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ABSTRACT

Prostate cancer represents the most common nonskin malignancy encountered in men, and the excellent long-term
survival achieved in the majority of patients has allowed more attention to be given to the side effects associated with
its treatment. Erectile function is one of the main concerns of patients when considering treatment options for
prostate cancer. Not surprisingly, post-treatment sexual function is closely related to outcome satisfaction and has
long-lasting effects on quality of life. Radical prostatectomy is currently the most commonly employed therapy for
prostate cancer. Conflicting rates of erectile dysfunction have been reported after surgery, owing not only to different
surgical techniques but also because of dissimilar patient populations and definitions. Providing accurate information
to individual patients in regards to their chances of recuperating the ability to have intercourse after treatment is
important not only because it allows patients to make informed decisions but also because it has the potential to
reduce treatment dissatisfaction. This article mainly focuses on discussing predictors of erectile function after radical
prostatectomy. Patient factors, surgical aspects, including comparisons between open, laparoscopic, and robotic
approaches, and postoperative management issues that impact sexual outcomes are evaluated. Prediction models
combining multiple factors are described. The definition and chronology of erectile function recovery and impact of
sexual function on quality of life after surgery are also discussed. Teloken PE and Mulhall JP. Erectile function
following prostate cancer treatment: Factors predicting recovery. Sex Med Rev 2013;1:91-103.
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Impact of Sexual Function on Quality of Life bother failed to change between 1 and 2 years after

surgery [4]. Preoperative sexual bother, sexual

E rectile function (EF) after treatment for pros-
tate cancer, whether radical prostatectomy
(RP) or radiation therapy, has significant and long-
lasting effects. Sexual function has been identified
as the quality-of-life domain most strongly associ-
ated with outcome satisfaction after treatment for
prostate cancer [1]. Amidst multiple physical and
psychosocial factors, EF has been shown to be an
independent predictor of both bother and depres-
sion in men after RP [2].

A prospective study of 453 men showed that
sexual bother increased from 18% in the month
preceding surgery to 66% 1 year after surgery [3].
Eighty-three percent of patients who were sexually
active in the preceding 4 weeks indicated that
bother was related to sexual function impairment.
A study with longer follow-up showed that sexual
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activity, and nervousness have also been shown to
be independent predictors of sexual bother in the
postoperative period [3].

Fifteen percent of patients with localized
disease report regretting their treatment choice,
and regret was associated with worse sexual func-
tion and increased sexual bother post-treatment
[5-7]. The dissatisfaction with treatment seems to
arise from a perceived difference between expec-
tations and experience.

Sexual function is inversely associated with
depressive symptoms in patients treated for pros-
tate cancer [8], and this association persists at least
4 years after the diagnosis of prostate cancer even
after correction for possible confounders [9].
Results from the Scandinavian Prostate Cancer
Group-4 randomized trial showed that 12 years
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after surgery, the inability to achieve an erection
was the physical symptom associated with the
highest relative risk of a low-to-moderate quality
of life [10]. Moreover, about half of the patients
reported moderate-to-great distress because of
loss of erection.

It is important to recognize that erections are
necessary but not sufficient to guarantee satisfac-
tory sexual function. Nelson et al. reported that
sexual bother scores increase after RP even in
patients with normal erectile [4]. In summary, EF
impairment after treatment for prostate cancer
leads to significant and long-lasting detrimental
psychological effects, and the ability to predict its
occurrence might reduce treatment dissatisfaction.

Defining EF Recovery

Rates of erectile dysfunction (ED) between 3%
and 95% after treatment for prostate cancer have
been reported. The discrepancies are a result of
many factors, which include differences in patient
population, timing of EF assessment, method of
data acquisition, and definition of ED [11]. Results
from institutional series have been particularly dis-
cordant with population-based data with single-
center series having the highest rate of functional
erections after RP. The literature records at least
22 different definitions of favorable EF outcome,
and more than one-third of studies do not clearly
state the definition used [12].

Measurements of EF at baseline (prior to treat-
ment) might not be accurate given the psychologi-
cal stress that the diagnosis of prostate cancer is
associated with, and as of yet, the optimal timing
for such remains to be defined. In the pretreat-
ment period, many patients who report functional
erections are found to have ED when validated
questionnaires such as the International Index of
Erectile Function (IIEF) are used [13].

The definition of ED has been distorted in
the post-treatment period. Most studies consider
patients that attain erections sufficient for inter-
course using phosphodiesterase type-5 inhibitors
(PDE-5i) as having recovered EF after surgery,
while such patients are considered to have ED
based on the National Institutes of Health (NTH)
consensus conference definition [14,15]. Because
the most commonly used inventories do not spe-
cifically distinguish between EF with and without
the use of erectile aids, it can be difficult to ascer-
tain if patients’ answers pertain to their spontane-
ous or medication-assisted erections.

