muscle relaxation [8]. The relaxation of the smooth muscle 
of the corpus cavernosum in turn triggers the veno-occlusive mechanisms which 
maintain the erection [9].

The neurovascular bundle, which contains the cavernous nerves, runs along the 
anterolateral aspect of the prostate [10]. Due to the anatomical proximity of the 
neurovascular bundles and prostate, levels of injury to erectile nerves during the RP 
are unfortunately unavoidable, even when the neurovascular bundle is meticulously 
dissected during surgery [7]. Cavernous nerves are damaged due to a range of dif-
ferent mechanisms, including: the stretching of the cavernous nerves during pros-
tate mobilisation, the possible thermal injury from electrocautery, the inflammation 
which inevitably occurs after surgical manipulation, and/or neural ischemia second-
ary to the damage of the vascular supply to erectile nerves. Erectile dysfunction 
becomes clinically evident immediately after RP, due to a phenomenon of tempo-
rary loss of function of the cavernous nerves owing to blockage of nerve conduction 
called neuropraxia [11]. The full recovery from neuropraxia may take up to 3 years 
after the insult [12–14].

It has been widely documented that significant functional and structural/ana-
tomical changes arise from neuropraxia, with the corporal smooth muscle and the 
endothelium being exposed to the detrimental effect of tissue hypoxia [15]. Penile 
corporal oxygenation is maintained at adequate and physiologic levels whilst the 
penis undergoes through the erectile cycle on a regular basis [7]. In the flaccid state, 
the corporal pO2 is 35–40 mmHg [16], with this resulting in the upregulation of 
some fibrogenic cytokines such as TGF-b [7]. Increased levels of TGF-b lead to 
augmented collagenic deposition and alterations in smooth muscle-to-collagen 
ratios, which is capable of eventually causing penile fibrosis which in turn induces 
venous leak [7]. Iacono et al. [17] have shown that as early as 2 months after RP 
there is significant increase of the collagenic deposition in the erectile tissues. Erect 
penis is oxygenated with a pO2 which is instead typically increased to the 
75–100  mmHg range [16]. In-vitro studies have shown that higher oxygenation 
levels upregulate the production of endogenous prostaglandins as well as cyclic 
AMP exerting a favourable pro-erectile effect [18].

Due to postoperative neuroapraxia, the penis remains in a state of unantagonized 
flaccidity, with the metabolic balance being shifted in favour of collagenisation thus 
causing the impairment of the elasticity of the corpora cavernosa. These inelastic 
corporal sinusoids fail to exert their compressive action on the subtunical venules, 
eventually leading to the venous leak (e.g., corpora-veno-occlusive dysfunction, or 
venogenic erectile dysfunction) development [7].

Mulhall and Graydon [19] have shown that more than half of the men had venous 
leak after RP. In a similar study, the incidence of early venous leak (e.g., less than 
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4 months after RP) was about 10% and increased to approximately 35% between 8 
and 12 months after RP and thereafter to 50% 12 months after surgery [13].

Vascular injury is another factor that contributes to the occurrence of post-RP 
ED.  Levels of possible damage to the accessory pudendal arteries (APAs) may 
occur during RP [20]. Although the incidence of these arteries is variable based on 
literature [20–25], they typically lie above the levator ani where they are prone to 
surgical damage; their origin may be variable as they may arise from the femoral, 
obturator, vesical, or iliac artery. Breza et al. [20] described in details the arterial 
anatomy of 10 cadavers, with the APAs being observed in seven of them where they 
provided the major source of arterial inflow into the penis.

