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Abstract. Radical prostatectomy is one of the most frequent 
therapeutic options used for the management of patients 
diagnosed with prostate cancer. Normal erectile function 
after radical prostatectomy is a great problem for numerous 
patients and a real challenge for urologists worldwide. The 
advancements that have been made over the years in terms 
of minimally invasive surgery, as well as in terms of surgical 
techniques, have reduced the incidence of erectile dysfunc-
tion, but even so, its rate remains high and the post‑operative 
recovery of erectile function is a long and costly process. 
Phosphodiesterase 5 inhibitors have provided excellent results 
and have become the first‑line treatment for these patients, 
followed by intracavernous injections with alprostadil. Several 
studies have underlined the impact of phosphodiesterase 
5 inhibitors in terms of preventing the fibrotic changes that 
are responsible for the irreversible erectile dysfunction. The 
general opinion is that an erectile function recovery process 
should be started as soon as possible after surgery to prevent 
the negative effects of neuropraxia.
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1. Introduction

Prostate cancer (PCa) is one of the most frequent male malig-
nancies worldwide. After the introduction of prostate‑specific 
antigen (PSA) as a routine screening tool, it was noted that 
the incidence of advanced and metastatic PCa stages has 
constantly decreased, as increasing number of patients are 
diagnosed with localized PCa stages, which are potentially 
curable. This is in contrast to the pre‑PSA era, when most 
patients were diagnosed in advanced stages, usually with 
metastatic disease, and associated poor prognosis (1).

Radical prostatectomy (RP) is one of the most frequent 
therapeutic options used for the management of patients 
diagnosed with PCa. This procedure offers good results 
in terms of disease‑free survival and overall survival, but 
like any other major surgical procedures, this also presents 
several possible disadvantages, such as postoperative erectile 
dysfunction  (ED) and urinary incontinence. Because the 
mean age for the time of diagnosis has decreased, postopera-
tive erectile function (EF) recovery represents an important 
issue among urologists (2,3).

The preservation of the peri‑prostatic neurovascular 
bundles has a major role in post‑RP normal EF. The introduc-
tion of new surgical techniques that spare the neurovascular 
bundles has significantly improved post‑RP EF. The criteria 
for such procedures are very clear, the European Association 
of Urology guidelines recommending that nerve‑sparing 
should be performed only in patients diagnosed with low risk 
or intermediate risk localized PCa (4).

Although nerve‑sparing (NS) techniques aim to preserve 
the EF, numerous patients complain of ED after surgery. 
Numerous factors can influence the baseline EF:  Age, 
diabetes, obesity  (5,6), smoking, chronic alcohol abuse, 
depression, as well as antidepressants (7), opioids, ketocon-
azole and numerous other drugs (8), chronic kidney disease, 
neurologic diseases (Parkinson's disease, multiple sclerosis, 
myelodysplasia, tumors, epilepsy, peripheral neuropathy), 
hypogonadism, hyperprolactinemia, thyroid dysfunction 
(hyperthyroidism) and hypercortisolism (9‑11).

Diabetes mellitus is one of the most frequent causes respon-
sible for ED, these patients presenting a much higher risk of 
developing ED compared with non‑diabetic patients (up to 
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three times higher). Usually, diabetic patients develop ED 
with up to ten years earlier compared with the general popula-
tion, this being the result of diabetes‑associated vascular and 
peripheral nerve damage (12).

Cardiovascular disease is another important factor associ-
ated with ED. It is well known that ED is a sign of vascular 
disease and a predictor for ischemic cardiovascular events. 
Numerous studies report that ED precedes with up to two 
to three years a major cardiovascular event. The severity of 
ED correlates with the severity of vascular disease (coronary 
artery disease), as well as with the severity of cardiac symp-
toms. Therefore, the presence of ED should raise awareness 
over a possible silent cardiovascular disease (13).

