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Preface

The field of robotic prostatectomy is a rapidly evolving one. Newer techniques are
allowing for shorter hospital times, faster recovery, and improved continence and
erectile function. The speed at which surgical techniques and pre- and postoperative
preparation are advancing is what prompted me to write this book. In it, I cover both
the basics of robotic prostatectomy and the methods used by internationally recog-
nized leaders in the field to maximize continence and erectile function. For truly, we
are in a stage of medical and surgical practice in which curing the cancer is easy.
Now we shift our focus to minimizing collateral damage.

The next frontier of robotic prostate surgery most definitely is not just curing the
cancer, but also improving outcomes— with preserved continence and erectile func-
tion being at the top of a patient’s priority list. With that in mind, this novel book is
the first treatise in the world dedicated solely to the early return of continence and
erectile function after robotic prostate surgery. The text is divided into 9 chapters,
starting from the basic understanding of the anatomy and physiology of continence
and potency and gradually evolving into the newer techniques to improve and has-
ten recovery of continence and erectile function.

What I found particularly useful while I was honing my personal surgical tech-
nique was watching videos of my surgeries and the videos of other experienced
surgeons. In this manner, I was able to see what worked and what did not, and then
tweak my procedure.

This is why we have included a series of videos as a companion to this book to
help guide your study. Many chapters include references to videos that present the
key points of each chapter. It is our hope that the reader finds these videos helpful.

At the end of the day, the most important thing to remember in robotic prostate
surgery is to keep practicing. Even if a surgeon is not sitting at the console, maneu-
vering the joystick, and pressing the foot pedal, he or she can continue to watch
videos, study the literature, and be open to dialogue with colleagues in the field of
urologic oncology and perhaps even in other fields. In fact, it was a chance discus-
sion with a neurosurgeon that prompted me to pioneer the use of human amniotic
membrane in preserving nerve function during robotic prostatectomy, as will be
discussed in Chap. 9. In due time, the novice will become an expert and will be
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devising their own techniques to better improve outcomes, as the surgeons who
have contributed to this book have done.

I would like to thank my colleagues for generously contributing chapters to this
book. Each and every chapter has been very well written by colleagues who I hold
in high esteem for their outstanding contribution to robotic prostate surgery. It was
truly a collaborative effort. I would also like to thank my family for their tireless
support, particularly my daughter Shirin, for taking time out of her busy medical
school schedule to help me and my fellows organize our vast database of patients
who have undergone robotic prostatectomies.

We the authors hope you enjoy this textbook. We took pains to make it relevant
to today’s practice and understandable to surgeons at all levels of the learning curve.
The videos that accompany the book should not be ignored, for they may even better
show concepts explained in the chapters.

Our best wishes are with you.

Miami, FL, USA Sanjay Razdan, MD, MCh
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Chapter 1
Anatomic Foundations and Physiology
of Erectile Function and Urinary Continence

Deepansh Dalela and Mani Menon

The widespread use of PSA screening since the 1990s and the consequent downward
stage migration of incident prostate cancer (PCa) in the United States has led to an
increasing number of younger patients undergoing radical prostatectomy for clini-
cally localized PCa. While this has led to higher disease specific and overall sur-
vival, it has also highlighted the critical role of functional outcomes (i.e., urinary
continence and erectile function) in affecting the health-related quality of life for the
PCa survivor. It is in this context that robot-assisted laparoscopic surgery offers
tremendous opportunities, with its magnified, 3-dimensional view, more degree
of freedom of movements, and the ability to carry out precise tissue dissections.
The ability to translate these technological advancements into superior functional
outcomes is, however, firmly predicated on a clear understanding of the underlying
principles of anatomical and physiological interactions responsible for maintaining
urinary continence and erectile function. This chapter is intended to discuss the
evolution of current understanding of these aspects.

Anatomical Principles for Preservation of Erectile Function

Erectile bodies (corpora cavernosa) of the penis derive arterial blood from caverno-
sal artery and the dorsal penile artery (circumflex branches), both branches of the
common penile artery (which itself is derived from the internal pudendal artery).
Venous blood from the endothelial-lined sinusoids of the cavernosal bodies drains
into the subtunical capillary plexus, emissary veins from which ultimately join the
deep dorsal vein. The autonomic nerves supplying the cavernosal bodies are derived
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2 D. Dalela and M. Menon

Fig. 1.1 Aberrant and accessory pudendal arteries: (a) aberrant lateral supralevator pudendal
artery branching from internal iliac artery; (b) accessory apical pudendal artery branching fromin-
fralevator pudendal artery; (¢) accessory lateral pudendal artery branching from obturator artery;
(d) accessory pudendal artery branching from external iliac artery with aberrant obturator and
infravesical branches. (From Walz J, Burnett AL, Costello AJ, Eastham JA, Graefen M, Guillonneau
B, et al. A critical analysis of the current knowledge of surgical anatomy related to optimization of
cancer control and preservation of continence and erection in candidates for radical prostatectomy.
Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with permission, from Elsevier)

from the pelvic plexus (or the inferior hypogastric plexus), which is responsible for
erection, ejaculation, and urinary continence. The parasympathetic preganglionic
fibers (‘nervi erigentes’) to the plexus originate from the intermediolateral horns of
the S2—-S4 spinal cord segments and are responsible for vasodilation and increased
blood flow during erection, while the sympathetic fibers from the thoracolumbar
outflow (T11-L2) reach the pelvic plexus through the hypogastric nerve and are
mainly responsible for ejaculation. The pelvic plexus is a 4-5 cm long rectangular
plate, located in the sagittal plane in the groove between the rectum and the bladder,
with its midpoint corresponding to the tips of the seminal vesicles and the most cau-
dal part giving rise to the cavernous nerves regulating erectile function. Besides the
corpora cavernosa, the pelvic plexus provides autonomic innervation to the urinary
bladder, ureter, seminal vesicles, prostate, rectum, and external urethral sphincter.
Given that the key elements of erection involve increased blood flow to the penis
following neural stimulation, disturbance to the vascular or neural elements of this
phenomenon is likely to cause impotence or erectile dysfunction. Although the
major arterial supply of the penis is derived from the internal pudendal artery, acces-
sory or aberrant pudendal arteries (present in 4—75 % of men) may originate from
the internal, external iliac, or obturator arteries and be the sole arterial blood supply
to the corpora cavernosa (Fig. 1.1). Because these arteries course along the lower
part of the bladder and the anterolateral surface of the prostate, they are at risk of
injury during RP resulting in ‘vasculogenic’ erectile dysfunction [1, 2]. On the other
hand, injury to the autonomic nerves supplying the cavernosal bodies, either by
direct transection, cautery, or traction, can result in ‘neurogenic’ erectile dysfunc-
tion. Unfortunately, until the 1980s, the detailed topographical relationship of nerve
fibers from the pelvic plexus to their cavernosal bodies was not well understood,



1 Anatomic Foundations and Physiology of Erectile Function and Urinary Continence 3

which contributed to the high rates of postoperative impotence. Indeed, initial
descriptions of radical perineal prostatectomy by Young, Higbee, and Colston were
marked by almost universal loss of sexual function after surgery.

Presence of Anatomically Distinct Neurovascular Bundles

The first reference to the existence of erectogenic neural bundles (supplying the
cavernosal bodies) was made by the German anatomist Johannes Muller in 1836
through vivid illustrations in his text book ‘The organic nerves of male sexual organ
of human and mammals’ [3]. Not only did he differentiate between autonomic and
somatic innervation of the pelvic and genital organs, but also stated that “organic
cavernosal nerves do not follow the course of the vessels into the phallus but have
a much shorter course.” Although this was followed by neurophysiological studies
of the pelvic plexus in the later part of the nineteenth century, its implications in
radical prostatectomy were revived by Alex Finkle in 1960 [4] when he empha-
sized that sharp lateral transection through both layers of Denonvilliers’ fascia at
or proximal to distal ends of seminal vesicles during radical perineal prostatectomy
almost inevitably damages parasympathetic fibers. However, it was the seminal
work by Walsh and colleagues in the 1980s [5—7] that ushered in the era of nerve
sparing radical prostatectomy.

Based on a series of dissections performed on the male fetus and newborn, Walsh
and Donker [6] noted that the branches of inferior vesical artery and vein (which
divide to supply the bladder and the prostate) perforate the pelvic plexus. They also
traced the course of cavernosal nerves, traveling posterolateral to the prostate on the
surface of rectum and lateral to the prostatic capsular vessels (hence constituting the
term ‘neurovascular bundle’ [NVB]), and lying within and adjacent to the membra-
nous urethra at the level of the apex. While noting the absence of vasculogenic
causes in postprostatectomy erectile dysfunction, they suggested that injury to the
pelvic plexus at two distinct sites to be the main contributory factor: one, during
ligation and division of the lateral pedicle of prostate and bladder in its mid-portion
(which may injure nerves innervating prostate, urethra, and corpora cavernosa),
and two, during apical dissection and transection of urethra and surrounding tis-
sues (which may specifically damage the cavernosal nerves). The NVB was
observed to be located in a triangular space between the two layers of the lateral
pelvic fascia (levator fascia [lateral layer] and prostatic fascia [medial layer]) and
the anterior layer of the Denonvilliers’ fascia forming the posterior boundary, and
during a nerve-sparing procedure, the prostatic fascia was excised. While the plane
of dissection for a radical perineal prostatectomy was maintained below the levator
fascia, a retropubic approach entailed approaching the prostate from outside the
lateral pelvic fascia, incising the fascia posterolaterally but sufficiently anterior to
the NVB, followed by the division of the lateral pedicle close to the prostate to prevent
injury to the NVB [7].
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Expansion of the Neuroanatomical Principles

Aided by the magnification and 3-dimensional vision afforded by the robot, Menon’s
group, that had already established the world’s first robotic surgery training pro-
gram in 2001 [8], undertook a detailed cadaveric study of the periprostatic neuro-
anatomy to provide a roadmap for nerve preservation for the surgeon performing
laparoscopic or radical prostatectomy [9]. They noted the existence of the multilay-
ered periprostatic fascia, the most prominent of which were the prostatic fascia
medially and the lateral pelvic fascia laterally. While the main NVB was enclosed
between these two layers and the Denonvilliers’ fascia posterolateral to the prostate,
multiple smaller nerves ramify within the layers of periprostatic fascia all along the
surface of the prostate (Fig. 1.2). Additionally, unlike Walsh, who suggested a retro-
grade approach to nerve dissection (beginning from the apex and moving upward),
Menon’s group supported an antegrade dissection of NVB, since the triangular
space containing the NVB was noted to be broader at the base than the apex
(Fig. 1.3). Other investigators too described significant variations in the classical
NVB description of periprostatic nerve fibers, and some of the relevant findings are
summarized in Table 1.1.

Toward the apical region of the prostate, the NVB lies in close relation to the
urethral sphincter and prostate apex [6]. While the number of fibers at apex is less than
that at base, they surround the sphicteric urethra up to the 2 o’clock and 10 o’ clock
positions [18] (Fig. 1.6), though mainly concentrated at 4-5 o’ clock and 7-8 o’ clock
positions [19]. The ventral aspect of the apex and the urethra (which is covered by the
rhabdosphincteric fascia), and the dorsal median raphe of the rhabdosphincter, are
free of nerve fibers, providing an important avascular plane of dissection [18].

With increasing recognition of cavernous nerves spread over the anterolateral
surface of the prostate (extending from 2 o’ clock to the 10 o’ clock position, instead
of being confined to the posterolateral 5 and 7 o’ clock location), and better under-
standing of periprostatic neural anatomy as the nerves course from the base toward
the apex, some investigators suggested incising the pelvic fascia much more anteri-
orly than the classic Walsh technique [9, 14, 15, 19]. Costello et al. [20] had also
shown by immunohistochemical staining of periprostatic nerve fibers that while the
relative proportion of parasympathetic, sympathetic, and somatic nerve fibers on the
anterior and anterolateral surface of the prostate was 14.3, 55.7, and 30 % respec-
tively, this changed to 23.1, 52.3, and 18.6 % at the level of the prostatic apex. It was
thus possible that some of the parasympathetic fibers ‘swung’ anteriorly along their
cephalo-caudal course over the surface of the prostate. Montorsi et al. [19] reported
continence (0—1 urinary pad per day) and potency (erectile function domain score of
the International Index of Erectile Function [IIEF] >26) rates of 90 and 52 %,
respectively, with the high anterior release (HAR) technique (incising the levator
and prostatic fasciae high anteriorly at 1 and 11 o’ clock positions), with lower
positive surgical margins (PSM; 14.3 %) than historical cohorts. Around the same
time, building upon the detailed neuroanatomical understanding afforded by the
robotic platform, Menon et al. [9, 21, 22] were the first to describe their results with
preservation of nerves in the lateral periprostatic fascia, eponymously titled “the Veil
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Fig. 1.2 Microscopic images of the nerves in the lateral pelvic fascia (brown structures) (note the
small nerves posterior and anterolateral to the prostate): (a) low magnification; (b) medium mag-
nification; (c¢) high magnification. (Reproduced, with permission, from Elsevier [Tewari et al.])

of Aphrodite” technique: dissecting in a plane between the prostatic capsule and the
periprostatic fascia, they noted 96 % of pre-operatively potent men had erections suf-
ficient for intercourse 12 months after surgery. Likewise, Walsh [23] and later Myers
[24] reported comparable potency rates of 67-70 % (defined as return to baseline
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Fig. 1.3 Computer enhanced intraoperative relationship between the lateral pelvic fascia,
Denonvillier’s fascia, and prostate and neurovascular bundles: (a) triangle of lateral pelvic fascia,
prostate, and Denonvillier’s sheet and their relationship with nerves; (b) relationship between pel-
vic plexus and neurovascular bundles to the left prostatic pedicle. (Reproduced, with permission,
from Elsevier [Tewari et al.])

Sexual Health Inventory for Men [SHIM] score >22) at 1 year with the HAR of leva-
tor fascia, without compromising the surgical margins of the resected tumor (in con-
trast to Menon et al. [22], the plane of dissection adopted by the aforementioned
authors was between the prostatic and levator ani fascia).
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Table 1.1 Key variations described in the distribution of neurovascular bundles and periprostatic
nerve fibers

Author/investigator Key findings

Costello et al. [10] Suggested three functional components of the NVBs in distinct fascial
compartments: the posterior/posterolateral component that runs within
the Denonvilliers’ and pararectal fascia and innervates the rectum, a
second lateral component innervating the levator ani, and a third
anterior component comprising the cavernosal nerves and prostatic
neurovascular supply (the component that was originally described by
Walsh)

Kourambas et al. [11] | Nerves scattered throughout the Denonvilliers’ fascia, including
medially toward the midline

Kiyoshima et al. [12] | Varying amounts of adipose tissue interposed between prostatic capsule
and prostatic fascia in nearly half the cases (48 %): a lattice of nerve
fibers was distributed over the anterolateral surface of the prostate,
deep to the prostatic fascia

Takenaka et al. [13] Periprostatic nerves distributed on the lateral surface of the prostate,
showing a spray-like arrangement rather than distinct NVB formation

Lunacek et al. [14] NVB dispersed over the convex surface of the prostate (like a curtain)
during embryonic growth: incision of periprostatic fascia and
dissection of NVB performed anteriorly (curtain dissection) (Fig. 1.4)

Eichelberg et al. [15] | Only 46-66 % of all nerves found in posterolateral location, while
21-29 % located over the anterolateral surface of the prostate

Tewari et al. [16] Trizonal, “hammock” like distribution of periprostatic nerves: the
proximal neurovascular plate (another name for the pelvic plexus), the
predominant neurovascular bundle and the accessory neural pathways
(observed anterolaterally between prostatic and lateral pelvic fascia, in
several planes between the layers of periprostatic fascia, and
posteriorly within the layers of Denonvilliers’ fascia) (Fig. 1.5)

Ganzer et al. [17] The percentage of total nerve surface area was highest dorsolaterally
(84.1,75.1, and 74.5 % at the base, middle, and apex, respectively), but
this finding was variable. Up to 39.9 % of nerve surface area was found
ventrolaterally and up to 45.5 % in the dorsal position

Alsaid et al. [25], in an elegantly performed study in human male fetuses and
adult cadavers, performed serial transverse sections of the pelvis (Fig. 1.7) and
stained them with S-100 to localize the path of the periprostatic nerves as they enter
the penile hilum. These serial sections were then reconstructed into computer-aided
3-dimensional images, and the authors noted that beyond the prostatic apex, the
NVB divided into cavernosal nerves (CN) and corpora spongiosa nerves (CSN)
(Fig. 1.8). In contradistinction to all the preceding studies, the authors observed that
the CNs were continuation of the anterior and anterolateral periprostatic nerve
fibers, and the CSN were derived mostly from the posterolateral NVBs. However,
more than 50 % of nerve fibers located on the anterior surface of the prostate were
found to be sympathetic in Costello’s study [20] and may plausibly be thought to
innervate the prostatic stroma, nearby vascular structures and the external urethral
sphincter, rather than supply the cavernosal bodies. As such, the rationale for the
HAR or the Veil technique might be less neuropraxic and thermal injury (since the
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Fig. 1.4 Change of course of the CNs during development of the prostate. The vessels are filled
with darkly stained erythrocytes, the CNs are situated between and around the periprostatic vessels.
(a) Fetal specimen, transverse section, 13 weeks. Before development of the prostate the CNs
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Fig. 1.5 Lateral view of PNP, PNB, and ANP. Fresh cadaver dissection showing that the neural
pathway from the PNP is a spray-like distribution. The prostate and bladder are lifted up by the
forceps. (Reproduced, with permission, from Wiley [Tewari et al.])

<
<

Fig. 1.4 (continued) (marked with asterisks) are situated lateral and dorsal to the future prostatic
(PU) and membranous urethra, as well as the rhabdosphincter (RS). All around the urethra darkly
stained blood vessels can be seen. (b) Fetal specimen, transverse section, 22 weeks. Because of the
growth of the prostate (P) the CNs (marked with asterisks) and the blood vessels (with darkly
stained erythrocytes) running in the NVB are increasingly dispersed along the convex surface of
the prostate. Therefore, they now assume a concave ‘curtain’ shape. U urethra, RS rhabdosphincter.
(c) Drawing of the concave ‘curtain’ shape of the NVB after development and growth of the pros-
tate. The two cross-sections show the course of the NVB along the surface of the prostate and
along the dorsolateral aspect of the membranous urethra. The red arrow marks the anterior site of
incision of the lateral pelvic fascia during the new ‘curtain dissection’ of the NVB. The blue arrow
shows the far more dorsally situated standard site of dissection of the NVB. The asterisks mark the
CNes that are situated along the surface of the prostate and dorsolateral to the membranous urethra.
In the smaller drawing the NVB situated in the lateral pelvic fascia is shown after removing the
prostate. (Reproduced, with permission, from Wiley [Lunacek et al.])




Fig. 1.6 Axial section of sphincteric urethra: (a) anatomic; (b) schematic. DVC dorsal vascular com-
plex, LAF levator ani fascia, MDR median dorsal raphe, NVB neurovascular bundle, PB pubic bone,
PV/PPL pubovesical/puboprostatic ligament, pp puboperinealis muscle, PR puborectalis muscle, R
rectum, RU rectourethralis muscle, SS striated sphincter (thabdosphincter); C SMS circular smooth
muscle sphincter (lissosphincter), L SMS longitudinal smooth muscle sphincter (lissosphincter), U
urethra, VEF visceral endopelvic fascia. (From Walz J, Burnett AL, Costello AJ, Eastham JA, Graefen
M, Guillonneau B, et al. A critical analysis of the current knowledge of surgical anatomy related to
optimization of cancer control and preservation of continence and erection in candidates for radical
prostatectomy. Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with permission, from Elsevier)
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Fig. 1.7 (a) Histologic transverse section of 72-year-old adult cadaver at the level of the prostate
apex, immunolabeled with anti-S100 antibody and scanned at an optical resolution of 3200 dpi. On
the right, sector division in a clockwise direction (1-6 o’clock); on the left, the corresponding ante-
rior (ant.), anterolateral (ant. lat.), posterolateral (post. lat.), and posterior (post.) regions, classical
position of the neurovascular bundle (NVBs) in the posterolateral regions (back arrow), location of
fibers in the anterolateral regions (white arrow). (b—q) Serial histologic transverse sections (4 mm
apart) between the membranous urethra (U) and corpus spongiosum levels, with some of the antero-
lateral nerve fibres (B-F, white arrows) travelling toward the penile hilum (PH) and the corpora
cavernosa. The posterolateral nerve fibers (G—Q, black arrows) form the distal course of the NVBs
and reach the corpus spongiosum (CS). (From Alsaid B, Bessede T, Diallo D, Moszkowicz D,
Karam I, Benoit G, et al. Division of autonomic nerves within the neurovascular bundles distally
into corpora cavernosa and corpus spongiosum components: immunohistochemical confirmation
with three-dimensional reconstruction. Eur Urol. 2011 Jun;59(6):902-9) (Reproduced, with per-
mission, from Elsevier)
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Fig. 1.8 Three-dimensional computer-assisted anatomic dissection from transverse immunola-
beled histologic sections of a cadaver of a 74-years-old man. (b) Superior view of intrapelvic
organs showing supralevator and the distal part of infralevator neurovascular pathways; (b) same
view without the pelvic diaphragm (PD), the pudendal vessels (Pud.), and the venous plexus (VP).
The pudendal nerve (PN) innervates the urethral sphincter (US) before becoming the dorsal nerve
of the penis (DNP). Branches from the PN intermingle with the cavernous nerves, forming a
caverno-pudendal distal communication (black arrows). The neurovascular bundles (NVBs) are
located in their classical position, posterolateral to the base of the prostate (P). Nerve fibers are also
found in anterior and anterolateral (ant. lat.) positions, following the lateral edges of a triangle
(black triangle) with its tip at the apex of the prostate. (¢) Right anterolateral and (d) left anterolat-
eral views of the supralevator nerve pathways. The NVBs contain two divisions: the cavernous
nerves (CNs), forming a continuation of the anterolateral fibers extending toward the corpora cav-
ernosa (CC) and the penile hilum, and the corpus spongiosum nerves (CSNs), which represent the
distal course of the posterolateral (post. lat.) NVBs reaching the corpus spongiosum bulb (CS).
(From Alsaid B, Bessede T, Diallo D, Moszkowicz D, Karam I, Benoit G, et al. Division of auto-
nomic nerves within the neurovascular bundles distally into corpora cavernosa and corpus spon-
giosum components: immunohistochemical confirmation with three-dimensional reconstruction.
Eur Urol. 2011 Jun;59(6):902-9) (Reproduced, with permission, from Elsevier)
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incision is made far away from the posterolateral NVB) and better vascular control,
rather than preservation of functional ventrally placed nerves perse. Another possi-
bility is that preservation of prostatic fascia maintains additional vascular supply to
the cavernosal bodies or the cavernosal nerves [22]. Regardless, the HAR and Veil
techniques have conclusively shown that in the hands of an experienced surgeon and
with appropriate patient selection, optimal potency outcomes may be achievable
without compromising the oncologic efficacy of the operation.

Fascial Anatomy of the Prostate
Endopelvic Fascia

The pelvic organs are covered by the endopelvic fascia, which can either be parietal
or visceral. The parietal aspect lines the inner surface of pelvic muscles and is con-
tinuous with fascia transversalis of the abdomen. The inner or the visceral layer
covers the pelvic organs, including the prostate, bladder, and rectum and fuses with
the anterior fibromuscular layer of the prostate at the upper ventral aspect of the
gland [18]. The parietal and visceral layers are fused along the pelvic sidewall, and
the fascial condensation is known as fascial tendinous arch of pelvis (FTAP)
(Figs. 1.6 and 1.9), extending from the puboprostatic ligaments (PPL) to the ischial
spine. Incision made lateral to the FTAP incises the levator ani fascia strips the
muscle fibers of their fascial covering, while bringing levator ani fascia in direct
approximation with the prostatic fascia (Fig. 1.10). Conversely, a medial incision on
the visceral endopelvic fascia leaves the levator ani fascia intact on the muscle,
while the prostate is covered only by the prostatic fascia [18].