�Factors Influencing the Likelihood to Recover Erectile Function

Briganti et al. described three categories of risk to estimate the likelihood of post-
RP ED based on the patient-associated preoperative features [26]. First, those men 
who present with a good preoperative EF have an high expectancy of preserving it 
after surgery. Preoperative EF represents in fact the main predictor of ED-risk after 
RP [26–29]. Second, the younger and healthier individuals show higher recovery 
rates as compared to their older and sicker counterparts [26–28, 30–33]. The likeli-
hood to achieve satisfactory EF after RP is very low among those patients having a 
pre-existent severe ED [26–29, 34]. Finally, the modality/extension of the nerve-
sparing approach, the surgical technique (open, laparoscopic, robotic-assisted), and 
the surgical experience of the operator may also have a substantial impact on the 
likelihood to recover after RP [35, 36]. According to a recent meta-analysis, the 
preservation of the neuro-vascular bundle is not significantly associated with worse 
oncological outcomes, whilst it leads to better EF- and urinary continence- (UC) 
recovery [37]. Another recent meta-analysis [38] has identified that robot-assisted 
RP (RARP) results in better functional outcomes, thus including EF-recovery, when 
compared to laparoscopic and open techniques.

�Rationale of Penile Rehabilitation

The concept of penile rehabilitation, first suggested by Montorsi et al. [39] in the 
late 1990s, involves the use of any medication or device after RP to maximize EF 
recovery. Its main purpose is to prevent corporal smooth muscle alterations through 
the means of obtaining reasonably frequent erections in order to enable the patient 
to re-engage in sexual activity but also to re-establish his preoperative EF levels [7]. 
More recently a more comprehensive definition of this concept has been suggested, 
describing penile rehabilitation as the use of any drug, intervention, procedure or 
device to promote male sexual function after any type of insult to the function of the 
penis [40] (e.g., including also modifications in girth, length, and curvature of the 
penile shaft). While this most typically happens with RP, any possible insult to the 
normal physiology of EF, as those associated with Peyronie’s disease, penile 
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fracture, priapism, radical pelvic surgery or trauma, may benefit from an attempt of 
penile rehabilitation [40].

�Penile Rehabilitation Protocols and Their Tailoring 
to the Patient

Salonia et al. [6] distinguished five main categories of penile rehabilitation treat-
ment: phosphodiesterase type 5 inhibitors (PDE5Is), intracavernosal injections 
(ICIs), intraurethral and topical alprostadil, vacuum erectile device (VED) therapy, 
and testosterone therapy. The penile rehabilitation practice patterns among the 
American Urological Association (AUA) members were analyzed by Tal et al. [41]. 
They found that penile rehabilitation was adopted in the majority of cases (e.g., 
89%) after RP, with PDE5Is being indeed the overall preferred option.

For those younger and fitter patients having a normal preoperative EF, physicians 
should prefer in the first instance the less invasive penile rehabilitation protocols, 
such as oral treatment with PDE5Is [42]. Those relatively more invasive protocols 
such as the use of intracavernosal injections (ICIs) and their combination with VED 
should be offered as second-line options [43] and reserved to patients with preop-
erative ED who would benefit from a more aggressive management. For those cases 
where any available penile rehabilitation strategy has failed or when severe preop-
erative ED was documented, a penile implant surgery should be offered given their 
favourable success profile [44]. Novel therapies such as low-intensity shock wave 
therapy (LISWT) and stem cells’ treatments should be offered as experimental 
modalities [45].

The most commonly used penile rehabilitation protocols are summarized in 
Table 10.1.

Table 10.1  Penile rehabilitation protocols commonly used in clinical practice

Treatment Suggested protocol
Sildenafil 50–100 mg On demand (at least 3 times per week)
Vardenafil 10–20 mg On demand (at least 3 times per week)
Tadalafil 5–20 mg Daily (5 mg)

On demand (at least 3 times per week—10 to 
20 mg)

Intracavernous injection of Alprostadil 
5–20 μg

On demand (at least 3 times per week)

Vacuum erection device On demand (at least 3 sessions per week)
Combination treatments PDE5is 3 times per week + on demand Alprostadil

Alprostadil 3 times per week + on demand/daily 
PDE5i
Daily Tadalafil + on demand higher dosage PDE5i
Vacuum erection device + PDE5i/Alprostadil

PDE5is, phosphodiesterase type 5 inhibitors
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�The Importance of Preoperative Counseling

