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The pathophysiology of erectile dysfunction after radical prostatectomy (RP) is believed to include neuropraxia, which
leads to temporarily reduced oxygenation and subsequent structural changes in penile tissue. This results in
veno-occlusive dysfunction, therefore, penile rehabilitation programmes focus on tissue oxygenation. Animal studies
support the use of phosphodiesterase type 5 inhibitors (PDE5Is) after cavernous nerve damage but results from
human studies are contradictory. The largest study to date found no long-term effect of either daily or on-demand
PDE5I administration after RP compared with placebo. The effects of prostaglandin and vacuum erection devices are
questionable and high-quality studies are lacking. Better documentation for current penile rehabilitation and/or
better rehabilitation protocols are needed. One must be careful not to repeat the statement that penile rehabilitation
improves erectile function after RP so many times that it becomes a truth even without the proper scientific
backing.
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Introduction
Radical prostatectomy (RP) is a commonly used treatment
option for localized prostate cancer. Unfortunately, the
procedure carries a risk of post-surgical complications
including erectile dysfunction (ED) [1]. The main
pathophysiological mechanism behind this is considered
to be damage to the cavernous nerves; therefore,
nerve-sparing procedures are routinely used [2]. Functional
outcomes are not always optimal, however, and, in spite of
increased surgical precision, a recent meta-analysis found
that new robotic surgical techniques could not be
convincingly shown to improve erectile function after RP
[3]. This has led to advanced theories about ED after RP
and to the development of several penile rehabilitation
programmes, designed to improve long-term erectile
function after nerve-sparing surgery. The present review
examines the theoretical background behind these
programmes as well as the current evidence regarding their
effect.

Methods
We performed a systematic review of the literature
regarding ED and penile rehabilitation published between
January 1990 and November 2012. Articles describing the
mechanism of ED after RP and articles exploring clinically
applicable methods of penile rehabilitation were
considered. We restricted our search to English-language
studies and included articles regarding both animal studies
and studies in humans. We searched Medline and the
Cochrane Library for the following terms: ‘prostate
cancer’, ‘prostatectomy’, ‘erectile dysfunction’ and ‘penile
rehabilitation’. Articles were screened based on titles and
abstracts, and relevant articles were selected based on a full
review. Reference lists for these articles were manually
searched. Only full-text articles were included in the final
analysis.
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Results
Pathophysiology of ED after RP

As findings indicate that the course of the cavernous nerves
are more complex than previously thought, incomplete
nerve-sparing is an obvious cause of ED [4]; however, even
during true nerve-sparing procedures it is likely that nerves
are affected by direct trauma, stretching, heating, ischaemia
and local inflammation [5,6]. This is believed to cause
neuropraxia, defined as a temporary block of nerve
transmission despite an anatomical intact nerve fibre, and
erectile function has been shown to improve for up to 4
years after RP [7,8]. There is evidence to suggest that
temporary nerve dysfunction leads to structural changes in
the penile tissue. This is linked to the finding that oxygen
tension is 25–43 mmHg in the flaccid penis, while it
increases to about 100 mmHg in the erect state [9]. During
the period of neuropraxia, the penile tissue is in a constant
state of low oxygen supply, which may lead to smooth
muscle apoptosis and fibrosis [10]. This disrupts the
veno-occlusive mechanism, which is crucial in normal
erectile function [11] and structural damage could be the
cause of long-term ED after nerve-sparing prostatectomies
[12]. To reduce neuropraxia, the most updated surgical
guidelines specifically recommend avoiding thermal energy
near the nerves and minimizing traction during surgery
[13].

Reductions in smooth muscle content and increased
fibrosis in penile tissue after damage to the cavernous
nerves have been shown in several animal studies.
Apoptosis of the smooth muscle is evident in rodents as
early as 1 day after denervation and increases over time
[14–17]. The changes are most pronounced with bilateral
nerve damage [15,18–20]. Many animal studies have also
shown that there is reduced intracavernosal pressure after
either injection of vasoactive substances or electrical
stimulation [18,19,21–24]. The presence of TGF-β1
[19,25,26] and hypoxia-inducible factor-1α [25], and
overexpression of endothelin-1 type B receptor [16,27]
have confirmed hypoxia as a possible pathophysiological
background to ED. Oxidative stress has also been noted as
a potential contributor [22], while a recent study has found
an increase in several pro-fibrotic genes and a concomitant
decrease in expression of genes promoting smooth muscle
growth [28].