Sex Med Rev 2013;1:91-103

Teloken and Mulhall

Finally, there does not yet exist a consensus as to
which score cutoff on the IIEF or sexual health
inventory for men (SHIM) (IIEF-5) represents
adequate EF recovery. While 26 on the IIEF and
21 on the SHIM have been deemed to define
normal EF or at least the absence of ED, others
have suggested scores of between 22 and 25 [4,16].
Teloken etal. demonstrated that for men with
IIEF scores between 22 and 25, 70% agreed some-
what or completely with the statement that they
could have sexual intercourse whenever they

wished [17].

Chronology of EF Recovery

RP can lead to structural changes in the corpora
cavernosa. lacono etal. performed corpus
cavernosum biopsies in 19 men at the time of RP
and at 2 and 12 months postoperatively [18]. Post-
operatively, all patients had an increase in collagen
and decreased smooth muscle and elastic fibers.
Such findings were already present at 2 months
and progressed further at 12 months postopera-
tively. In an animal model, User etal. demon-
strated that unilateral or bilateral neurotomy of
the cavernous nerve(s) produces apoptosis in the
corpora cavernosa, mostly of smooth muscle cells,
starting on the first day after injury [19].

A prospective study measuring EF postopera-
tively at regular intervals after RP in 482 patients
found that 3 months after surgery, 16% of patients
had functional erections. Of these, 20% deterio-
rated between months 3 and 6 [20]. This study
suggests that for some patients, the nadir of EF
might not be the immediate postoperative period.

While there are data that suggest that the
majority of the patients who will recover EF do so
in the first year after surgery [21-23], and the
median time to recovery seems to be progressively
decreasing with refinements in nerve-sparing
technique [24], EF improvements can occur
beyond 2 years after surgery. A study following 136
men who had not recovered consistent erections
sufficient for intercourse 2 years after bilateral
nerve-sparing RP found that more than 20% of
these men reported an improvement in erection
between 2 and 5 years after surgery [25]. Glickman
et al. published data on 248 men followed for 48
months after open RP. A moderate or marked
improvement in EF between 24 and 48 months
after surgery was reported by 19.8% and any
improvement by 42.3% of patients [26]. Finally, a
meta-analysis found that follow-up time is associ-
ated with EF recovery rates, with studies that fol-
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Table 1 Potential predictors of postoperative erectile function recovery

Preoperative Intraoperative Postoperative
Erectile function Procedure Penile rehabilitation
e Approach

¢ Nerve-sparing status

¢ Nerve-sparing technique

o Completeness

o Traction

o Thermal injury

Patient age

Patient-partner age difference
Charlson Comorbidity Index
Vascular risk factors

PSA

Surgeon

Surgeon volume/experience
Response to cavernous nerve stimulator

Pathological stage
Abnormal erectile hemodynamics
Response to PDE-5i/ICI

ICI = intracavernosal injection; PDE-5i = phosphodiesterase type-5 inhibitor; PSA = prostate-specific antigen

lowed patients for 218 months reporting greater
rates of EF recovery [12].

Predictors of EF Recovery

An overview of factors potentially impacting EF
recovery after surgery is presented in Table 1.

Treatment Modality

Prospective series using validated questionnaires
have compared the impact of different treatment
modalities for prostate cancer on quality of life.
Litwin etal. followed 580 men for 24 months
after RP, external beam radiation therapy, or
brachytherapy [27]. Considering the 187 patients
who had functional erections prior to treatment,
patients who had external beam radiation were
more likely to recover EF, and there was no differ-
ence between patients treated with brachytherapy
or bilateral nerve sparing RP.

The Prostate Cancer Outcomes and Satisfaction
with Treatment Quality Assessment (PROSTQA)
was a prospective multicenter study that followed
1,201 patients treated for prostate cancer with RP,
external beam radiation, or brachytherapy for 24
months [1]. A decrease in sexual quality of life
occurred across all groups and was associated with
older age, large prostate size, and high prostate-
specific antigen (PSA). Non-nerve-sparing proce-
dures and androgen deprivation were associated
with worse recovery of sexual quality of life in those
having surgery or radiotherapy, respectively. Dis-
tress related to sexual dysfunction was reported by
44%,22%, and 13 % of patients in the RP, external
beam, and brachytherapy groups, respectively.

Pardo et al. presented data on 435 patients who
underwent RP, external beam radiation, or
brachytherapy for prostate cancer and were fol-
lowed for 36 months [28]. Importantly, patients

who received androgen ablation were excluded
from this study. RP was associated with the great-
est deterioration in sexual function. Three years
after treatment, patients submitted to surgery still
had lower scores on the sexual domain of the
Expanded Prostate Cancer Index Composite
(EPIC) questionnaire.