In the preoperative setting, patients are typically too optimistic regarding their 
expectation of getting back to their preoperative EF [46]. The occurrence of post-RP 
ED should be discussed with every RP-candidate, given that levels of temporary 
EF-loss occur most invariably, and permanent ED may also happen in some. 
Counseling the patient with regards to the expected timing of EF recovery and to the 
uncertainty of the extent of recovery is of crucial importance. Patients should also 
be informed regarding the predictors of EF-recovery and should be aware of all the 
available penile rehabilitation strategies along with their possible limitations. In 
order to build realistic expectations, patients should be aware that currently there is 
no conclusive evidence that penile rehabilitation can facilitate the recovery of unas-
sisted erections after surgery. Finally, the possible occurrence of additional sexual 
side-effects should be discussed by the physician, thus including anejaculation, 
reduced libido, orgasmic dysfunction, climacturia, and penile morphometric altera-
tions [47].

�Timing to Start Penile Rehabilitation

Penile rehabilitation should be started as early as possible during the postopera-
tive course [36, 48], with some studies supporting to commence the patient on 
PDE5Is when the catheter is removed [43]. Mulhall et al. [49] showed a signifi-
cantly more consistent improvement in the International Index of Erectile Function 
(IIEF)-EF domain score for the early penile rehabilitation group (e.g., rehabilita-
tion started <6 months after surgery) when compared to the delayed group (e.g., 
rehabilitation started >6 months after surgery). They documented also that more 
patients in the early group achieved satisfactory unassisted erections and PDE5I-
assisted erections vs. the delayed group at 2 years after RP (e.g., 58% vs. 30%). 
Since PDE5Is are the least invasive option, they can be prescribed early after 
surgery [42, 43]. VED and ICIs may instead be considered not earlier than one 
month after RP [39, 50, 51].

�Phosphodiesterase Type 5 Inhibitors

In a survey [52] over 95% of the International Society for Sexual Medicine (ISSM) 
members routinely prescribed PDE5Is to their RP patients. Although the available 
clinical studies [53–63] reported conflicting results regarding the actual efficacy of 
rehabilitation protocols based on PDE5Is (Table  10.2), preclinical data [64–75] 
strongly support the beneficial effects of this strategy.

Indeed, the vast majority of clinical studies presented with significant meth-
odological limitations thus including the lack of randomization, a suboptimal 
duration of the rehabilitation protocol and significant dropout rates [76]. Among 
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Table 10.2  Summary of the randomized clinical trials of PDE5Is-based penile rehabilitation 
protocols

Study Cases (n)
Study 
design

Patients’ 
features

Rehabilitation 
protocol and 
timing of 
outcome 
assessment Main findings

Padma-
Nathan 
et al. [57]

Sil 
50 mg 
OaD 
(23), Sil 
100 mg 
OaD 
(28), 
placebo 
(25)

Double-
blinded 
RCT

Age 18–70 y, 
preoperatively 
potent, BNS

Started 4 wk 
after RP, EDT 
at 36 wk, 8 wk 
DFW

EF recoverya 
(P = 0.02), 27% Sil, 
4% placebo

Montorsi 
et al. [56]

Vard 
OaD 
(137), 
Vard 
PRN 
(141), 
placebo 
(145)

Double-
blinded 
double-
dummy 
RCT

Age 18–64 y, 
preoperatively 
potent, BNS

Started 14 d 
after RP, EDT 
at 9 mo, 2 mo 
DFW, 2-mo 
Vard OaD OL

IIEF-EF score > 22 at 
EDT, 48.2% Vard 
PRN (P < 0.0001 vs. 
placebo), 32% Vard 
OaD, 24.8% placebo; 
IIEF-EF score > 22 at 
DFW (P > 0.05 all 
comparisons), 29.1% 
Vard PRN, 24.1% 
Vard OaD, 29.1% 
placebo

Mulhall 
et al. [58]

Ava 
200 mg 
(94), Ava 
100 mg 
(90), 
placebo 
(87)

