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Introduction

Few areas of medicine, let alone urolo-
gy, are as controversial as the question
of whether postprostatectomy penile reha-
bilitation has a place in current therapeu-
tics. There are 3 essential elements that
must be evaluated in this debate: 1) Do
sexual and erectile dysfunctions (EDs) exert
a meaningful impact on quality of life for
couples following radical prostatectomy
(RP)? 2) Is there credible, reproducible and
objective evidence that the proposed inter-
ventions improve functional results for
patients and partners to a significant
degree? 3) Is there a risk or down side to
initiating rehabilitative strategies in the
affected population?

The past decade has been witness to
improved surgical techniques coupled
with widespread adoption of laparoscop-
ic and robotic approaches for prostatec-
tomy. Nerve-sparing radical prostatecto-
my (NSRP) is now widely employed and
believed to improve postoperative erec-
tile function.1 However, complete erec-
tile recovery may take up to 24 months,
and even among men in whom bilateral
nerve-sparing techniques are performed,
the recovery rate varies from 16% to
86%.2–4 In the current era of early detec-
tion driven by prostate cancer screening
programs and widespread prostate-
specific antigen testing, many young, sex-
ually active men are undergoing surgery.
In this population, preservation of erec-
tile function after the procedure is para-
mount. In 2003, Penson and Litwin5

reported that sexual dysfunction was the
most important quality-of-life issue at 
24 months from the time of primary
prostate cancer treatment. The negative
impact of sexual bother on quality of life

and self-esteem appears to be proportion-
al to time from intervention, meaning it
has a greater impact with time. In addi-
tion, it has been documented that nerve-
sparing techniques alone do not seem to
be sufficient to prevent sexual impair-
ment.3 Recent insights into the pathophys-
iology of postprostatectomy ED have stim-
ulated great attention toward the concept
of penile rehabilitation, also known as
erectile function preservation programs,
in which prophylactic measures are insti-
tuted to promote early recovery from ED.
Nevertheless, the concept of penile reha-
bilitation continues to generate active dis-
cussions among treating physicians.

Pathophysiology of postprostatecto-
my erectile dysfunction

Although the exact underlying etiology of
sexual dysfunction following prostate can-
cer therapy remains to be fully elucidat-
ed, there are several key elements that cli-
nicians and patients need to deal with: ED
as a consequence of nerve and arterial
vascular injury, penile fibrosis resulting in
length and girth loss, and veno-occlusive
dysfunction–induced ED.

Following NSRP, spontaneous erectile
function is frequently impaired, thought
to be secondary to reversible injury of the
cavernous nerves, a process known as
neurapraxia. This temporary deficit of the
cavernosal nerves can abolish any form
of erection and has a time course lasting
up to several years. Neurapraxia is be-
lieved to be caused by a combination of
mechanical, thermal, ischemic and local
inflammatory effects associated with sur-
gical trauma, and occurs even in the
hands of the most experienced surgeons.6,7
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Normal cavernosal smooth muscle content and
function are essential for the initiation and main-
tenance of erection and their integrity is depend-
ent on tissue oxygenation, which modulates nitric
oxide synthesis. Presently, the predominant the-
ory of RP-induced ED is that as a result of neu-
rapraxia, an environment of persistently low oxy-
gen tension exists in a constantly flaccid penis often
initiating severe fibrotic changes within the cav-
ernosal tissue. In an experimental model by
Leungwattanakij and colleagues,8 penile tissue
from rats that had undergone bilateral injury of the
cavernosal nerves 3 months earlier, showed a 
significant overexpression of hypoxia-related
cytokines like transforming growth factor–β (TGF-
β1) with increased amounts of collagen I and III,
compared with controls. Daley and coauthors9

reported that the production of prostaglandin E1
was decreased in the cavernosal muscle, which
has been previously shown to suppress the TGF-
β1–induced collagen accumulation and is also
oxygen dependent. Similarly, User and coauthors10

performed bilateral neurotomy of the rat penis and
found that there was a significant increase in apop-
tosis in the subalbugineal smooth muscle cells.
This loss of smooth muscle beneath the tunica
leads to venous leak and is evident clinically as
venogenic ED.11 Mulhall and coworkers12 have
shown that the longer the patient waits after sur-
gery before initiating erectile function, the more
likely it is that venous leak will develop, implying
underlying corporal smooth muscle fibrosis.
Finally, penile shortening is frequently reported by
patients and partners following RP and believed
to be a result of corporal fibrosis, increased apop-
tosis and de novo Peyronie disease formation.13