In humans, fibrosis after RP has only been confirmed in
one small study [29]. Corpora cavernosa biopsies were
performed in 19 men with normal erectile function before
RP, and repeated 2 and 12 months after surgery.
Nerve-sparing was not ensured in most of the cases. In all
of the 2-month postoperative biopsies, elastic fibres and
smooth muscle fibres were decreased and collagen content
was increased compared with preoperative biopsies

(P < 0.001). In the 12-month biopsies the changes were
further amplified (P < 0.001). None of the patients in that
small study had nightly erections or erections sufficient for
sexual intercourse during follow-up.

Penile Rehabilitation

The hypoxia theory has raised hope that erectile function
can be improved by oxygenating the cavernosal tissue
during the period of neuropraxia. In 2008, Müller et al. [24]
showed that hyperbaric oxygen therapy after cavernous
nerve crush in rats improved erectile function (P = 0.005)
and provided a trend (P = 0.06) toward higher smooth
muscle preservation.

A clinically more applicable effect of tissue oxygenation has
been sought in ED treatments including: prostaglandin E1
therapy, applied through intracavernosal injection therapy
and urethral suppositories, such as those used in the
Medicated Urethral System for Erection (MUSE); PDE type
5 inhibitors (PDE5Is) as per oral therapy; and vacuum
erection devices (VEDs).

Prostaglandin E1 Therapy: Injection Therapy
and MUSE

The first attempt at penile rehabilitation was performed by
Montorsi et al. in 1997 [30]. In their innovative study, 30
patients were randomized after nerve-sparing RP and the
treatment group (n = 15) received intracavernous injections
of alprostadil three times per week for 12 weeks. The
control group received no treatment. Twelve patients
completed the treatment and eight of these reported that
they needed injection therapy in <50% of attempts at
sexual activity, which was considered a return of
spontaneous erections. The group used injection therapy at
a mean of every 4.2 attempts at intercourse. In the control
group, three patients reported erections sufficient for
satisfactory intercourse while 10 reported some recovery of
erectile function insufficient for intercourse in most cases.
In the treatment group, normal penile haemodynamics
were found in 10 patients, and 7 patients had at least one
erection per night. In the control group, 5 patients had
normal haemodynamics and 3 patients had nocturnal
erections. The study was ground-breaking as it introduced
the idea of penile rehabilitation; however, limitations
included the low number of patients, a lack of preoperative
assessment of erectile function, lack of placebo treatment,
the reliance of patient history as the main outcome, and the
lack of long-term follow-up. Injection therapy in penile
rehabilitation has not been tested in a randomized
fashion since.

The only randomized study investigating MUSE for penile
rehabilitation compared MUSE treatment with nightly
sildenafil in 139 patients [31]. There was no statistically
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significant difference in erectile function between the two
groups 1 year after surgery; however, as there was no
placebo or no-treatment group, the study cannot be
considered as adequate documentation of either treatment
in penile rehabilitation. Raina et al. [32], also studied MUSE
therapy in men after bilateral nerve-sparing RP. A total of
56 men were treated with MUSE (125 or 250 μg three times
per week for 6 months) while the remaining 35 patients
received no ED treatment. This resulted in 74 and 37% of
patients regaining erections sufficient for intercourse in the
treatment and control groups, respectively, and in mean
scores on the five-item International Index of Erectile
Function (IIEF-5) questionnaire of 18.9 and 15.8,
respectively; however, patients were allocated into the two
groups by choice, meaning that the MUSE group consisted
of patients opting for early penile rehabilitation while the
control group did not. This is likely to have skewed the
results in favour of the rehabilitation group. Furthermore,
32% discontinued MUSE treatment, most commonly
because of lack of efficacy, reduced sexual interest and
adverse effects, and these patients were not included in the
final analysis.

Other publications on injection therapy and MUSE have
similar methodological drawbacks. These include
comparing patients who actively choose to participate in
penile rehabilitation programmes with patients who either
were not interested or who chose to delay treatment, and
excluding patients not complying with treatment regimens
[33,34]. This is problematic because of the subjective nature
of ED assessment and because a lack of treatment effects
has been shown to influence discontinuation of penile
rehabilitation heavily [35,36]. Thus, the drop out from the
active treatment groups may in reality be elimination of
patients with particularly poor erectile function, thereby
introducing an artificial treatment effect. Other studies have
lacked control groups altogether [37–39].

PDE 5 Inhibitors: Animal Studies

The use of PDE5Is in penile rehabilitation has been studied
extensively in rodents. Vignozzi et al. [16], performed
bilateral cavernous neurotomy in male rats, which induced
penile hypoxia and a reduction in smooth muscle content.
Sildenafil was given to some animals 1 h before they were
killed, which reduced hypoxia. In another study, the same
group found that hypoxia induced by bilateral cavernous
neurotomy was completely ameliorated after 3 months of
daily tadalafil (2 mg/kg/day) while smooth muscle
apoptosis and fibrosis were reduced substantially [27].
Vardenafil has also proven effective in reducing structural
changes in penile tissue after cavernous nerve resection by
increasing smooth muscle cell replication [23] and tadalafil
has reduced apoptosis of endothelial cells in mouse penile

tissue [17]. These beneficial effects have been confirmed in
several studies [17–21,28].