Periprostatic Fascia

Traditionally referred to by a confusing array of similar sounding terms (such as the
lateral pelvic fascia, periprostatic fascia, parapelvic fascia, or simply the prostatic
fascia), the fascial covering immediately outside of the prostatic capsule is a com-
plex, multilayered structure with fibrofatty elements. The anterior extension of the
periprostatic fascia is represented by the visceral layer of endopelvic fascia covering
the prostate between 10-11 o’ clock and 1-2 o’ clock positions, and merging with
the anterior fibromuscular stroma in the midline. Laterally, it is represented by the
layers of levator ani fascia and the prostatic fascia when the endopelvic fascia is
incised lateral to the FTAP (Figs. 1.1 and 1.6). Finally, the posterior surface of the
prostate and the seminal vesicles is covered by the posterior prostatic and the semi-
nal vesicle fascia (popularly known as the Denonvilliers’ fascia). The Denonvilliers’
fascia extends superiorly from the base of rectovesical pouch to the apex of the
prostate at the level of prostatourethral junction and merges caudally with the cen-
tral perineal tendon. A cleavage plane may be developed between the Denonvilliers’
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Fig. 1.9 Axial section of prostate and periprostatic fascias at midprostate: (a) anatomic; (b) sche-
matic. AFS anterior fibromuscular stroma, C capsule of prostate, DA detrusor apron, DVC dorsal
vascular complex, ED ejaculatory ducts, FTAP fascial tendinous arch of pelvis, LA levator ani
muscle, LAF levator ani fascia, NVB neurovascular bundle, PB pubic bone, PEF parietal endopel-
vic fascia, PF prostatic fascia, pPF/SVF posterior prostatic fascia/seminal vesicles fascia
(Denonvilliers’ fascia); PZ peripheral zone, R rectum; 7Z transition zone, U urethra; VEF visceral
endopelvic fascia. (From Walz J, Burnett AL, Costello AJ, Eastham JA, Graefen M, Guillonneau
B, et al. A critical analysis of the current knowledge of surgical anatomy related to optimization of
cancer control and preservation of continence and erection in candidates for radical prostatectomy.
Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with permission, from Elsevier)
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Fig. 1.10 Axial section of prostate and periprostatic fascias at midprostate with three different dis-
section planes demonstrated (intrafascial [yellow line], interfascial [green line], and extrafascial
[purple line]): (a) anatomic, showing a high anterior release of interfascial dissection; (b) schematic
(prostate rotated counterclockwise), showing the classical posterolateral release of interfascial dis-
section. Insets represent pure dissections with final specimens shown, although in practice, mixtures
are commonplace. C capsule of prostate, FTAP fascial tendinous arch of pelvis, LAF levator ani fas-
cia, NVB neurovascular bundle, PEF parietal endopelvic fascia, PF prostatic fascia, VEF visceral
endopelvic fascia. (From Walz J, Burnett AL, Costello AJ, Eastham JA, Graefen M, Guillonneau B,
et al. A critical analysis of the current knowledge of surgical anatomy related to optimization of
cancer control and preservation of continence and erection in candidates for radical prostatectomy.
Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with permission, from Elsevier)



16 D. Dalela and M. Menon

Fig. 1.11 Axial section through base of seminal vesicles to show proximity of distal pelvic plexus
(neurovascular bundle [NVB]): (a) anatomic (b) schematic. B bladder; PP pelvic plexus, pPF/SVF
posterior prostatic fascia/seminal vesicle fascia (Denonvilliers’ fascia), R rectum, SV seminal
vesicle, VD vas deferens, VPM vesicoprostatic muscle. (From Walz J, Burnett AL, Costello AJ,
Eastham JA, Graefen M, Guillonneau B, et al. A critical analysis of the current knowledge of surgi-
cal anatomy related to optimization of cancer control and preservation of continence and erection
in candidates for radical prostatectomy. Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with per-
mission, from Elsevier)

fascia anteriorly and fascia propria of the rectum posteriorly during radical prosta-
tectomy, owing to the possible distinct embryological origin of the latter by fusion
of the two peritoneal layers of pouch of Douglas [26]. The Denonvilliers’ fascia
represents a musculofascial plate, consisting of collagenous, elastic, and smooth
muscle fibers intermixed into a single-layered membrane. While the traditional
location of the NVB has been described in the triangular space bounded laterally by
the levator ani fascia, medially by the prostatic fascia and posteriorly by the
Denonvilliers’ fascia (Fig. 1.11), Kourambas et al. [11] suggested the existence of
an “H” shaped structure: the upper limbs formed by right and left lateral periprostatic
fasciae, lower limbs by right and left pararectal fasciae, and the horizontal limb
formed by the Denonvilliers’ fascia. The Denonvilliers’ fascia then splits at its lateral
border into anterior and posterior layers, enclosing the NVB in a triangular space
bound laterally by the levator ani fascia [9, 10].
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Left: Standard Right: Veil of Aphrodite

Fig. 1.12 Whole-mount section of prostate with standard technique (ST) on the left and Veil of
Aphrodite technique (VT) on the right. (a) Entire whole-mount, hematoxylin and eosin (H&E).
Note the tumor (red circle), presence of lateral prostatic fascia (LPF) on the /eft, and its absence on
the right. For comparison, blue dotted line represents the plane of excision for VT, as has been
done on the right. (b, H&E; ¢, S100; _40). Matching area of left AL zone. Note the LPF with nerve
bundles (blue arrows). Margin clearance (black arrow line) is 1.6 mm. (d, H&E; e, S100; _40).
Matching area of right AL zone. Note the absence of LPF and periprostatic nerve bundles. Margin
clearance (black arrow line) is 0.3 mm. (From Savera AT, Kaul S, Badani K, Stark AT, Shah NL,
Menon M. Robotic radical prostatectomy with the “Veil of Aphrodite” technique: histologic evi-
dence of enhanced nerve sparing. Eur Urol. 2006 Jun;49(6):1065-73; discussion 73—4)
(Reproduced, with permission, from Elsevier)

Intrafascial Dissection

Intrafascial dissection of the NVB entails dissection along the prostatic capsule,
remaining deep to the prostatic fascia at the anterolateral and posterolateral aspects
of prostate, as well as anterior to the Denonvilliers’ fascia (Fig. 1.10). The intrafascial
approach allows a whole thickness preservation of the lateral periprostatic fascia
and therefore a complete preservation of the NVB because it remains covered by
and lateral to the prostatic fascia. Identification of the prostatic fascia is obviously
vital to the performance of this dissection, and the highly magnified, three-dimen-
sional vision of the robotic system allows clear identification of the multiple layers
of the prostatic fascia. Building upon the studies of Kiyoshima et al. [12], Menon
[21, 22, 27] suggested nerve dissection in the plane between the prostatic fascia
and the capsule (known as the “Veil of Aphrodite” sparing technique (Fig. 1.12))
beginning inferolaterally where the prostatic fascia reflects off the prostate, and
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Fig. 1.13 Radar graph shows preoperative and postoperative SHIM scores in each patient (spokes)
and ability of procedure to preserve sexual function. Extent of blue areas correlates with postopera-
tive loss of potency. (From Menon M, Kaul S, Bhandari A, Shrivastava A, Tewari A, Hemal
A. Potency following robotic radical prostatectomy: a questionnaire based analysis of outcomes
after conventional nerve sparing and prostatic fascia sparing techniques. J Urol. 2005
Dec;174(6):2291-6, discussion 6) (Reproduced, with permission, from Elsevier)

proceeds in an antegrade fashion. The use of antegrade approach is facilitated by a
30° down lens and allows for more intuitive nerve dissection toward the penis, while
minimizing the risk of neuropraxic injury to the NVB (which is more likely in a
retrograde approach). After ligation of the small vessels of the prostatic pedicle
entering the prostate posterolaterally (as opposed to en masse ligation of the pedi-
cle), the plane allows relatively avascular dissection (except anteriorly where the pros-
tatic fascia merges with the venous plexus and prostate capsule). When performed
correctly, an intact “veil” of periprostatic tissue extends between the pubourethral liga-
ments and the bladder neck. In their cohort of 154 men, 96 % reported erections suffi-
cient for intercourse (with or without PDE-5 inhibitors) at 12 months follow-up, with a
PSM rate of 5% (majority of which were at the apex) [21, 22] (Fig. 1.13). Similarly,
Stolzenburg et al. reported a potency rate of ~90 % in patients aged <55 years old 12
months after intrafascial nerve sparing RP [28], with PSM of 4.5 and 29.4 % in pT2
and pT3 disease, respectively. Nonetheless, intrafascial dissection does entail sig-
nificant highest risk of PSM (at least in the beginner’s hands): while significantly lower
nerve bundle counts were noted in histopathological specimens after Veil nerve sparing
technique (compared to standard nerve sparing), the mean margin clearance in the for-
mer specimens was just 0.3 mm (compared to 1.4 mm in the latter) [27].

Interfascial Dissection
Interfascial dissection occurs in the place outside or lateral to the prostatic fascia at

the anterolateral and posterolateral aspects of the prostate, with dissection contin-
ued medial to the NVB at the 5 o’ clock and 7 o’ clock positions, such that the
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lateral and posterior surfaces of the prostate remain covered with prostatic fascia
and Denonvilliers’ fascia, respectively (Fig. 1.10). The classically described standard
nerve sparing technique by Walsh was, in fact, an interfascial dissection. While this
technique may sacrifice the periprostatic nerves distributed on the anterolateral
surface of the prostate, a high anterior release modification may salvage some of
these fibers (though fibers ramifying within and below the prostatic fascia will still
be resected). Interfascial dissection represents a more oncologically conservative
approach than the intrafascial dissection; however, at the cost of significantly infe-
rior potency outcomes at 6 and 12 months after surgery [29, 30], and possibly even
continence [29].

Extrafascial Dissection

Dissection in a plane lateral to the levator ani fascia and posterior to the Denonvilliers’
fascia. The posterolateral NVB and the ventrally distributed nerve fibers, along with
all the layers of prostatic, levator ani, and Denonvilliers’ fascia, are resected, offer-
ing wider surgical margins but causing almost complete loss of erectile function
[18] (Fig. 1.10).

Although the terms intrafascial and interfascial may help in conceptualizing the
fascial anatomy around the prostate, in our opinion, there is no single fascial layer;
rather, there are multiple layers (that may or may not be clearly delineated in all
patients). In our experience, it is impossible to stay precisely in the same layer
throughout the entire dissection. Indeed, it is not uncommon to find regions of both
intra- and interfascial dissections in the same histopathological specimen.

Recognizing the importance of nerve sparing approaches in maintaining the
balance between optimal functional outcomes and maximal oncologic efficacy,
Tewari et al. [31] proposed a risk-stratified approach to nerve sparing (“incremental
nerve sparing”) according to the patient’s likelihood of harboring extra-prostatic
extension of PCa, as illustrated in Fig. 1.14. Similar graded nerve sparing tech-
niques were described by Schatloff et al. (Grade 1-5, with 1 being no nerve sparing
and 5 being >95 % nerve sparing) [32].

Anatomical Principles for Recovery of Urinary Continence

Despite the greater dexterity of movement and more precise dissection offered by
the robotic technique, rates of urinary continence in the contemporary era remain
variable, and although 12 months outcomes may be encouraging (between 84 and
97 %) [33], incontinence continues to be the most important determinant of postop-
erative quality of life (in some reports, even greater than erectile dysfunction). While
differences in continence outcomes, much like erectile function, may stem from the
multiplicity of assessment measures (number of pads/pad weights, validated ques-
tionnaires such as EPIC, ICIQ and IPSS, or patient—physician interviews), a host of
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Fig. 1.14 Layers of fascia enveloping the prostatic capsule, showing the planes of dissection for
differing NS grades (1-4). LPF, lateral pelvic fascia medial layer, i.e. the prostatic fascia; LF, lateral
pelvic fascia lateral layer, i.e. the levator fascia; LA, levator ani. (From Tewari AK, Srivastava A,
Huang MW, Robinson BD, Shevchuk MM, Durand M, et al. Anatomical grades of nerve sparing: a
risk-stratified approach to neural-hammock sparing during robot-assisted radical prostatectomy
(RARP). BJU Int. 2011 Sep;108(6 Pt 2):984-92) (Reproduced, with permission, from Wiley)

preoperative (age, BMI, preexisting lower urinary tract symptoms, and prostate size),
intraoperative and postoperative factors (pelvic floor exercises, fluid intake, duration
of catheterization, etc.) can also meaningfully affect the trajectory of urinary conti-
nence recovery after RARP. Intraoperative factors determining continence out-
comes are based on the anatomical understanding of two main systems responsible
for maintaining continence: a sphincteric system and a support system [34].

Sphincteric System

Two distinct sphincteric mechanisms control urinary continence in males. Proximally,
the internal (or vesical/preprostatic) sphincter is derived from the ring-shaped fibers
of the middle circular detrusor layer encircling the bladder neck (reinforced by the
anterior collar like thickening of the outer longitudinal layer), along with the distal
extension of the inner longitudinal and middle circular fiber layers from the bladder
neck into the prostatic urethra up to the level of verumontanum (Fig. 1.15). The mag-
nification provided by the robotic platform, along with the scalable movements, may
help overcome the absence of tactile feedback in identifying and dissecting the blad-
der neck during RP. A number of maneuvers can aid in the accurate identification of
the plane for bladder neck dissection: (a) Distal margin of the prevesical fat pad of
Whitmore; (b) intermittent ‘tugging’ (caudal retraction) of the urethral catheter bal-
loon can better delineate the point of junction between the bladder neck and prostate;
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Fig. 1.15 Dissection of the male bladder. /1, Posterior outer longitudinal detrusor, which forms
the backing of the ureters (folded back); //a, posterolateral portion of the outer longitudinal mus-
cle forming a loop around the anterior bladder neck; 4', 12, and 18, middle circular layer backing
the trigone; 23 and 23a, lateral pedicle of the prostate. [From Chung B, Sommer G and Brooks JD
(2016). Surgical, Radiographic and Endoscopic Anatomy of the Male Pelvis. In: Wein A, Kavoussi
L, Partin W and Peters C (Eds.), Campbell-Walsh Urology (pp 1611-1630). Philadelphia, PA:
Elsevier] (Reproduced, with permission, from Elsevier [Campbell-Walsh urology])

(c) grasping the dome of the bladder and applying anterocephalad retraction causes
‘tenting’ of the bladder neck, the distal edge of which may serve as the incision point
for bladder neck dissection [35]; and (d) Bimanual “palpation” or “pinch” of the
bladder neck using the tips of the robotic/laparoscopic instruments [36].

Distal to the prostatic apex is the external urethral sphincter, formed by a complex
of smooth and striated muscle fibers and surrounding the membranous urethra.
The external sphincter is actually signet-ring shaped, conical structure when seen in
sagittal and coronal sections, respectively, broad at its base distally and narrowing
as it passes through the urogenital hiatus of the levator ani to meet the prostatic apex
[37] (Fig. 1.16). The inner smooth muscular layer (subdivided into inner longitudinal
and outer circular layers) of the membranous urethra is termed the lissosphincter by
some authors. Conversely, the outer muscle layer is termed the rhabdosphincter and
is horseshoe or omega shaped in cross section (Fig. 1.6). Anteriorly and anterolater-
ally, these fibers insert on the apex and the anterior surface of the prostate, with
attachments to the subpubic fascia and medial fascia of the levator ani, and merge
posteriorly with the tendinous midline dorsal raphe (MDR), a musculofascial plate
that extends along the entire length of the rhabdosphincer along its dorsal aspect.
The external sphincter is innervated by autonomic branches of pelvic plexus, which
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Fig. 1.16 Structure of the male striated urethral sphincter. (a) Anterior projection shows the cone
shape of the sphincter and the smooth muscle of the sphincter. (b) Viewed laterally, the anterior
wall of the sphincter is nearly twice the length of the posterior wall, although both are of compa-
rable thickness. [From Chung B, Sommer G and Brooks JD (2016). Surgical, Radiographic and
Endoscopic Anatomy of the Male Pelvis. In: Wein A, Kavoussi L, Partin W and Peters C (Eds.),
Campbell-Walsh Urology (pp 1611-1630). Philadelphia, PA: Elsevier] (Reproduced, with permis-
sion, from Elsevier [Campbell-Walsh urology])
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run partly with the NVB and partly with the perineal branch of pudendal nerve.
Nerves enter the sphincter posterolaterally, mainly concentrated on the 5 and 7 o’
clock positions. Muscle fibers in the striated layer are mostly slow twitch (type 1)
fibers, which are responsible for maintaining a constant tone for passive urinary
control, as well as allowing voluntary increases in tone to provide additional conti-
nence protection [37].

An important structure in close relation to the external sphincter is the dorsal
vascular complex (DVC) or the eponymously termed Santorini’s plexus. It drains
venous blood from the deep dorsal vein of the penis, trifurcating at the prostatoure-
thral junction by the presence of PPLs into a central superficial branch (which
pierces the endopelvic fascia between the PPLs and drains the retropubic fat,
anterior bladder, and anterior prostate) and a deeper trunk (which remains deep to
the endopelvic and prostatic fascia and sweeps upward and laterally to drain blood
from the periprostatic plexus, rectum, and the vesical plexus to continue as inferior
vesical veins) [38]. Therefore, Walsh suggested ligation and division of the DVC be
done distally before its ramification, in order to avoid blood loss and compromised
vision during radical retropubic prostatectomy [38]. Additionally, at this level, the
DVC is separated from the rhabdosphincter by the rhabdosphincter fascia; this pro-
vides an avascular plane for dissection and DVC control (Fig. 1.6). Part of the DVC,
however, may run within the substance of the external sphincter, necessitating careful
dissection when attempting to secure hemostasis. As such, preservation or selective
ligation of the DVC may hasten return to urinary continence [38] (see later).

Embryologically, the rhabdosphincter exists as a continuous, vertically oriented
tube from the bladder neck to the perineal membrane: as the prostate grows into it,
it causes atrophy of the muscular mass. This has important implications with refer-
ence to variations in apical anatomy (Fig. 1.17): Myers et al. [39] and Lee et al. [40]
have shown that the apex may overlap the striated sphincter circumferentially,
asymmetrically bilaterally or unilaterally, anteriorly, posteriorly, or no overlap with
the sphincter (in descending order of frequency). This needs to be kept in mind dur-
ing apical dissection, in order to prevent inadvertent excessive resection of the
sphincteric tissue and compromising postoperative membranous urethral length.

Supportive System

The key supportive structures in the normal (preprostatectomy) male are shown in
Fig. 1.18 [34]. From anterior to posterior, these structures include the pubovesical/
puboprostatic ligaments (PV/PPLs), the endopelvic fascia, FTAP, levator ani mus-
culature, and the Denonvilliers’ fascia.

The PV/PPLs are paired fibrocollagenous extensions of the visceral endopelvic
fascia that extend from the anteroinferior surface of the prostate and the anterior
surface of the urethral sphincter, to the periosteum over the posteroinferior surface
of the pubis bone. These ligamentous structures support the bladder, prostate, and
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Fig. 1.17 Variations in apical shapes of prostates. Started from left, the apex can overlap the urethral
sphincter anteriorly, circumferentially, symmetrically bilaterally, asymmetrically unilaterally, or
posteriorly with anterior apical notch and posterior lip. (From Walz J, Burnett AL, Costello AJ,
Eastham JA, Graefen M, Guillonneau B, et al. A critical analysis of the current knowledge of surgi-
cal anatomy related to optimization of cancer control and preservation of continence and erection
in candidates for radical prostatectomy. Eur Urol. 2010 Feb;57(2):179-92) (Reproduced, with
permission, from Elsevier)

the external sphincter and help “suspend” the internal and external sphincter within
the pelvic cavity. The two leaves of the endopelvic fascia (parietal and visceral),
along with their line of fusion (FTAP), form a part of continuous scaffolding that
extends anteriorly from the PV/PPLs to the ischial spine.

The floor of the pelvic cavity is bounded anteriorly by the levator ani muscle,
formed by the fibers of pubococcygeus anteriorly and iliococcygeus posteriorly.
Close to the urogenital hiatus, the fibers of levator ani are thickened to flank the pros-
tatoturethral junction, spanning from the pubis anteriorly to the perineal body poste-
riorly, and is known as puboperinealis [41, 42]. Composed predominantly of fast
twitch (type 2) fibers, contraction of the puboperinealis muscle closes off the urethral
lumen and actively terminates micturition. Further, while the contraction of pubo-
perinealis pulls the urethra upward and forward toward the pubis bone, contraction
of the rhabdosphincter pulls it downward and backward toward the perineal body
(with the posterior musculofascial plate acting as the fulcrum for the movement of
the rhabdosphincter). This causes a double-sling mechanism for closing the urethra
and hence maintaining continence [41, 43]. The role of the supportive mechanism is,
therefore, to support the bladder, prostate, and the external sphincter within the pel-
vic cavity: when intra-abdominal pressure increases, these structures prevent descent
of proximal and distal sphincteric mechanisms (urethral hypermobility) and maintain
the angulation of the vesico-prostatic junction, while contraction of the levator ani
supports them from below and closes off the urethral lumen.
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Fig. 1.18 Supporting system in the pelvis, and reconstruction and reinforcement during RARP. (a)
Structural support in the female pelvis. (b) Structural support in the male pelvis. (¢) Structural
changes after radical prostatectomy. (d) Posterior reconstruction of the rhabdosphincter. (e) Anterior
retropubic suspension. (f) Reattachment of the arcus tendineus to the bladder neck. (g) Bone-
anchored bladder neck sling suspension. DVC dorsal vein complex. (From Kojima Y, Takahashi N,
Haga N, Nomiya M, Yanagida T, Ishibashi K, et al. Urinary incontinence after robot-assisted radical
prostatectomy: pathophysiology and intraoperative techniques to improve surgical outcome. Int J
Urol. 2013 Nov;20(11):1052-63) (Reproduced, with permission, from Wiley)

Intraoperative Strategies to Promote Recovery of Urinary Continence

Components of both the sphincteric system and supportive system play varying
roles in maintaining urinary continence. As such, during radical prostatectomy, it
would be ideal to preserve as much of the natural pelvic anatomy as possible. In many
cases, however (such as an enlarged prostate or presence of pelvic adhesions), safe
preservation of structures may be precluded, and reconstruction of the natural
mechanism may then be attempted to restore normal anatomy and promote conti-
nence. Accordingly, the “preserve when you can, reconstruct when you can’t” strat-
egy may be understood in Table 1.2. Detailed description of the technical details of
each of these approaches is beyond the scope of this chapter; however, we attempt
to provide a somewhat overarching framework for understanding the maneuvers for
faster recovery of urinary continence.

Conclusions

1. The precise location and functional anatomy of the neurovascular bundle remains
conjectural. The prevailing evidence suggests that there is a network of nerves
that innervates the cavernous bodies, rather than discrete neurovascular bundles.
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Fig. 1.19 (a) Anterior aspect of the vesicoprostatic junction with application of anterocephalad
fourth arm Prograsp tension; (b) diagram of the vesicoprostatic junction; (¢) three-dimensional
view of the vesicoprostatic junction. Red arrow represents the point at which the tented bladder
fold ends and incision is made to begin bladder neck preservation technique anteriorly. P prostate,
B bladder, S seminal vesicle, F' fat pad of Whitmore. (From Freire MP, Weinberg AC, Lei Y,
Soukup JR, Lipsitz SR, Prasad SM, et al. Anatomic bladder neck preservation during robotic-
assisted laparoscopic radical prostatectomy: description of technique and outcomes. Eur Urol.
2009 Dec;56(6):972-80) (Reproduced, with permission, from Elsevier)

In the only study that directly traced the course of periprostatic nerve fibers to the
end organ (the cavernosal bodies) [25], the findings were unexpected. The pos-
terolateral nerves appeared to innervate the corpus spongiosum, whereas caver-
nosal innervation was derived from nerve fibers located anterolaterally at the
prostatic apex. As such, more definitive studies are needed before this contro-
versy is settled. At the very least, given the distribution of nerve fibers along the
entire surface of the prostate, it may be safe to presume that the term “neurovas-
cular bundle” itself may be a misnomer, since neither the nerves form a distinct
bundle nor do they always follow the vessels. It is easy to preserve the vessels,
and by inference the nerves that lie in the proximity, yet we have amply seen (and
as the subsequent chapters will show) that this does not guarantee the mainte-
nance of erectile function.



1 Anatomic Foundations and Physiology of Erectile Function and Urinary Continence 27

Table 1.2 Intraoperative strategies for faster recovery of urinary continence post robot-assisted

radical prostatectomy

Sphincteric mechanism
Preservation
Maneuver/technical modification

Bladder neck (proximal sphincter) preservation
(BNP)

Friere et al. [35]: Anterocephalad tension on
the bladder using the fourth robotic arm retracts
the anterior dome of the bladder and forms a
ridge that ends distally at the detrusor apron:
landmark for incision point for bladder neck
dissection (Fig. 1.19)

Nyarangi-Dix et al. [44]: Blunt dissection to
separate the ring-shaped vesical sphincter from
prostate base and identification of longitudinal
smooth muscle fibers of urethra

Rhabdosphincter (external sphincter) preservation

Selective suture ligation of DVC (Walsh)

Laparoscopic RP (Porpiglia et al. [45]): Prior
to urethral transection, insufflation pressure
increased to 16-18 mmHg and DVC sectioned.
Following urethral transection and prostate
excision, SSL performed with one/two stitches
in figure-of-8 fashion avoiding entry into
rhabdosphincter

RARP (Lei et al. [46]): Selective mattress
suturing is performed after cold scissor
transection of the DVC, followed by
urethrovesical anastomosis. Pneumoperitoneum
ensures hemostasis, and SSL minimizes injury
to the rhabdosphincter as well as levator ani
Maximizing functional urethral length

Tewari et al. [47]: Identification of the
prostatourethral junction, followed by incision
on the posterior hemicircumference of urethra.
Anterior wall clearly visible, and circumferential
urethral division using blunt and sharp
dissection

Schlomm et al. [48]: Full-functional urethral
length preservation according to the patient’s
anatomy: careful preservation of the
puboperinealis muscle fibers and restoration of
the Mueller’s ligaments (ischioprostatic
ligaments)

Results

348 men with BNP RARP and 271 with
standard RARP, higher EPIC urinary
function score at 4 months (64.6 vs. 57.2;
p=0.04), 12 months (80.6 vs. 79) and 24
months (94.1 vs. 86.8; p<0.001),
respectively. PSM at prostate base
comparable (1.4 % vs. 2.2 %)
Randomized controlled trial: At 0, 3, 6,
and 12 months mean urine loss in the
control vs. BNP group was significantly
lower in the latter (each p<0.001). Social
continence rate was 55.3 % vs. 84.2 %
(»<0.001), 74.8 % vs. 89.5 % (p=0.05),
and 81.4 % vs. 94.7 % (p<0.027) at 3, 6,
and 12 months

Higher urinary continence in SSL vs.
standard laparoscopic RP at 3 months
(80% vs. 53 %; p=0.02), although no
difference at 6 or 12 months. No
significant difference in apical PSM

SSL vs. standard RARP had significantly
higher 5-month postoperative urinary
function score and continence, and
independently predicted better urinary
function score recovery of continence 5
months post-RARP

Significantly lower apical PSM compared
to the control group (1.4 % vs. 4.4 %,
p=0.04), despite higher proportion of
pT3a or higher disease in the former
group (16 % vs. 10 %, p=0.027)

406 patients with full urethral length
preserving RP had higher continence at 1
week than 285 patients with conventional
RP (50.1 % vs. 30.9 %, respectively,
p<0.001). Only independent predictor of
1-week continence status

(continued)
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Table 1.2 (continued)

Nerve preservation

Choi et al. [49]: Comparison of outcomes for
bilateral vs. nonnerve sparing (NS)

Stolzenburg et al. [29]: Randomized controlled
trial between intrafascial and interfascial
nerve-sparing endoscopic extra peritoneal RP
(EERPE)

Steineck et al. [50]: LAPPRO steering
committee performed multicentric study,
comparing urinary continence after varying
degrees of nerve preservation

Reeves et al. [51]: Meta-analyses of studies on
NVB preservation and urinary continence
recovery

Michl et al. [52]: Comparison of urinary
continence outcomes for bilateral NS RP,
primary non-NS RP, and bilateral secondary
resection of the NVBs for positive frozen
section results after an initial bilateral NS
sparing (secNNS) RP