These results need to be interpreted with
caution as it is known that sexual function after
radiation therapy can continue to decline beyond 3
years after treatment [29]. Moreover, the percent-
age of patients in the radiotherapy groups receiv-
ing androgen deprivation may have been smaller
in these series than what it observed in contempo-
rary practice.

Surgical Approach

No randomized study has compared open RP with
either the laparoscopic or robotic approaches.
Three case series comparing EF outcomes in
patients after open or laparoscopic RP found
similar outcomes at 3 [30], 12 [31], and 24 [32]
months  postoperatively. Three prospective
nonrandomized studies of consecutive patients
have compared open with robotic RP. Ficarra et al.
reported results on 208 patients who underwent
open or robotic RP. Apart from the fact the
patients in the robotic group were younger, both
groups had similar characteristics. Twelve months
after RP, EF recovery had been achieved by 81%
and 49% of patients in the robotic and open arms,
respectively [33]. Di Pierro etal. performed a
study of 150 consecutive patients after open or
robotic RP who had similar baseline characteris-
tics [34]. Considering those with preserved base-
line EF, recovery of erections, with or without
PDE-5i use, occurred in 55% in the robotic and
26% in the open arm 12 months after surgery.
Kim et al. performed a prospective analysis of 763
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consecutive patients after open or robotic RP by a
single surgeon [35]. Patients submitted to robotic
surgery were younger, had lower PSA levels, lower
body mass index (BMI), received neoadjuvant
therapy less frequently, more frequently under-
went nerve sparing surgery, and had lower patho-
logical stage and grade. Patients in the robotic
group were more likely to attain erections suffi-
cient for intercourse with or without PDE-5i at 6,
12, and 24 months after surgery, and this differ-
ence remained statistically significant even after
correction for multiple covariates. Other factors
independently associated with recovery of func-
tional erections were younger age and higher pre-
operative total serum testosterone levels.

Conversely, a case-control study comparing
patients matched for baseline characteristics after
open or robotic surgery found no difference in EF
recovery between the two groups [36]. Two ran-
domized, controlled trials comparing laparoscopic
with robotic prostatectomy found that the latter
was associated with improved recovery of EF
[37,38]. In both studies, all procedures were per-
formed by a single surgeon who had more experi-
ence in laparoscopic surgery.

While individual series favor robotic surgery in
regard to EF recovery, the absence of a random-
ized trial undermines the ability to definitely prove
differences between open and laparoscopic/
robotic procedures in terms of this quality-of-life
end point.

Nerve-Sparing Status

There is ongoing debate in regards to the anatomy
of the neurovascular bundles and their relationship
to the fasciae surrounding the prostate [39]. More-
over, anatomical studies have shown significant
variation in the neural anatomy [40,41], and fascial
planes are not always well defined [42]. Nonethe-
less, different approaches to nerve sparing can be
characterized by the fascial plane of dissection. An
intrafascial dissection consists of separating the
prostatic capsule from the prostatic fascia and
remaining anterior to the posterior prostatic
fascia/seminal vesicle fascia. In interfascial dissec-
tion, the neurovascular bundle is separated from
the prostate leaving the prostatic fascia and the
posterior prostatic fascia/seminal vesicle fascia on
the prostate. Lastly, an extrafascial dissection
entails removing the levator ani fascia, prostatic
fascia, and posterior prostatic fascia/seminal
vesicle fascia with the prostate, excising the
neurovascular bundles [39].
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Current guidelines from the European Associa-
tion of Urology recommend that nerve-sparing
technique should be used for men with both pre-
served preoperative EF and organ-confined
disease [43]. Stember etal. analyzed a total of
2,323 men who underwent RP for factors predict-
ing nerve resection (Stember etal. [44]). On
multivariable analysis, factors independently pre-
dicting for non-nerve-sparing surgery included
biopsy Gleason sum, clinical T stage > T2, patient
age, and percentage of biopsy cores positive and
most importantly baseline EF, with men with base-
line ED being five times more likely to undergo
nerve resection during RP.

Numerous studies have shown that EF recovery
rates improved significantly after the introduction
and refinements to nerve-sparing technique [45].
It has also been demonstrated that bilateral nerve-
sparing surgery is associated with better outcomes
than unilateral preservation. Ayyathurai etal.
reported on 797 men submitted to nerve-sparing
RP [46]. After a mean follow-up of 45.7 months,
erections sufficient for intercourse were being
attained by 72% submitted to bilateral and 53% of
those submitted to unilateral nerve sparing. Bilat-
eral nerve sparing was independently associated
with EF even after adjustment for age and surgeon
experience.