Considering all these previously mentioned risk factors 
associated with ED, it is essential to perform a routine preop-
erative EF assessment, using validated questionnaires such as 
the International Index of Erectile Function (IIEF) question-
naire, to establish the baseline EF. This assessment is very 
important, because it can eliminate false expectations in terms 
of postoperative sexual function recovery (14).

2. Erectile dysfunction pathophysiology

Normal EF is a complex process that depends on intact neural 
signaling, normal vascular pathways and functional erectile 
tissue. The integrity of the cavernous nerves is essential for 
achieving a satisfactory penile tumescence because they 
release nitric oxide (NO) via nitric oxide synthase (NOS). 
The cavernous sinusoidal endothelial cells also produce 
NO. Once released, NO enhances the production of cyclic 
guanosine 3',5'‑monophosphate  (cGMP), which decreases 
the intracellular levels of calcium by increasing its efflux, 
thus favoring cavernous smooth muscle relaxation. Smooth 
muscle relaxation enhances the arterial blood flow and leads 
to engorgement of cavernous sinusoids. Once the cavernous 
sinusoids start to increase their volume, the pressure within the 
penis is raised and the venous plexus is compressed under the 
albuginea tunica, thus reducing the blood outflow and leading 
to penile tumescence (10,15). Other important mediators that 
have an active role in the mechanism of penile erection are 
prostaglandin E1 (PGE1) and cyclic adenosine 3',5'‑mono-
phosphate (cAMP) (16).

ED following nerve‑sparing RP is the result of neuro-
praxia. This phenomenon is unavoidable and it is the result 
of intraoperative pelvic and periprostatic tissue trauma, espe-
cially at the level of the neurovascular bundles, which leads 
to local inflammatory reactions and ischemia. Local hypoxia 
is associated with decreased PGE1 and cAMP levels, which 
alters the smooth muscle relaxation process at the level of 
cavernous cells, as well as with increased levels of profibrotic 
and proapoptotic factors, such endothelin 1 and transforming 
growth factor‑β (TGF‑β) (15). Therefore, local hypoxia will 
lead to cavernosal structural changes, the smooth muscle fibers 
being gradually replaced by collagen and fibrotic tissue, which 
severely decreases the penile tumescence capability and also 
affects the vein‑occlusive component of the erection, allowing 
blood outflow and affecting penile rigidity (17).

Several studies have investigated over the years the 
cavernous histological changes that appear after RP, as well 
as the hemodynamic changes. Mulhall et al (18) demonstrated 

that the vein‑occlusive dysfunction is time‑dependent, ampli-
fying itself with the increasing local fibrosis.

The studies published by Nehra et al (19) in 1996, and by 
Iacono et al (20) in 2005 reported significant cavernous struc-
tural changes following RP, that consisted of the replacement 
of cavernous smooth muscle fibers by collagen tissue. The 
authors observed that the degree of vein‑occlusive dysfunction 
was directly influenced by the balance between smooth muscle 
fibers and collagen tissue.

Considering all these previously described mechanisms 
involved in the pathophysiology of post RP ED, numerous 
attempts have been made over the years to prevent these irre-
versible changes that significantly alter the patients' well‑being.

3. The role of phosphodiesterase 5‑inhibitors in EF recovery

The introduction of phosphodiesterase 5‑inhibitors (PDE5‑i) 
in the late 90's has changed the management of ED, these drugs 
proving to be an excellent option for patients suffering from 
ED. Numerous studies have evaluated the efficiency of PDE5‑i 
in terms of post radical prostatectomy ED management (21).

The Reinvent clinical trial evaluated the efficiency of daily 
versus on‑demand vardenafil. Over 600 patients who had 
undergone NSRP were randomized into three groups: group 1, 
daily 10 mg vardenafil and placebo on‑demand; group 2, daily 
placebo plus on‑demand vardenafil; and group 3, daily placebo 
and on‑demand placebo. This trial had three phases: 9 months 
double‑blind treatment, followed by a two months washout 
period and afterward another two months of open‑label 
vardenafil. At the end of the study, the authors concluded that 
nightly vardenafil did not prove to be superior to on‑demand 
vardenafil (22).