Reconstruction
Maneuver/technical modification
Bladder neck (BN) reconstruction

Lin et al. [53]: Transverse plication of anterior

BN in RARP patients

Lee et al. [54]: Compared RARP patients
with transverse plication of BN to historical
controls without BN plication

D. Dalela and M. Menon

Both EPIC urinary function score and
continence rates higher in bilateral NS vs.
non-NS at 4 months, but only urinary
function scores higher at 12 and 24
months

Intrafascial vs. interfascial EERPE had
significantly higher continence at 3
months (74 % vs. 63 %) and 6 months
(87.9 % vs. 76.2 %), respectively (both
p<0.05)

Compared to bilateral intrafascial
dissection (reference category, relative
risk [RR]=1), decreasing levels of nerve
preservation associated with decreasing
likelihood of urinary continence at 1 year,
with no NVB preservation having a
RR=2.27. Similar trends noted in men
with preoperative impotence, urinary
incontinence, open and robotic RP
Patients with any NS surgery (uni or
bilateral) had significantly better early
continence vs. those with non-NS surgery
at 6 weeks, 3—4 months and 6 months
(RR 1.48, 1.24, and 1.20 respectively),
but no significant differences at 12 or 24
months. Similar results when comparing
bilateral to unilateral NS surgery
Continence rates at 12 months after
surgery did not differ significantly between
patients who had bilateral NS and secNNS
(85.4% vs. 87.0 %). Conversely, for initial
NNS versus secNNS, the latter group had
significantly higher continence rates after
12 months (70.5 % vs. 87.0 %). Authors
conclude that meticulous apical dissection
performed during NS RP technique is
responsible for higher continence rates
rather than the actual preservation of the
NVB itself

Results

97.3 % men were fully continent

(0 pad/day) at 12 months after surgery
Mean time to social continence

(0-1 pad/day) in plication vs. standard
group 3.6 vs. 5.3 weeks (p-0.004) and
total continence (0 pad/day) 5.1 vs.
8.5 weeks (p=0.002)

(continued)
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Table 1.2 (continued)

Supportive mechanism

Preservation

Puboprostatic ligaments
Stolzenburg et al. [55]

Puboprostatic collar
Tewari et al. [56]: Preservation of puboprostatic
ligaments, puboperinealis muscle, and arcus
tendineus (together called the puboprostatic
collar)

Pubovesical complex sparing (complete anterior

preservation)
Asimakopoulos et al. [57]: Owing to the
anatomic continuity between puboprostatic
ligaments with detrusor apron, preservation of
the entire pubovesical complex (DVC,
puboprostatic ligaments, and detrusor apron)
attempted in 30 preoperatively healthy and
continent men
Bocciardi et al. [58, 59]: Retzius sparing
prostatectomy performed through incision on
the pouch of Douglas. Allows for preservation
of the pubovesical complex, levator ani, arcus
tendineus, and anterior fixation of the bladder to
the abdominal wall

Menon et al. (unpublished data): Retzius sparing

prostatectomy (RSP)

Reconstruction

Periurethral suspension stitch (anterior

reconstruction)
Noguchi et al. [60]: Reversal of the DVC suture
through the symphysis pubis perichondrium
during open retropubic RP

Patel et al. [61]: Periurethral retropubic
suspension stitch, from DVC to the periosteum
of the pubic bone, in a figure-of-8 fashion, done
following DVC ligation

Posterior reconstruction (PR) of the
rhabdosphincter and Denonvilliers’ musculofascial
plate
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PPL sparing vs. conventional RARP
continence at 2 weeks (24 % vs. 12 %)
and 4 weeks (76 % and 48 %),
respectively (p<0.05)

Urinary continence rates at 1, 6, 12, and
16 weeks were 29, 62, 88, and 95 %; no
differences in perioperative, functional, or
oncologic outcomes

Urinary continence was 80 % at catheter
removal and 100 % at 3 months after
surgery

Immediate social continence rates (i.e., on
removal of catheter) was 91 %, and 1 year
continence was 96 %

4-week total continence rates for RSP vs.
VIP 79 % vs. 36 %, respectively; 4 week
social continence 95.1 % vs. 61.0 %,
respectively (both p<0.001)

Shorter median time to recovery of
urinary continence in suspension stitch
vs. standard group (31 vs. 90 days;
p=0.002)

Shorter median time to recovery of
urinary continence in suspension stitch
vs. standard group (6 weeks vs. 7 weeks;
p=0.02). Significantly higher continence
rates at 3 months (92.8 vs. 83 %)

(continued)
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Rocco et al. [62]: Reconstruction of the
posterior musculofascial plate by suturing the
dorsal median raphe of the rhabdosphincter to
the remnant of the Denonvilliers’ fascia
posterior to the bladder; the newly created
Denonvilliers’ plate is then attached to the
posterior bladder wall. Restores the functional
and anatomical sphincter length, supports the
posterior aspect of the external urethral
sphincter and urethrovesical anastomoses, and
avoids caudal retraction of the urethro-
sphincteric complex

Joshi et al. [63]: Randomized controlled trial
comparing RARP with vs. without PR (n=54
each)

Combined anterior and posterior reconstruction

Menon et al. [64]: RCT comparing AR plus PR
vs. standard RARP (n=57 each)

Sammon et al. [65]: Long-term follow-up of
previous RCT patients

Hurtes et al. [66]: RCT comparing AR plus PR
vs. standard RARP

Total anatomical reconstruction of vesicourethral
junction

Tewari et al. [67]: Minimal distal incision of the
endopelvic fascia, preservation of the
puboperinealis, preservation of PPL, watertight
urethrovesical anastomosis, reattachment of the
arcus tendineus to the lateral aspect of the
bladder neck

D. Dalela and M. Menon

PR group had significantly higher
continence than historical controls: 72 %
vs. 14 %, 78.8 % vs. 30 %, and 86 % vs.
46 % at 3, 30, and 90 days, respectively

Urinary continence for PR vs. standard
RARP at 3 months (25 and 31 %) and 6
months (49 % vs. 57 %), respectively; no
significant difference

No significant difference in social (01
pad/day) or total continence (0 pad/day) at
1,2, 7, and 30 days (all p>0.1). 1 m social
and total continence rates for intervention
vs. standard RARP were (80 % vs. 74 %)
and (47 % vs. 42 %), respectively

No differences between groups regarding
urine leakage weights, pad usage rates,
long-term IPSS score, or IPSS bother
score. 12-24 months total continence
rates for AR +PR vs. Standard RARP
group 83 and 80 %, respectively

Total continence rates for intervention vs.
control groups were 26.5 and 7.1 % at

1 months (p=0.047), 45.2 and 15.4 % at
3 months (p=0.016). No significant
difference at 6 months

Continence rates were 38, 83, 91, and
97 % at 1, 6, 12, 24 weeks, respectively

. Preservation of urinary continence is much more predictable. Factors associated
with earlier return of urinary control are “no-touch” apical dissection, preservation of
the bladder neck, and maximal nerve preservation. A surgical approach preserving
the Retzius space may improve these results in the majority of patients.
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Chapter 2

Preoperative Assessment and Intervention:
Optimizing Outcomes for Early Return

of Urinary Continence

Fouad Aoun, Simone Albisinni, Ksenija Limani, and Roland van Velthoven

Introduction

The introduction of robotic surgery for the treatment of prostate cancer has allowed
for the collection of more accurate anatomical information on adjacent prostatic
structures and has facilitated innovative techniques aimed at enhancing postopera-
tive functional results without compromising oncological prognosis. However,
despite improved surgical technique and expertise, urinary incontinence still occurs
in the early postoperative setting with an incidence varying between 6 and 20 % [1, 2].
Spontaneous recovery of urinary incontinence is generally to be expected within
3-24 months after surgery but is variable among patients even when a standard
approach is applied by the same surgeon [3]. These findings highlight the impor-
tance of underlying preoperative factors influencing continence recovery and the
timing of recovery. Preoperative evaluation of these factors can provide precious
information about postoperative continence. This may help surgeons to individually
tailor their approach in accordance with tumor- and patient-related factors to accel-
erate continence recovery and give patients better preoperative counseling and more
legitimate expectations. Herein, we analyzed significant preoperative factors and
their assessment techniques that are predictors of early return of urinary continence.
Preoperative intervention for modifiable factors and individualized treatment based
on preoperative factors in order to achieve early urinary continence were also
summarized.
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Preoperative Factors Predictive of Continence Recovery
After Radical Prostatectomy

Several patient- and tumor-related preoperative predictors of early return of urinary
continence following radical prostatectomy have been evaluated in various publica-
tions. Patient’s age at surgery is the most reported preoperative nonmodifiable factor
compromising the continence status. In a population-based longitudinal cohort
study, men aged <60 years were significantly less likely to have postoperative
incontinence than older men [4]. Men aged 75-79 years experienced the highest
level of incontinence compared to younger patients. In a prospective study, Talcott
et al. reported that the continence rate at 12 months was 91 % among patients aged
<65 years and 85 % among those aged >65 years at surgery [5]. In a recent study, a
significant correlation between age and immediate continence after catheter removal
was detected [6]. Similarly, Compodonico et al. showed that younger age <65 years
was independently associated with immediate continence (OR=2.63, 95% CI
1.13-5.88, p=0.02) on multivariate logistic analysis [7]. However, in other studies,
the age at surgery had no significant effect on early return of urinary continence but
these series either included few elderly patients or observed low rates of inconti-
nence rendering identification of significant risk factors unlikely [8, 9]. Performance
status in the preoperative setting was also demonstrated to correlate with early
achievement of continence. A favorable Eastern Cooperation Oncology Group
(ECOG) of 0 performance score was found as an independent predictor factor for
immediate continence in the study of Hatiboglu et al. [6]. Preoperative potency
represents also a positive predictor factor of early return of urinary continence in
patients treated with bilateral nerve sparing radical prostatectomy. Severe preopera-
tive erectile dysfunction had been demonstrated to be associated with less nerve
sparing procedure and thus, worse urinary continence outcome [6, 10, 11]. In addi-
tion, several studies have suggested that body mass index (BMI) and baseline physi-
cal activity play an important role in regaining postprostatectomy continence levels.
Men who were not obese and were active were 26 % less likely to be incontinent
than men who were obese and inactive in a study published by Wolin et al. [12].
However, it seems that BMI is not a prognostic factor for immediate continence as
evidenced in the study of Hatiboglu et al. [6]. In the CaPSURE national disease
registry of men with prostate cancer, preoperative prostate volume was a predictor
of recovery of urinary function after radical prostatectomy. Men with prostate vol-
ume greater than 50 cc had lower rates of continence, as assessed by urinary func-
tion scores 6 months and 1 year after radical prostatectomy, but scores equalized
across all volume ranges by 2 years after radical prostatectomy. The individual
domains most significantly affected were urinary control, urine leakage, frequency
and urine leakage during sexual activity [13]. A potential reason could be subclini-
cal bladder dysfunction related to benign prostatic hyperplasia that is unmasked by
surgery. In fact, bladder dysfunction was also demonstrated as a rare cause of incon-
tinence in some patients [14]. Moreover, preoperative bladder dysfunction mainly
overactive bladder is a common problem encountered in 40-50 % of patients [15, 16].
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These dysfunctions are, in the majority of cases, compensated and/or subclinical.
They tend to deteriorate after surgery and may exacerbate incontinence associated
with sphincteric insufficiency [17]. Higher preoperative maximal urethral closure
pressure (MUCP) was demonstrated in men regaining continence at 6 months post-
operatively compared with incontinent patients and poor preoperative MUCP
was independently correlated with persistent incontinence postoperatively [18].
Functional urethral length is another urodynamic parameter that significantly
decreases after radical prostatectomy [19]. However, its role as a diagnostic preop-
erative tool is controversial and more well-designed studies are needed to support its
use as a preoperative predictor of postoperative risk of urinary incontinence.
Similarly, detrusor function and pressure flow parameters were not predictors of
early regain of continence but further prospective diagnostic accuracy studies are
still needed to elucidate the role of these studies in the preoperative period [18].
Finally, baseline incontinence is understandably associated with higher rates of
incontinence postoperatively [20].

Effect of Anatomical Interindividual Variations on Early
Return of Urinary Continence

The preprostatectomy surgical anatomy of the male pelvic floor and perineal anatomy
is complex and varies substantially. The external urethral sphincter is a complex
structure surrounding the membranous urethra from the apex of the prostate to the
penile bulb, in the shape of an inverted horseshoe. It is in close anatomic and func-
tional relationship to the pelvic floor, and its fragile innervation is in close associa-
tion to the prostate apex. Thus, the shape and size of the prostate can significantly
modify the anatomy of the NVB and the urethral sphincter [21, 22]. Muscle fibers
and/or nerve supply injury during dissection may result in urethral sphincter insuf-
ficiency and cause postoperative urinary incontinence. Understandably, the shape
of the prostate at the apex influences the length of the membranous urethra [23].
The external urethral sphincter could in some cases be surrounded by the apex cir-
cumferentially making its preservation difficult particularly if the tumor is located
at the apex. A long urethral stump is a well-known predictor factor of postoperative
immediate continence [24, 25]. Therefore, a preoperative long membranous ure-
thral length and the absence of overlapping between the prostatic apex and the
membranous urethra should correlate with higher rates of recovery of urinary con-
tinence after radical prostatectomy. Interestingly, Paparel et al. confirmed this
hypothesis by demonstrating that time to recovery of urinary incontinence was
strongly associated with preoperative membranous urethral length [26]. In fact, a
postoperative length >13 mm guaranty immediate continence whereas 70 % of
patients had immediate continence when membranous urethral length <13 mm. Lee
et al. demonstrated that a prostatic apex overlapping the membranous urethra had a
higher risk of excessive shortening of the urethra after the intervention and therefore
accounting for a delay in return of urinary continence [27]. A Korean study described
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the same findings [23]; patients without an anterior or posterior overlying apical
pattern had greater chance of early return of continence and higher rates of conti-
nence at 1 year of follow-up. However, Mendoza et al. did not find a cutoff value for
urethral length [28]. The length of the prostate was also evoked as another anatomi-
cal factor that influences urinary recovery after the intervention. Arguably, longer
prostates are associated with a greater damage to the NVBs; however, there are
some data showing no significant correlation between the prostate length and the
early return to continence in the postoperative period [23, 26]. Levator ani thickness
at the height of apical dissection, urethral volume, recto-urethralis muscles, pubo-
prostatic ligaments, outer and inner levator distance had been also studied but results
are contradictory [18]. All these anatomical variations can be detected and mea-
sured in the preoperative period and analyzed and compared to the postoperative
setting. Sphincter electromyography and perfusion sphincterometry did not prove
their utility for preoperative evaluation of urethral sphincter function for patients
awaiting radical prostatectomy [29, 30]. This stems mainly from the normal sphinc-
ter function in the majority of patients. Comparison between preoperative and post-
operative patterns failed to categorize a subgroup of patients at increased risk for
delayed return of continence [31, 32]. On the other hand, membranous urethral
length is best assessed by endorectal MRI and several studies investigated its role in
augmenting the prediction of continence recovery. Coakley et al. examined 211
patients by MRI before radical prostatectomy and demonstrated the rapid return of
urinary continence after the procedure [33]. Von Bodman et al. obtained the same
results in a retrospective series of 600 patients [34]. Lim et al. suggested, in their
studies, that assessing apical shape on a preoperative mid-sagittal MRI was as much
important as measuring the urethral length in predicting early return to continence
[23]. However, the absence of a standardized method for measuring anatomical
interindividual variability, the retrospective design of the studies, and the low
predictive accuracy of these tests limit their reproducibility and their routine use in
everyday practice.

The Value of Preoperative Intervention Aimed to Enhance
Early Return of Urinary Continence Following Radical
Prostatectomy

Individualization of treatment to reduce therapy-associated early and late functional
morbidity is the current trend in cancer surgery. The extent of dissection should be
adapted according to patient- and tumor-related factors. Distinguishing patients into
different subgroups based on their preoperative risk factors for postoperative
delayed recovery of incontinence is an emerging concept in the surgical management
of prostate cancer [35]. Patients with idiopathic detrusor overactivity including
those with abnormally low bladder compliance are at increased risk for postopera-
tive incontinence. Good urodynamic assessment of these patients and preoperative
or simultaneous use of botulinum toxin could decrease incontinence after radical
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prostatectomy as demonstrated in small series (Abdulhak A, Abst ICS). The effect
of botulinum toxin on prostate cancer cells remains to be elucidated [36]. Patients
experiencing preoperative urinary incontinence should be informed of their highest
risk of incontinence after the intervention. Physical activity and weight loss could
play a role in reducing the time to regain continence after radical prostatectomy and
are encouraged [12]. Accurate tumor localization is also of paramount importance
in tailoring management of prostate cancer. Higher clinical stage, PSA levels, and
preoperative Gleason score were shown to predict worse urinary continence out-
come [37]. However, tumor stage, PSA, and D’ Amico risk groups were not found
to be significant predictors of early return of continence in recent series [6].
Understandably, increased tumor aggressiveness is associated with a higher rate of
positive surgical margins and biochemical recurrence that might be treated with
postoperative radiation therapy with a substantial negative impact on urinary conti-
nence outcomes. Morphological alterations in periprostatic tissues due to changes
in cancer microenvironment in aggressive tumor need to be confirmed. A short
membranous urethral length with an overlapping prostatic apex and an aggressive
tumor located at the apex expose the patient to higher risk of positive surgical margins
and/or persistent urinary incontinence [38, 39]. Robotic approach could facilitate
apical dissection in the confined space particularly if posterior pubic tuberosity is
prominent allowing better visualization and access to the limits of dissection but in
the absence of oncologic and functional data, many surgeons prefer to offer radia-
tion therapy for these patients to avoid the higher risk of persistent urinary inconti-
nence [40, 41]. Patients with weak pelvic floor muscles or preoperative sphincteric
insufficiency could be offered pelvic floor muscle training (PFMT). However, the
clinical utility of preoperative PFMT which has been demonstrated for the manage-
ment of female stress urinary incontinence [42] is more contradictory in men. The
principle is based on the assumption that increasing pelvic muscle tone may improve
its support to pelvic structures during moments of involuntary increase in intra-
abdominal pressure, thus reducing urinary leaking during efforts. In order to ame-
liorate continence recovery after RALP, investigators have tested the impact of
PFMT before the surgical operation. Indeed, it may be thought that a muscular
preparation of the pelvic floor prior to the surgical trauma can potentially be benefi-
cial in order to accelerate and improve continence outcomes. Generally, patients
start the training 2—4 weeks before surgery and then continue after postoperative
catheter retrieval. In addition, the technique may be guided by electromyographic
biofeedback or by a physiotherapist; exercise schedule is variable, usually includ-
ing one weekly encounter with the physiotherapist and daily home contraction
exercises. Although theoretically effective in “training” the pelvic floor, multiple
RCTs exploring preoperative PEMT have reported variable and contrasting results,
and its true clinical impact has yet been elucidated. In summary, current data do not
support the use of preoperative PEMT, which does not seem to improve continence
outcomes after prostatectomy, neither on the short nor on the long term [43].
However, given the noninvasiveness of PFMT and the high percentage of patient
satisfaction, some experts still recommend its use before surgery, particularly in
patients at risk but its true impact on quality of life and time to continence requires
further investigation.
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Conclusion

In the future, the variability in time to regain continence could be predicted in the
preoperative setting and thus helps in the patient decision making. Urologist should
be aware of the possibilities of these diagnostic tools. A combination of preopera-
tive MRI and urethral pressure profilometry measurements could be used to predict
early return of continence. However, more and larger prospective studies with vali-
dated and standardized tools are needed to determine the exact role, the clinical
utility, and the cost effectiveness of these techniques preoperatively. The next step
could be a more individualized approach based on preoperative patient- and tumor-
related factors. Tailoring surgery according to these factors could reduce urinary
functional complications without compromising oncological outcomes.
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Chapter 3

Preoperative Assessment and Intervention:
Optimizing Outcomes for Early Return

of Erectile Function

Weil R. Lai and Raju Thomas

Introduction

Erectile dysfunction (ED) is one of the most common treatment-related side effects
following a radical prostatectomy for prostate cancer. ED is defined as “the persistent
inability to attain and maintain an erection sufficient to permit satisfactory sexual
performance” [1]. To the authors’ best knowledge, while there have been no published
studies evaluating the preoperative optimization of patients to increase in erectile
function return after radical prostatectomy, there have been numerous studies done to
evaluate the interventions in modifiable risk factors to improve erectile function. This
chapter aims to review such studies and discuss potential pathways to optimize
patients preoperatively for erectile function recovery after radical prostatectomy.

Epidemiology

Many patients already have underlying ED prior to the diagnosis of prostate cancer.
ED is diagnosed worldwide and not unique to any one specific medical condition.
One of the firstlongitudinal studies evaluating erectile function was the Massachusetts
Male Aging Study (MMAS) [2]. In this study, a cohort of noninstitutionalized men,
ages 40-70 and living in the Greater Boston area, were initially surveyed between
1987 and 1989, and then resurveyed between 1995 and 1997. MMAS showed that
over the two surveys, the prevalence of ED increased as follows: complete ED from
5.1to 15 %, moderate ED from 17 to 34 %, and mild ED remaining constant around
17 % [2]. In the National Health and Social Life Survey (NHSLS), which surveyed

W.R. Lai, M.D. ¢ R. Thomas, M.D., EA.C.S., M.H.A. (}<)
Department of Urology, Tulane University School of Medicine,
1430 Tulane Ave., SL-42, New Orleans, LA 70112, USA
e-mail: rthomas@tulane.edu

© Springer International Publishing Switzerland 2016 43
S. Razdan (ed.), Urinary Continence and Sexual Function After Robotic Radical
Prostatectomy, DOI 10.1007/978-3-319-39448-0_3


mailto:rthomas@tulane.edu

44 W.R. Lai and R. Thomas

men between 18 and 59 years of age in the United States, the prevalence of ED
increased with age: 7 % for ages 18-29, 9 % for ages 30-39, 11 % for ages 4049,
and 18 % for ages 50-59 [3]. This finding is supported in a comprehensive literature
review by Lewis et al. [4]. In their analysis of 59 studies reporting the prevalence of
ED, these authors showed that the worldwide prevalence for ED increased with age
as follows: 1-10 % below age 40, 2—15 % for ages 40-49, 6-55 % for ages 50-59,
2040 % for ages 60—69, and 50-100 % for ages 70-80s.

Evaluation of ED

The evaluation of ED should include a detailed medical and sexual history. Medical
history may identify comorbidities and medications associated with ED. Sexual his-
tory can be supplemented with validated patient self-reported questionnaires. The
International Index for Erectile Function (IIEF) is a commonly used questionnaire
[5], consisting of 15 questions covering the following five domains: erectile func-
tion, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfac-
tion. For the purpose of diagnosing the presence and severity of ED, an abbreviated
version of only five questions (IIEF-5) has been developed and used commonly in
the clinical and research settings [6]. Such surveys have been used in clinical trials
to quantify the degree of treatment response to ED interventions [7]. Other pub-
lished instruments in the assessment of ED include the Brief Male Sexual Function
Inventory [8], Center for Marital and Sexual Health Sexual Functioning
Questionnaire [9], Changes in Sexual Functioning Questionnaire [10], Erectile
Dysfunction Inventory of Treatment Satisfaction [11], Male Sexual Health
Questionnaire [12], and Sexual Experience Questionnaire [13].

As there may be multiple etiologies/contributors of ED, physical examination
should include components from the cardiovascular (e.g., signs of hypertension),
endocrine (e.g., signs of hypogonadism), neurologic, and genitourinary systems
(e.g., penile plaques) [14]. Laboratory testing includes assessment of glycemic con-
trol (e.g., fasting glucose or HgbA1c), lipid profile, and serum testosterone.

Classification of ED

ED was historically thought to be mostly psychogenic in etiology. In 1965, Masters
and Johnson estimated that psychogenic ED affected approximately 90 % of impotent
men [15]. With the improved understanding of erection physiology, many studies
have proposed classification schemes for the etiology of ED. The classification rec-
ommended by the International Society of Impotence Research in 1999 [16] divides
ED into organic and psychogenic etiologies. Organic etiologies can be subdivided
into vasculogenic, neurogenic, anatomic, endocrinologic, medication, and trauma
etiologies. Psychogenic etiologies can be subdivided into generalized and situa-
tional etiologies (Fig. 3.1).
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Risk Factors

ED-related risk factors have been well characterized in population studies. In a mul-
tivariate analysis of the 2001-2002 National Health and Nutrition Examination
Survey (comprising of data from 2126 adult males), ED was significantly and inde-
pendently associated with diabetes mellitus, lower attained education, and lack of
physical activity [17]. A different group of authors analyzing the same survey
reported obstructive urinary symptoms, hypertension with selected antihypertensive
therapy, and selected antidepressant therapy as additional risk factors that are inde-
pendently and statistically associated with the increased risk of ED [18]. Other
comorbidities (e.g., obesity, cigarette smoking, alcohol abuse, recreational drug use,
dyslipidemia, hypogonadism) are also associated with ED [14]. Classes of
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medications associated with ED include antiandrogens, antihypertensives (e.g., thia-
zides, beta-blockers, calcium channel blockers), antiarrhythmics (e.g., digoxin, ami-
odarone, disopyramide, HMG-CoA reductase inhibitors), and psychotropic drugs
(e.g., tricyclic antidepressants, selective serotonin reuptake inhibitors, phenothi-
azines, butyrophenones) [14].

Physical Activity Studies

As ED can be an early marker of cardiovascular disease [19], the interventions to
improve cardiovascular health have been evaluated, in multiple studies, for demon-
strated benefit in erectile function. Lifestyle modifications such as increased physical
activity have been shown to ameliorate ED.

In a meta-analysis evaluating the relationship between physical activity and ED
[20], seven cross-sectional studies were selected for the analysis. The studies
defined ED either by IIEF or by the patient’s ability “to get and keep an erection
adequate for satisfactory intercourse.” The studies included patients from Brazil,
Turkey, Italy, Japan, Malaysia, Belgium, Korea, and Singapore. Moderate and high
physical activities were found to be significantly associated with a lower risk of ED
(odds ratios of 0.63 and 0.42, respectively).