Treatment with PDE5Is has also improved surrogate
measures of erectile function. Using dynamic infusion
cavernosometry, Ferrini et al. [23] found that
veno-occlusive dysfunction after bilateral cavernous nerve
resection was prevented by vardenafil treatment in rats
(30 mg/L in the drinking water). A similar result has been
found with sildenafil treatment (20 mg/kg/day) [19].
Likewise, Kovanecz et al. [18], found that tadalafil after
cavernosal nerve crush in rats increased intracavernosal
pressure after papaverine injection compared with
no-treatment controls. Two similar studies have found that
the intracavernosal pressure in rats exposed to nerve crush
was also improved with sildenafil 20 mg/kg/day [21,22];
however, the pressure was still lower than in sham-operated
groups in both studies and no improvement was seen with
a dose of 10 mg/kg/day sildenafil [21]. A recent study has
found that in vitro relaxation of smooth muscle from
bilateral nerve resected rats in response to high-frequency
(32 Hz) electrical stimulation was decreased [20]. This was
not changed by sildenafil treatment, indicating that some
residual nerve function may be nessesary for a functional
sildenafil effect [20].

Many different mechanisms of action have been proposed
to explain the protective effect of PDE5Is. Sildenafil has
been found to affect several genes involved in smooth
muscle preservation and to reduce oxidative stress [22,28].
Tadalafil has been found to increase the activation of
survival-associated kinases [17]. Other studies have
implicated a nitric oxide (NO) mechanism. Thus, both
expression and activation of endothelial NO synthase has
been increased with sildenafil treatment compared with a
control group [21]. Likewise inducible NO synthase (iNOS)
has been found to be increased with vardenafil treatment
[23]. Meanwhile, Kovanecz et al. [19] performed cavernosal
nerve resection on 344 rats and treated a group with
sildenafil (20 mg/kg/day) for 45 days. Two other bilateral
nerve-resected groups received an iNOS inhibitor, with or
without concurrent sildenafil. The pro-fibrotic factor
TGF-β1 as well as iNOS were found to be increased with
nerve resection. TGF-β1 was restored to sham values with
sildenafil, while iNOS was not affected by this treatment.
The iNOS inhibitor increased fibrosis and veno-occlusive
dysfunction in the non-sildenafil treated rats but not in the
sildenafil treatment group, suggesting that the sildenafil
effect was not dependent on iNOS induction [19]. In
another study, tadalafil neither influenced TGF-β1 nor
iNOS, and it was theorized that the effects on smooth
muscle preservation and fibrosis reduction were caused by
direct cGMP activation [18]. Finally, an increased amount
of myelinized nerve fibres at the area of the previous nerve
crush has been identified in a group of rats treated with
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sildenafil compared with control animals, suggesting a
neuro-protective mechanism [21].

As evident from the above studies, the mechanisms and
cellular pathways behind the PDE5I effect on post-nerve
resection/crush in rats are not clear. Taken together, the
studies point to increased oxygenation, activation of
endothelial NO/cGMP and nerve protection, as well as to
more complicated cellular mechanisms, including
activation of anti-apoptotic and antifibrotic factors.

PDE 5 Inhibitors (PDE5I): Human Studies

Schwartz et al. [40] randomized 40 patients to either
sildenafil 50 mg or 100 mg every other night for 6 months
after nerve-sparing RP. Biopsies from cavernous tissue were
taken before surgery and after 6 months in the 21 patients
who completed the protocol. Patients receiving the 50 mg
dose showed no difference in the mean amount of smooth
muscle content (P = 0.81), while patients in the 100 mg
group showed an increase from a mean preoperative
smooth muscle content of 42.8% to a mean postoperative
smooth muscle content of 56.9% (P < 0.05). There was no
difference in postoperative smooth muscle content when
comparing the two groups directly (P = 0.33). The study
did not include an assessment of postoperative erectile
function. Iacono et al. [41] conducted a similar study, in
which 21 patients received sildenafil 50 mg, three times a
week, for 2 months after RP. Biopsies were performed both
before surgery and after the 2 months of treatment. Neither
elastic fibres nor connective tissue content changed
significantly. In that study unilateral nerve-sparing at least
was attempted in all cases and 4 patients reported
erections sufficient for penetration at 2 months, while 6
patients reported nightly erections. There was no control
group and no long-term follow-up. When compared with
the original study by Iacono et al. [29], where no PDE5Is
were administered and where smooth muscle content
diminished, these two studies point to an effect from
PDE5I; however, it is likely that the results were
influenced by differences in nerve-sparing and no final
conclusions can be drawn, because of the lack of control
groups.