Double-
blinded 
RCT

Age 18–70 y, 
history of ED 
after BNS

Started _6 mo 
after RP, EDT 
at 12 wk

IIEF-EF score change 
at EDT (P < 0.01 all 
comparisons), 5.2 Ava 
200 mg, 3.6 Ava 
100 mg, 0.1 placebo

Pavlovich 
et al. [59]

Sil OaD 
placebo 
PRN 
(50), Sil 
PRN 
placebo 
OaD (50)

Double-
blinded 
RCT

Age < 65 y, 
preoperatively 
potent, UNS or 
BNS

Started 1 d after 
RP, EDT at 
12 mo, 1 mo 
DFW

Recovery of baseline 
IIEF-EF score at EDT 
(P = 0.4), 63% Sil 
PRN, 57% Sil OaD; 
recovery of baseline 
IIEF-EF score at 
DFW (P = 0.01), 65% 
Sil PRN, 47% Sil 
OaD

Montorsi 
et al. [55]

Tad OaD 
(139), 
Tad PRN 
(143), 
placebo 
(141)

Double-
blinded 
double-
dummy 
RCT

Age < 68 y, 
baseline 
IIEF-EF score 
>22, BNS

Started within 
6 wk after RP, 
EDT at 9 mo, 
6-wk DFW, 
3-mo OL

IIEF-EF score _ 22 at 
DFW, 20.9% Tad 
OaD (P = 0.6 vs. 
placebo), 16.9% Tad 
PRN (P = 0.7 vs. 
placebo), 19.1% 
placebo

(continued)
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Table 10.2  (continued)

Study Cases (n)
Study 
design

Patients’ 
features

Rehabilitation 
protocol and 
timing of 
outcome 
assessment Main findings

Mulhall 
et al. [60]

Tad OaD 
(139), 
Tad PRN 
(143), 
placebo 
(141)

Double-
blinded 
double-
dummy 
RCT

Age < 68 y, 
baseline 
IIEF-EF score 
>22, BNS

Started within 
6 wk after RP, 
EDT at 9 mo, 
6-wk DFW, 
3-mo OL

Patients’ return to 
baseline IIEF-EF 
score at EDT (P value 
not provided), 22.3% 
Tad OaD, 11.3% Tad 
PRN, 7.8% placebo; 
patients’ return to 
baseline IIEF-EF 
score at DFW (P 
value not provided), 
12.2% Tad OaD, 
9.2% Tad PRN, 
11.4% placebo

Moncada 
et al. [61]

Tad OaD 
(139), 
Tad PRN 
(143), 
placebo 
(141)

Double-
blinded 
double-
dummy 
RCT

Age < 68 y, 
baseline 
IIEF-EF score 
>22, BNS

Started within 
6 wk after RP, 
EDT at 9 mo, 
6-wk DFW, 
3-mo OL

Time to EF recovery 
during DBT (for 25% 
of patients), Tad OaD 
5.8 mo (P = 0.03 vs. 
placebo), Tad PRN 
9 mo (P = 0.01 vs. 
placebo), placebo 
9.3 mo

Brock 
et al. [62]

Tad OaD 
(139), 
Tad PRN 
(143), 
placebo 
(141)

Double-
blinded 
double-
dummy 
RCT

Age < 68 y, 
baseline 
IIEF-EF score 
>22, BNS

Started within 
6 wk after RP, 
EDT at 9 mo, 
6-wk DFW, 
3-mo OL

Stretched penile 
length at EDT, Tad 
OaD -2.2 mm 
(P = 0.03 vs. placebo), 
Tad PRN -7.9 mm 
(P = 0.3 vs. placebo), 
placebo −6.3 mm

Montorsi 
et al. [63]

Tad OaD 
(139), 
Tad PRN 
(143), 
placebo 
(141)

Double-
blinded 
double-
dummy 
RCT

Age < 68 y, 
baseline 
IIEF-EF score 
>22, BNS

Started within 
6 wk after RP, 
EDT at 9 mo, 
6-wk DFW, 
3-mo OL

Predictors for 
recovery of EF: high 
preoperative IIEF-SD 
score, high 
preoperative IIEF 
score on item 15, 
robotic surgery, NS 
score, Tad OaD