Kundu et al. published results from a series of
1,834 preoperatively potent patients submitted to
nerve-sparing RP by a single surgeon [47]. EF was
assessed by patient response to a nonvalidated
questionnaire. After at least 18 months of follow-
up, return of erection occurred in 75% of patients
submitted to bilateral nerve sparing and 53% of
those submitted to unilateral/partial nerve-sparing
surgery. Younger age, bilateral nerve sparing, and
surgery after 1992 were the only factors inde-
pendently associated with return of EF on
multivariable analysis.

Poorer results seen with non-nerve-sparing RP
might be due to the development of venous leak.
Tal et al. reported data on 142 patients who devel-
oped ED after RP and underwent penile
hemodynamic evaluation [48]. Only patients who
had been submitted to non-nerve-sparing surgery
developed venous leak within 3 months of surgery.
Six months after surgery, the prevalence of venous
leak in bilateral nerve sparing, unilateral nerve
sparing, and non-nerve-sparing patients was 7%,
11%, and 75%, respectively.

Recognizing that nerve sparing is not an all-or-
none phenomenon and that it is incremental,
grading systems for the amount of neurovascular
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bundle preserved have been developed. Intra-
operative estimation of the completeness of
neurovascular bundle preservation independently
predicts recovery of erections.

Levinson et al. used a subjective intraoperative
grading system from 0 (no preservation) to 5
(excellent preservation) on each side, created a
nerve-sparing score by summing both figures [49].
Using data from 313 men with SHIM scores
>21 preoperatively who were submitted to laparo-
scopic RP, the authors showed that the nerve-
sparing score was independently associated with
sexual function scores on the EPIC questionnaires
even after adjustment for age, time since surgery,
and preoperative SHIM score. Importantly, the
nerve-sparing score explained more of the varia-
tion in sexual function postoperatively than the
simple classification of bilateral, unilateral, or non-
nerve-sparing surgery.

Moskovic et al. used a cumulative neurovascular
bundle damage grading system where each side
was graded from 1 (complete preservation) to 4
(complete resection) [50]. Grades were summed,
devising a nerve damage score between 2 and 8.
Using data from 173 men, these authors showed
that at 24 months, those higher nerve damage
scores had greater reduction in the IEF-EF
domain. Recovery of EF was independently asso-
ciated with lower nerve damage score, younger
age, and higher preoperative IIEF-EF score.

Patient Age

Age strongly impacts the recovery of EF after
RP, being independently associated with erectile
outcome in virtually every study. Using data from
the Prostate Cancer Outcomes Study, Penson
etal. reported that after 5 years after bilateral
nerve-sparing RP, 61% of patients <55 years of age
and 18% of those >65 years of age had functional
erections [51]. A systematic review found that after
open RP, potency rates for men below 50 and over
70 years of age range between 61% and 100%, and
0% and 51%, respectively [52]. The importance of
age has been demonstrated in open [46], laparo-
scopic [53], and robotic surgery [54].

A study of 189 sexually active patients who
underwent RP found that not only patient age but
also partner age was predictive of erectile outcome
[55]. Younger patients and those with a greater
age difference between patient and partner were
significantly more likely to recover functional
erections, and the effect of age difference was inde-
pendent from patient age.

Preoperative EF

Along with age, preoperative EF has been identi-
fied as one of the main predictors of postoperative
EF in numerous studies [21,56,57]. The optimal
method to assess preoperative (also called base-
line) EF is yet to be defined. Subjective patient
self-report, partner-corroborated reports, single
assessment questions, and validated instruments
have been used; however, no consensus exists [58].
Of note, a previously literature review found that
one-third of studies did not report preoperative
EF assessment [11].

The importance of using validated question-
naire in the assessment of preoperative EF was
emphasized by Salonia et al., who observed that
out of 234 patients who had self-reported as fully
potent and highly motivated to maintain EF after
RP, 56% had abnormal IIEF-EF scores [13]. The
same authors showed that it is important to pro-
spectively acquire EF data, having shown in a
study of 333 patients undergoing RP that remem-
bered IIEF scores do not have good statistical
agreement with scores obtained in “real time” [59].

Timing of preoperative EF assessment in
regards to the diagnosis of cancer and treatment
planning also seems to be important. The diagno-
sis of prostate can potentially masquerade one’s
true EF. Some patients might overestimate their
true functional status, while in others, the anxiety
brought on by the diagnosis could impair sexual
function [58].

The assessment of EF can be compromised
because of the prostate cancer diagnosis even when
validated questionnaires are used. Salonia et al.
previously noted that the IIEF-EF might not
be adequate in the preoperative setting [13], as
patients not reporting sexual activity in the previ-
ous 4 weeks would be classified as having severe
ED, when in fact they could have completely
normal EF and not have engaged in intercourse
because of psychological reasons. Kim etal.
recently showed that mean SHIM scores before
prostate biopsy were significantly lower than those
on the day preceding surgery [60].