In a randomized controlled trial (RCT) of 43 hypertensive men with ED [21], the
participants were randomized into exercise and control groups. The exercise group
was enrolled in an 8-week training program with a bicycle ergometer. The control
group remained sedentary during the study period. To reduce risk of competing
comorbidities, the study selected men with few comorbidities (e.g., those with obe-
sity, diabetes, tobacco use, alcohol abuse, and other systemic diseases were
excluded). Mean age was 62.1 and 64 for the exercise and control groups, respec-
tively. In addition to showing significant reduction in systolic and diastolic blood
pressure and reduction in serum C-reactive protein in the exercise group, the study
also found reduced ED, from a mean IIEF of 11.5 to 15.1 (p<0.05).

In a prospective cohort study of 50 patients with arterial ED, the patients under-
went 150 min of moderate intensity aerobic activity per week and were counseled
to abide by the Mediterranean diet [22]. Mean age was 57.3 years. These 50 patients
were compared to 20 additional control patients who observed only the principles of
the Mediterranean diet. After 3 months, the intervention group showed significant
improvement in the peak systolic velocity, acceleration time, IIEF-5 (from 11 to
16.5), BMI, total cholesterol, HDL cholesterol, triglycerides, systolic blood pres-
sure, and diastolic blood pressure. The interventional group also showed significant
decrease in circulating endothelial progenitor cells and decreased percentage of
circulating endothelial microparticles, which represent a reduction in endothelial
repair and endothelial apoptosis.

In another 60-patient RCT [23], males 40-60 years of age affected by ED and
considered inactive (defined as less than 2 h of exercise per week) were randomized
to receive phosphodiesterase-5 inhibitors (PDE-5i) alone (control) or PDE-5i plus
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regular, aerobic physical activity (i.e., an exercise regimen of at least 3 h per week).
After 3 months, IIEF restoration of erectile function occurred in 77.8 % of the physi-
cal activity group and 39.3 % of the controls. On multivariate logistic regression anal-
ysis, physical activity was the only independent variable for normal erection (p=0.01),
higher sexual satisfaction (p=0.022), and normal total IIEF score (p=0.023). As a
measure of validity, the physical activity group did exercise a mean of 3.4 h per week
(compared to 0.45 h per week for the controls). This study suggested that adding
physical activity to PDE-5i therapy might further improve erectile function.

Weight Loss Studies

Obesity has been shown in multiple epidemiologic studies to be associated with an
increased risk of ED. In the Health Professionals Follow-up Study, which consisted
of 31,742 male health care professionals who responded to the questionnaires over
a l4-year period, those with obesity (defined in the study as a body mass index —
BMI—greater than 28.7 kg/m? based on cutoff established for the fifth quintile of
the study population) had a 30 % increased risk for ED compared to their nonobese
counterparts (BMI less than 23.2 kg/m?) [24]. These findings were also seen in the
MMAS and other similar cross-sectional studies. The Androx Vienna study evalu-
ated blue-collar workers ages 45-60 years with questionnaires, health exams, and
blood samples [25]. Analysis of the Androx Vienna study group showed that an
increase of BMI by 1 kg/m? reduced IIEF-5 by 0.141, independent of age. In mul-
tiple logistic regression analyses, this study also showed an increase in ED risk by
7.6 % per kg/m? of BMI and 8.2 % per year of age.

To evaluate the effect of caloric restriction on sexual function, a prospective
cohort study in Australia recruited obese men (BMI greater or equal to 30 kg/m?)
into a weight loss program [26]. In the intervention group (n=44; 19 were diabetic),
the men consumed low-calorie meal replacements for breakfast and lunch and/or
dinner. The control group (n=24; none were diabetic) remained on their usual diet
during the study. After 8 weeks on the low-calorie diet, diabetic and nondiabetic
men in the interventional group increased IIEF-5 scores significantly by 2.1 (i.e.,
from 8.1to0 10.2) and 2.2 (i.e., from 17.8 to 20), respectively. Sexual Desire Inventory
scores increased significantly by 10.4 (i.e., from 44.1 to 54.5) and 9.1 (i.e., from
71.2 to 80.3), respectively. The interventional group lost, on average, 10 % of their
weight and demonstrated improved insulin sensitivity index. The control group
showed no change over the duration of the study.

In a separate prospective study from the same group in Australia [27], 31 obese
men with well-controlled Type 2 diabetes mellitus were randomized to a low-caloric
diet (n=19) or a high-protein, low-fat diet (n=12). Those on the low-caloric
diet remained on this diet for 8 weeks and then were switched to the high-protein,
low-fat diet. Both groups were followed for 52 weeks. At 8 weeks, the low-calorie
and high-protein groups increased IIEF-5 by 2.2 and 2.8, respectively. At 52 weeks,
IIEF-5 increased by 6.8 and 6.7, respectively. Weight loss percentage at 52 weeks
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was 8.5 and 8.2 %, respectively. For both diets (at 8 weeks), improvements were
also seen in sex hormone binding globulin, International Prostate Symptom Score
(IPSS), sE-selectin, glucose, and low-density lipoprotein. At 52 weeks, further
improvements were also seen in IPSS, sE-selectin, triglycerides, and low-density
lipoprotein.

A RCT in Singapore randomized 48 obese Asian men (defined as BMI greater
than or equal to 27.5 kg/m?) to receive either a conventional reduced fat diet or a
low caloric diet [28]. Those on the low caloric diet (which was 400 kcal/day lower
than the conventional diet) were switched to the conventional diet at 12 weeks.
Both groups were advised to perform moderate-intensity exercise. At 12 weeks,
the low caloric diet group lost more weight than the conventional diet group (4.2
versus —2.5 kg, respectively). At 40 weeks, the degree of weight loss was main-
tained. The proportion of ED at baseline was similar between the two groups (75 %
versus 83.3 %). Both groups significantly improved IIEF-5 at 12 weeks (from 17.2
to 20.5 and 17.9 to 20.4, respectively) and maintained the improvement at 40
weeks. Improvement in IIEF-5 was significantly associated with waist circumfer-
ence reduction, increase in total testosterone, and endothelial function (measured
via the Reactive Hyperemia Index).

Weight loss achieved secondary to the effects of bariatric surgery also demon-
strated improvements in erectile function. A RCT from Brazil studied 20 patients
with morbid obesity for 2 years [29]. Ten underwent Roux-en-Y gastric bypass at 4
months after having undergone a program consisting of daily physical activity and
nutritional education for a low energy diet. The remaining 10 patients (controls) did
not receive the intensive program. The investigators excluded those with tobacco/
alcohol abuse and those taking PDE-5i, antihypertensives, diabetic medications, or
statins. At 4 months, the intervention group dropped its mean BMI significantly
from 55.7 to 43.1; IIEF-5 and hormonal parameters were unchanged. At 2 years, the
intervention group dropped its mean BMI further to 31; IIEF-5 increased signifi-
cantly from 19.7 to 23. Total and free testosterone also increased significantly, while
prolactin decreased significantly. In comparison, the control group showed no
changes at 4 months and at 2 years. Of note, the mean PSAs at baseline were 0.7 and
0.6 ng/mL for the intervention and control groups, respectively.

In a prospective cohort series of 97 men who underwent gastric bypass for mor-
bid obesity [30], the authors assessed sexual function pre- and postoperatively with
the Brief Male Sexual Inventory (BSFI). Postoperative data was obtained from
those with at least 6 months follow-up data. BSFI scores were also compared to
normative controls (derived from the Olmstead County Study of Urinary Symptoms
and Health Status among Men). The authors showed increases in all BSFI domains
(i.e., sex drive, erection, ejaculation, problem assessment, sexual satisfaction) after
surgery. On multivariate analysis, weight loss predicted the degree of improvement
in all BSFI domains. The baseline sexual function was lower in the cohort compared
to the normative controls in each age group and domain. Postoperative sexual func-
tion either approached or equaled those in the normative controls. The authors esti-
mated that ““a man who is morbidly obese has the same degree of sexual dysfunction
as a nonobese [sic] man about 20 years older” [30].
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Diet Studies

A group of investigators from Naples, Italy studied the effect of the Mediterranean
diet on erectile function. This diet emphasizes intake of fruits, vegetables, nuts,
whole grains, and olive oil. In Esposito et al. [31], 65 men with metabolic syndrome
and ED (defined in the study as IIEF-5<21) were enrolled in a prospective cohort
study for 2 years. The 35 men assigned to the intervention diet were advised to
consume at least 250-300 g of fruits, 125-150 g of vegetables, and 25-50 g of nuts
per day. They were also encouraged to increase the consumption of olive oil and
consume 400 g of whole grains daily. Adherence to diet was assessed by completion
of food diaries and meetings with the nutritionist. The 30 men in the control group
received general information about healthy food choices but did not receive indi-
vidualized counseling on dietary modification. At 2 years, men on the Mediterranean
diet increased mean IIEF-5 from 14.4 to 18.1; men in the control group had no
significant change in IIEF-5. Thirteen men in the interventional group and two in
the control group reported an IIEF-5 greater than 21 at the end of the study. When
compared to the control group, the interventional group also had improved glyce-
mic and lipid profiles, decreased systolic blood pressure, and decreased C-reactive
protein. The interventional group, as expected, also consumed more components of
the Mediterranean diet at 2 years compared to baseline.

A similar group of investigators studied the effect of the Mediterranean diet on
men with Type 2 diabetes mellitus. In a study by Giugliano et al. [32], 555 men with
Type 2 diabetes mellitus completed a food-frequency questionnaire and the IIEF-5.
Higher scores on the food-frequency questionnaires denoted higher adherence to the
Mediterranean-style diet. Compared to those scoring low on the food-frequency
questionnaire, the patients with the highest scores on the food-frequency question-
naire were noted to have lower BMI, waist circumference, waist-to-hip ratio, and
lower prevalence of obesity and metabolic syndrome. They also had higher level of
physical activity and better glycemic and lipid profiles. The proportion of sexually
active men was significantly higher across tertiles of adherence to the Mediterranean
diet. Those with the highest scores also were more likely to have significantly lower
prevalence of global ED (51.9 % versus 62 %) and severe ED (16.5 % versus 26.4 %).

The relationship between diet and ED was also reported in cross-sectional stud-
ies. A survey of 1466 diabetic Canadian men (2011 Survey on Living with Chronic
Disease in Canada— Diabetes Component) included questions on ED and the daily
consumption of fruits and vegetables [33]. In this group of men, 26.2 % reported
having ED (defined as diagnosed by health professional), with the rates increasing
with age and duration of diabetes. The rate of ED decreased by 10 % with each
increase of 1 serving of fruit or vegetable per day. As a reflection of competing
comorbidities, the men with ED also reported “significantly higher rates of
hypertension, circulation problems, cardiovascular disease, kidney disease, and
nerve damage” [33].

A cross-sectional study of 312 consecutive diabetic men attending a free diabetes
clinic in Hamadan, Iran collected demographics, lifestyle factors, comorbidities,
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medications, diabetes complications, and metabolic control [34]. ED was assessed
by IIEF-5. The prevalence of ED was high (94.6 %), with 34 % representing
moderate-to-severe ED. A diet rich in fruits was associated with a lower risk of ED,
with an odds ratio of 0.31 for those who consumed fruits daily compared to those
who consumed fruits weekly or seldom consumed fruits.

Intensive Lifestyle Changes Studies

To study the effectiveness of weight loss and increased physical activity, 110 obese,
sedentary men with ED were enrolled in a RCT for 2 years in Naples, Italy [35]. The
study excluded men with diabetes, hypertension, prostatic disease, chronic kidney
disease, psychiatric diseases, and/or alcohol/drug abuse. The intervention group
(n=55) received advice to reduce caloric intake, dietary counseling with nutrition-
ist, and guidance on physical activity with an exercise trainer. The control group
(n=55) were given general information on diet and exercise. After 2 years, mean
IIEF-5 improved significantly for the intervention group from 13.9 to 17. There was
no change in IIEF-5 for the control group. Of those with improvement in IIEF-5, 17
men in the intervention group and three men in the control group had IIEF-5 greater
than 21 after 2 years. On multivariate analysis, BMI, physical activity, and C-reactive
protein were independent predictors of IIEF-5 score.

The Look AHEAD (Action for Health in Diabetes) trial was a multicenter RCT
that enrolled patients with Type 2 diabetes mellitus, ages 45—74 years, and with an
overweight BMI [36]. The sexual ancillary study of this trial recruited 372 male
patients from five of the 16 Look AHEAD sites and examined 1-year changes in erec-
tile function. For the ancillary study, the men were either sexually active within the
past 6 months of enrollment or were in a committed relationship. The intervention
group focused on caloric restriction (e.g., 1200-1500 kcal/day if weight <250 lbs),
moderate intensity activity (e.g., brisk walking; 175 min/week), and meetings. The
control group received an initial diabetes education course and was invited to three
sessions (during year 1) that provided basic education on diet and physical activities.
The proportion of ED (defined as IIEF-5 less than 22) at baseline was similar between
the two groups (61 % of intervention group, 51 % of control group). At 1 year, 306
men completed the sexual ancillary study. Those in the intervention group lost sig-
nificantly more weight (9.9 % versus 0.6 %) and showed significantly higher fitness
level (22.7 % versus 4.6 %). Eight and 20 % of the interventional and control groups
reported worsening ED at 1 year. IIEF-5 did improve more for the interventional
group (from 17.3 to 18.6) compared to the control group (from 18.3 to 18.4), albeit
statistical significance was not present when the data were adjusted for baseline dif-
ferences (p=0.06). Regression analyses showed that the strongest predictor of the
change in erection function was baseline IIEF-5. The percent of weight change was
also significantly associated with changes in IIEF-5. In subgroup analysis, those
who gained weight reported significant worsening of IIEF-5 over time. There was
no dose-response effect present between weight loss and improvement in IIEF-5.
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Tobacco Studies

The use of tobacco products has been shown to have an adverse effect on erectile
function. In a meta-analysis conducted by Cao et al. [37], which included 4 prospective
cohort studies and four case—control studies, the authors summarized the overall
odd ratio of ED in prospective cohort studies as 1.51 for current smokers and 1.29
for former smokers. In the Health Professionals Follow-up Study, Bacon et al. [38]
assessed for the impact of obesity, physical activity, alcohol use, and smoking on the
development of ED. Their analysis considered a subset of men (n=22,086) without
major comorbidities and with intact erectile function (described as either good or
very good on the survey) at the beginning of the study in 1986. The last set of ques-
tionnaires was given in 2000. In that 14-year time span, 17.7 % of the men reported
ED. Smoking and obesity were significantly associated with an increased risk of
ED, while physical activity was associated with a decreased risk of ED. For those
who developed prostate cancer during follow-up, smoking was also significantly
associated with ED.

A prospective study from Iran recruited smokers with ED who had requested
nicotine replacement therapy [39]. The investigators excluded those with major
comorbidities. Nicotine replacement therapy was given for 1-2 months. Patients
(118 ex-smokers, 163 current smokers) were then followed for 1 year. After 1 year,
25 % of the ex-smokers had improvement in the IIEF-5 grade of ED; current smok-
ers showed no improvement. Deterioration in ED grade was seen in 2.5 and 7 % of
ex-smokers and current smokers, respectively.

Alcohol Studies

A Western Australian population-based cross-sectional study assessed the associa-
tion between alcohol consumption and ED [40]. The investigators gathered informa-
tion on sociodemographic details, erectile function (via IIEF-5), and cardiovascular
disease risk factors. The questionnaire also queried the participant’s alcohol and
tobacco use. Of the 1544 men who answered questions on alcohol use, 87 % were
current drinkers, and 6.3 % were former drinkers. Compared to never drinkers,
ex-drinkers had higher odds of ED (2.04 when adjusted for age and square of age;
1.22 when additionally adjusted for cardiovascular disease and cigarette smoking).
Although not statistically significant, current drinkers had a trend for lower age-
adjusted odds of ED compared to never drinkers. When adjusted for cardiovascular
disease or cigarette use, the age-adjusted odds of ED for all categories of alcohol
drinkers were reduced by 25-30 %.

A meta-analysis by Cheng et al. [41] investigated the risk of ED with different
levels of alcohol consumption. This study identified 11 cross-sectional studies that
provided adjusted odds ratio for alcohol and analyzed them with a random effects
model. None of the studies included men from North America. Regular alcohol
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consumption was significantly and negatively associated with ED, with an odds
ratio of 0.79. Consumption of 8 or more drinks/week was significantly associated
with lower risk of ED (odds ratio of 0.85). While the odds ratios were also low, the
consumption of less alcohol (i.e., 1-7 drinks/week) was not statistically significant.

Statin Therapy

Gupta et al. [42] performed a systematic review and meta-analysis of RCTs that
evaluated the effect of lifestyle interventions and pharmacotherapy for cardiovascu-
lar risk factors on the severity of ED. They identified six RCTs, four of which inter-
vene with lifestyle changes that were discussed earlier [21, 31, 35, 36], and two of
which intervene with atorvastatin [43, 44]. Meta-analysis of the six RCTs showed a
significant improvement in IIEF-5 with a weighted mean difference of 2.66. When
pooling the lifestyle intervention and the statin trials separately, they also showed
significant improvement in IIEF-5 with weighted mean differences of 2.4 and 3.07,
respectively.

Compared to the lifestyle intervention RCTs, the atorvastatin RCTs differ in that
they recruited men with ED whose erections responded poorly to sildenafil. In Hermann
et al. [43], 12 men with moderate-to-severe ED (defined as IIEF-5<16) were random-
ized to atorvastatin 80 mg (n=8) versus placebo (n=4) for 12 weeks. Patient recruit-
ment was stopped prematurely because of difficulty with accruing patients and the
subsequent availability of additional PDE-5i during the study period. Patients were also
prescribed sildenafil 100 mg on-demand during the study. After 12 weeks, mean IIEF-5
increased significantly from 10.3 to 18 for the atorvastatin group. In the placebo
patients, the increase in IIEF-5 (from 4 to 12.3) was not statistically significant, with
the increase primarily driven by 1 patient with an improvement from 9 to 29.

In Dadkhah et al. [44], 131 men with ED (defined as ITEF-5<21) were random-
ized to atorvastatin 40 mg (n=66) versus placebo (n=065) for 12 weeks. Patients
were also given instructions to take sildenafil 100 mg on-demand during the study.
After 12 weeks, the atorvastatin group had a significant increase in IIEF-5 from
10.3 to 13.9. The placebo group showed no overall difference in IIEF-5 after the
study. The authors reported a significantly higher proportion of IIEF-5 improve-
ment in the atorvastatin group (37.3 %) compared to placebo group (11.9 %). Four
in the atorvastatin group discontinued the medication because of adverse events.
The adverse events reported included constipation, dyspepsia, abdominal pain,
headache, and myalgia.

A more recent RCT (Erectile Dysfunction and Statins Trial) evaluated the effec-
tiveness of simvastatin in men =40 years with untreated ED [45]. The trial random-
ized 173 men to simvastatin 40 mg (n=90) versus placebo (n=_83). After 6 months,
the improvement in IIEF-5 did trend in favor of simvastatin but is not statistically
significant (simvastatin vs. placebo: 1.28 vs. 0.07; p=0.27). There was a signifi-
cantly larger improvement in the male ED quality of life score for those on simvas-
tatin compared to placebo. As expected, men on simvastatin had significant
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reduction on both the 10-year cardiovascular disease risk and low-density lipoprotein
level compared to placebo. Of the 126 adverse events reported during the study,
none of the 5 serious events were considered related to simvastatin.

Discussion/Conclusions

ED is common worldwide among men and found in higher prevalence with increased
age. Patients presenting with ED without a prior diagnosis of cardiovascular disease
should undergo cardiovascular evaluation [46]. Many trials have shown that life-
style modification, whether it be physical exercise, weight loss, dietary modifica-
tion, smoking cessation, or a combination thereof, can improve the degree of ED,
especially in men with obesity, diabetes, hypertension, and other cardiovascular-
related comorbidities [47]. The data on tobacco use and ED support smoking cessa-
tion. While there have been no RCTs on alcohol with respect to ED, the meta-analysis
does suggest moderate alcohol intake may reduce the risk of ED [41]. The RCTs on
statin therapy suggest possible short-term benefit to improving the degree of ED for
men who have already tried maximum dose of sildenafil.

To date, there has been no published evidence that supports or refutes the idea of
optimizing erectile function in prostate cancer patients prior to radical prostatec-
tomy. Many of the prospective comparison studies on ED risk modification have
specifically excluded prostate cancer in their patient selection criteria. Men with ED
who can perform these interventions before and after surgery should at least benefit
from the interventions’ associated cardioprotective effects. Those who are medi-
cally unable to perform the interventions are likely already poor/marginal surgical
candidates and should consider other options for management of prostate cancer.

Patients on active surveillance for prostate cancer should also consider performing
these interventions to improve erectile function. As approximately one-third of
those patients do come off protocol [48] and proceed with treatment, they may have
sufficient time to implement these interventions (including bariatric surgery, if
indicated) to optimize both their erectile function and cardiovascular health.

Overall, the trials on lifestyle modification, tobacco cessation, alcohol use, and
statin therapy do not show harmful effect on men with ED and may improve erectile
function. Compared to the existing treatment options for ED, these interventions
should be able to be implemented at a relatively low cost to patients and should be
offered to men with ED, including those with prostate cancer who may later undergo
radical prostatectomy for definitive treatment.
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Chapter 4
Pathophysiology of Nerve Injury and Its Effect
on Return of Erectile Function

Louis Eichel, Douglas Skarecky, and Thomas E. Ahlering

Introduction

Dr. Patrick Walsh and his associates initiated the concept of attempting to preserve
sexual potency following a radical prostatectomy (RP) when they originally
described the anatomy of the cavernous nerves (CN) and the process of anatomical
nerve-sparing radical prostatectomy [1, 2]. However, two decades passed until new
surgical technology introduced the possibility of a near bloodless surgical field and
dramatically improved visualization via laparoscopic and robotic radical prostatec-
tomy popularized by Vallencien, Guilloneau, Abbou, and indeed many of the authors
of this book. With these less invasive surgical approaches surgeons were better able
to apply the principles of visual nerve preservation with retrograde and antegrade
nerve-sparing approaches. However, anatomical preservation although critically
important has and does not explain how or why potency recovery takes 2 years. The
foundation of our modern understanding of nerve injury and healing originated with
Sir Herbert Seddon in the 1940s who demonstrated the pathophysiology of injury
and recovery in peripheral nerves [3]. Seddon’s discoveries became the basis for
many subsequent discoveries in the field of neuropathology and have also proven to
be the basis upon which modern techniques of nerve preservation and reconstruc-
tion are based for various surgeries. Indeed, the application of Seddon’s principles
to the injury and recovery of function of the CN was only introduced in 2008.
Clearly, basic neurosurgical concepts such as “dissecting the organ off of the nerve
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as opposed to dissecting the nerve off of the organ” originated from these seminal
works. In as much as this has been a challenge, the major advances of magnified,
3D, high definition vision systems integrated with highly dexterous, robotic, micro-
surgical instrumentation have also provided many opportunities to advance our
understanding of reducing “injury” to the CN while visualizing and preserving it.
This chapter summarizes the basic anatomy and more importantly the pathophysiol-
ogy of cavernous nerve injury and how our expanding knowledge of this topic will
lead to future improvement of clinical outcomes.

Potency Outcomes Self-Assessment

The most critical component required for assessment and subsequent understanding
of sexual outcomes following RP is obsessive collection and collation of validated
self-reported baseline and follow-up questionnaires. The primary reason surgeons
do not improve outcomes is the lack of personal experience and the uninformed
assumption of “acceptable” results. It is imperative for the robotic surgeon to estab-
lish a surgical database of preoperative demographics and postoperative outcomes
for critical self-evaluation. Self-assessment is a continual iterative process, and as
the volume of ones cases increases, a personal database allows one to measure
outcomes against published results. Through the process of self-assessment of out-
comes, the surgeon can determine if there are specific troublesome technical or
clinical issues. There are two important self-assessment tools: rigorous data collec-
tion and reviewing personal and “expert” video recordings.

The collection of data regarding patients’ baseline demographics, intra and post-
operative outcomes is essential. Preoperative data must be stringently collected as
most functional outcomes are dependent on the baseline characteristics. A proposed
minimum data collection design is a baseline International Index of Erectile
Function (IIEF-5) also known as SHIM (Sex Health Index in Men), age, medical
issues such as hypertension and diabetes, and testosterone levels (free and total). At
baseline, Rosen et al. [4] demonstrated that an IIEF-5 score of 22-25 was highly
predictive of normal erectile function. In our experience we have not seen a single
case of recovery of sexual function following radical prostatectomy if the baseline
IIEF-5 is below 15. Additionally, if a patient is dependent on a PDE inhibitor to
achieve a given IIEF-5 score we recommend subtracting seven points to establish
baseline function. Postoperative oncologic and continence data, in addition to com-
plication rates, should be meticulously recorded to improve surgical technique and
identify areas that may lead to improvements in patient outcomes.

Defining “recovery” of potency continues to be practically and theoretically a
real challenge. Some authors arbitrarily define or recommend an IIEF-5 score of
>16, 21, or 25 with or without PDEi; some attempt to simplify the matter by defining
recovered potency as a patient reporting a score of 3 or higher for question 5 of
the IIEF-5[4-7]. We suggest a quantitative and a qualitative assessment (Fig. 4.1).
We define potency quantitatively (with or without PDES inhibitors) as an affirmative
answer to 2 questions from EPIC questionnaire, (1) “Are your erections adequate
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1. Do you presently have erections firm enough for penetration Yes f No Are they Satisfactory? Yes /No
2. Please circle the fullness you are able to achieve in your erections compared to before surgery?
3. 0% 10 % 25% 50% 75% 85% 90% 95% 100%
4. Do you currently use any medications listed for potency? If Very Helpful-VH, if Slightly Helpful-SH, if Not Helpful-NH
Viagra Levitra Cialis, Muse Other
None
5.  If you have taken Viagra or Cialis, please describe: Daily Yes/No As Needed Yes/No
Date started and for how many weeks

1. How do you rate your confidence that you could get and keep an erection?
[ Veyilow [ Law [ Moderate | High [ Very High
| 1 | 2 [ 3 [ 4 I 5

2. When you had erections with sexual stimulation, how often were your erections hard enough for penetration (entering your

partner).
No sexual Almost A few times | Sometimes Most times Almost
activity never or { less than {about half (much more | Always
never half the the time) than half the | Or
time) time) Always
0 1 2 3 4 5

3. During sexual intercourse, how often were you able to maintain your erection after you had penetrated (entered) your partner?