AVA, avanafil; BNS, bilateral nerve-sparing procedure; DBT, double-blinded treatment; DFW, 
drug-free washout period; ED, erectile dysfunction; EDT, end of study treatment; EF, erectile func-
tion; IIEF, International Index of Erectile Function; IIEF-EF, International Index of Erectile 
Function erectile function domain; IIEF-SD, International Index of Erectile Function sexual desire 
domain; NS, nerve-sparing; OaD, once daily; OL, open-label treatment; PDE5Is, phosphodiester-
ase type 5 inhibitors; PRN, on demand; RCT, randomized clinical trial; RP, radical prostatectomy; 
Sil, sildenafil; Tad, tadalafil; UNS, unilateral nerve sparing procedure; Vard, vardenafil
aDefined as a score higher than 8 on questions 3 and 4 of the IIEF and a “yes” response to the ques-
tion, “Over the past 4  weeks, have your erections been good enough for satisfactory sexual 
activity?”
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these studies, those trials with a more robust statistical validity have failed to 
demonstrate any meaningful advantage of penile rehabilitation with PDE5is in 
terms of achieving a recovery of unassisted erections as compared to placebo 
[76]. A recent meta-analysis [77] found that PDE5I-administration is indeed 
capable of increasing EF-levels during the treatment, even though the analysis 
of the available evidence did not support the improved recovery of sponta-
neous EF.

Although PDE5I-rehabilitation protocols were not proven to be effective in facil-
itating the spontaneous return to the preoperative EF, these medications have been 
proven significantly effective in preserving both the structure of the corpora caver-
nosa and the penile length after RP [55]. For these reasons, clinical guidelines still 
suggest the use of PDE5is in the early post-operative phase since this strategy is in 
any case considered better than leaving the cavernous tissues untreated after surgery 
[36, 49, 78]. Nowadays, none of the available randomized controlled trials (RCTs) 
definitively demonstrated a superiority of the once daily administration of PDE5-Is 
compared to the on-demand (at least three times per week) administration protocols 
(Table 10.1) [79]. Tadalafil might have the best profile for its use in the penile reha-
bilitation setting due to his long half-life [80–82]. Of note, overall discontinuation 
rates of PDE5Is after RP are as high as 72.6% at 18 months follow-up [83], due to 
a range of reasons including treatment effect below expectations, loss of interest in 
sex, psychological factors, EF recovery and concerns about their cardiovascu-
lar safety.

�Intracavernosal Injections

The use of ICIs with alprostadil was the first proposed protocol to enhance EF 
recovery after RP. This treatment has been associated with high and immediate 
levels of effectiveness, especially in terms of penile hardness. Montorsi et  al. 
[39] reported data of 27 post-RP patients who were submitted ICIs of prostaglan-
din-E1, 2–3 times per week. At 6-month follow up, 67% of treated men showed 
levels of recovered EF, compared to only 20% in the control group. Similarly, 
Mulhall et al. [84] showed that performing ICIs 3 times per week after RP could 
lead to a 52% return of functional erection at 18 months follow-up as compared 
to only 19% in the control group. However, ICIs have been historically associ-
ated with low patients compliance due to their inconvenient modality of admin-
istration: in their series Polito et al. [85] observed that out of 430 patients who 
were offered a protocol of postoperative ICIs for sexual rehabilitation, 157 
(36.5%) refused to enter the protocol, and 18.6% dropped out of treatment over 
the first 6 months.

Two alternative molecules typically used for ICI therapy are papaverine (e.g., 
non-selective phosphodiesterase enzyme type 5 inhibitor) and phentolamine (e.g., a 
nonselective alpha-adrenergic antagonist) [86]. Bimix combines papaverine and 
phentolamine, whereas Trimix consists of Bimix components and alprostadil com-
bined [86].
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�Intraurethral Alprostadil

Alprostadil can be administered in the form of an intraurethral suppository or in the 
form of a topical cream [87]. The main limitation with the use of this topical treat-
ment after RP, particularly in the first postoperative year, is the frequent occurrence 
of penile pain. Raina et al. [88] described their experience with 54 patients using 
intraurethral alprostadil after RP. Although the treatment showed levels of benefi-
cial effect on their assisted EF, the compliance with the treatment was only 63% 
after a mean follow-up period of about 2 years. All of the patients reported penile 
pain being associated with the use of the medication.