Only two randomized and placebo-controlled trails
assessing the clinical effects of PDE5I in penile
rehabilitation have been conducted. In the first of these,
men scheduled for bilateral nerve-sparing RP and with
intact preoperative erectile function were randomized to
receive 100 mg sildenafil, 50 mg sildenafil or placebo every
night for a period of 9 months [42]. Responders were
defined as patients with a combined score of ≥8 for
questions 3 (‘Over the past 4 weeks, when you attempted
sexual intercourse, how often were you able to penetrate
your partner?’) and 4 (‘Over the past 4 weeks, during sexual

intercourse, how often were you able to maintain your
erection after you had penetrated your partner?’) of the
IIEF, and a positive response to the question ‘Were
erections good enough for satisfactory sexual activity?’.
After the 9-month double-blind treatment period, patients
received no treatment for an 8-week period. After this
wash-out, 14/51 patients who completed sildenafil
treatment were responders (27%) with no significant
difference between the 50 mg group and the 100 mg group.
Only 1/25 in the placebo group (4%) fulfilled the criteria as
a responder. The mean IIEF Erectile Function domain
(IIEF-EF) score was also significantly higher in the
sildenafil group than in the placebo group (13.1 ± 9.5 vs
8.8 ± 7.0). Unfortunately, enrolment in the study ceased
early owing to an interim analysis which showed a lower
response rate than expected, and only 76 men completed
the study protocol. A subgroup (n = 54) underwent
evaluation of nocturnal penile tumescence and rigidity and
was analysed in a subsequent paper by the same study
group [43]. It was found that nightly sildenafil improved
nocturnal erections compared with placebo, with the
greatest response in the 100-mg group [43]. None of the
groups returned to baseline values.

The second randomized, placebo-controlled study was
performed by Montorsi et al. [44]. This well-designed study
included men with a preoperative IIEF-EF score of at least
26, and an operative report confirming bilateral
nerve-sparing (n = 423). For 9 months patients received
either 10 mg vardenafil nightly plus on-demand placebo,
on-demand vardenafil plus nightly placebo, or nightly
placebo plus on-demand placebo. Responders were defined
as patients with an IIEF-EF score of at least 22. Patients
were evaluated after the double-blind treatment and a
subsequent 2-month wash-out period, during which all
patients received placebo medication. The study did not
demonstrate any significant difference regarding erectile
function between the three groups (response rates of 28.9%
for placebo, 24.1% for nightly vardenafil, and 29.1% for
on-demand vardenafil). Another assessment was performed
after a subsequent 2-month period, with open-label
on-demand vardenafil treatment still showing no
statistically significant differences between response rates
(47.8% for placebo, 52.6% for nightly vardenafil, and 54.2%
for on-demand vardenafil).

During the double-blind period of the study, the vardenafil
on-demand group had significantly higher IIEF-EF scores
than either of the other groups, while the nightly vardenafil
group had higher scores than the placebo group. This is not
surprising considering that vardenafil is meant to work as
an on-demand drug. The on-demand group had the full
treatment effect during the drug phase of the study, while
the nightly group had an effect so far as their sexual activity
coincided with ingestion of the drug.
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In addition to these two placebo-controlled studies, a small
randomized study from Turkey investigated the effect of
tadalafil in penile rehabilitation [45]. In that study, 65 men
with preoperative IIEF-EF scores >25 undergoing bilateral
nerve-sparing RP were randomized to receive 20 mg
tadalafil three times a week for 6 months or no treatment.
Patients were then evaluated for changes in penile length
and erectile function. At the 12-month follow-up, there was
no difference between changes in stretched penile length in
the two groups and there was no statistically significant
difference in erectile function, with 72.7% in the
no-treatment group and 78.1% in the tadalafil group being
reported to have IIEF-EF scores >25. Use of PDE5Is at this
time was not reported. It may be prudent to interpret the
results of that study with caution because of the low
number of patients, the unusually high postoperative IIEF
scores, and the fact that the primary outcome of the study
was penile size.

A small study (n = 41) looked at patients with
RigiScan®-confirmed nocturnal erections after unilateral
or bilateral nerve-sparing RP [46]. Patients were matched
by preoperative parameters and nerve-sparing status to
either sildenafil 25 mg every night (n = 23) or no treatment
(n = 18). At 52 weeks the IIEF-5 scores differed between
groups (14.1 in the sildenafil group vs 9.3 in the control
group, P < 0.001). While this is clearly a well thought out
study, major concerns include that the duration of the
nightly sildenafil treatment was not mentioned and that no
wash-out period was described before the IIEF scores were
assessed. Other limitations include the lack of placebo
medication and the highly selected group of patients with
nightly erections after surgery.