Ded not Almost A few times Sometimes Meost times Almost
Aftempt never or { less than (about half {much more Always
intercourse never half the the time) than half the | Or
time) time) Always
0 1 2 3 4 5

4. During sexual intercourse, how difficult was it to maintain your erection to completion of intercourse?

Did not Extremely Very Difficult Slightly Mot
attempt Difficult Difficult Difficult Difficult
intercourse
0 1 F] 3 ] 5
5. When you attempted sexual intercourse, how often was it satisfactory to you?
Dnd not Almost A few times Sometimes Most times Almaost
attempt never o { less than (about half (much more Always
imtercourse never half the the time) than half the Or
time) time) Always
0 1 2 3 4 5
SCORE

Fig. 4.1 IIEF-5 and quantitative and qualitative sexual function assessment used for pre and post-
operative assessment of potency

for vaginal penetration?” and (2) “Are your erections satisfactory?”’[8]. For qualita-
tive assessment we recommend the IIEF-5. Additionally, we have found that simply
asking the patient what percent of their baseline erectile function they have regained
postoperatively can be most helpful, especially in the early months following sur-
gery when erections are not adequate (Fig. 4.1 question 3).

Recording case videos can be extremely advantageous to not only the novice
surgeon but those with experience as well. Reviewing ones procedure is particularly
useful for difficult cases and for cases with excellent functional outcomes.

Gross Anatomic Studies of the Cavernous Nerves

The anatomic basis for erectile function [1] and the subsequent technique for nerve-
sparing radical retropubic prostatectomy were initially described by Walsh and
associates in 1983 [2]. The authors described the pathways of the parasympathetic
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Fig. 4.2 Anatomic drawing depicting the path of the cavernous nerves taken with permission from
the authors. Walsh, P.C. and Donker, P.J., Impotence following radical prostatectomy: insight into
etiology and prevention. J Urol, 1982. 128(3): p. 492-7

nerves that emanate from the spinal cord, S2—S4, through the hypogastric plexus
past the tips of the seminal vesicles along side the rectum and then along the pos-
terolateral aspect of the prostate between the true capsule and the lateral prostatic
fascia finally piercing the urogenital diaphragm just posterior and lateral to the urethra
(Fig. 4.2). Widespread popularization of this knowledge has facilitated our ability to
preserve the cavernous nerves. Since this landmark study other studies have led to
the discovery of additional findings potentially related to the physical preservation
of the nerves.

Takenaka and associates have contributed several papers regarding male pelvic
neuroanatomy. In two studies, they performed gross and histologic dissections of
male cadavers defining the cranial and caudal paths of the cavernous nerves [9, 10].
With regard to the origin of the nerves, they determined that in most individuals the
traditional neurovascular bundles contain few parasympathetic nerve components
proximal to the bladder—prostate junction. Instead, parasympathetic nerve branches
configured in a “spray-like” distribution approach the dorsolateral prostate at least
20 mm below the bladder—prostate junction.

In another paper, Takenaka and associates describe the presence of autonomic
ganglion cells which were postulated to have an effect on the return of potency [11].
Ganglion cells were found throughout the surfaces of the pelvic viscera including
the hypogastric plexus, the seminal vesicles, the levator ani muscle, the bladder,
and the prostate. The NVB also contained many ganglion cells. The number and
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distribution varied a great deal and the authors’ speculated this variability might
contribute to susceptibility or resistance to impotence. However, it has historically
been recognized that these ganglia correspond to the end organs they are adjacent to
and don’t have any bearing on potency whatsoever [12]. In fact, Alsaid et al.
described the presence of various types of nerve fibers within the NVBs in the male
fetus. Using 3D modeling, they found that multiple types of nerve fibers originated
from the inferior hypogastric plexus, providing cholinergic, adrenergic, and sensory
innervation to seminal vesicles, vas deferens, prostate, and urethral sphincter in a
fan-like formation [13]. Interestingly, similar studies by Menon and Tewari have
shown that the pelvic plexus is located [14, 15] midway adjacent to the tip of the
seminal vesicle. These authors like Takenaka also described the appearance of mul-
tiple autonomic ganglia in the vicinity of the cavernous nerves. Both describe inter-
connections between the left and right neurovascular bundles along the anterior
rectal wall within Denonvillier’s fascia. Unlike Takenaka, however Tewari and asso-
ciates describe cavernous branches of the pelvic plexus coalescing to form a more
traditional “bundle” that runs within a triangular area (the neurovascular triangle)
between the inner and outer layers of the periprostatic fascia and Denonvillier’s
fascia. The inner layer of periprostatic fascia (also called as the prostatic fascia)
forms the medial vertical wall of this triangle; the outer layer of periprostatic fascia
(also called as lateral pelvic fascia) forms the lateral wall, and the posterior wall of
this triangle is formed by the anterior layer of Denonvillier’s fascia. This triangular
space is wide near the base of the prostate and becomes narrower near the apex.
Menon has described a belief that additional nerves important for sexual function
exist within periprostatic fascia that covers the lateral and anterior surface of the
prostate that he aptly named the Veil of Aphrodite. The authors acknowledge they
have not traced these nerves to the corpora cavernosa. They also hypothesize that
because the plane of dissection is away from the cavernosal nerves other factors
such as decreased traction, avoidance of thermal injury, and preservation of extra
blood supply may play a role in preservation of nerve function.

In 2005, Costello and associates reported a detailed description of the plexus of
nerves running within the NVB [16]. They found multiple nerve branches that ema-
nated from the hypogastric plexus and spread significantly, with up to 3 cm separat-
ing the anterior and posterior nerves (Fig. 4.3). Similar to Menon, Costello noted that
the NVB courses along the posterolateral border of the prostate within the bounds of
lateral pelvic fascia, the pararectal fascia, and Denonvillier’s fascia. In distinction to
Menon and associates, they felt that the nerves located within the Veil of Aphrodite
primarily innervate the prostate. This finding was more recently confirmed by Ganzer
et al. who used immunohistochemical staining to ascertain the type and distribution
of the periprostatic nerves. They found that parasympathetic (pro erectile) nerves
were most prevalent dorsolaterally (within the true neurovascular bundle) with mini-
mal percentages of fibers more anterolaterally on the prostate [17]. Similar to
Takenaka, Costello found that the nerves converge mid prostate forming a more con-
densed bundle and then diverge again when approaching the prostatic apex where
they divide into numerous small branches that descend along the posterolateral
aspect of the membranous urethra, before penetrating the corpora cavernosa.
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Fig. 4.3 Anatomic drawing of the path of the cavernous nerves based on cadaveric dissection. Note
the posterolateral position of the neurovascular bundle in relation to the prostate. The nerve fibers
more anterior on the prostatic surface do not go to the corpora cavernosum. Taken with permission
from the authors. Costello, A.J., M. Brooks, and O.J. Cole, Anatomical studies of the neurovascular
bundle and cavernosal nerves. BJU Int, 2004. 94(7): p. 1071-6

From the surgeon’s perspective there are several take-home messages to be gained
from these important anatomic studies: First, the most obvious and helpful landmark
to identify the neurovascular bundle is the prostatic vascular pedicle (PVP). Transection
of the PVP should be performed with care. This is the first point where surgical trauma
caused by thermal injury (excessive cautery), traction (via dissection for clip place-
ment), or direct transection risks collateral injury to the NVB. The authors share sev-
eral helpful observations regarding the minimization of cautery and traction later in
this chapter. Once the PVP is transected the NVB is posterior and lateral to the pros-
tatic surface running along the side of the rectum extending from the base to the apex.
It is our opinion that the inadvertent permanent transection of the NVB occurs most
frequently at the apex slightly posterior and lateral to the urethra where the structure
is most delicate. Dissection of tissues anterior to the urethra (dorsal venous complex
and puboprostatic ligaments) does not risk NVB injury.

Pathophysiology of Cavernous Nerve Injury

With the above information regarding the anatomy of the neurovascular bundles in mind
it is also important to consider the microscopic anatomy of these nerves and how this
relates to nerve injury and healing. The peripheral nervous system is comprised of
somatic motor nerves, sensory nerves, and autonomic nerves (parasympathetic or sym-
pathetic). The parasympathetic nerves are responsible for erectile function. Although
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the name “autonomic” implies that this system functions in an isolated manner, the
autonomic system relies on sensory information received from both the peripheral and
central nervous system [18]. Erectile function is governed by the parasympathetic ner-
vous system (PNS). All parasympathetic pathways consist of two neurons (the pregan-
glionic neuron and the postganglionic neuron). The cell body of the efferent preganglionic
neurons originates in the gray matter of the spinal chord and leave the central nervous
system via the spinal nerves. In the case of erectile function, the preganglionic parasym-
pathetic nerves leave the spinal chord via the S2—-S4 spinal nerves and then travel to the
pelvic plexus. It is generally recorded that parasympathetic preganglionic nerves are
long and synapse within a second ganglion on the organ (i.e., corporal bodies) and then
the postganglionic fibers travel via short nerves (2-3 mm) to innervate the penis.
Currently, there is controversy regarding this matter, however, ultrastructural and func-
tional studies of the cavernous nerves in rats have shown that the cavernous nerves con-
tain both myelinated and nonmyelinated fibers and that most myelinated fibers within
the cavernous nerves are preganglionic parasympathetic fibers [19]. Hence, it is reason-
able to say that this also most likely the case in humans.

Preganglionic fibers are myelinated and postganglionic fibers are nonmyelin-
ated. The distinction between pre and postganglionic parasympathetic fibers ana-
tomically is that each individual axon of a preganglionic fiber is associated with a
single Schwann cell that envelopes it in a myelin sheath whereas for postganglionic
fibers multiple axons are enveloped by a single Schwann cell. It is important to note
that both myelinated and nonmyelinated nerves have the ability to heal and regener-
ate because they are both housed by Schwann cells and can both heal and regener-
ate as described later [20, 21].

Definitions of Nerve Injury

During World War II, Sir Herbert Seddon defined peripheral nerve injuries into
three categories of brutality [3]. The least severe, designated neurapraxia was
considered a mild injury due to nerve contusion from blunt impact or stretch injury
to the nerve without structural damage (Fig. 4.4, top). This concussion-like state is
caused by damage to the perineural blood supply and results in a short-lived con-
duction block allowing full recovery in days to weeks.

The second level of injury, axonotmesis is the result of axonal disruption and
Wallerian degeneration; however, the perineurium is preserved and the nerve or
axon retains the ability to regenerate from the point of injury to the end organ pro-
vided the perineurium remains intact (Fig. 4.4, middle). Again, both myelinated and
unmyelinated fibers can undergo axonal sprouting and regenerate [20]. Notably,
regrowth of the axon advances at %1 mm/day or 2.54 cm/month and recovery takes
8—24 months. In this case the role of the microenvironment within which the axons
are regenerating is critical and may be a potential source for augmentation by the
addition of chemical or physical agents that promote regeneration.

The most severe of the three classifications and the most grim nerve injury to overcome
is neurotmesis, a severe injury or a laceration that completely cuts across the axon and
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Fig. 4.4 Drawing depicting the three types of nerve injury described by Sir Herbert Seddon

perineurium, providing no scaffolding for regrowth of the axon, and generally resulting in
aneuroma or scar (Fig. 4.4, bottom). With this more severe form of injury there is a greater
chance of neuronal death and hence little capacity for regrowth of the axon.

Thermal Mechanisms for Cavernous Nerve Injury

The use of thermal energy to control the PVP is now a well-recognized mechanism of
NVB damage as the NVB resides millimeters posterior-lateral to the PVP. In the early
years of robotic and laparoscopic prostatectomy, the vascular pedicles were most com-
monly controlled with various types of cautery. Typically bipolar cautery would be used
followed by cutting with scissors. This approach of cauterizing and cutting leads to
substantial desiccation and thermal spread which in turn caused varying degrees of
nerve injury. Early in our experience, we reported the adoption of a thermal technique to
control the PVP using temporary occlusion of the PVP with bulldog clamps followed by
suture ligation [22]. By simply avoiding cautery, potency at 3 months increased from 8
to 38 % [23, 24]. Remarkably, there was also a slow and steady recovery of potency in
the cautery group over 2 years[25]. The best explanation for this delay was that although
some injury to the NVB occurred, the injury was not permanent and the cavernosal
nerves regenerated and potency was recovered (Fig. 4.5).

The reasons for the 2-year period needed for recovery of erections is rooted in
basic and clinical science. Temperature increases of just 4 °C (heating tissue from
37 to 41 °C) can produce neural injury [26, 27]. Reaching temperatures of 45-60 °C
causes more damaging protein denaturation and temperatures above this level cause
protein coagulation which induces cell death [26]. It has been demonstrated that
electrocautery produces temperature elevations and thermal energy effects beyond
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Fig. 4.5 Potency rates for patients in the author’s series at 3, 9, 15, and 24 months following
robotic radical prostatectomy. The blue line represents patients for whom cautery was used to
secure the prostatic vascular pedicle with obvious resultant injury, however at 2 years recovery was
substantial. The red line represents the authors “cautery free” technique to secure the prostatic
vascular pedicle

the site of cautery. In essence standard laws of thermodynamics apply. Donzelli and
associates demonstrated that both monopolar and bipolar cautery cause thermal
injury to nearby neural tissue [28]. The importance of thermal injury to the caverno-
sal nerve was demonstrated in a landmark paper by Ong and associates that described
the effects of thermal injury in a canine model [29]. In this study, monopolar elec-
trocautery, bipolar electrocautery, and harmonic shears all resulted in a >95%
decrease in cavernosal pressures to standard suture ligatures for unilateral caverno-
sal nerve dissection. Histologic studies comparing the individual groups confirmed
an increased amount of inflammation associated with the use of heat. Mandhani and
colleagues measured temperature changes at the NVB with monopolar and bipolar
cautery during robotic prostatectomy. The authors found that both mono and bipolar
electrocautery raise temperatures to an equivalent degree but that monopolar cau-
tery appears to coagulate more efficiently and hence shorter periods of application
at lower temperatures are necessary [30]. Another interesting study by Khan and
associates demonstrated the thermodynamic impact of heat sink effect by adjacent
arteries and veins (Fig. 4.6). These authors demonstrated that thermal energy applied
adjacent to inferior epigastric vessels had minimal temperature spread [31]. Zorn
and colleagues also nicely demonstrated that the pathological findings of thermal
spread to adjacent tissues can be measurably reduced by using cold irrigation
concomitantly with cautery [32]. The authors have found that using cold irrigation
to limit thermal spread of monopolar cautery has allowed us to reduce the amount
of traction needed during PVP transection. Instead of applying clips or suture liga-
tures to the PVP, the authors simply recommend suture ligation or if the pedicle is
too thick to simply cut the PVP. The highly magnified view presented during robotic
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Fig. 4.6 (a) Application of monopolar or bipolar cautery at 20 W with (x distance) and without
(y distance) intervening inferior epigastric vessels. (b) With interposing inferior epigastric vessels
(heat sink), thermal spread is markedly reduced at 5-7 mm from monopolar or bipolar cautery
probe. (¢) With the interposing inferior epigastric vessels clamped, thermal spread across the ves-
sels is markedly increased at 5—7 mm from the MP cautery probe, eliminating the ‘heat sink’
affect. Figures taken from: Khan, F., et al., Spread of thermal energy and heat sinks: implications
for nerve-sparing robotic prostatectomy. J Endourol, 2007. 21(10): p. 1195-8

prostatectomy along with copious cold irrigation allows individual bleeders to be
identified. The use of very judicious spot monopolar cautery can be used to control
these bleeders while minimizing thermal spread to the NVB.

Traction Mechanisms for Cavernous Nerve Injury
and the Application of Minimally Invasive Traction (MIT)

From 2003 to 2005 the transition to a thermal technique for transecting the PVP dur-
ing robotic prostatectomy was reported using temporary occlusion of the PVP with a
bulldog clamp [23]. The development of “cautery free” techniques certainly enhanced
potency outcomes compared to previous results with cautery. However, even with
totally energy free surgery, at least 65 % of men take 9—15 months to recover erectile
function [8]. The reason for this phenomenon must be injury due to traction [33].
There are competing goals during radical prostatectomy. The principles of “traction
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and countertraction” are important in terms of surgical exposure and performing and
anatomically correct dissection. On the other hand, these principles are in direct oppo-
sition to the neurosurgical premise of “dissecting the tumor off of the nerve.” This
basic premise of neurosurgery has been known and taught for decades to avoid undue
nerve injuries during procedures across all surgical disciplines.

Excessive traction on the neurovascular bundle must have profound unintended
consequences as the NVB is quite fragile. Traction injury may occur by direct stretch-
ing of the nerves or because of microvascular bleeding in the perineurium leading to
secondary infiltration, compression, and inflammation. Figure 4.7 depicts the next
technical/surgical hurdle to overcome for preserving potency postradical prostatec-
tomy. It is the mastery of Minimally Invasive Traction (MIT). Similar to other special-
ties in which “dissecting the tumor off of the nerve” is instilled from day 1, we as
robotic surgeons must turn our concentration toward minimizing traction during liga-
tion of the PVP and dissection of the NVB. This remains a particularly challenging
dissection for the experienced surgeon and a formidable obstacle for the novice.

Much has been written about avoiding cautery during NVB preservation. Indeed, a
2012 consensus RARP group recommended that the simplest solution is to avoid
thermal energy altogether near the NVB [34]. Although complete avoidance of cau-
tery has its stated advantages this method necessitates the use of clips or ligatures
which again requires tissue on tension to apply. How then does one avoid tension and
minimize damage from cautery. It is possible to minimize traction by simply cutting
through the PVP with cold scissors. With regard to control of bleeding when this is
done, there is evidence that if the laws of thermodynamics are observed, cautery can
be applied while keeping thermal spread to a minimum [31]. This is accomplished by
using low wattage, short bursts of cautery performed in a pinpoint fashion and maxi-
mizing distance from the NVB. The addition of cooled saline irrigation may further

Fig. 4.7 For mastery of Minimally Invasive Traction (MIT), robotic surgeons must turn their
concentration toward minimizing traction during ligation of the PVP and dissection of the NVB,
by “dissecting the tumor off of the nerve,” and avoid the opposite as shown in this figure
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limit the spread of heat from surgery [32]. It remains to be seen if such modifications
will lead to improved outcomes but certainly we must place emphasis on these basic
neurosurgical principles and adapt our technique to minimize nerve injury.

Nerve Redundancy

A very intriguing and important question is what evidence exists regarding the criti-
cal volume or percentage of nerve required for preservation of potency? Simply put:
What impact does widely excising one of the NVBs have on potency? The fact that
there is any recovery speaks to “systems redundancy.” We compared potency out-
comes in patients in whom we spared both nerves (BNS) to those who had one
excised UNS [35]. Also queried was the qualitative recovery following preservation
of one versus two nerves, i.e., a doubling of nerve volume. Definitions of unilateral
nerve sparing were quite specific; it only included patients with a wide excision of
one nerve, which was confirmed pathologically. The group of men undergoing bilat-
eral nerve preservation had a 2-year recovery rate of 92 % whereas men having just
one nerve preserved recovered 80 % of the time. So with a 50% reduction of nerve
tissue the potency rate was only diminished by approximately 15 %. Qualitatively
for the 80% of men reporting successful erections after UNS the average postopera-
tive IIEF-5 scores were not significantly different (UNS 22.0 vs BNS 21.0).

Similar findings have been reported by Walsh and colleagues [36]. They reported
that 69 % of men potent before RP who had unilateral wide excision were potent
after RP, compared to 85 % who had BNS. Kundu and associates reported a similar
trend in overall potency rates at 18 months, of 53 and 76 % after UNS and BNS RP,
respectively [37]. What is consistent across all these reports is that doubling the
volume of nerve tissue improved potency rates by about 1.15-1.4x. This finding
supports redundancy and also speaks against using extreme measures such as intra-
fascial nerve-sparing dissection. For example, intrafascial dissection might preserve
another 5 % of nerve tissue but, considering the data earlier, the benefits to increased
potency would only rise minimally if at all.

Testosterone

The negative impact of hypogonadism has been called “The Dark side of Testosterone
Deficiency” and manifests as cardiovascular and stroke disease, Type 2 diabetes, meta-
bolic syndrome, central obesity, lack of energy, and erectile dysfunction [38]. Defining
hypogonadal males is usually a combination of symptoms and testosterone levels below
either 350 or 230 ng/dl [39]. However, calculated free testosterone appears to be much
more accurate in predicting clinically relevant issues or complications [40]. There is
growing evidence that having higher FT levels predict favorably on the risk of low
pathologic Gleason grade and faster recovery of sexual function (Fig. 4.8) [41]. In our
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Fig. 4.8 Potency of patients in the authors series with follow-up of 24 months stratified by low
(green), intermediate (red), and high (blue) serum-free testosterone levels following nerve-sparing
robotic radical prostatectomy

opinion testosterone levels should be checked pre and postoperatively and if free levels
are low men should have a discussion regarding replacement.

Postoperative Prophylaxis for Erectile Dysfunction

In experimental models it has been shown that injury to cavernous nerves in rats leads
to endothelial cell apoptosis, decreased nitric oxide levels, and hypoxia leading to
fibrosis and loss of smooth muscle in the corpora cavernosa [42—45]. In humans, there
is clear evidence that fibrosis and loss of smooth muscle occurs and that vasculogenic
effects occur as a result. Mulhall and associates first noted that arterial insufficiency
occurs in approximately 50 % of patients following RP and does not improve within a
year of surgery. In addition, approximately 50 % of patients developed venous leak 1
year following surgery which was also associated with a decreased return of erectile
function [46]. Montorsi and associates reported that 6 months following surgery spon-
taneous erection occurred in 67 % of patients who performed self-injection with
PGE-1 compared to 20 % in patients that did not use injection therapy. Only 17 % of
patients who injected PGE-1 developed venous leak by Doppler ultrasound criteria
versus 53 % of patients who did not [47]. Similar findings have been reported both for
PGE-1 urethral suppositories [48] (Alprostadil, Vivus) and vacuum devices [49].

In 2003 Padma-Nathan and associates in a randomized prospective study reported
that 27 % of 51 patients who were potent prior to bilateral nerve-sparing radical
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retropubic prostatectomy who took sildenafil at bedtime for 9 months regained
“full” potency versus only 4 % of patients that did not [50, 51]. These findings may
possibly be explained by Schwartz and associates who examined the effect of silde-
nafil on the smooth muscle content of the corporal bodies after RRP. In this study,
patients were divided into two groups: one receiving 50 mg every other night for
6 months following surgery and the other 100 mg. The higher dose group had a
statistically significant increase in smooth muscle present on postoperative biopsy
[52]. In similar fashion, Montorsi and colleagues in 2014 also confirmed an advan-
tage to men who prophylactically took tadalafil in a randomized trial [53].

Although the cumulative knowledge regarding novel prophylactic treatments to hasten
the return of erectile function in men following RRP is encouraging, there is no regimen
that is clearly superior. Further, there is no consensus among experts with regard to the
most effective agent or combination of agents to use. We currently recommend 5 mg of
tadalafil nightly starting on the first postoperative day for all patients. For those patients
who are highly motivated, PGE-1 self-injection three times per week is also offered.
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Chapter 5
Technical Innovations to Optimize Early
Return of Urinary Continence

Usama Khater and Sanjay Razdan

Introduction

Post-prostatectomy incontinence (PPI) represents a time-dependent devastating iat-
rogenic complication after surgery. A 12-month continence rate is reported in
48-91 % after laparoscopic prostatectomy (LP), in 89-97 % after robot-assisted
laparoscopic prostatectomy (RALP) and 77.7-93.7 % of cases after open retropubic
radical prostatectomy (RRP) [1]. Although the continence rate 1 year after RALP is
excellent, achievement of an earlier continence at 3 and 6 months postoperatively is
still a challenge. Several surgical techniques to optimize the early return of conti-
nence have been described. Most of these techniques emphasize the importance of
restoring the normal pelvic anatomy after removal of the prostate.

Anatomical Background and Techniques

In men, urinary continence is thought to be controlled by five main structures: the
detrusor muscle, the internal sphincter, the ureterotrigonal muscles, the levator mus-
cles, and the rhabdosphincter [2, 3]. Maintaining these structures and maintaining
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the normal anatomy of the pelvis are the cornerstone to achieve better post-RALP
results. This can be achieved through three different steps of techniques: preserva-
tion, reconstruction, and reinforcement of the sphincter structures.

Preservation
Bladder Neck Preservation

Anatomically, the bladder neck serves as an internal sphincter and it is intuitive that
bladder neck preservation may contribute to early return of urinary continence.

Maintaining circular fibers of the bladder neck during dissection of the prostato-
vesical junction can accelerate the return of postoperative urinary continence.
Anterocephalic tension of the bladder using the fourth arm will create a landmark
that facilitates dissection of the bladder neck. Precise incision of the posterior blad-
der neck will maintain clean detrusor margins for subsequent urethrovesical anasto-
mosis, Figs. 5.1, 5.2, and 5.3 [4].

Friedlander et al. compared cancer control outcomes and continence in bladder
neck sparing vs. non sparing technique during RALP. No difference in cancer control
outcome was detected in both groups. However, bladder neck sparing is associated
with fewer urinary leakage complication and better post-prostatectomy continence
outcome [4].

Nerve Preservation

The rhabdosphincter receives nerve fibers from the pelvic nerve, intrapelvic branch
and perineal branch from pudendal nerve. Preservation of intrapelvic branch of the
pudendal nerve has been shown to maintain rhabdosphincter function after RALP [5].