�Vacuum Erection Device

VED therapy is based on the use of a mechanical device that utilizes a negative pres-
sure of approximately 150–200 mmHg to increase the penile blood inflow in order 
to obtain on-demand erections [89]. Its use in the penile rehabilitation is however 
controversial [90], although the European Association of Urology (EAU) guidelines 
suggest VED as an option to be considered when standard oral PDE5I-treatment 
fails [91].

Indeed, oral PDE5Is alone are not always effective in the post-RP setting and 
may be associated with adverse effects and significant dropout rates. The concomi-
tant use of a VED may increase the patient’s compliance with the treatment and 
satisfaction and may offer advantages to monotherapy when dealing with penile 
shortening after RP [92, 93].

There are several possible drawbacks associated with the VED use, including 
instability at the base of the penis, a cyanotic appearance and a cooler erection [94]. 
Vacuum therapy is not suitable for penile rehabilitation purpose before the urethral 
catheter removal [94].

�Novel Penile Rehabilitation Options

Currently, a number of innovative treatments aimed to improve EF recovery after 
RP are under investigation in both the preclinical and clinical setting.

�Low Intensity Extracorporeal Shock Wave Therapy

Pre-clinical studies suggest that LI-SWT may induce cellular microtrauma at the 
level of the cavernous bodies, which in turn stimulates the release of several cyto-
kines and angiogenic factors including the vascular endothelial growth factor 
(VEGF) and the endothelial nitric oxide synthase (eNOS), thus promoting tissue-
neovascularization [95]. To date, few clinical studies have investigated the effect of 
LI-SWT in the post-operative setting. Zewin et  al. reported data of 128 post 
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nerve-sparing radical cystoprostatectomy subjects [96]. All patients were allocated 
to one of three groups: LI-SWT; PDE5i; and control. During the follow-up, 16% 
more patients in the LI-SWT group showed satisfactory EF recovery levels as com-
pared to the control group. Although the difference was not statistically significant 
(P = 0.14), the results were still considered of clinical relevance. In a second study, 
Frey et al. [97] reported data of 16 patients with mild to severe ED after 12 months 
since RP. All patients were treated with a 6-week course of LI-SWT and then re-
assessed at 1- and 12-month after treatment with no other erectogenic aids allowed 
during the study period. Results showed a significant improvement in terms of EF 
recovery, as assessed with the IIEF-EF. As the authors correctly pointed out, it is 
possible that even better results could be achieved if the treatment is given at an 
earlier stage after surgery, thus preventing penile fibrosis.

Baccaglini et al. [98] conducted the first RCT aimed at describing the efficacy 
and safety related with early PDE5Is-introduction with or without LI-SWT on 
EF-recovery after RP. The treatment protocol was started 6 weeks after RP for a 
period of 8 weeks. The median IIEF-5 scores at 4 months after surgery in the inter-
vention group (e.g., PDE5is + LI-SWT) were significantly higher than those in the 
control group (12.0 vs. 10.0, P = 0.006). However, the study failed to reach the 
primary clinical endpoint considering a 4-point difference between the two treat-
ment arms.

The current guidelines are still cautious regarding the adoption of LI-SWT after 
RP. Further studies are needed to better identify the efficacy of this approach in this 
setting, including the definition of the optimal shock wave energy delivery strategies.

�Stem Cells

In their landmark study, Bochinski et al. [99] showed that stem cells were able to 
preserve EF in a rat model of neurogenic impotence when injected into the corpora 
cavernosa. Kendirci et al. [100] and Albersen et al. [101] subsequently published 
two milestone studies that validated further these results.