Comorbid Conditions

Karakiewicz et al. reported on 2,415 men who had
an RP in Canada between 1988 and 1996, and
found that diabetes mellitus and peripheral vascu-
lar disease were associated with worse sexual out-
comes [61]. Conversely, a Dutch population-based
study failed to identify a difference in sexual out-
comes in patients with or without diabetes mellitus
[62]. An analysis of data from the Cancer of the
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Prostate Strategic Urologic Research Endeavor
(CaPSURE) registry showed that severe cardio-
vascular disease is independently associated with
slower recovery of sexual function after RP or
radiotherapy within the first 24 months after treat-
ment [63]. In a secondary analysis of patients fol-
lowed for 48 months, cardiovascular disease was
strongly associated with worse sexual function out-
comes after correction for baseline EF [64].

Marien etal. reported data on 634 men with
preserved EF at baseline who underwent open
RP and were followed for 24 months [65]. Self-
reported ability to engage in sexual intercourse
without the use of erectile aids was used to define
EF recovery. Upon univariate analysis, age, coro-
nary artery disease, hypertension, diabetes, base-
line EF, frequency of intercourse, nerve-sparing
surgery, and prior use of PDE-5i were predictive
of recovery of functional erections, while
dyslipidemia, smoking history, and BMI were not.
On multivariate analysis, only diabetes, age, and
neurovascular bundle preservation remained asso-
ciated with the outcome.

We previously performed an analysis of 984
patients after RP who had preoperative data on
vascular risk factors and EF, were followed for at
least 24 months, and did not participate in penile
rehabilitation [66]. EF at 24 months, measured by
a physician assessment on a 5-point scale, was
independently associated with age, baseline EF
visual nerve-sparing score, and the number of vas-
cular risk factors.

Most authors have found that the recovery of
EF after RP is not different across BMI groups.
Two studies used the University of California,
Los Angeles, Prostate Cancer Index to evaluate the
impact of BMI on health-related quality of life after
open RP [67,68]. Both reported that impact of
surgery on sexual function and bother was the same
for normal weight, overweight, and obese patients.
Montgomery et al. reported on 376 patients under-
going open RP who completed the EPIC question-
naire before and after surgery [69]. Postoperative
sexual function and bother were similar across all
BMI groups. Similarly, Boorjian et al. found that
BMI had no impact on the return of functional
erections on 400 consecutive patients after robotic
RP [70]. Uffort and Jensen reported data on 123
patients after robotic RP who answered the ITEF at
baseline and every 3 months for 1 year after surgery.
Functional erections were defined as an IIEF-EF
domain score 216. At 12 months, 27% of patients
had recovered functional erections, and there was
no difference in scores between patients with BMI
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<30 or >30 [71]. Unfortunately, an EF domain of
>16 is extremely low and does not represent func-
tional erections. In contrast, upon analyzing 765
patients with normal EF preoperatively who had
laparoscopic RP, Campeggi et al. found that those
with BMI >30 were less likely to report erections
sufficient for intercourse 1 year after surgery [72].
Of note, no adjustment for possible confounding
factors such as age, nerve sparing, and preoperative
EF were done.

Ko et al. looked for predictors of EF on 89 men
submitted to robotic RP. Within the first year after
surgery 62.9% of patients reported erections
sufficient for satisfactory sexual intercourse [73].
These authors found that hyperlipidemia was
independently associated with erectile outcome
even after adjustment for nerve-sparing status and
preoperative IIEF-5 score.

One of the great challenges with comorbidity
assessment is the failure to grade the severity of the
comorbidity. For example, diabetes and hyperten-
sion are not homogenous condition with different
levels of glycemic control and end-organ failure in
the former and different levels of endothelial dys-
function and medication requirement for the
latter. Medicine is in dire need of a weighted
grading system to define not just the presence but
also the severity of comorbidities and their impact
upon outcomes such as EF.

Surgeon
The surgeon seems to play an important role in EF
recovery. Vickers etal. compared the functional
outcomes 1 year after surgery across 11 surgeons in
a large-volume cancer center [74]. A total of 1,910
patients with preserved preoperative EF were
included in the analysis, and the surgeon assessed
EF using a single 5-point scale, which has been
shown to compare well with the IIEF-EF domain
score [75]. Significant heterogeneity was found
between surgeons, with rates of EF recovery
ranging from 8% to 49%. Surgeon caseload was
also associated with recovery of erections. Interest-
ingly, surgeons achieving better functional out-
comes also had higher rates of freedom from
biochemical recurrence. While the use of surgeon-
reported outcomes created the concern that the
results might have been skewed by each surgeon’s
assessment, similar results were obtained using
newer data, where patient-reported outcomes were
available.