Fig. 5.1 Bladder neck dissection is initiated in midline at prostate mid/base anterior until reaching
depth of vertically oriented bladder neck fibers (a). Bladder neck incision is arced cephalad with lateral
extension until anterior portion of bladder neck is defined. Blunt dissection is performed anterior, and
on right and left (b) of bladder neck to define its funneled contour as it transitions to prostatic urethra [4]
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Fig. 5.2 Bladder neck is opened anterior to expose catheter (a), which is withdrawn before scor-
ing posterior bladder neck mucosa with monopolar current (b) [4]

Fig. 5.3 Fourth arm ProGrasp elevates prostate base to create tension for posterior bladder neck
dissection (a). Assistant laparoscopic grasper counter traction is applied during posterior bladder
neck dissection. Bladder neck dissection proceeds laterally to adipose tissue, which serves as lat-
eral border of dissection bilaterally (b). Downward traction of assistant suction tip aids exposure.
Note suction tip on posterior longitudinal detrusor layer. Posterior longitudinal detrusor layer is
opened as low as possible, revealing vas deferens (c¢) [4]

Though it is clear that neurovascular bundle preservation during RALP will preserve
postoperative potency, it is still controversial whether preservation of nerves around
the bladder, prostate, and urethra results in continence after RALP. Choi et al.
reported that continence rate and EPIC urinary function score were better for bilat-
eral nerve-sparing vs. non-nerve-sparing technique after 4 months [6]. On the other
hand, Pick et al. have found no significant difference in continence rate at 12 months
after RALP between unilateral, bilateral, and non-nerve-sparing RALP (88.9, §9.2,
and 84.8 % respectively), concluding that preservation of cavernous nerve does not
predict over all return of continence [7].

Pubovesical Complex Sparing and Puboprostatic Ligament Preservation
Different studies have shown that puboprostatic ligament preservation improves conti-

nence results after RALP [8, 9]. Astimakopoulos et al. developed a pubovesical com-
plex sparing technique, in which the prostate is dissected from underneath the spared
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pubovesical complex and urethrovesical anastomosis is performed under the spared
complex. Twenty percent of patients needed one security pad after catheter removal.
Preservation of periprostatic anatomy may enhance early functional outcome [10].

Preservation of Urethral Length

Male sphincteric mechanism is composed of striated urogenital sphincter muscle
and an inner smooth muscle layer. The internal component of the distal sphincter
mechanism extends to the verumontanum while the striated sphincter is functional
from prostate apex to the bulb [11]. Early urinary continence can be achieved
through maximum preservation of the striated sphincter and intraprostatic portion
of the membranous urethra [12]. It is important not to compromise apical margin
during maximal urethral length preservation, this can be achieved by accurate iden-
tification of the junction between prostatic apex and urethra. Nguyen et al. stated
that shorter urethral sphincter length on pre operative endorectal MRI is associated
with higher risk of post-prostatectomy incontinence. However, technical modifica-
tion to restore the continence mechanism intraoperatively could improve continence
outcome in patients with shorter urethral sphincter [13].

Modified Maximal Urethral Length Preservation (MULP) Technique

At the International Robotic Prostatectomy Institute, the senior author and editor of
this text (Razdan S) modified and pioneered maximal urethral length preservation
(MULP) in RALP. In this technique the previously ligated deep venous complex
(DVC) is divided using shears. The correct plane between the anterior prostatic
capsule and the ligated DVC is achieved by the “apical pinch” which affords proper
orientation as well as avoids a positive anterior margin. Following division of the
deep venous complex, the apex is dissected carefully along the retropubic plane
using the robotic endoshear, starting at the prostatic—rhabdosphincter junction, by
dividing the striated and smooth muscle fibers sweeping from the apex toward the
membranous urethra. Twisting the prostate from side to side with the fourth robot
arm enables clear visualization of the prostatic apex. Subsequently, division of the
flimsy posterior fibrous connections at the apex of the prostate allows release of the
posterior lip of the prostate, thereby exposing an additional length of intraprostatic
urethra, which adds to the MULP (Fig. 5.4). Division of the urethra at the new pros-
tate urethral junction is then carried out with a birds eye view thereby, reducing
positive apical margins (see Video 5.1). The authors have been able to preserve an
additional 1-2 cm of intraprostatic and membranous urethra by this modified MULP
procedure which in turn facilitates an easier vesicourethral anastomosis and earlier
return of continence. Urethrovesical anastomosis is then performed using the classic
Van Velthoven technique (see Video 5.2).

The continence rate following the modified MULP technique in RALP was in
50-70 % of patients at one month, in 90-96.66 % at 3 months and 100 % of patients
6 months after catheter removal [14].
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PS.7a Prostate apex

Fig. 5.4 (a) The posterior urethral junction and the membranous urethra after dissecting the endo-
pelvic fascia and the dorsal vein complex. (b) The maximal urethral length preservation after per-
forming the retro-apical dissection. RS rhabdosphincter, U membranous urethra [14]

A considerable proportion of the external urethral sphincter is located between
the verumontanum and distal edge of the prostatic apex, and this plays a significant
role in continence. Through MULP technique we were able to get an extra length of
urethral stump that improved the overall continence mechanism. The longer ure-
thral stump also facilitates faster and easily accessible vesicourethral anastomosis
without the need for perineal compression and provides support to the bladder. By
dissecting the urethra more proximally in MULP, we keep the autonomic branches
that innervate the external sphincter away from the anastomosis. Furthermore, by
working more proximally away from the external sphincter, the latter is less likely to
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be compromised by the inflammatory process that takes place due to intraoperative
maneuvers at the site of the anastomosis. Other studies have also reiterated that
MULP has a very significant role in early continence recovery [15].

Reconstruction
Posterior Rhabdosphincter Reconstruction

Posterior reconstruction aims at restoring the anatomical and functional defect
through reapproximating the posterior semi-circumference of the rhabdosphincter to
the residual cut edge of the Denonvilliers’ fascia. This will allow a firm support to the
posterior aspect of the urethral sphincter complex [16—18]. Nguyen et al. investigated
the relation between posterior reconstruction and early return of continence after
RALP and LRP, 3 days after catheter removal, 34 % of patients who underwent pos-
terior reconstruction were continent, in comparison to patients who underwent stan-
dard technique where only 3% were continent (P=0.007) [19]. Brien et al. have
reported a significant improvement in terms of return of baseline score for urinary
bother in posterior reconstruction group in comparison to control group (72% vs.
53 %; P=0.0083) [20]. Gondo et al. have reported that posterior reconstruction has
better early recovery of urinary continence results after 1 month of catheter removal
in univariate analysis [21]. Fecarra et al. have reported 95 % recovery of urinary con-
tinence at a mean follow-up of 9 months [22] He also concluded that posterior recon-
struction procedure is simple, with minimal increase in operative time, and provides
a good support of the urethrovesical anastomosis. On the other hand, Menon et al.
have found no significant difference in continence rate with posterior reconstruction
compared to control group [23].

Anterior Retropubic Suspension

Anterior retropubic suspension aims at providing anatomical support of the urethra
and stabilizing urethra and striated sphincter in anatomical position [24]. Anterior
suspension is done through a monofilament suture that pass from the right to the left
between the urethra and dorsal venous complex and then through the periosteum of
the pubic bone. Patel et al. have reported significant improvement in continence rate
after 3 months of RALP, in patients who had anterior suspension technique in com-
parison to non suspension technique (92.8 % vs. 83 %, P=0.02) [25].

At our institution we compared the continence rates at 1, 3, and 6 months after
RALP in three group of patients; the first group had posterior urethral reconstruc-
tion and anterior bladder suspension, second group had MULP combined with pos-
terior urethral reconstruction and anterior bladder suspension and the third group
had only MULP. Each group included 30 matched patients. The second and third
groups showed significantly higher and earlier continence rate than the first group
who had posterior urethral reconstruction and anterior bladder suspension without
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Fig. 5.5 Kaplan—-Meier plot for the improvement in continence rates among the three study
groups. MULP maximal urethral length preservation, PRAS posterior urethral reconstruction and
anterior bladder suspension

MULP. There was no significant difference in the continence rate between the
patients who had only MULP and the group who had MULP combined with poste-
rior urethral reconstruction and anterior bladder suspension, Fig. 5.5. No significant
differences were noticed in the rates of overall and apical positive margins between
the three groups. No significant variations were detected in terms of biochemical
recurrence at 12 month follow-up [14].

Total Reconstruction of Vesicourethral Junction

Tewari et al. evaluated continence rate in patients who underwent anterior recon-
struction alone versus anterior and posterior reconstruction during RALP versus a
historical control group, he found that at 3 months, the continence rate for the con-
trol group was 50 %, while in the anterior reconstruction group and combined ante-
rior and posterior reconstruction groups continence rate was 77 and 91 % respectively
at 3 months [15]. A much more reconstruction techniques were used including:
Preservation of archus tendentious and puboprostatic ligament, creation of muscu-
lar flap behind the sphincter, control of dorsal venous complex using a pubopros-
tatic ligament sparing suture, preparation of a long urethral sump, usage of Pagano
principle reinforcement of the flap behind the bladder neck, usage of Rocco princi-
ple suturing of the flap to the distal end of the Denonvillier’s fascia close to the
urethral stump. Finally, reattachment of Arcus tendentious and puboprostatic plate
to the bladder neck after the anastomosis is created [2] (Fig. 5.6).



80 U. Khater and S. Razdan

DVC - suture
W/ PPL
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Fig. 5.6 (a) Creation of muscle flap behind the bladder. (b) Control of dorsal venous complex
using a puboprostatic ligament sparing suture [15]. PPL puboprostatic ligament, NVB neurovascu-
lar bundle. AT arcus tendentious, DVC deep venous complex, RTLL retroperitoneal layer

Reinforcement
Bladder Neck Plication

Bladder neck plication is done through a plication stitch placed 2 cm proximal to the
vesicourethral anastomosis at 3 o’clock and 9 o’clock, after tying this stitch, this will
create a funneling of distal bladder neck. Mean time to total continence was
35.10+3.8 weeks in stitch technique group, vs. 8.49+6.32 weeks in non stitch group
(P=0.002) [26].

Bladder Neck Sling Suspension

Bladder neck sling suspension can support proximal urethra and bladder neck and
increase the functional length of the urethral sphincteric complex after RALP. This
subsequently improves the early return of continence after RALP [27].

Conclusions

— Surgical modifications that preserve the natural urinary continence mechanisms
seem to promote early recovery of continence.

— Maximal urethral length preservation (MULP) in the authors’ experience is the
single most important factor determining early return of continence after RALP.

— Neurovascular bundle preservation and bladder neck preservation may have a
positive impact in overall recovery of urinary continence, though the results of
studies are mixed.

— In the authors’ experience, anterior suspension and total vesicourethral recon-
struction have no impact on recovery of continence and in fact may have a detri-
mental effect on early return of continence.
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Chapter 6
Technical Innovations to Optimize Early
Return of Erectile Function

Gabriel Ogaya-Pinies, Vladimir Mouraviev, Hariharan Ganapathi,
and Vipul Patel

Introduction

With radical prostatectomy (RP) delivering better survival results, preservation of
erectile function has become an increasing priority among patients who choose sur-
gery as the first line of treatment. To date, the ideal outcome cannot be limited to
oncologic freedom since contemporary patients, due to their young age, are moti-
vated to preserve their sexual function and urinary continence.

Before the discovery of the neurovascular bundles (NVBs) by Walsh and Donker
[1], the cause of erectile dysfunction following RP was not completely understood.
Since the introduction of the anatomic nerve-sparing (NS) technique, the injury to
the cavernous nerve intraoperatively may be preventable. An adequate surgical tech-
nique that minimizes the damage to the NVBs plays a key role in preservation and
functional recovery.

Present day, the neurovascular preservation is accomplished by the surgeon’s
expertise and knowledge of the anatomy, as well as by the improvements of visual-
ization, instrumentation, and magnification provided by novel robotic systems. In
this chapter, we discuss fundamental aspects of the neurovascular anatomy, define
landmarks and principles for a NS radical prostatectomy, and also review some of
the new technological developments designed to help surgeons to perform these
critical steps and achieve an early return of the erectile function.
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Anatomy of Neurovascular Bundles

The pelvic splenic nerves arise from the anterior sacral roots, with most branches origi-
nating from S4 and smaller contribution of S2 and S3. These parasympathetic fibers
converge with sympathetic fibers from the hypogastric nerve to form the pelvis plexus.

The inferior extension of the pelvic plexus unites with several vessels to form the
neurovascular bundle (NVB) of Walsh. This tubular structure runs along the dorso-
lateral aspect of the prostate gland enclosed in fascial sheets and intimately associ-
ates with the capsular vessels of the prostate.

Many anatomic studies have suggested that in addition to the NVB, multiples
accessory channels exist that ramify in the prostatic and Denonvillier’s fascia and
which supply neural stimulation of the penis. These accessory fibers, which form an
apical plexus on the posterolateral aspect of the prostatic apex and urethra, could
potentially act as a neural pathway for the urethral sphincter [2] (Fig. 6.1).

Prostatic Vasculature as a Landmark
for Nerve-Sparing RARP

There is a lack of clear macroscopic landmarks to identify the NVB during a radical
prostatectomy. We have identified intraoperative elements of the prostate vascula-
ture as anatomical reference points, key to display natural separation planes between
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Fig. 6.1 Anatomy of the pelvic plexus and neurovascular bundles. Courtesy of J. Urol. 138:1402—
1406, 1987
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the prostate and the neurovascular bundle. This allows us to perform the nerve spar-
ing in a more standardized and consistent manner. A landmark artery (LA) was
identified running on the lateral border of the prostate corresponding to either a
prostatic or capsular artery.

The arterial supply to the prostate originates from the internal iliac (or hypogastric)
artery [3, 4]. The prostatic artery (PA) is a branch of the vesicoprostatic trunk and
reaches the prostate on its anterolateral aspect at the base [5]. From there, it can con-
tinue distally down to the perineum or give origin to a network of capsular arteries
(CAs) running along the lateral border of the prostate [6]. During their course along-
side the prostate, these elements of the prostatic vasculature (PV), especially the CAs,
are related intimately with the capsular nerve (CNs) and provide a scaffold to the
nerves at their course along the prostate [7]. Therefore, the PV may provide a macro-
scopic landmark for identifying and preserving the CNs at the time of surgery.

After opening sharply the levator fascia over the prostate, the presence of a dis-
tinctive PA could be found posterior laterally between the midprostate and the base.
The artery enters the prostate on the anterolateral aspect, and it is easily recognized
by its large size and tortuosity (Fig. 6.2). Delicately developing a plane of dissection
between the PA and the prostate results in a natural detachment of the NVB from the
prostate. For a complete NS, the correct plane of dissection is recognized by the
presence of pearly areolar tissue and is gently developed posteriorly following the
prostatic contour until the previously created posterior plane is reached.

Another common finding is the absence of a distinctive PA and the presence of
multiple CAs. These arteries are found on the lateral aspect of the prostate, forming
a mesh throughout the thickness of the NVB. The most superficial of these CAs can
be recognized after opening the levator fascia over the prostate. It is located over the
medial border of the NVB fat, close to the point where the fat ends over the prostate
(Fig. 6.3).

Nerve-sparing approach can be classified as either medial or lateral to the land-
mark artery. Fine tailoring on the medial border of the landmark artery can consis-

Fig. 6.2 Left: The prostatic artery (PA) can be recognized after opening the levator fascia on the
base of the prostate. It has a large diameter and a tortuous configuration, which makes it easy to be
recognized intraoperatively. It continues alongside the prostate occupying the medial aspect of the
neurovascular bundle (NVB). Right: Complete left nerve sparing; the prostate has been detached
from the NVB. Note how the pointed PA follows the course of the NVB and enters the perineum
behind the urethra
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Fig. 6.3 Left: Capsular arteries (CAs) can be recognized after opening the levator fascia. They are
found more distally than the prostatic artery (PA), at the level of the midprostate. CAs are thin,
harder to identify, and do not have a tortuous configuration like the PA. They usually end in small
twigs at the apex and do not perforate into the perineum. Right: A plane of dissection has been
developed between the landmark CA and the prostate. Notice that as the dissection gets deeper,
additional CAs are found along the medial aspect of the neurovascular bundle (NVB; arrow). The
right plane of dissection for a complete nerve sparing is to stay on the medial aspect of the CAs,
through the pearly areolar tissue between the prostate and the NVB (asterisk)

Table 6.1 Area of residual nerve tissue according with the technique of nerve-sparing procedure

Anatomical quantitative Technique of nerve sparing in relation to prostatic artery
evaluation Medial Lateral p-Value
Area of residual nerve tissue 0 (0-3) mm? 14 (9-25) mm? <0.001

tently result in a complete nerve sparing, whereas performing the nerve sparing on
its lateral border results in several degrees of incomplete partial nerve sparing
(Table 6.1).

Anatomic Grading of Nerve Sparing During RARP

The goal of NS during RP is to preserve the greatest possible amount of nerve tissue
without compromising surgical margins. In this context, a very elegant manipula-
tion is necessary to achieve the precise amount of nerve preservation needed for an
individual patient. Schatloff et al. [8] described a standardized NS grading system
based on intraoperative visual cues. The NS was graded by the surgeon intraopera-
tively before specimen extraction independently for either side as follows: 1=no
NS;2=<50 NS; 3=50% NS; 4=75% NS; 5=95 % NS. The technique consisted of
sharp opening the levator fascia and identification of the LA with its course in ret-
rograde manner up to the pedicle. This way, we were able to show a significant
correlation between a higher NSS and a decreased area of residual nerve tissue on
prostatectomy specimens (Fig. 6.4).
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Fig. 6.4 A cross-section of the neurovascular bundle, represented as a histology slide (/eff) and a
didactic diagram (right), demonstrates our graded approach to nerve sparing (NS). Several degrees
of partial NS can be obtained when paying careful attention to the anatomic cues that are dis-
cussed. LA landmark artery

In our recently updated series of 2036 patients, the potency outcomes suggested
that our subjective NS system predicted potency recovery and indicated that even
minor nerve trauma significantly prolonged EF recovery. By Kaplan—Meier analy-
sis, recovery of potency is more rapid in higher NS grades (grade 2 vs. grade 3,
log-rank p=0.032; grade 3 vs. grade 4, log-rank p<0.001; grade 4 vs. grade 5, log-
rank p<0.001) (Fig. 6.5).

Key Principles of Neurovascular Preservation

The goal of nerve sparing during RARP is to preserve the greatest possible amount
of nerve tissue without compromising surgical margins. A very meticulous approach
is necessary to achieve the precise amount of nerve preservation needed for an indi-
vidual patient. In our institution, we established our approach to avoid an excessive
traction, use of thermal energy, or direct damage during dissection (Fig. 6.6).

Retrograde Versus Antegrade Nerve Sparing During RARP

Techniques to preserve the neurovascular bundles (NVBs) have become an impor-
tant part of modern RP. Increasing evidence suggests that the grades of NS are
related to the recovery of potency [9—11]. Approaches for the preservation of NVBs
can be performed from the prostate base to the apex (antegrade) or from the apex to
the base (retrograde). The supposed benefit of the retrograde NS approach over the
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antegrade NS approach is the earlier identification and release of the NVB from the
prostate before ligating the prostatic pedicle, thus avoiding a misplaced clip on the
pedicle. The theoretical benefit of earlier release of the NVB with the pedicle intact
is to attenuate neuropraxia [12—14]. Although there is evidence supporting that NS
does not affect the positive surgical margin (PSM) rates, the effect of antegrade or
retrograde dissection of the NVBs on PSM rates is still unknown [15, 16].

Our group first published comparative results of NS antegrade and retrograde
approach demonstrating superiority of the latter one to cause less traction [17].
Based on the data of literature in open retropubic RP and laparoscopic procedure,
we suggested athermal retrograde release of the NVBs during RARP.

Antegrade approach: With upward traction of the vasa and seminal vesicles, the
prostatic pedicle is identified and athermally controlled close to the base to decrease
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the risk of severing the NVB. The prostate is then retracted, and the lateral pelvic
fascia is exposed. Entering the triangular space between Denonvillier’s fascia, the
lateral pelvic fascia, and the prostate, the NVB is exposed. Reflecting the lateral
pelvic fascia off the prostate, dissection is performed in the interfascial plane, out-
side the prostatic fascia.

Retrograde approach: After the seminal vesicles have been dissected and the
posterior plane is widely developed, the prostate is then rotated and the levator fas-
cia over the prostate is opened sharply to expose the NVB from above. An interfas-
cial plane between the prostate and the NVB is created at the level of the midprostate
and is further developed until the previously created posterior plane is reached
(Fig. 6.7). The plane is then continued in a retrograde direction toward the base of
the prostate to completely detach the NVB from the prostatic pedicle. The plane is
then continued toward the apex by detaching the prostate from the NVB.

The computer matched two groups of patients with complete bilateral NS, with
no difference between groups, antegrade NS (n=172) and retrograde NS (n=172).
Potency rates were evaluated during similar time frames using the SHIM question-
naire. The potency rate was significantly higher in the retrograde NS group than in
the antegrade NS group at 3, 6, and 9 months after RARP, without compromising
margins status (Fig. 6.8).

Athermal Versus Thermal Dissection of the NVB

The difference between thermal and athermal dissection of the neurovascular bundles
(NVB) has been documented extensively [18]. In a 2008 prospective study, Ahlering
et al. [19] compared 38 patients receiving cautery nerve sparing with 50 receiving

Fig. 6.7 Interfascial plane between the prostate and the NVB
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Fig. 6.8 Kaplan—Meier curve for the time to regain potency within a year stratified for each nerve-
sparing approach group. The log-rank test indicates the statistically significant difference across
each group (p=0.044)

cautery-free cavernous nerve preservation. Selecting only patients <65 years of age who
were preoperatively potent, the authors reported significant advantages in favor of ather-
mal dissection 24 months after the procedures. In 2010, Samadi et al. [20] compared 590
patients who received an antegrade cautery nerve-sparing procedure using the bipolar
device with two other groups of patients who underwent athermal dissection using clips
and a “curtain” technique. In this study, including preoperatively potent patients, accord-
ing to the SHIM questionnaire, with a mean age of 59 years old, the authors showed a
statistically significant advantage only in favor of the athermal technique at 3 months
follow-up. Any difference disappeared after 6 or 12 months postoperatively.

Considering the data coming from the clinical series reviewed, the mean potency
rates at 3, 6, and 12 months were 44 %, 50 %, and 66 % (62—75 %), respectively, in
the four series using monopolar or bipolar dissection and 52 %, 78 % (70-86 %), and
81 % (62-90 %), respectively, in the four studies using the athermal dissection.
Interestingly, available data with longer follow-up showed a 24-month mean potency
rate as high as 82 % (69-94 %) in patients who received cautery nerve sparing.

Nerve-Sparing Technique with Minimal Countertraction

It is well documented that subtle technical variation affects potency preservation
during robot-assisted laparoscopic radical prostatectomy (RARP). Most prostatec-
tomy studies focus on achieving the optimal anatomic nerve-sparing dissection
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plane. However, these sections focus on how the assistant/surgeon neurovascular
bundle (NVB) countertraction can impact the sexual function outcomes. Several
authors have been able to correlate the effect of countertraction and erectile dys-
function (ED) after RARP. Mulhall et al. [21] identified NVB countertraction as a
source of postprostatectomy neurogenic injury. Kaul et al. [22] asserted that endo-
pelvic fascia sparing and delayed DVC ligation reduced NVB traction without men-
tion of assistant or surgeon-specific technique as it relates to NVB tension.
Technique: With an aim of nerve sparing with minimal countertraction (NS-MC),
Kowalczyk et al. [13] modified their technique to avoid assistant/surgeon lateral coun-
tertraction to dissect the prostate away from the NVB instead of the NVB away from
the prostate. Additionally, they decreased robotic scissors excursion with blunt dissec-
tion during intrafascial nerve sparing to attenuate tension on the NVB. NS-MC was
associated with significantly higher sexual function scores at 5 months after RARP
compared to NS countertraction (median: 20 vs 10; p<0.001), been this difference
more accentuated for bilateral intrafascial nerve sparing in preoperatively potent men.

New Developments in Minimally Invasive Dissection
and Protection NVB During RARP

Human Amniotic Membrane Allograft Nerve Wrap
Around the Prostatic Neurovascular Bundle

Clinical use of growth factors and anti-inflammatory substances for prostatic NVB
regeneration is novel, and human amnion membrane allograft ({HACM) is a source
of implantable neurotrophic factors and cytokines [23, 24]. Since 2014, we imple-
mented a local application of this allograft for preoperatively potent men. The bilat-
eral, retrograde, athermal NS RARP was performed in each patient (Fig. 6.9a), with
bladder neck reconstruction, an anterior suspension stitch, and posterior reconstruc-
tion (Rocco stitch). There were 58 patients in this series, who were preoperatively
continent (American Urological Association Symptom Score <10) and potent
(Sexual Health Inventory for Men [SHIM] score >19) and underwent bilateral
dHACM placement (AmnioFix; MiMedx Group, Marietta, GA, USA) at a cost of
$900 per patient. The dHACM allograft was cut into two longitudinal pieces and
placed over each NVB as a nerve wrap. The wrap was placed circumferentially
around the NVB after extirpative RARP, postanastomosis (Fig. 6.9b).

This group was computer matched with a similar group of patients who did not
receive allograft placement. Postoperative outcomes were analyzed between both
groups, including time to return to continence, biochemical recurrence, and potency.
Potency at 8 weeks returned in 65.5 % of the patients in the dHACM group and 51.7 %
of the patients in the no-dHACM group. The mean time to potency was significantly
shorter in the graft group (1.34 months) than in the nongraft group (3.39 months;
p=0.007) (Fig. 6.10). SHIM scores were also higher for the dHACM group than for
the no-dHACM group (mean score 16.2 vs. 9.1). In conclusion, our short-term results
are encouraging for patients undergoing full NS RARP and dHACM placement.
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Fig. 6.9 Local application
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Instant Toggling of Endoscope During RARP

With the introduction of the da Vinci Xi robotic surgical system some of its new applica-
tions have been built to try to achieve a more precise sparing procedure. For instance, the
laparoscope has a digital end-mounted camera for improved vision. The scope can be
placed into any of the robotic arms and has autofocus. The new endoscope is used to see
deep inside the body, is far easier to setup and delivers sharp, high-definition 3D images.