Stem cells are classified according to their differentiation potential in totipotent, 
pluripotent, multipotent, progenitor or precursor cells [44]. The most convenient 
method of stem-cell administration for ED-treatment is represented by intracaver-
nosal injection [102].

Adult mesenchymal stem cells (MSCs) are multipotent stem cells which are able 
to differentiate into specific subtypes of mesenchymal cells. They can release in a 
paracrine-fashion a wide spectrum of trophic factors and cytokines. They can exert 
an in-vivo beneficial influence when injected in the corpora cavernosa even if they do 
not engraft in the target tissue and/or they do not differentiate locally [103, 104]. This 
conclusion was based on the observations that a partial recovery of EF was observed 
after injection of cell lysate from adipose-tissue-derived stem cells (ADSC) and the 
limited presence of stem cells engrafted in the corpus cavernosum [101].

One of the most promising strategies in post-RP penile rehabilitation setting is 
represented by the intracavernous injection of bone marrow-mononuclear cells 
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(BM-MNCs). Following a range of preclinical encouraging results, a few phase 1 
and 2 clinical trials are currently ongoing [105]. The BM-MNCs are an heteroge-
neous population of cells, which include mesenchymal stem cells, endothelial pro-
genitor cells, and haematopoietic stem cells. These progenitor cells may exert 
anti-apoptotic, neurotrophic, and angiogenic effects. Yiou et al. [106] selected 12 
post-RP patients with localized PCa and whose ED had proved to be unresponsive 
to medical treatments. Patients were divided into four groups and were treated with 
escalating BM-MNC dosages. Compared to baseline levels, a significant improve-
ment in terms of intercourse satisfaction and EF were observed at the 6-month fol-
low up. Interestingly, clinical benefits were also associated with improvement of 
peak systolic velocity at the level of the cavernous arteries and with increased penile 
nitric oxide release.

Further, larger randomized studies are needed to better define the real efficacy of 
the stem cell-based approaches for addressing ED after RP.

�Sexual Rehabilitation Beside Penile Rehabilitation

Rehabilitation of post-RP sexual function has primarily been focused on facilitating 
the recovery of the EF. However, other sexual function domains contribute to a suc-
cessful sexual recovery.

�Non-penetrative Intercourse

In those cases when penetrative sex is not possible due to the erections being not 
firm enough, the patient and the couple should be invited to engage at least in non-
penetrative intercourse through the means of oral sex and mutual masturbation. 
Couples who identify alternative ways of being sexual in the presence of ED report 
lower sexual distress and higher compliance with rehabilitation protocols [107].

�Ejaculatory Complaints

Besides the recovery of EF, the preservation of a normal orgasmic function (OF) is 
crucial [108].

Urinary incontinence (UI) during sex (e.g., climacturia), dysorgasmia (e.g., pain-
ful orgasm) and anorgasmia can also severely impair orgasmic function following 
RP [109]. Dysorgasmia has a prevalence ranging from 3% to 18% after RP [110] 
while climacturia could affect up to 30% of patients after surgery [111]. Treatment 
options for painful orgasm could include the use of tamsulosin to reduce the con-
traction of the bladder neck responsible for the painful sensation [110]. Likewise, 
for climacturia patients may be invited to void before sexual intercourse or to apply 
penile tension loop during sexual activity; moreover, the optimization of UC with 
pelvic floor muscle training could reduce the risk of urine leakage [110].
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�Penile Morphometric Changes

Radical prostatectomy could result in penile shrinkage as documented in both open 
and robotic series [112–114], with penile length losses of up to 2 cm at 12 months 
in open RP [112, 113]. Those studies investigating this issue in the RARP setting 
documented a return to baseline penile length at 1 year after surgery [115, 116].

A treatment/preventative measure option to be considered is the adoption of a 
PDE5Is-based rehabilitation protocol, especially with the use of tadalafil, which has 
been proven beneficial in reducing significantly the length and girth-loss in both the 
flaccid and erect state at 3 and 6  months postoperatively after nerve-sparing RP 
[55, 62].