A similar conclusion was published by Pavlovich et al (23) 
in 2013. The patients enrolled in this trial have received either 
nightly sildenafil plus on‑demand placebo or on‑demand 
sildenafil plus daily placebo for one year. Daily sildenafil did 
not offer superior results compared with on‑demand sildenafil, 
underlining that its chronic daily use is not justifiable for EF 
recovery in patients who have undergone bilateral NSRP.

Another study that was conducted over 12  months, 
followed by 1 month washout period, has aimed at identifying 
whether sildenafil administered daily is superior to on‑demand 
sildenafil. At the end of this trial, the daily usage of sildenafil 
did not reach superior results compared with the on‑demand 
sildenafil group (24).

The REACT clinical trial evaluated nightly versus 
on‑demand tadalafil. The patients were randomized into three 
groups: 5 mg daily tadalafil, 20 mg on‑demand tadalafil, and 
placebo. The patients received treatment for nine months, 
followed by a washout period of 6 weeks and afterward by a 
period of three months of daily tadalafil. The results achieved at 
the end of the first nine months have shown that daily tadalafil 
was superior to placebo, as well as to on‑demand tadalafil. 
Regarding the efficiency of on‑demand tadalafil versus placebo, 
the results did not reach a statistical significance. At the end of 
the drug washout period, the superiority of daily tadalafil was 
not maintained. After reintroducing daily tadalafil for three 
months, the IIEF and Sexual Encounter Profile‑3 (SEP3) scores 
improved. In terms of penile shrinkage prevention, the daily 
usage of tadalafil has demonstrated superior results (25).
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Kim and Sung  (26) compared whether daily tadalafil 
administered for one year is inferior or not to tadalafil admin-
istered daily for two years. The study included 95 patients who 
had undergone NSRP. No staistically significant difference 
was noted at the end of the study between the two tadalafil 
groups (two years versus one year) in terms of EF recovery. 
The authors also reported that they did not reach any major 
statistical differences when they compared the patients with 
bilateral NSRP and those for whom unilateral NSRP was 
performed.

In a randomized clinical trial, Moncada  et  al  (27) 
concluded that daily administration of tadalafil speeds up the 
EF recovery process. Their study included 423 patients who 
had undergone bilateral NSRP. The patients were randomized 
to receive either daily 5 mg tadalafil or on‑demand 20 mg 
tadalafil or placebo, for nine months. The study also included 
a 6-week drug washout period and another twelve weeks of 
daily tadalafil for all the three groups of patients. The authors 
stated that the time of the treatment was too short for >50% 
of the patients to achieve a satisfactory erection recovery. 
They further reported that 25% of the patients reached an EF 
recovery (IIEF‑EF ≥22) over a period that ranged between 5.8 
and 9.3 months (5.8 months for patients with daily tadalafil 
versus 9  months for those with on‑demand tadalfil and 
9.3 months for patients who have received placebo), the daily 
administration of tadalafil favoring a faster EF recovery.

4. Discussion

Surgical experience and surgical approach are key elements that 
influence the postoperative EF recovery. Potdevin et al (28) 
compared the intra‑fascial nerve‑sparing technique with the 
inter‑fascial technique and reported that the intra‑fascial 
nerve‑sparing approach offers superior results in terms of EF 
recovery. Numerous studies have reported the superiority of 
the robot‑assisted approach over open and laparoscopic RP 
(ORP and LRP) in terms of nerve‑sparing success and EF 
recovery.

Stolzenburg  et  al  (2) analyzed the REACTT clinical 
trial in terms of surgical approach and its influence over EF 
impairment and reported that patients who had undergone 
nerve‑sparing RARP associated superior chances (twice as 
high) of recovering a satisfactory EF (IIEF‑EF ≥22) at the 
end of the drug washout period, as well as at the end of the 
open‑label tadalafil period, compared with those for whom 
ORP or LRP was performed. When comparing the superiority 
of LRP over ORP in terms of postoperative erectile function 
recovery, no significant statistical difference has been achieved.