Vacuum Erection Device

A VED creates a transient increase in arterial blood
flow and oxygen supply [47,48], but when applying a
constriction band, oxygen saturation gradually drops [48];
therefore the VED is applied without the constriction band
in penile rehabilitation.

After cavernous nerve crush in rats the VED has been
shown to improve intracavernosal pressure with nerve
stimulation and preserved penile size compared with
controls [49,50]. A VED also reduced hypoxia-inducible
factor-1α, TGF-β1, while increasing endothelial NO
synthase expression and smooth muscle/collagen ratios
compared with controls [49,50]. Erectile function and
tissue preservation was, however, reduced compared with
sham-operated animals.

Two randomized trials have tested VED against observation
in humans. Kohler et al. [51] randomized 28 men to early
or delayed treatment after unilateral or bilateral
nerve-sparing RP. One month after surgery the early

treatment group was instructed to use VED daily for two
consecutive 5-min periods without a constriction band.
After the first month the men were also allowed to use
constriction bands for intercourse. After 6 months the
delayed treatment group was instructed to use VED for
intercourse and both groups were offered PDE5Is. The
early treatment group had significantly higher IIEF scores
at 3- and 6-month follow-up, but there was no difference
between the groups after 12 months (P = 0.75). Use of
PDE5I did not differ between the groups. Importantly, no
spontaneous erections adequate for intercourse were
reported at 12 months in either group. As it must be
assumed that the increased erectile function at 3 and 6
months in the early treatment group represents an acute
effect of active treatment the paper does not support the
use of a VED in penile rehabilitation. Stretched penile
length was measured in both groups to assess if the VED
had an effect on penile shortening. At 12 months, two out
of 17 patients in the early VED group and five out of 11
patients in the delayed group had penile shortening of at
least 2 cm (P < 0.044); however, there was no significant
loss in penile length in the delayed treatment group
compared with the preoperative measurements,
which makes the interpretation of this finding difficult.

Raina et al. [52] randomized 109 patients to daily VED for
9 months after RP (nerve-sparing or non-nerve-sparing) or
to no treatment. The VED group was allowed to use a
constriction band for intercourse. Patients were excluded
from the VED group if they did not engage in intercourse
using the device. The overall exclusion rate in the group
was 14/74 patients (20%) with reasons for discontinuation
reported as discomfort (55%), penile bruising (20%),
social inconvenience (17%) and inability to use the device
(8%).

At 9-month follow-up the mean IIEF-5 score was higher in
the treatment group than in the no-treatment group
(16 ± 7.33 vs 11.1 ± 1.76, P < 0.05); however, the assessment
appears to have been performed while the treatment group
still had the VED and the control group received no
treatment. Some degree of spontaneous erections was
reported in 32% of patients in the VED group and in 37%
in the no-treatment group. Ten out of 60 patients (17%) in
the VED group reported the return of natural erections
sufficient for intercourse, while this number was four out of
35 patients (11%) in the no-treatment group. Neither
difference was significant. The study lacked an
intention-to-treat analysis even though it is likely that the
patients who quit using the VED were also the patients
with the lowest effect on erectile function. This is
supported both by other research [35] and by the
observation that all patients who continued to use the
device were able to perform sexual intercourse – an
unusually high success rate.
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Patients were also asked about their penile size and 23% of
the successful VED users, reported a decrease in penile
length and circumference as compared with 85% of
patients who discontinued VED. In the no-treatment group,
63% reported a decrease in size. While this indicates that
VED could have an effect in maintaining penile size, the
results must be interpreted with caution as the assessment
is based solely on subjective and retrospective responses
from the patients.

A recent study from the USA has attempted to investigate a
PDE5I/VED combination in penile rehabilitation [53].
Patients having undergone bilateral nerve-sparing RP were
randomized to either tadalafil 20 mg three times weekly
(n = 7), or tadalafil plus a VED (n = 13). A higher IIEF-5
score was found in the combination group at 6, 9 and 12
months after surgery. Unfortunately, sexual function was
evaluated only with treatment, which means that the study
confirms the PDE5I/VED combination as a treatment
option but reveals nothing about its role in penile
rehabilitation.