Moreover, the post RP patient is exposed to an increased risk of developing 
penile curvature and morphometric alterations due to Peyronie’s disease (PD) [117], 
which has shown a prevalence of 15.9% after surgery [118].

�Psychological Factors

Post-RP ED may typically cause a diminished feeling of masculinity. Moreover, 
the psychological impact of receiving a PCa diagnosis may also affect a patient’s 
mental state. These factors could significantly affect the couple’s sexual function-
ing after surgery. In this context, a psychological support exerts a favorable effect 
on patients’ adherence to penile rehabilitation protocols. A RCT involving 189 
couples showed that, after RP, patients in the peer support groups had higher 
sexual functioning levels when compared to men attending the usual care 
groups [119].

Canada et al. reported that sexual counseling intervention at 3-month reduced 
patients’ distress and increased both partners’ perceived levels of sexual function-
ing, with an increase of penile rehabilitation protocol adherence from 31% at base-
line to 49% at the 6-month follow-up [120].

�Penile Rehabilitation After Surgery Other Than 
Radical Prostatectomy

�Radical Cystoprostatectomy

EF recovery after RC ranged between 14% and 80% [121]. Nerve sparing RC 
approaches might improve functional outcomes according to literature, although 
rehabilitation programs remain necessary to optimize recovery [122]. Continent 
patients receiving orthotopic neobladder reconstructions showed better 
EF-outcomes when compared to incontinent patients and to those undergoing 
other forms of urinary diversion [123], even though these findings may be due to 
the orthotopic diversion being typically offered to generally healthier and younger 
patients, who have a higher likelihood to recover their pre-existent EF.  The 
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concept of sexuality preserving cystectomy was introduced by Horenblas et al. 
[124], with a surgical approach characterized by the preservation of the vas, the 
prostate, and the seminal vesicles. The majority of men undergoing this modified-
approach experienced a prompt return of a normal EF after surgery. However, this 
technique presents with significant oncological concerns in leaving the prostatic 
urethra in place.

�Rectal Surgery

Erecetile dysfunction is also prevalent among patients undergoing rectal cancer sur-
gery, ranging between 10% to 60% [125]. Abdomino-perineal resection (APR) 
presents with a higher risk of postoperative ED than low anterior resection proce-
dure [126]. The colostomy made after APR may also alter the patients’ self-
perceived body image and may increase the rate of postoperative sexual dysfunctions 
[127]. Surgical experience may also influence ED rates with series from high-
volume cancer centers reporting lower rates of ED [128]. Rehabilitation protocols 
often require a multidisciplinary approach for these patients which should comprise 
psychological support for both the patient and the partner along with the use of 
pharmacological agents [129]. Among the available medications, the efficacy of 
sildenafil was demonstrated in a study where 32 patients treated with rectal resec-
tion were randomized to medical treatment or placebo [130]. Erectile function 
improved in 80% of patients receiving sildenafil compared to 17% of patients 
treated with placebo [130].

�Conclusions

Despite the improvements of surgical techniques and of penile rehabilitation proto-
cols, ED remains still a common finding after RP. To date, there is no standardized 
rehabilitation protocol after RP owing to the controversial evidence regarding the 
efficacy of any treatment for restoring a baseline spontaneous EF after surgery.

However, the adherence to these rehabilitation treatments has to be encouraged, 
as they have been proven beneficial in maintaining the penile structure intact. Penile 
rehabilitation protocols should be initiated as early as feasible after surgery and 
RP-candidates should receive appropriate preoperative counseling regarding the 
available penile rehabilitation regimens. The rehabilitation-strategy of choice 
should be tailored on the patient’s specific individual features and likelihood to 
recover.

Moreover, patients should be carefully counselled regarding the importance to 
associate drug treatment with sexual stimulation, which should be performed rou-
tinely with or without the involvement of the partner. Last, the comprehensive sex-
ual well-being of the couple should be considered with a specific attention toward 
the occurrence of sexual dysfunctions other than ED and including impaired sexual 
desire and orgasmic dysfunction.
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