A study published in  2011, conducted on 128 patients 
who have undergone either RARP or LRP, concluded that the 
robotic approach associated with higher IIEF scores twelve 
months following surgery, as well as increased rates of EF 
recovery similar to baseline EF and a significantly faster EF 
recovery (29).

Greco et al (30) analyzed 457 patients who had undergone 
nerve‑sparing LRP. The authors reported that EF assessed at 
twelve months following surgery was superior in patients for 
whom bilateral NS was achieved compared with those with 
unilateral NS (69 vs. 43%). On‑demand 20 mg vardenafil was 
used after surgery, in order to improve the EF.

Another viable solution that could be used for postoperative 
EF recovery is represented by intracavernous injections (ICI) 
with alprostadil. The first mention of an EF recovery program 
following RP was made by Montorsi et al  (31) in a study 
published in 1997 and it implied alprostadil ICI. This trial 
included 30  patients who had undergone bilateral NSRP. 
Following surgery, the patients were randomized to receive 
ICI with alprostadil three times a week, for twelve weeks, or 
no treatment. The authors reported that patients included in the 
ICI group achieved superior results in terms of EF recovery 
compared with the observational group (67 vs. 20%).

Numerous other studies underline the positive effect of 
intra‑cavernous injections with alprostadil, but their use is 
much more limited compared with PDE5‑inhibitors. This is 
usually related to the fact that patients must self‑administer 
the injections and also to the discomfort/pain associated with 
these injections (32‑35).

A study in 2015  (36) aimed at finding out if a longer 
alprostadil protocol could improve the postoperative erectile 
function in terms of spontaneous nocturnal erections. Two 
times a week ICIs with alprostadil were recommended, 
starting the first month following surgery. At approximately 
one year after the initiation of the alprostadil treatment, the 
patients were recommended to use PDE5‑inhibitors and the 
non‑responders were encouraged to continue the ICIs for 
another 12 months. The authors reported that alprostadil had 
significantly improved the patients' quality of life, but the 
results in terms of spontaneous nocturnal erections, between 
one year and two years of follow‑up, were weak. The satisfac-
tion of patients regarding the treatment efficiency had shown a 
decline between the 12th and 24th month.

The benefits of an EF recovery program have been underlined 
in numerous studies, but a clear protocol is lacking, regarding 
the time of treatment initiation, drug choice, administration 
frequency, and treatment length. According to literature, PDE5‑i 
are the most common choice among urologists, due to their 
ease of use and safety, as well as their good results. The time of 
PDE5‑i treatment initiation is not very clear, numerous studies 
reporting their administration several weeks after surgery, and 
other studies report earlier use, such as the next day following 
surgery or even before surgery. Another important aspect is 
whether chronic daily administration of PDE5 inhibitors is 
better than on‑demand use, because the information available 
on this subject is, to a certain extent, contradictory. Numerous 
studies report the advantages of nightly administration over 
on‑demand use, but several clinical trials have failed to prove 
it. In conclusion, ED after RP is an important health problem, 
especially because the mean age of patients diagnosed with PCa 
has decreased, due to the use of PSA and multiparametric MRI. 
Numerous studies have underlined the role of EF recovering 
programs, but a clear protocol, in terms of drug choice, treat-
ment initiation and its extent, still does not exist. Nevertheless, 
PDE5‑i have proven to be a good option for such patients. Their 
good results and ease of use have made them the first‑line 
treatment for post‑RP ED. Despite conflicting information 
whether daily usage is superior to on‑demand administration, 
the majority of the existing studies favor their daily administra-
tion, as well as an early treatment initiation. Intra‑cavernous 
alprostadil injections also provide good results, but due to their 
associated disadvantages, they remain a second option.
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