Ayyathurai etal. presented data on 1,620
patients after open RP who had preserved baseline
EF [46]. On multivariable analysis age, bilateral
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nerve sparing and surgeon experience were asso-
ciated with the ability to attain erections sufficient
for intercourse with or without PDE-5i. In robotic
surgery, it has been suggested that until 250-300
cases have been performed, greater experience is
associated with earlier erectile recovery [76].

Postoperative Hemodynamics

Hemodynamic studies early after RP are predictive
of functional outcomes. Mulhall et al. reported on
96 preoperatively potent patients who underwent
bilateral nerve sparing and had hemodynamic
evaluation at a mean of 6 months after surgery.
Subjects were evaluated with duplex penile
Doppler ultrasonography or dynamic infusion
cavernosometry and cavernosography. At a mean
follow-up of 18 months, erections sufficient for
vaginal intercourse were possible in 47% of
patients with normal hemodynamics, 31% with
arterial insufficiency, and 9% of those with venous
leak [77]. A further study following 111 patients
who had a duplex penile Doppler ultrasonography
within 6 months after surgery found that 18 months
after the procedure, response to sildenafil citrate
was 72% in those with normal hemodynamics and
43% in those with an abnormal penile Doppler
[78].

The prevalence of accessory pudendal arteries,
defined as supralevator arteries that pass alongside
the prostate and travel toward the penis underneath
the pubic bone, has varied from 4% in open
RP series to 70% in cadaveric studies [79]. Laparo-
scopic series suggest that they are present in
25-30% of patients [80-82]. The impact of acces-
sory pudendal artery preservation on EF is conten-
tious. In a series of 52 undergoing open bilateral
nerve-sparing RP, preservation of accessory puden-
dal arteries was associated with an increased likeli-
hood of and shorter time to recovery of EF [83]. In
contrast, a case series of 58 patients <65 years of age
with normal preoperative IIEF scores found that
ligation of accessory pudendal artery had no impact
on EF [84].

Post-Treatment Rehabilitation

Most studies looking at predictors of EF recovery
after treatment for prostate cancer have not taken
into account whether patients were participating in
a penile rehabilitation program. Miiller et al. per-
formed an analysis of patients who had commenced
penile rehabilitation within 12 months of surgery
and had at least 18 months of follow-up after
surgery looking for factors associated with EF
outcomes [85]. Age >60 vyears, nonbilateral

nerve-sparing surgery, >l vascular comorbidity,
commencement of rehabilitation >6 months after
surgery, no response to sildenafil at 12 months,
and requiring >50 units of trimix were indepen-
dently predictive of failure to recover spontaneous
erections.

Two randomized, placebo-controlled trials have
assessed the role of PDE-5i in post-RP penile
rehabilitation. A multicenter study randomized
123 men with normal EF who underwent bilateral
nerve-sparing RP to sildenafil or placebo nightly,
starting 4 weeks after surgery, for 36 weeks [86].
The primary outcome was return of spontaneous
erections, defined as a combined score of >8 for
questions 3 and 4 of the IIEF and a positive
response to “Were erections good enough for sat-
isfactory sexual activity?” Assessment occurred
after an 8-week washout period. Of note, only
76/123 randomized patients completed the study
and were included in the analysis. Return of spon-
taneous erections similar in rigidity to preopera-
tive level was achieved by 27% of patients in the
sildenafil group and 4% in the placebo group. The
mean (+standard deviation) unassisted postopera-
tive ITEF scores were 13.1 (9.5) and 8.8 (£7.0) in
the sildenafil and placebo groups, respectively.

The second study randomized 628 patients with
normal EF undergoing nerve-sparing RP to nightly
vardenafil, on-demand vardenafil, or placebo, start-
ing within 14 days of surgery, for 9 months [87].
The primary outcome was the percentage of
patients with and ITEF-EF >22 measured after a
2-month washout period. Of 628 randomized
patients, 423 completed the study. No differences
in the primary outcome was found with IIEF-EF
>22 being achieved by 24%, 29%, and 29% of
patients in the nightly vardenafil, on-demand
vardenafil, and placebo groups, respectively, 11
months after surgery. The study designs of both of
these randomized controlled trials (RCTs) were
quite different, and thus, the results are not com-
parable. Unfortunately, we still do not have the
definitive rehabilitation trial to define the role of
post-RP rehabilitation in EF recovery.

Other Factors

Hollenbeck et al. published results of an analysis of
671 patients who underwent open RP [88]. Novel
factors independently associated with higher
EPIC sexual summary scores included smaller
prostate size, higher education level, and higher
household income. While most studies have con-
centrated on EF treatment for prostate cancer,
Steinsvik et al. concentrated on sexual bother after
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RP using data from 453 men who had completed
the EPIC before and 1 year after surgery [3].
Sexual bother was present in 18% at baseline and
66% 1 year after surgery. The factors that inde-
pendently predicted postoperative sexual bother
were preoperative sexual bother, frequency of
sexual activity in the month preceding surgery, and
nervousness (neuroticism).