Evidence in support of penile rehabilitation

Penile rehabilitation has recently been described as
the application of any drug or device at or after RP
to speed up recovery of erectile function.14 Most cur-
rent strategies directed at penile rehabilitation seek
to improve cavernosal oxygenation, promote
endothelial protection and prevent structural changes
within the penis caused by nerve injury. Both ani-
mal and human models have been described sup-
porting the concept of penile rehabilitation.

It has been shown that animals exposed to bilat-
eral cavernous neurotomy treated with phospho-
diesterase type 5 (PDE5) inhibitors compared with

placebo controls have significant preservation of
erectile function and cavernosal smooth muscle
content. This was demonstrated in rat models by
Mulhall and coauthors15 using sildenafil, Ferrini
and colleagues16 using vardenafil and Vignozzi
and coworkers17 using tadalafil. The protective
nature of these agents appears to be a class effect,
with evidence showing robust measurable
improvements in smooth muscle and erectile func-
tion with both short- and long-acting drugs. In
another study, Kovanecz and colleagues18 showed
that long-term continuous sildenafil resulted in
improvement of venous leak following cavernous
nerve resection. Using a diabetic rat model in our
laboratory, De Young and colleagues19 demon-
strated improved endothelial and smooth mus-
cle protein expression and penile histological mor-
phology with chronic vardenafil use, compared
with controls. These data demonstrate the ability
of PDE5 inhibitors to be myoprotective and pos-
sibly myotrophic.14 Finally, Muller and coauthors20

have observed preservation of erectile function
when hyperbaric oxygen was applied to cavernous
nerve–injured rats, supporting the role of caver-
nosal oxygenation.

The first landmark human study to demonstrate
an advantage of early rehabilitation was performed
by Montorsi and colleagues21 in a 1997 randomized
controlled trial on patients who underwent bilater-
al NSRP. The authors showed that recovery of spon-
taneous erection occurred at 6 months in 8 of 12 pa-
tients who self-injected with prostaglandin-E, versus
3 of 15 who did not receive injections. Mulhall
and colleagues22 followed up 132 patients in a
prospective nonrandomized fashion after they were
placed in “rehabilitation” or “no rehabilitation”
groups after RP. Patients undergoing rehabilitation
agreed to take sildenafil or intracavernosal alprostadil
to induce erection 3 times weekly starting within the
first 4 weeks after surgery. After 18 months of 
follow-up, 52% of the men in the rehabilitation pro-
tocol group reported spontaneous functional erec-
tions, compared with 19% of the men in the “no
rehabilitation” group. Brock and colleagues23 demon-
strated that long-term intracavernosal self-injection
of alprostadil improved penile circulation and led
to a return of spontaneous erection in men with arte-
riogenic ED, thus confirming a potential curative role
of this therapeutic modality in selected patients.

A number of human clinical studies of PDE5
inhibitors exist in this population as well. Desouza
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and colleagues24 showed that the use of sildenafil
at 25 mg results in significant endothelial function
improvement based on flow-mediated dilation
(FMD) assessment in the acute (1 h after drug expo-
sure) and chronic (14 d of treatment with FMD
assessment 24 h after drug exposure) setting.
Schwartz and colleagues25 conducted an important
experiment which demonstrated that 6 months of
sildenafil had the ability to arrest (at 50 mg/d) or
reverse (at 100 mg/2 d) the loss of cavernosal smooth
muscle postprostatectomy by comparing penile
biopsies pre- and postoperatively. Padma-Nathan
and coauthors26 published the first randomized
placebo-controlled trial assessing the clinical util-
ity of chronic PDE5 inhibitor use. Seventy-six men
were randomized into 3 arms 4 weeks after an
NSRP: 23 patients in the sildenafil 50 mg/day arm,
28 patients in the sildenafil 100 mg/day arm and 25
patients in the placebo arm. Patients took daily med-
ication for 36 weeks and had an 8-week washout
period. Twenty-seven percent of patients taking
sildenafil (50 or 100 mg/d) were able to achieve a
natural erection versus 4% in the placebo group.27