We implemented this advanced imaging for clear visualization of the neurovascu-
lar bundle to initiate its dissection. The use of maneuver to rotate the 3D camera with
30° lens angles up to 180° can facilitate a more direct view to identify a route of NVB
in order to start releasing its dissection from posterior surface (Fig. 6.11a). It is essen-
tial to fully dissect the posterior plane up to the apex and laterally to the bundles.
Once this is accomplished, early release of NVB can then be performed. At the level
of the apex and midportion of the prostate, the avascular plane between the neurovas-
cular bundle and prostatic fascia is developed with caution. Then, the monopolar
scissors are used to create the window to separate the prostate from the bundle. By
rotating the camera back, it is feasible to maintain an interfacial approach to dissect
the anterior and lateral surface of the prostate preserving neurovascular bundle
(Fig. 6.11b). Stepwise procedure includes gentle dissection with sweeping motions
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Fig. 6.10 Cumulative index curves showing time to potency. Time to reach potency: AmnioFix
group, 1.34 month; non-AmnioFix group, 3.39 months (p=0.007)

of scissors, clear identification of the landmark artery, and gentle dissection with
preservation of the neurovascular bundle toward the plane of dissection initiated
from the posterior surface before. The retrograde direction facilitates a more anatom-
ical-based plane of dissection toward the prostatic pedicle. The path of the bundle is
now delineated and focus can now turn to controlling the prostatic vascular pedicle.

Ultimately, this approach may provide the surgeon with guidance for exact place-
ment of a first hem-o-lock clip to pedicle above the level of the released NVB. This
technique allows complete NVB preservation without the use of any thermal energy,
significant trauma, or inadvertent damage. Kumar et al. presented results of our first
20 patients using the instant toggling of endoscope during RARP. The mean time
for NS was 12.3 min versus 18.1 min in standard procedure (p <0.005). There were
no intraoperative/postoperative complications.

Fig. 6.11 (A, B) Toggling of camera from 30° down to up. Explanation in the text
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The Application of Immunofluorescence as a Novel Optical
Imaging Tool to Better Visualize Landmark Artery

Since 2010, a near-infrared fluorescence (NIRF) camera was integrated into the da
Vinci Si and the Xi systems, creating a combination of technically and minimally
invasive advantages that have been embraced by several experienced surgeons
(Fig. 6.12). Commonly used as a contrast agent the Indocyanine Green (ICG) is a
vital fluorescent dye characterized by excellent tolerability, few side effects, and
low toxicity and allergic reactions. As a result of these characteristics, ICG have
been utilized in several fields, in particular to assess microvascular circulation and
organ vascularization.

Intraoperatively we injected intravenously 0.75 ml of ICG before pedicle ligation
and NVB dissection. The time to target vasculature of prostate was 20—40 s. The
technique allowed us to identify the landmark artery in 17/20 (85%) patients
(Fig. 6.13). In three patients we were unable to visualize the landmark artery due to
large veins overlapping the view.

Penile Rehabilitation After Radical Prostatectomy

Despite the advantages of this new surgical approach, a significant proportion of
patients might experience erectile dysfunction, with different degrees of severity.

PDES5 Inhibitors

Since Mulhall et al. [25] first reported the results of penile rehabilitation using silde-
nafil in 2005, clinical studies have reported that PDES inhibitors have protective effects
on smooth muscle and endothelial cells, nerve-modulating effects, and inducing effects
on corpus cavernosum oxygenation. When sildenafil was administered daily to 76
patients with normal erectile function who had undergone bilateral nerve-sparing
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Fig. 6.12 The integration of Immunofluorescence into da Vinci Robot system
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Fig. 6.13 Suspected Landmark Artery (green arrow) in the standard robotic view. Firefly view,
actual location of the Ladmark Artery (red arrow), and the suspected position of the artery on the
standard view (yellow arrow)

radical prostatectomy 48 weeks earlier, the recovery rate of erectile function was 24 %
in the 50 mg dose group, 33 % in the 100 mg dose group, and 5 % in the placebo group.
Additionally, when sildenafil was administered to 40 male patients who had undergone
bilateral nerve-sparing radical prostatectomies, and a biopsy was conducted before and
6 months after the surgery to compare the effect of sildenafil, no loss of the smooth
muscle was seen in the 50 mg dose group, and increased smooth muscle tissue was
seen in the 100 mg dose group [26]. Based on these results, we advise our patients to
start penile rehabilitative treatment with PDES inhibitors soon after surgery.

Intracavernous Injection of Pro-erectile Compound

Intracavernous injection (ICI) of alprostadil represents a valid alternative for patients
not responding to PDES inhibitors. Claro et al. [27] reported that when intracavernosal
injection was conducted on patients who had normal sexual function before curative
surgery, but who had postoperative erectile dysfunction, 40 % of the patients showed a
good result, and 94.6 % showed erection sufficient to have sexual intercourse. The
main disadvantage of ICI relies in the limited compliance to the treatment due to the
secondary effects. Penile pain remains the major cause to abandon treatment [28].

Vacuum Constriction Devices

A previous clinical study on the treatment of erectile dysfunction following radical
prostatectomy reported that when a vacuum constriction device (VCD) was used for
9 months after the surgery, 80 % of the patients were able to have sex using the device,
but only 29 % of the control group members were able to have sex. Another study
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showed a decrease in penis length by 2 cm in patients who started to use the device 6
months after surgery compared with patients who used the device 1 month after sur-
gery [29]. No large-scale, randomized, controlled study has been reported due to
insufficient patient numbers, although we recommend this to our patients in order to
prevent penis dystrophy. Chapter 9 discussed penile rehabilitation in more detail.

Published Results

In a multi-institutional prospective analysis of 8000 consecutive cases of robotic-
assisted laparoscopic radical prostatectomy according to D’Amico risk criteria [30],
the potency rate at 12 months follow-up was 88.4, 79.0, and 60 % in low, intermediate,
and high-risk groups, respectively; however, there were no statistically significant dif-
ferences. Moreover, the overall potency rate ranged from 32.7 to 96.6 %, and similarly,
RRP had greater variation (32.7-81.3%), whereas LRP (64.6%) and RARP (69—
96.6 %) achieved the greater rates. Ninety-four of the 300 patients received a bilateral
NVB preservation during RARP, potency was achieved in 87.2 % of the cases.

Our group has also reported our outcomes after RARP. In terms of potency, Patel
et al. [31] achieved a 96.6 % of 404 patients, over a follow-up period of 18 months.

Recently, Ficarra et al. [18] summarized results of systematic review and meta-
analysis reporting potency rates after RARP when compared with retropubic radical
prostatectomy (RRP) and laparoscopic radical prostatectomy (LRP) (Figs. 6.14 and
6.15). Although the initial RARP series showed 12-month potency rates ranging
from 70 to 80 %, a lack of comparative studies did not permit any definitive conclu-
sion about the superiority of this technique. Cumulative analyses showed better
12-month potency rates after RARP in comparison with RRP (odds ratio [OR]:
2.84; 95 % confidence interval [CI]: 1.46-5.43; p=0.002) (Fig. 6.14). Only a non-
statistically significant trend in favor of RARP was reported after comparison with
LRP (OR: 1.89; p=0.21) (Fig. 6.15). This update, for the first time, demonstrated a
significant advantage in favor of RARP in comparison with RRP in terms of 12-mo
potency rates.

Review: Radical s of different approach
Comparison: 11 Potency rate

Outcome: 01 12-mo potency rate: RRP vs RARP

Study RRP RARP OR (random) Weight OR (random)

or subcategory n n 95% Cl % 95% Cl
Krambeck, 2008 155/417 61/203 . 22.40 1.38 [0.96, 1.97]
Flcarra, 2009 21/41 12/64 - 16.71 4.55 [1.89, 10.94]
Ou, 2009 172 10116 + - y  4.03 0.60 [0.03, 11.47]
Rocco, 2009 126/214 30178 —a— 20.71 2.29 [1.85 3.90]
Di Pierro, 2011 35/47 10/22 . » 14.60 3.50 [1.21, 10.15]
Kim, 2011 65/122 60/373 [] 21.56 5.95 [3.79, 9.33]
Total (95% Cl) 843 756 R 100. 00 2.84 [1.48, 5.43]

Total events: 403 (RRP), 183 (RARP)
Test for heterogenety: x = 28.01,df=5 (p < 0.0001),F = 82.1%
Test for overall effect: z = 3.15 (p = 0.002)
01 02 05 1 2 5 10
RRP  RARP

Fig. 6.14 The forest plot of cumulative analysis of 12-month potency rate following RARP versus
RRP. CI confidence interval, OD odds ratio
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Review: Radical isons of different
Comparison: 11 Potency rate

Outcome: 02 12-mo ptency rate: LRP vs RARP

Study LRP RARP OR (random) Weight OR (random)

or subcategory n n 95% Cl % 95% Cl

Cho, 2009 28/41 37/53 - 25.96 0.93 [0.39, 2.25]
Hakini, 2009 13/45 12/51 C- 25.57 1.32 [0.53, 3.29]
Asimakopoutos, 2011 41/60 12/52 w4 26.42 7.19 [3.09, 16.73]
Park, 2011 11/21 10/22 - - 22.06 1.32 [0.40, 4.38]
Total (95% Cl) 167 178 iR 100. 00 1.89 [0.70, 5.05]

Total events: 93 (LRP), 71 (RARP)
Total for heterogeneity: % = 12.99,df = 3 (p = 0.005), P = 76.9%
Test for overall effect: z = 1.26 (p = 0.21)

o1 02 05 1 2 5 10
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Fig. 6.15 The forest plot of cumulative analysis of 12-month potency rate following RARP versus
LRP. CI confidence interval, OD odds ratio

Conclusion

Nerve-sparing (NS) procedures RARP have demonstrated improved postoperative
functional outcomes. We have demonstrated our technique of nerve sparing: ather-
mal, early retrograde release, minimization of tension with identification of land-
mark artery. We have shown the role of our subjective NS regression model in
predicting the recovery time of postoperative erectile function after RARP.

The surgeon’s experience and volume are the key determinants in NS RARP. The
ICG and NIRF technology during NS RARP has the potential to identify LA accu-
rately and improve the quality of NS. Use of instant toggling of endoscope using Xi
da-Vinci robotic surgical system can improve quality of NS in challenging cases of
RARP. The dHACM allograft can hasten early return of continence and potency in
patients following RARP. However, further multi-institutional long-term random-
ized controlled trials are required to validate these new findings.
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Chapter 7

Oncologic Outcomes of Robotic-Assisted
Radical Prostatectomy: The “Balancing Act”
of Achieving Cancer Control and Minimizing
Collateral Damage

P. Sooriakumaran, H.S. Dev, D. Skarecky, Thomas E. Ahlering, and P. Wiklund

Defining Oncologic Outcomes After Radical Prostatectomy

To this day, prostate cancer remains the most common nondermatologic malignancy
in Western men, with the vast majority of cases presenting with localized or locally
advanced disease [1]. A standard treatment option for this is radical prostatectomy
(RP), which was traditionally performed via the open approach, but more recently is
typically conducted using robotic assistance (robotic-assisted radical prostatectomy;
RARP). As localized/locally advanced prostate cancer has a long natural history,
studies examining survival take many years to mature and thus often suffer from low
power. Hence, intermediate markers of oncologic outcome have become abundant in
the literature, the commonest being biochemical recurrence (BCR). This is defined
as arise in a prostate-specific but not cancer-specific protein called Prostate-Specific
Antigen (PSA) released in the blood. While the exact rise that defines BCR is not
universally agreed upon, most authorities use a PSA of 0.2 ng/ml or greater [2].
Due to competing causes of mortality in men with BCR post-RP, not all recur-
rences lead to death, but this measure is regarded as a fairly accurate predictor of
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prostate cancer-specific mortality and thus used to guide the need for salvage ther-
apy [3]. The largest study examined 1997 men postprostatectomy from 1982 to
1997, of which 15% developed BCR. Thirty-five percent of patients with BCR
developed metastases after a median of 8 years, and 43 % died of prostate cancer,
after a median of circa 5 years after metastases [4]. Hence the risk of death from
prostate cancer in those with BCR was 15 %. A more recent study has quoted a 21 %
risk of death in men with BCR post-RP, and clearly case-mix is responsible for
some of these differences [5]. Regardless, lethal metastatic disease is almost always
preceded by a rise in PSA that signifies BCR.

How Positive Surgical Margins Correlate with Oncologic
Outcome

A positive surgical margin (PSM) may reflect residual cancer cells at the edge of the
surgical resection, and this is a consistent predictor of BCR [6-10]; one study
reported a BCR-free survival of 93.8 and 79.9 % after adjustment for covariates in
those with negative and positive surgical margins, respectively [11]. However, stud-
ies directly comparing the effect of a PSM to metastasis-free survival and mortality
are much less conclusive. A large registry study of 65,633 patients demonstrated a
significant effect of PSM on cancer-specific mortality (HR:1.70 [1.32-2.18]) [10].
Criticism of this work has been directed at the absence of preoperative PSA data,
and a recent audit which identified a significant rate of inaccurate coding in the
database [12], although a second study has further supported the same conclusions
from the SEER database, with PSM affecting mortality after multivariate modeling
(HR:1.4 [1.0-1.9]; p=0.036) [7]. Nonetheless, some studies which have shown
PSM to predict BCR have failed to demonstrate a significant relationship with mor-
tality [6, 13, 14]. With such large differences in follow-up, inclusion criteria, and the
accurate capture of covariates, it is unsurprising that the literature is conflicting as
to whether PSM per se have a direct effect on prostate cancer mortality [15].

What we do know is that the vast majority of studies examining the relationship
between PSM and oncologic outcome have done so after open RP. However, RARP has
become the market leader in the United States and many other Western nations [16].
Hence, more recent work has sought to compare PSM rates across surgical approaches
and to determine the impact on PSM in the RARP population. A meta-analysis based on
400 original articles used propensity score adjustments to demonstrate similar PSM
rates for RARP and open RP [17], although a recent retrospective study of over 22,000
RP cases showed superior PSM rates in minimally invasive cases over open RP [18].

Multifocal Margins and Oncologic Qutcome

If we accept some of the evidence cited earlier that PSM itself is associated with
BCR, we might intuitively expect that multifocal tumors should be at greater risk
for more residual tissue to be left behind and BCR to occur more quickly. To this
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end, a study of 210 men with PSMs revealed a 2.19-fold greater risk of recurrence
in those with two or more PSM compared to a unifocal margin [19]. Swanson et al.
[20] described an overall crude (unadjusted) recurrence rate across seven recent
large case series of 20 % vs. 70 % between unifocal and multifocal disease. However,
this result has not been reproduced by larger studies [21, 22], where the additional
negative prognostic effect of an additional PSM has not been realized [23]. In a
recent review of studies from 2005 to 2011, Fontenot [24] identified three studies
where multifocality was found to confer a greater risk of BCR compared to unifo-
cality [25-27], and seven in which no such additive effect was seen [6, 28-30].

The Impact of Margin Length

The impact of margin length would follow similar arguments to the impact of multifo-
cality on BCR outcomes. However, most studies on PSM and BCR in both the open
and robotic literature do not report on PSM length and so we are limited to a few
reports on which to draw our inferences. Furthermore, studies have generally reduced
margin length into a categorical variable, often separating into <1/>1 mm or <3/>3 mm.
Noting the aforementioned, there have been four recent studies [31-34] which found
an increasing PSM length to increase the risk of BCR, while three studies failed to
show any significant increase in BCR risk on multivariable analyses [29, 35, 36].

Shikanov and colleagues demonstrated a relationship between PSM length and
risk of BCR in 1398 cases of RARP after a median follow-up of 1 year. They were
unable to demonstrate an effect of PSM <1 mm on BCR and postulate that these
may represent false positive margins. However, an analysis of 294 RARPs with
PSM, which reported margin length as a continuous variable, showed a correlation
with BCR across all PSM lengths [31]. A more robust analysis of RARP patients
with at least 5 years follow-up established the predictive capability of PSMs >3 mm/
multifocal margins compared to those <3 mm/unifocal margins (HR:2.84 [1.76—
4.59]), and this effect was even more substantial in lower risk cohorts [37].

The Impact of Margin Location

So if margin length is important in predicting oncologic outcome, the next question is
whether the site of the PSM matters. If papers dealing with margin length were few and
far between, this problem is even greater for the margin location literature, with most
studies having insufficient power to pick up any association between margin location
and BCR, especially after covariate adjustment or subgroup stratification. The subject
is further complicated by inconsistent reporting methods of locations, with the
International Society of Urologic Pathologists and the College of American Pathologists
proposing different classifications of PSM locations [24]. In general, the following are
considered by most investigators to be appropriate descriptors for PSM location [24]:
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1. Apex: The most distal aspect of the prostate is the most surgically challenging to
access especially as we try to maximize preserved urethral length. The prostatic
apex passes adjacent to the dorsal venous complex and neurovascular bundles
under the pubis [24]. It also presents difficulties during histopathologic analysis
because of a sparse ‘capsule’ which complicates correctly labeling PSMs as
organ-confined tumors with an intraprostatic incision (pT2 with PSM); or a mar-
gin positive extraprostatic tumor (pT3 with PSM), and risks incorrectly labeling
organ-confined tumors (pT2 with negative margin, NSM). Hence, the PSM data
at the apex is hugely subjected to the Will Rogers phenomenon in which both
pT2 and PT3 PSM rates would be reduced if apical PSMs are reported as pT3
PSM cases due to a lack of a ‘capsule’ [38]. The apex is considered to be the
most common location for PSM across the ORP literature [39]. Although some
studies showed a significantly increased risk of BCR with apical PSM after mul-
tivariable analysis, others have shown no such relationship [24]; the problem is
that prostate cancer that reaches the apex may be indicative of larger tumor vol-
ume which may then confound multivariable analyses [40].

2. Posterolateral and posterior: Posterolateral margins are the second most common
[39] and most often a result of efforts to preserve the neurovascular bundles, as
this broadly describes the region where intra-/interfascial dissection occurs for
nerve sparing. Three recent reports describe a greater impact on BCR rates with a
PSM in this area, while only one failed to demonstrate a significant relationship
(of any location including posterolateral) after multivariable regression, likely
due to the small sample size [41]. Prostate cancers can also invade posteriorly into
Denonvilliers fascia necessitating resection of this posterior fascia. The associa-
tion between PSM in this region and BCR has also been varied; Fontenot sum-
marized three studies from the last decade which support both conclusions [24].

3. Base and bladder neck: The basal prostate refers to the cranial end of the prostate
around the bladder neck, although PSM at these sites are often grouped together [34].
PSM here can result from surgical efforts to preserve the bladder neck in an attempt
to improve urinary continence recovery. The finding of an isolated PSM at the blad-
der neck is a reasonably infrequent occurrence (compared to microscopic invasion of
the bladder neck, pT3 disease which need not necessarily have an associated PSM).
Controversy regarding the impact of PSMs at these sites also exists, particularly for
those at the base. Hsu and colleagues reviewed 117 RP patients with positive margins
and described a significant impact of bladder neck PSM on BCR (HR:1.29 [1.0-
1.67]; p=0.046). In contrast, other studies refute the impact of a PSM at the bladder
neck on BCR [28, 34, 42].

4. Anterior: This is generally considered as a fibromuscular stromal region which is
less commonly associated with finding PSMs, with an incidence of 2—15 %.
Anterior PSM may be associated with transitional zone tumors and those among
the ‘anterior horns,” which are at risk of iatrogenic cautery when controlling the
surrounding vasculature. This again illustrates the inverse relationship between
minimizing collateral damage and PSM rates. The study by Hsu and colleagues
also revealed an effect of anterior PSM on BCR (HR:1.17 [1.02-1.33]; p=0.027),
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possibly as a result of greater iatrogenic intraprostatic incision during vascular
control. However, similar to other sites, there remains ambivalence regarding the
effect a PSM at this site has on BCR [32, 34, 41, 43, 44].

Differences with the Robotic Approach

One might predict the operative differences of minimally invasive RP may result in
a distinct pattern of PSM. A study of 538 patients described the most common PSM
site to be in the apical region for ORP (54 %) compared to the posterolateral region
(54 %) for laparoscopic RP [45]. Guillonneau [46] reported similar findings with 50
and 30 % at the apex and posterolateral regions, respectively, for their series of 1000
consecutive laparoscopic RP [46]. Similarly, Patel and colleagues reported on 1272
PSMs in 8095 RARP procedures, and in agreement with earlier studies [47] found
the apex and posterolateral sites to be the most common PSM locations (36 and
29 %, respectively) [48]. The findings suggest unique technical challenges for intra-
operative dissection which may reflect in differing locations of PSM for different
surgical approaches.

Sooriakumaran et al. were unable to draw statistically significant conclusions
regarding the effect of PSM location on BCR. Initial trends suggest PSM locations
in RARP having different prognostic value when compared to ORP, where there is
more widely (albeit not completely) accepted importance of posterolateral margins
and relative equipoise regarding apical margins [37]. If the fourth arm superomedial
traction applied in RARP during nerve sparing is responsible for significantly more
intraprostatic incisions, which are considered to have less effect on BCR, then pos-
terolateral margins in RARP should have less oncologic impact than in ORP series.

In order to investigate the impact of PSM parameters (length and location) on
BCR after RARP, we conducted a tri-institutional, trans-Atlantic analysis on the
topic [49]. Between January 2002 and May 2013 clinicopathologic data on RARP
patients was prospectively collected across three participating centers (two US, one
Europe). Patients who had received RARP for cT1-3 prostate cancer and did not
meet any of the following exclusion criteria were included in this study: not received
adjuvant hormonal or radiation therapy; PSA had been recorded for at least 3 years
post-RP; and the margin status (presence or absence) of the histopathologic speci-
men had been recorded. In total, 4001 consecutive patients fulfilled these criteria and
were included in this study.

Margin Positive Cases Have Worse Pathologic Stage, Grade,
and Preoperative PSA

When comparing a PSM with negative margin cases, chi-squared differences revealed
a higher preoperative PSA, smaller prostate volume, and higher stage and grade dis-
ease. Thirty-seven percent PSM cases went onto develop BCR compared with just
10 % of negative margin cases.
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Posterolateral and Apical Margins Are the Most Common Site of Margin
Positivity with RARP

Multifocal, posterolateral, and apical regions contributed to the greatest number of
PSMs (27, 27, and 32 %, respectively), and not unexpectedly the largest number of
BCR among PSM cases. The highest level of BCR as a proportion was found at the
base, with over half of all margins (19 of 35) producing BCR.

A Positive Margin Adversely Affects Outcome

On univariate binary logistic regression analysis, margin positivity at the base dem-
onstrated a 10.2x greater risk of BCR, compared to the 3—4x odds ratio for the other
locations. The effect however was lost on multivariate analysis, and similarly insti-
tution, BMI and age become nonsignificant when covariates are included. However,
the odds for BCR with a PSM vs. NSM remained prominent: OR:3.1 c.f. OR:4.2 for
stage >pT3b c.f. OR:1.3 for preoperative PSA.

A Positive Margin at Any Location Favors BCR

All margin locations had a significantly greater chance than negative margins of
resulting in BCR, with a trend in odds ratios favoring anterior and apical margins as
predictors of BCR compared to margins at the base or posterolaterally (odds ratios:
3.36, 3. 27,3.01, and 2.97, respectively).

PSM and Margin Length >3 mm Has a Greater Effect on BCR in Lower
Risk Cohorts

Multivariate cox regression identified an instantaneous hazard ratio of 1.85 for PSM
vs. NSM leading to BCR. Stratification by pathologic stage (<pT2 vs. >pT3) and
Gleason grade (<3+4 vs. >4 +3) revealed a substantially greater impact of a PSM in
lower risk cohorts: 3.06 vs. 1.58 and 2.35 vs. 1.67, respectively (all p<0.001). This
holds true for margin length, with PSM >3 mm having almost double the effect of
<3 mm on BCR in lower risk cohorts compared to all risk cohorts taken together.

Apical Margins Are More Hazardous Than Posterolateral Margins

Propensity adjusted cox regression analysis revealed significant hazard ratios across
all margin locations. Although the magnitude of the instantaneous risk of BCR dif-
fers between statistical models, the trend for apical locations to show greater effects
across these multivariable models was noteworthy, particularly when compared to
posterolateral margins: 3.54 vs. 2.837 (on propensity adjusted Cox regression); 2.334
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vs. 1.685 (on multivariate Cox regression); 3.272 vs. 2.966 (on binary logistic
model). Hence apical margins appeared to have a greater hazard of BCR than pos-
terolateral margins, after statistical analysis based on a common reference (NSM).

Discussion

Our study found that PSM are associated with a greater risk of BCR after RARP com-
pared to negative margins. This concurs with growing evidence across open series,
and recent minimally invasive series [28, 48]. It is perhaps not surprising that some of
this effect is by association, and we see PSM associated with other risk factors for
BCR such as tumor grade and stage.

We demonstrated the greater impact PSM carries on lower risk (pT2 or Gleason
<3+4 or both) prostate cancers after subgroup analysis. This probably reflects a
relative balance with other more influential factors. Gleason grade and tumor stage
probably have the largest impact on risk of BCR [48, 50, 51], although PSM remains
the most important ‘surgically controllable’ predictor of BCR. Indeed, the presence
of a PSM is itself dependent on some of these factors, most notably pathologic
stage; incidence of PSM has been reported as 9 % for pT2, 37 % for pT3, and 50 %
for pT4 [52]. So this is the crux of the issue: with high grade and stage tumors, the
biology of the disease drives the risk of BCR with margin status having little inde-
pendent predictive value over and beyond the biologic variables. However, with low
risk tumors in which biology is unlikely to lead to BCR, the relative increased risk
of relapse with a PSM compared with a negative margin is much greater. A report
on nearly 1000 cases from the Karolinska University Hospital (Stockholm, Sweden)
on men with at least 5 years of follow-up post-RARP confirms these findings [53].

The counterpoint of this argument is that the absolute risk of BCR is much higher
for high grade and stage tumors than for low ones, and thus any increased risk of
relapse may be considered to be more important for the former cases. From the onco-
logic perspective, it might thus be more imperative for the surgeon to attempt to get
a negative margin at the cost of increasing collateral damage in these high-risk cases
and be less concerned with getting negative margins in cases of low Gleason grade or
stage. Here, the surgeon might choose to accept higher PSM for minimizing collat-
eral damage and thus optimizing the functional outcomes of urinary continence
recovery and erectile function. This is the balancing act that becomes the surgeon’s
edict. With nerve sparing during RARP most likely to lead to PSM in the posterolat-
eral region, and our work described herein that suggests this has minimal impact on
BCR, surgeons should not shy away from aggressive nerve sparing for low-risk
RARP cases. This is even more important given recent data that the more aggressive
the nerve sparing, the better the continence as well as erectile outcomes are [54].