Because larger prostate gland can be more chal-
lenging to excise, it has been hypothesized that
prostate weight might influence EF outcomes.
Conflicting results have been reported. Separate
studies evaluating patients submitted to open
[46,89], laparoscopic [90], and robotic [91] found
no independent association between prostate
weight and postoperative EF. Frota et al. reported
that patients with prostate weight <30 g submit-
ted to laparoscopic RP had worse EF 1 year after
surgery [92]. Conversely, Ahlering et al. reported
that patients with larger prostates submitted to
robotic RP have worse EF 3 months after surgery
and speculated that such phenomenon is related to
traction injury [93].

The effect of tumor staging and PSA on EF
recovery is contentious. Tumor staging might
impact decisions regarding the performance and
choice plane of dissection for nerve sparing. Most
studies have found no independent association
between tumor stage or PSA, and EF outcome

Table 2 Prediction models

Teloken and Mulhall

once adjustment for nerve-sparing status is made
[21,47]. However, Abdollah et al. found an inde-
pendent association between pathological stage
and PSA, and recovery of EF, with patients who
had pT3 disease or PSA >10 having worse out-
comes [94]. However, all patients underwent
nerve-sparing surgery, unilateral or bilateral nerve
sparing, and unfortunately, no grading of nerve-
sparing completeness was used in this study. It is
possible that in patients with less advanced disease,
a plane of dissection closer to the prostatic capsule
was used, resulting in improved neurovascular
bundler preservation and outcomes.

Intraoperative cavernous nerve stimulation
has been suggested as a method to predictive EF
recovery. Rabbani et al. analyzed 183 patients and
found that increases in penile girth with cavernous
nerve stimulation at the end of RP independently
predicted EF recovery [95]. However, 35% of
patients with minimal response to cavernous nerve
stimulation still achieved IIEF-EF domain scores
>22, signaling the high false-negative rate associ-
ated with this method.

Prediction Models

An overview of the prediction models evaluating
factors associated with postoperative EF recovery

is presented in Table 2. Miiller etal. published

Author Patient population Included variables Outcome Accuracy
Midiller et al. N =92 Age Partner-corroborated Not reported
[85] RP Vascular comorbidities functional erections without
Functional erections Nerve-sparing surgery PDE-5 inhibitors
preoperatively Rehabilitation commencement
Commenced rehabilitation Response to sildenafil at 12
within 1 year months
Required Trimix dose
Briganti et al. N =435 Age IIEF-EFD >22 AUC 69%
[96] Open bilateral nerve-sparing Preoperative IIEF-EFD 3 years after RP
RP Charlson Index
Alemozaffar N =511 Age Patient reported erection “firm AUC 77%
et al. [97] RP Preoperative EPIC score enough for intercourse”
PSA during last 4 weeks
Nerve sparing (EPIC-26) 2 years after
surgery
Abdollah et al. N=1,135 Age IIEF-EFD score > 22 Harrell’s C discrimination
[94] Open or robotic RP Preoperative IIEF 6, 12 and 24 months after index of 76%
Unilateral or bilateral nerve Charlson Index surgery
sparing Pathological stage
Surgical approach
Nerve sparing
Postoperative use of PDE-5
inhibitor
Kilminster N = 12,449 from 33 studies Age Patient-reported erections r?
et al. [98] “Potent” preoperatively Surgical approach sufficient for intercourse or Open =0.812
RP validated questionnaire Lap =0.777
Up to 48 months RALP =0.855

AUC = area under the curve; EFD = Erectile function Domain; EPIC = Expanded Prostate Cancer Index Composite; IIEF = International Index of Erectile Function;
PDE-5 = phosphodiesterase type-5; PSA = prostate-specific antigen; RALP = robotic-assisted laparoscopic radical prostatectomy; RP = radical prostatectomy
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data on 92 patients submitted to RP who had erec-
tions sufficient for intercourse before surgery and
within 12 months of surgery were commenced on
a penile rehabilitation aiming at obtaining at least
three erections rigid enough for vaginal penetra-
tion per week [85]. Fifty-seven percent of patients
had erections sufficient for intercourse without
PDE-5i 18 months after surgery. Factors indepen-
dently associated with failure of return of sponta-
neous erections were age >60, nonbilateral
nerve-sparing surgery, >1 vascular comorbidity,
commencement of rehabilitation >6 months after
surgery, no response to sildenafil 12 months after
surgery, and requiring >50 units of trimix to
achieve penetration rigidity erection.