Psychosocial Interventions

Although erectile functioning has been shown to play the
largest single role, it is clear that psychological factors such
as relationship closeness and depression/anxiety are also
important in sexuality after RP [54]. In addition, it has been
shown that a lack of emotional readiness in both patients
and their partners can diminish sexual activity even when
erectile capacity is restored after RP [55]. In spite of this
crucial influence, little research has been done in the area of
psychosocial interventions in penile rehabilitation. In a
pilot study from 2005, Canada et al. [56], investigated the
effects of four sessions of sexual counselling in men who
had undergone curative treatment for prostate cancer and
who were unable to achieve satisfactory erections either
with or without treatment (n = 84). The counselling
included education on the sexual impact of prostate
cancer treatment, information about ED treatments,
communication training and cognitive-behavioural therapy.
In addition, the patients were given homework with
touching exercises and recording of diaries. Men who
completed the sessions increased the use of erectogenic
aids and showed short-term improvements in all IIEF
subscales except sexual desire. The female partners also
showed improvement in sexual function; however, only
61% completed all four sessions and at 6-month follow-up
most of the improvements had regressed back to baseline
in both patients and partners. Subsequent studies have
supported the potential role of psychosocial interventions.
Thus a randomized study of men who had undergone
either non-nerve-sparing RP or cystectomy (n = 57)
showed that repeated sessions of sexual counselling
increased both compliance and satisfaction with injection

therapy with 18 months follow-up while it also had a
marginally positive effect on treatment efficacy [57].
Another randomized study of 101 men recovering from RP
found that a cognitive-behavioural stress management
intervention improved sexual function at 2–3 weeks after
the end of the intervention [58]. The intervention consisted
of weekly 2-h meetings with four to six participants for a
period of 10 weeks. A post hoc analysis showed that the
greatest effect was seen in men who perceived their sexual
dysfunction as a threat to their masculinity. Unfortunately
this study lacked long-term follow-up.

Other studies have attempted to assess the role of the
partner in post-RP sexual dysfunction. It has been shown
that a sexually functional partner is associated with better
sexual outcomes after RP and that there is there is a strong
correlation between male and female sexual dysfunction
in couples where the man has undergone RP [59,60].
Interestingly, a study, which included 35 couples, found
that patients had greater positive feelings towards their
partners than the partners had toward the patients.
Likewise, the patients were more satisfied with the
prescribed ED treatments than the partners were [61].
Taken together, these findings indicate that the overall
success of sexual rehabilitation after RP may improve if
partners are involved but, at this time, no specific
recommendations for such involvement can be given.

Alternative Strategies

Based on theoretical considerations and animal studies, a
large range of alternative compounds have been suggested
as potential new treatments in penile rehabilitation. These
include nerve growth factors [62], acidic fibroblast growth
factor [63], growth hormone [64], IGF [65], erythropoietin
[66], vascular endothelial growth factor [67], brain-derived
neurotrophic factor [68], sonic hedgehog protein [69],
immunophilin ligands [70], neurturin [71], growth
differentiation factor-5 [72], polyadenosine
diphosphate-ribose polymerase inhibitor [73],
triiodothyronine [74], rho kinase inhibitors [75] and stem
cell therapy [76,77]. The experience from human trials is
limited so far and future trials are needed to evaluate the
true potential of such treatments.

One of the most intriguing and controversial suggestions is
post-prostatectomy testosterone treatment. Testosterone
may play an important role in both cavernous nerve
integrity and NO production and is thought to exert
throphic effects on smooth muscle tissue along with a
reduction of fat and connective tissue in the corpora
cavernosa [78].

Although not documented in humans, animal studies imply
that there may be an acute phase with hypogonadism after
cavernous nerve damage [79]. A role of testosterone is
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further implied in the finding that preoperative serum
testosterone levels have been found to be positively
correlated to post-prostatectomy erectile function [80].

Interestingly, testosterone has also been shown to regulate
PDE5 levels in rodents [78] and as testosterone treatment
may improve the response to PDE5I in men with
hypogonadism [81], it has been speculated that a
combination of testosterone and PDE5I may aid penile
rehabilitation further. In a rat study, testosterone
supplementation alone after bilateral cavernous nerve
resection was not able to prevent hypoxia, however,
testosterone in combination with tadalafil, completely
restored penile oxygenation and prevented fibrosis [79].
The concept is currently being tested in a human
randomized trial (NCT00848497).

The role of testosterone treatment in erectile dysfunction,
however, remains controversial and a recent randomized
study has challenged the notion that testosterone can
increase the effect of PDE5I (n = 140). Thus, no benefit on
erectile function was found when comparing sildenafil +
testosterone with sildenafil + placebo in men with low
testosterone levels [82]. Furthermore, a comprehensive
review by Buvat et al. [83] has questioned both the
association between low testosterone and ED in general
and the beneficial effect of testosterone replacement
therapy on ED in particular. In this review it was quoted
that only young patients with testosterone deficiency seem
to experience a consistent benefit from testosterone
therapy. Another crucial problem with the widespread use
of testosterone in penile rehabilitation is the possibility that
hormone therapy may increase the risk of recurrence and
progression of the disease. While there is no current
evidence that testosterone treatment after RP constitutes a
risk of disease recurrence, only small retrospective case
series in patients with hypogonadism have been published
thus far. As intriguing as the concept of testosterone in
penile rehabilitation may be, it is important to realize that
clinical proof is needed in patients who have undergone RP
and that, at the current time, all available preparations of
the testosterone for men with hypogonadism are stated to
be contraindicated when known or suspected prostate
cancer is present [84].