Recently in a well-designed trial, Montorsi and
colleagues28 compared on-demand and nightly dos-
ing of vardenafil to placebo controls on the recov-
ery of erectile function in postprostatectomy patients.
This large, randomized, placebo-controlled, double-
blind, multicentre study evaluated vardenafil use in
men with normal preoperative erectile function
(International Index of Erectile Function, erectile
function domain [IIEF-EF] score ≥ 26) who had
undergone an NSRP. Within 14 days of surgery,
men were randomized into 3 study arms: placebo
(n = 210), vardenafil 10 mg nightly with on-demand
placebo (n = 210) and nightly placebo with on-
demand vardenafil 10 mg (n = 208). Treatment
occurred over a 9-month period after which there
was a single-blind placebo washout for 2 months
and an additional 2 month open-label vardenafil
on-demand period. After the double-blind treatment
period, on-demand vardenafil was associated with
significantly greater IIEF-EF scores ≥ 22 compared
with placebo (p < 0.001) and nightly vardenafil 
(p = 0.006). Additionally, the successful rates of the
Sexual Encounter Profile (SEP3) question were sta-
tistically significant, in favour of on-demand varde-
nafil (45.9%) compared with nightly vardenafil
(34.5%, p = 0.011) and placebo (25%, p < 0.001). 

Alternative strategies have been explored for the
purposes of penile rehabilitation. Köhler and col-

leagues29 recently performed a pilot study on the
early use of the vacuum constriction devices after
RP. Twenty-eight men undergoing RP were random-
ized to early intervention (1 mo after surgery,
group 1) or a control group (6 mo after surgery,
group 2) using a traditional vacuum constriction
device. The IIEF scores were significantly higher
in group 1 than group 2 at 3 and 6 months after sur-
gery. Stretched penile length was significantly
decreased at both 3 and 6 months, by about 2 cm
in group 2. On the other hand, stretched penile
length was preserved in group 1 at all sample times.
Raina and colleagues reported their experience at
the Cleveland Clinic with early post-NSRP intrau-
rethral alprostadil in a prospective, nonrandomized
study of 91 patients.30 Fifty-six received early intrau-
rethral alprostadil, and 35 did not receive any early
erectogenic treatment except for oral PDE5 inhibitors
on an as-needed basis. Self-administration of med-
icated urethral system for erection (MUSE) was ini-
tiated about 3 weeks after RP. At a median follow-
up of 6 months, 74% of the patients who remained
on MUSE were able to regain erections sufficient
for vaginal intercourse as opposed to 37% of the
untreated control group. Finally, the use of com-
bination therapy regimens has been studied with
a promising result as shown by Marmar and col-
leagues,31 Yassin and Saad32 and Nandipati and
coauthors.33

Conclusion

Recent discoveries have improved our understand-
ing of the mechanism of postprostatectomy ED
at molecular levels. The central role played by
hypoxia and the cascade of events that it triggers
leading to smooth muscle cell loss, fibrosis and
quantifiable penile shape changes are clear.
Erectile dysfunction following radical prostate can-
cer therapy significantly affects the quality of life
of most patients and partners. Although defini-
tive and conclusive evidence defining the spe-
cific protocol of penile rehabilitation does not cur-
rently exist, the overwhelming weight of basic
animal and human trials support a protective role
for PDE5 inhibitors in endothelial, smooth muscle
and potentially nerve regenerative strategies in this
population.

Although we acknowledge that barriers to such
programs are cost and patient compliance, the
time-sensitive nature of the irreversible cellular
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and structural changes that frequently occur argue
against a watchful waiting approach in most sit-
uations where sexual preservation is important
to the patient and partner. Obviously, large
prospective, multicentred, placebo-controlled tri-
als with adequate follow-up are needed to more
fully define the optimal rehabilitative agent, dose,
timing and target population. With these limita-
tions in mind, if I had a prostatectomy today, I have
no doubt that I would be starting my penile reha-
bilitation protocol tomorrow.
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