Briganti etal. developed a risk stratification
model to predict EF recovery after bilateral nerve-
sparing RP using data from 435 patients [96]. Age,
baseline IIEF-EF domain, and the Charlson
Comorbidity Index (CCI) were associated with EF
recovery, which was defined as IIEF-EFD score
>22. These factors were used to stratify patients as
low risk (age <65 years, IIEF-EF >26, CCI <1),
intermediate risk (age 66-69 years or IIEF-EF
11-25, CCI <1), or high risk (age =70 years or
IIEF-EF <10, CCI 22) for the development of
postoperative ED. The AUC for this stratification
was 69.1%.

Novara et al. reported data on 208 patients sub-
mitted to bilateral nerve-sparing robotic RP [99].
One year after surgery, 62% of patients had
IIEF-EFD scores =18, the chosen definition for
EF recovery. Stratifying patients according to
Briganti’s risk model, recovery was achieved by
81.9%, 56.7%, and 28.6% of patients in low-,
intermediate-, and high-risk groups, respectively.
On multivariable analysis age, CCI score and base-
line ITEF-EFD scores were independent predic-
tors of EF recovery.

To investigate predictors of recovery spontane-
ous erections, Gallina et al. evaluated 293 patients
submitted to open bilateral nerve-sparing RP who
did not use PDE-5i postoperatively [100]. At a
mean follow-up of 26 months, 35.8% of patients
had ITEF-EFD scores 222, and such outcome was
independently associated with age, preoperative
ITEF-EFD, and CCI score.

Using data from the PROSTQA, a cohort of
men treated for prostate cancer across nine
university-affiliated hospitals, Alemozaffar et al.
created a model to predict functional erections,
defined as having usually attained erections firm
enough for intercourse in the preceding 4 weeks
[97]. At 2 years after surgery, 35% of 511 patients

had functional erections, and factors independently
associated with such an outcome were younger age,
lower PSA, better baseline EF (assessed by EPIC
score), and nerve-sparing surgery. Using these four
variables, a prediction model was created and exter-
nally validated using data from the CaPSURE reg-
istry, achieving an AUC of 0.77.

Using data from 1,135 men who underwent
nerve-sparing RP over a 10-year period, Abdollah
et al. developed a nomogram to predict recovery of
EF after surgery, defined as an IIEF-EFD score
>22, with or without PDE-5i use [94]. Factors
independently associated with an increased chance
of erectile recovery were Briganti EF risk group
(based on age, preoperative IIEF, and CCI), patho-
logical stage, robotic surgery, bilateral nerve
sparing, and use of PDE-5i in the postoperative
period. A nomogram predicting the probability of
erections at 6, 12, and 24 months was constructed,
and it achieved a Harrell’s C discrimination index
of 76%.

Kilminster et al. performed a meta-analysis of
33 studies reporting data on 12,449 patients after
RP who had preserved EF preoperatively and
created nomograms predicting the likelihood of
EF recovery using age and surgical approach
(open, laparoscopic, or robotic) [98]. Nerve-
sparing status was excluded from the model
because it accounted for less than 1% of the vari-
ance. The definition of EF was not uniform; some
studies used patient-reported erections sufficient
for intercourse, while others employed validated
questionnaires. Younger age and robotic approach
were associated with better outcomes. Separate
models for open, laparoscopic, and robotic surgery
were constructed and using age as the only variable
coefficients of determination (%) of 0.812, 0.777,
and 0.855 were found, respectively.

Summary

Post-treatment EF is one of the main determinants
of outcome satisfaction in patients with prostate
cancer. Providing realistic expectations in regards
to the impact that the treatment of prostate cancer
will have on EF and the chances of recovery is
fundamental so that patients can make informed
decisions. While many factors that impact post-
treatment erectile have been described, it is diffi-
cult to provide accurate information to individual
patients. While prediction models have been
developed at high-volume institutions, the applica-
bility of these to patients being treated elsewhere is
yet to be determined. It is probably necessary that
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each clinician validates models in their own prac-
tice, as outcomes obtained by different surgeons
vary. Moreover, differences in the utilization of
rehabilitation protocols might impact results.

The three factors that have consistently been
shown to impact the chances of EF recovery are
age, pretreatment EF, and nerve-sparing surgery.
While not as consolidated, there is increasing evi-
dence showing that comorbidities also play a role.
Also, the completeness of neurovascular bundle
preservation subjectively assessed by the surgeon
seems to improve the predictive of models.

Similarly to what occurs in the prediction of
cancer-free survival, prediction models can be used
at different stages of a patient’s journey. Before
treatment, an estimate of the chances of EF recov-
ery can be provided. Such figure can be revised as
more information becomes available. For example,
immediately after surgery, data on the complete-
ness of nerve sparing can be added.
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