Benefits for Specific Subgroups

Recent studies have begun to outline new significant
concepts in penile rehabilitation, namely, identifying
subgroups of patients who are not in need of rehabilitation
and identifying those who are the best candidates for
rehabilitation programmes [85,86]. This is done based on
preoperative patient characteristics and may be important
as the participants in the cited randomized trials have
all been selected to be relatively young with a good

preoperative erectile function and a low rate of
comorbidities. In one such study, Gallina et al. [85]
suggested that penile rehabilitation may be beneficial in
older patients and patients with a diminished preoperative
erectile function while young men (<55 years of age) with a
good erectile function do not benefit from rehabilitation
programmes. Another recent study by Briganti et al. [86]
found that the recovery of erectile function was improved
with PDE5I overall, and that it was similar with on-demand
and daily PDE5I treatment in both patients at high risk
(age ≥70 years or IIEF-EF score ≤10 or a Charlson
Comorbidity Index [CCI] score ≥2) and low risk (age ≤65
years, IIEF-EF score ≥26, CCI score ≤1) of postoperative
ED. Meanwhile, the daily treatment showed significantly
better effect in intermediate risk patients (age 66–69 years
or IIEF-EF score 11–25, CCI score ≤1). Both studies,
however, used retrospective data and compare patients who
had actively decided to either participate in penile
rehabilitation programmes or to opt out of these. As
described previously, it is likely that there are differences
between such patient groups and the studies neglected to
explore this aspect. Furthermore the studies conducted
several statistical tests, thus markedly increasing the risk
of type 1 errors. This means that, while intriguing, the
conclusions of these studies warrant further investigation in
prospective trials.

Discussion
The authors and study groups investigating penile
rehabilitation must be commended for their ingenuity and
persistence with regard to improving patient outcomes
after RP. There is no doubt that this is crucial to many
patients’ quality of life [87]. The work has both highlighted
the area and brought promise of significant improvements.
At the same time, it is clear that there is still much work to
be done.

As described, the literature on both intracavernous
injection therapy and MUSE is scarce and contains major
limitations. More knowledge is available regarding PDE5Is,
but results are conflicting. In the normal treatment of ED
the PDE5I mechanism of action is to inhibit the breakdown
of cGMP [88]. As this makes the PDE5I effect dependent
on an initial supply of neural NO, the rationale behind
using PDE5Is in the presence of neuropraxia has been
discussed widely. Animal studies point to several plausible
protective mechanisms but one must be careful when
interpreting these findings as effects might not translate to
humans. Erections in rat studies were non-physiological
and the PDE5I doses given are generally higher than
recommended in men. Furthermore, the studies use a
variety of methods to induce nerve damage, which may be
very different from the damage induced during
nerve-sparing RPs performed in humans. Even with these
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limitations, the number of animal studies may seem like
compelling evidence at first glance; however, it is crucial to
note that in strict terms the data regarding post-nerve-
damage erectile function in rats only constitute one highly
reproducible experiment. Animal studies may justify
human trials but cannot be regarded as clinical evidence.
Accordingly, the clinical trials in humans do not uniformly
duplicate the clear benefit shown in rodents [42,44].
Perhaps the most intriguing question in the area of penile
rehabilitation is why the Padma-Nathan study [42] and the
Montorsi study found such different results [44].

Obvious discrepancies include differences in sample sizes,
and inclusion of placebo medication in the wash-out period
of the Montorsi study. Another difference is that normal
erectile function was defined more strictly in the
Padma-Nathan study; however, when looking at the
number of patients with IIEF-EF scores ≥26, the Montorsi
study still did not find a significant treatment effect.
Furthermore, a subsequent study by Briganti et al. [89]
found that the IIEF-EF score of ≥22 used in the Montorsi
study may in fact be the most appropriate threshold for
recovery of postoperative erectile function as sexual
satisfaction only declines when the score drops
below 22.

It can be speculated that psychological factors play a role in
the different outcomes in the two studies because their
main assessment of ED was subjective and dependent on
sexual intercourse with a partner. We must expect that,
during the active treatment/placebo phases of the trials, the
treatment groups were most capable of an active sex
life – this was specifically shown in the Montorsi study but
not addressed by Padma-Nathan et al. The long periods
without the ability to engage in sexual intercourse owing to
neuropraxia and without access to treatment may have
negatively influenced the sexual lives of couples in the
placebo groups [55]. It can be speculated that the
detrimental psychological effects had largest impact in the
Padma-Nathan study, as patients in the Montorsi study
made no less than 11 study centre visits in which sexual
activity was encouraged. The randomized study
investigating tadalafil in penile rehabilitation is less
vigorously designed. Nevertheless, this study showed no
treatment effects on post-prostatectomy erectile
function [45].

As PDE5Is have not been directly compared, another
explanation for the discrepancies is that there may be a
difference in their effects in spite of the theoretically
identical mechanism of action. Initially, this does not seem
likely based on animal studies and on the universal efficacy
of PDE5Is in treating ED [90]. Moreover, the long half-life
of tadalafil would seem to offer a theoretical benefit over
the other PDE5Is as the penile tissue is subjected to the
drug more consistently [91], but in a human study

regarding the effects of the three PDE5Is on pulmonary
hypertension, only sildenafil improved arterial oxygenation
[92]. Sildenafil was also the only PDE5I that improved the
haemodynamic response to intracavernous prostaglandin
injection over an 8-week treatment period for men with
non-neurogenic erectile dysfunction (n = 134) [90]. This
implies that a difference in drug effects could play a role.
Nevertheless, no clinical proof exists to support the
notion and studies comparing the three PDE5Is are
required.

As with PDE5Is, the VED has shown effect in rodents
[49,50], but these results have not been confirmed in
humans. In spite of encouraging short-term results,
the data do not show a long-term effect on erectile
function [51,52]. The treatment may have a positive
effect on penile length, but this matter warrants further
study.

Psychosocial interventions have shown some promise but
the methods employed thus far have been inadequate to
induce long-term improvements except regarding
compliance with medical treatments. It is also unclear if
individual patients may need specific psychosocial
interventions tailored to their personality. Clearly, more
research is needed in this area. Likewise, more research is
required to assess the influence of the partner.
Specifically, it would be beneficial to find ways in which the
partners could contribute positively to long-term
success with both penile rehabilitation and treatment
of ED.

In spite of the limitations in the literature, penile
rehabilitation programmes containing injection therapy,
PDE5Is, MUSE, VED and combinations of these treatments
are gaining popularity [93–95]. This trend may have both
positive and negative implications for patients. It must be
stressed that, in spite of their questionable role in penile
rehabilitation, the listed treatments have all proven
effective as traditional post-prostatectomy ED treatments
[96–103], therefore, early treatment would probably benefit
patients’ sexuality in the short term and may also have a
positive effect regarding long-term psychological and
relationship factors, as discussed above. Meanwhile, such
effects can only be expected when erections are actually
induced and effective treatments should not be replaced by
continuous long-term administration of suboptimum
rehabilitation regimens in the anticipation that this may
improve spontaneous erectile function. Furthermore, the
current evidence does not support the notion that
patients who are not interested in sexual activity in the
short term should endure the inconvenience and
expense of today’s long-term penile rehabilitation
programmes. Finally, and perhaps most importantly, it is
crucial for the area of penile rehabilitation, that new
treatment methods are explored – opportunities to do so
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will be diminished if we act as if current methods are
sufficient for what we wish to achieve. In addition to
exploring new treatments, future studies should be
designed to investigate the effects of penile rehabilitation
programmes in specific subgroups as discussed above.
More research is also needed to evaluate the long-term
effects of psychosocial interventions and to assess the
possible effects of treating sexual dysfunction in partners of
men undergoing RP. Because of the uncertainties and
multifactorial nature of sexual relationships, it is
imperative that future studies are designed as randomized
and prospective trials.

Conclusions
Theoretical considerations warrant early implementation of
penile rehabilitation to ensure cavernous oxygenation, but
there is little clinical evidence to support the use of current
protocols. Certainly no specific treatment can be
recommended. While animal studies are abundant, only few
well designed human trials have been conducted and the
results are mainly discouraging. Better documentation
and/or better methods of penile rehabilitation are necessary
to adhere to the principles of evidence-based medicine.
Until this is addressed we should consider moving away
from a rehabilitation paradigm toward a goal-oriented
treatment paradigm in our daily practice. In accordance
with patient wishes, treatments should be prescribed in
doses and combinations that actually induce erections and
allow sexual intercourse if possible. Such treatments should
be offered early after RP to minimize the possible
detrimental psychological effects. One must be very careful
not to repeat the statement that penile rehabilitation
regimens improve erectile function after RP so many times
that it becomes a truth, even without the proper scientific
backing.
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