Hazard ratios from our statistical modeling appear to suggest a weaker impact of
posterolateral margins on BCR compared to other sites, and this is particularly sur-
prising when compared to evidence from open RP, where the impact of posterolat-
eral PSM on BCR is well established [39]. Indeed, Vickers and colleagues have
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described posterolateral PSM in pT2 disease as an adverse factor on outcome, and
related to inadequate surgical technique [55].

The lack of tactile feedback which results from operating with a robotic platform
has long been cited as a potential reason for greater iatrogenic PSM. However, many
have reported the use of visual cues to offset any loss in tactile feedback and compar-
ing crude PSM rates between studies seems to suggest fewer may be caused by robotic
compared to open operations [56, 57]. That said, one hypothesis regarding posterolat-
eral margins is the fourth arm robotic traction places on the prostatic ‘capsule’ and
surrounding structures, particularly during craniomedial elevation of the vasa/seminal
vesicles during posterolateral dissection. The sustained tension resulting from hitch-
ing up the prostate, particularly during prolonged periods when performing nerve
sparing, is likely to facilitate easier dissection but perhaps also causes iatrogenic intra-
prostatic incisions. Secin and colleagues found a counterintuitive relationship between
PSM and extrafascial nerve-sparing procedure, possibly resulting from a technical
error forcing false planes and producing capsular flaps [15], although we did not have
the ‘nerve-sparing’ status as a variable for our analysis.

In a study of 2442 patients, Eastham and colleagues describe a significant impact
of posterolateral margin status on BCR (HR: 2.8 [1.76-4.44]), but failed to demon-
strate an effect of apical margins (HR0.94 [0.59-1.51]). Eastham comments on a
higher risk of BCR in open RP series with posterolateral margins, as the area least
likely to receive iatrogenic trauma as well as its proximity to nerves which permits
perineural invasion [3]. They instead suggest the apex is under greater traction with
false positive margins, less supporting tissue at the apex providing less vascular sup-
port for metastatic spread [3]. While this cannot be discounted, this likely reflects the
open surgical technique. Clearly, targeted traction of the robotic instruments around
the prostate to facilitate nerve sparing can still cause iatrogenic damage while sparing
the neurovasculature from direct injury.

Pettus and Pfitzenmaier have described a significant impact of apical PSM on
BCR [9, 23], although Pettus’s analysis fails on multivariate analysis; several other
earlier studies including one of 172 patients over 3% years follow-up also failed to
demonstrate an association between apical PSMs and clinical progression [58, 59].

The findings of our study suggest apical margins are more hazardous than pos-
terolateral ones in RARP and support a trend seen in one recent study [37]. While the
apex has been shown to impact BCR in some studies from ORP series, this effect is
often less than a PSM elsewhere. While our study did not directly compare ORP and
RARP cases, the dominance of apical margin positivity associated with BCR has not
been seen before in RARP series, and technical differences between the two surgical
approaches must be considered at least partially responsible. Intraoperative differ-
ences in terms of approach, traction, and risk of iatrogenic capsular incisions are
likely to be responsible for these differences.

Two of the three institutions involved in our multi-institutional study have made
specific efforts toward altering their control of the dorsal venous complex prior to
attempting apical dissection. Theories as to why the order of these two operative
steps may affect apical PSM rates include the possible effect of bunching up tissue
around the apex and distorting apical anatomy. Alternative methods (supported by
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the third institution of our study) advocate division of these vessels prior to apical
dissection which would encourage more inferior incisions in an effort to avoid the
dorsal veins and blood loss, which might inadvertently lead to an intraprostatic inci-
sion [37, 60, 61]. The apex is a technically challenging region to operate in, particu-
larly with variations in shape. Technical modifications however continue to improve
PSM rates, particularly at the apex, with variations in the RARP technique, e.g.,
retroapical approach [56], allowing better circumferential visualization of the apex
and membranous urethra, leading to a total decrease as well as proportionally fewer
apical margins as a percentage of total PSM burden. Because of these efforts it
should therefore follow that the PSMs that will remain at the apex are biologically
rather than surgically attributable PSM (i.e., fewer false positives) which would thus
carry a worse prognosis.

Ergo, there are fewer apical margins evident with this technique, due to less false
negative iatrogenic damage to the apex. Although there were 27.5 % margins classi-
fied as apical in our study, we do not have an open RP arm to compare with, and
comparisons in the context of such a wide range of values in the literature are unhelp-
ful. However, it remains possible that this reflects an increasingly smaller percentage
of false positive margins as a result of improved technical dissection using the robotic
platform.

A failure to identify capsular incisions from pT3 PSM at the apex would falsely
upstage the disease (Will Rogers phenomenon) and also lead to lower than expected
impact of the apical margin location when taking into account other variables in
multivariable models. If carcinoma extends to the inked margin adjacent to benign
prostatic glands, and in the absence of adipocytes, this can be used to differentiate
PSM at the apex with associated extraprostatic extension (EPE). However, there is no
consensus as to a reliable method to make this distinction and many authors do not
routinely diagnose EPE at the apex for this reason [62].

Understaging can also result from a phenomenon of fibrotic desmoplastic reac-
tion following extraprostatic extension, and can confuse any assessment of margin
status, and this may lead to ascribing more importance to apical margins; although
suggestions have been made that this occurs in the posterolateral region, which
would further strengthen our findings of a difference between these locations [39].

We generally found higher hazard ratios associated with anterior and apical mar-
gins compared to posterolateral and basal ones, although the numbers involved at
these sites were smaller. The anterior prostate is predominantly fibromuscular
stroma and a PSM here may reflect inherent aggressiveness of any tumor able to
migrate into it (rather than necessarily reflecting a site of origin which is innately
aggressive—see earlier). It is also possible the close proximity to vasculature pro-
vides a more favorable location for distant spread.

Suggestions for future approaches to prevent PSM, beyond technical modifica-
tions, have included routine intraoperative frozen sections to permit secondary
resection intraoperatively; 25 % of cases are found to detect residual cancer on
attempts at removing further tissue, implying a PSM may not always reflect residual
cancer in the prostatic bed [63]. Follow-up data is lacking regarding the effect on
outcomes such as BCR rates in those treated using this method.
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Conclusions

PSMs remain a critical finding to identify and better understand, given its profound
patient implications in terms of prognosis and further treatment. All PSMs resulting
from RARP are not equivalent; longer margins suggest a higher risk of recurrence
and the influence is especially prominent in lower risk patients. The apex is a signifi-
cant contributor to BCR and appears to have the strongest impact of all the margin
locations in RARP patients. In contrast, the posterolateral region appears to carry a
smaller effect on BCR, probably reflecting greater iatrogenic injury to the prostate in
this region. Hence, RARP surgeons might choose to accept the increased risk of
posterolateral margins during nerve sparing in lower grade and stage prostate cancer
patients, but rather make a wider dissection in the higher risk cases sacrificing func-
tional outcomes for lower PSM in these men.
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Chapter 8

Adjunctive Measures and New Therapies
to Optimize Early Return of Urinary
Continence

Rose Khavari and Brian J. Miles

Introduction

In the era of robotically assisted laparoscopic prostatectomy despite the powerful
visualization, refined surgical techniques, minimal blood loss, and multiple nerve-
sparing and reconstructive bladder neck techniques, urinary incontinence still cre-
ates a significant burden on patients and their treating physicians. Chapter 5 focuses
on the preoperative, intraoperative, and postoperative technical and surgical skills
and modifications that may improve urinary continence in the early and late post-
prostatectomy period. In this chapter, we review the literature on nonsurgical inter-
ventions that may improve urinary continence in the short near term. Return of
urinary continence as reported in the literature varies considerably, depending on
surgeon expertise, definition, surgical volume (of both the surgeon and the hospital/
medical center), and whether or not the outcome is patient or surgeon reported.
Furthermore, the incidence of urinary incontinence experienced by men prior to
prostatectomy is generally not recorded and not well known. For instance, Johnson
and Ouslander reported 15-30 % of men over age 65 had urinary incontinence to
some degree before undergoing radical prostatectomy [1].

Predictors of Urinary Continence Following Prostatectomy

For the past 50 years, urologists have been investigating risk factors that could predict
urinary continence outcomes following radical prostatectomy. Knowledge of these
risk factors may help surgeons counsel patients more appropriately preoperatively and
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consider earlier and more aggressive interventions. Kumar et al. retrospectively ana-
lyzed their prospective collected data on 3362 patients with 1-year follow-up who
have undergone robotic-assisted radical prostatectomy stratifying them to six groups:
Group I, age more than 70; Group II, BMI 35 and over; Group III, prior bladder neck
procedures; Group IV, prostate weight equal to or more than 80 g; Group V, salvage
prostatectomy; and finally Group VI, with none of the above risk factors. Interestingly,
the authors demonstrated that selected risk factors such as age, prostate weight, BMI,
and prior bladder neck procedures only adversely affected the time to return to conti-
nence not the continence rate. Nevertheless, salvage prostatectomy patients showed to
have a significantly lower continence rates in addition to delayed in mean time to
return to continence [2].

In another smaller study with a shorter follow-up of 1 month from Canada, 327
patients who had undergone robotic-assisted radical prostatectomy were prospec-
tively evaluated for predictors of early continence. The authors investigated prostate-
specific antigen, prostate weight, International Prostate Symptom Score (IPSS),
Sexual Health Inventory for Men (SHIM) score, and type of nerve sparing performed
as potential contributing risk factors in early continence. Advanced age and IPSS
scores were independent predictors of early continence following robotic radical
prostatectomy in this limited patient population suggesting that significant lower uri-
nary tract symptoms can negatively affect the path to continence postsurgery [3].

Other investigators have created a predictive model of urinary continence recov-
ery after radical prostatectomy that incorporates magnetic resonance imaging data
(membranous urethral length) and clinical contributors (age, BMI, and American
Society of Anesthesiologists score) [4]. In a large group studied by Holm et al., 844
patients were prospectively evaluated for patients’ ratings and risk factors for urinary
continence following 12 months follow-up. The authors reported a considerable vari-
ation in reporting continence depending on the definition applied for urinary inconti-
nence. They also reported that age more than 65, not working, sexual dysfunction,
and preoperative urinary incontinence were strong predictors for postprostatectomy
incontinence [5].

These risk stratifications not only can be used to counsel patients preoperatively
appropriately for their continence expectations following prostatectomy but also
encourage early intervention in the high-risk group.

Pathophysiology of Lower Urinary Tract Symptoms

In order to understand what adjunctive measures may influence the path to continence,
we need to understand how the pelvic floor, urethral anatomy, and function change fol-
lowing radical prostatectomy. Chapter 1 reviews the anatomy, muscles, fascia, innerva-
tions, and supporting structures involved in male continence. However, our understanding
of long-term changes that occur in the pelvic floor and urethral sphincter over a period
of time is more limited. Hacad et al. evaluated pelvic floor electromyography (EMG)
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before, at 1, 3, and 6 months following radical retropubic prostatectomy. In this small
group of 38 men, 18 (47.7 %) patients suffered from urinary incontinence 6 months
postoperatively and surface EMG showed significant changes in fast contraction ampli-
tude, rest amplitude following fast contraction, and in 10 second sustained contraction
amplitude possibly as a result of nerve changes to the external urethral sphincter sug-
gesting a whole new urethral sphincter functionality or condition following radical ret-
ropubic prostatectomy procedure [6]. In another elegant prospective study by Catarin
et al., 44 patients were evaluated and they were able to show that pudenda-anal and
pudenda-urethral reflexes were basically unchanged 6 months following nerve-sparing
prostatectomy confirming unchanged sensory and motor pudendal innervations to the
pelvic region. However, 34 (77.3 %) of the patients demonstrated significant autonomic
denervation of the membranous urethral mucosa which was associated with urinary
incontinence [7].

Many experts believe that main contributing factor to urinary incontinence post-
prostatectomy is due to urethral sphincter incompetency [8] possibly due to multiple
etiologies but mainly nerve damage [9]. In addition, bladder dysfunction and lower
urinary tract symptoms (LUTS) have been attributed to indirectly affect continence
in this group of patients. Changes in geometric bladder anatomy, location, inflamma-
tion, and neuroplasticity can also contribute to detrusor dysfunction following radical
prostatectomy procedure.

Haga et al. used magnetic resonance imaging postprostatectomy to show urinary
pooling in the urethra as a possible explanation for inducing urgency [10]. Porena
et al. reviewed literature and reported a de novo detrusor overactivity of 277 %,
decreased bladder compliance in 8-39 %, impaired detrusor contractility in 29-61 %
of patients [11]. Multiple studies in the literature have also shown an association
between detrusor overactivity and urinary incontinence following radical prostatec-
tomy [12, 13]. Urodynamic evaluation immediately following RARP in 87 patients
showed a decrease in cystometric capacity (from 341 to 250 ml) and a decrease in
maximal urethral closure pressure (from 84.6 to 35.6 cmH,0). In addition, 75
(86 %) of the patients demonstrated an abdominal leak point pressure of 47.7 cmH,O
[14]. Hammer and Huland showed significant bladder and sphincter changes after
radical prostatectomy. They found decreases in bladder capacity, bladder compli-
ance, and an increase in bladder instability [15]. However, Asnat et al. found the
primary cause of postprostatectomy incontinence is sphincteric in nature, affecting
88 % of men. In fact, it was the only cause of incontinence in 32.5 % of men [16].
Nonetheless, detrusor instability was identified in 33.7 % but was the primary cause
of incontinence in only 7.2% [17]. Giannantoni et al. carried out a well-designed
study involving 49 patients. They evaluated these patients just before surgery, 1 and
8 months postoperatively. These authors found detrusor overactivity was present in
55 % of patients before surgery and persisted with little change in 1 and 8 months
postoperatively. Furthermore, 28.6 % of the patients developed hypocontractility,
possibly due to transient bladder denervation at the time of surgery. Additionally, at
1 month 18.4 % of the men and at 6 months 10.2% of the men had de novo and
continued decrease in compliance of their bladders [18].
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These data suggest there is more to postprostatectomy incontinence than just
urethral competency, thus providing other target areas for intervention. So, what can
we do in an adjuvant or near term fashion to get our patients continent, and to do so
in as short a period of time as possible? The area of adjuvant management is check-
ered with anecdotal surgeon-specific notions, ideas, and surgical techniques. There
are many small, nonrandomized single surgeon trials and larger, well-done trials
with equivocal results. Despite the distinct lack of clearly superior results, there are
things we can do that may help, and we shall review these options in this chapter.
Adjuvant therapies fall into basically four categories: pharmacological, physical in
the form of pelvic floor exercises, surgical (male urethral sling, artificial urinary
sphincter), and investigational such as stem cells. In this chapter, we will provide
detailed reviews of current literature and valuable insights into each of the above
categories.

Pharmacological Intervention

Some pharmacological agents have been evaluated postprostatectomy to potentially
improve overall incontinence in patients. Tolterodine, vardenafil, tadalafil, solifena-
cin, and duloxetine have been proposed to address the lower urinary tract dysfunc-
tion and the bladder stability and thus improve the overall continence rate.

Anticholinergic Medications

It appears that since bladder dysfunction has some role in postoperative inconti-
nence, anticholinergics or other medications that improve overactive bladder symp-
toms may impact the recovery to urinary continence. Many if not most urologists
use anticholinergics as a part of their postoperative incontinence regimen. However,
not many controlled trials have been carried out to evaluate the benefits of these
medications. Liss et al., in an early pilot study, evaluated the usefulness of solifena-
cin in patients undergoing Robotic Prostatectomy by a single surgeon. They hypoth-
esized that return of continence at greater than 3 months was in large part due to
detrusor overactivity and/or dysfunction. Forty men were enrolled and “appeared”
to benefit [19]. This trial led to a large, multicenter randomized double-blinded
study of the anticholinergic, solifenacin, in men undergoing Robotic Prostatectomy.
This well-designed study had a phase-in time of from 7 to 21 days after catheter
removal, to allow a washout period for those on preoperative anticholinergics and
also to exclude those who achieved complete urinary control in this early period.
Patients were randomized one to one to solifenacin or a placebo. Patients were also
given a smart phone-like device called a PDA (Diary Pro, Invivo Data/eResearch
Technology, Inc., Philadelphia, Pennsylvania) which evaluated daily pad use and
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drug intake. The PDA alerted patients every evening until the necessary information
was entered. The primary endpoint was a time to complete urinary control at 3
months from first dose of study drug. Over 1000 patients were screened and 640
were randomized. Although there was no statistical difference in time to continence,
29 % of the solifenacin group versus 21 % of the placebo group achieved complete
continence, P=0.04. In addition, pads per day usage in the treatment group
decreased by 3.2 pads per day versus 2.9 in the controlled group, P=0.03. Adverse
events, such as constipation, were the same for both groups but, as expected, dry
mouth was more common in the treatment group, 6.1 % versus 0.6 %. Although the
primary endpoint of the time to return of continence was not achieved, important
secondary endpoints were. Namely, 99/313 solifenacin versus 66/309 placebo
achieved continence during this 3-month study and pad usage decreased by a statis-
tically significant margin in favor of the treatment arm. Limitations of this study
include: no urodynamics testing was carried out preoperatively or postoperatively,
the digital PDA used to record progress may have had an associated placebo effect,
and that longer term follow-up up to 12 months was not designed in the study.
Nonetheless, this study underscores potential benefits of anticholinergics in this
patient population [20].

Alpha Agonists

As the bladder neck, trigone, and the membranous urethra are rich in alpha recep-
tors, many urologists have over time used the alpha stimulating agents such as
ephedrine and pseudoephedrine hydrochloride to help speed postprostatectomy
incontinence recovery. The hope has been that by stimulating alpha receptors, a
better closure of the bladder neck and sphincter can be achieved, resulting in
greater resistance to flow and improved continence. Few clinical trials however
have been carried out and reported. Furthermore, most of these drugs have a side
effect profile (hypertension and CNS effects) that limits their usefulness and
tolerability.

Radley et al. studied the usefulness of methoxamine, an «; adrenoceptor selec-
tive agonist in women with stress urinary incontinence. This small trial was a
double-blinded crossover study giving the women placebo or methoxamine IV and
measuring urethral pressures. Although statistical significance was not achieved, at
the highest dose there was a definitive increase in maximum urethral pressure.
Unfortunately, there was a significant increase in systolic blood pressure and
decrease in pulse rate. Furthermore, all the subjects reported piloerection (“goose-
flesh”), cold extremities, and headaches. The modest gain in urethral pressure was
more that outweighed by the side effect profile [21].

In summary, alpha agonists may have a role to play, albeit a small one? Use of
these drugs should be considered with care and patients need to be aware of poten-
tial toxicities and monitored accordingly.
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Other Pharmaceutical Agents

Duloxetine

Duloxetine is a serotonin/norepinephrine reuptake inhibitor which has long been used
in women with stress urinary incontinence. Cornu et al. in a randomized, placebo-
controlled trial randomized 16 patients to 3 months of duloxetine 80 mg for three
months versus 15 patients randomized to placebo. Treatment group reported signifi-
cant improvement in multiple urinary questionnaires including QOL suggesting
duloxetine may be a potential pharmacological intervention in postprostatectomy
incontinence [22]. Filocamo et al. reported a more comprehensive and larger trial by
randomizing 112 patients to PEMT plus duloxetine versus PFMT and placebo for 16
weeks. Authors reported a significantly improved in I-QOL scores and significant
decrease in IEF scores. Authors also reported a discontinuation rate due to adverse
events of about 15.2 % with nausea being the most common side effect [23]. Serra
et al. evaluated a group of 68 men who were over a year out from radical prostatec-
tomy and had persistent stress urinary incontinence. The median duration of treatment
was approximately 6 months. Seventy-four percent of patients had a significant
decrease in their International Consultation on Incontinence Questionnaire-Urinary
Incontinence Short Form (ICIQ-UI-SF) and 57 % experienced a significant decrease
in pad use. However, 25 % of the patients stopped taking the drug due to side effects
such as mild extremity trembling, fatigue, and dry mouth [24].

Phosphodiesterase Type 5 Inhibitors (PDE5-1)

PDES-I are known to positively affect postprostatectomy erectile dysfunctions and
play an important role in potency rehabilitation postoperatively. Recent data suggests
the PDES5-I can concurrently improve lower urinary tract symptoms in benign pros-
tatic hyperplasia. Gacci et al. evaluated the role of vardenafil in continence recovery
following nerve-sparing radical prostatectomy. Thirty-nine patients were randomized
and double blinded to vardenafil on demand, vardenafil nightly, and placebo. Authors
demonstrated that nightly vardenafil can improve postprostatectomy incontinence
when compared to controls but the time to recovery is not affected by it [25]. Some
investigators were also able to demonstrate a positive effect of PDE5-I on postprosta-
tectomy incontinence [26] [27], versus others have not shown any benefit [28].

Stem Cell Therapy

In the early to mid-1990s, many investigators identified bone marrow stromal cells capa-
ble of differentiating into numerous cell lines. Caplan, in 1991, defined these as “mesen-
chymal” “stem cells” [29]. This definition has since been refined by the International
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Society for Cell Therapy as “multipotent stromal cells” [30]. Since that discovery, well
over 5000 publications have appeared in peer-reviewed literature regarding stem cells.
The potential urologic opportunities for the use of these cells have also increased dra-
matically. The regenerative capabilities offered by stem cells have been exploited by
plastic surgeons in the treatment of mastectomy defects [31] and facial defects due to
trauma [32]. This regenerative option has generated much interest and enthusiasm in
urologists for the potential of treating urinary incontinence and impotence.

In a comprehensive review of stem cell therapy, Damaser describes stem cells as
“unique population of cells with three defining characteristics: (1) ability to self-renew;
(2) multipotent differentiation potential; and (3) clonogenicity, or the ability to form
clonal cell populations derived from a single stem cell.” These characteristics are impor-
tant in the ability of stem cells to affect repair of injured tissues, in this case the urinary
rhabdosphincter [33]. Stem cells are able to be derived from a number of sources:
embryonic stems cells (ESCs) and mesenchymal stem cells (MSCs), which include:
placental or amniotic fluid stem cells (AFPSCs), muscle-derived stem cells (MDSC),
adipose-derived stem cells (ADSC), bone-marrow-derived stem cells, and even urinary-
derived stem cells (USC). The mechanism of action of stem cells is their ability to
migrate to sites of acute and chronic injury where they facilitate healing. The ability of
stem cells for multipotential differentiation and proliferation is felt to be the mechanism
for return of urinary rhabdosphincter recovery through an increase in muscle and neuro-
nal volume. Furthermore, it is also felt that stem cells secrete bioactive factors that have
additional therapeutic benefits and are perhaps more responsible for the large, overall
therapeutic effects, as stem cells do not remain long in injured tissues.

As the science of stem cells and their multipotential use in any number of diseases
has improved and gained clinical traction, their use in stress urinary incontinence has
grown as well. Many researchers and investigators believe that the future management
of stress urinary incontinence will be by stem cell injections into the rhabdosphincter.
Zhao et al., in a surgically created incontinent rat model, using adipose-derived stem
cells (ADSC) with nerve growth factor, demonstrated a significant increase in rhabdo-
sphincter muscle and ganglia and return of continence in urethral pressure profile
measurements to preop levels compared to controls [34]. In another rat study by Lin
et al., the animals were subjected to stretch/traumatic injury in the urethra and had
their ovaries removed to simulate postmenopausal women. Animals were randomized
to three groups: direct injection of ADSC to rhabdosphincter, ADSC injection into the
tail vein, and a controlled group. The rats were sacrificed 4 weeks later. The results
showed that 80 % of the control group had abnormal voiding function whereas only
33 % of the two treatment groups had this finding [35]. Kim et al. carried out bilateral
pudendal nerve dissection and 2 weeks later had periurethral injection of muscle-
derived stem cells. The results again showed that the treated animals’ leak point pres-
sures and urethral closure pressures were similar to animals subjected to sham surgery
[36]. Finally, Chermansky et al., after inducing stress incontinence in female rats by
midurethral cauterization, treated the animals 1 week after injury with injection of
muscle-derived stem cells into the midurethra. The treated animals had significant
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increases in leak point pressure compared to controls, and with histologic evidence of
muscle-derived stem cell integration into the urethral musculature [37].

Human trials in stress urinary incontinence have been ongoing for a number of
years. Carr et al. reported on a patient population of 38 women with stress urinary
incontinence who underwent muscle-derived stem cell injections into the sphincter.
The women were also offered a second injection 3 months later. Ninety percent of the
treated women had over a 50 % decrease in pad weight and only 50 % reported leaks.
Adverse events were essentially absent [38]. Gotoh treated 11 men with persistent
stress urinary incontinence 1 year after prostate surgery and demonstrated a 60 %
decrease in urinary leakage volume on pads weighed by the patients. One of the 11
achieved complete return of urinary control. Functional urethral leak and urethral
closing pressures were also increased compared to pretreatment levels. No adverse
events were reported [39]. Currently, there is a large multicenter ongoing trial phase
3 trial in the United States with muscle-derived stem cells in women with stress uri-
nary incontinence and a phase 1, 2 trial using muscle-derived stem cell in postpros-
tatectomy incontinence (ClinicalTrials.gov Identifier: NCTO01893138 and
NCT02291432).

Although stem cells derived from any source are not yet ready for clinical use
in men with stress urinary incontinence after radical retropubic prostatectomy, the
future appears to hold promise. Nonetheless, ethical and regulatory issues remain
of concern and may present hurdles to widespread clinical adoption [40]. The
early ethical concerns surrounding the use of fetal embryonic stem cells have by
and large been resolved by the development of so many other sources for multipo-
tent stem cells. Nonetheless, the recent classification of stem cells as a “drug”
places them under the purview of the FDA and now regulatory hurdles may
enhance or impede the science and usefulness of these agents. Finally, the fears of
the development of secondary cancers or causing early recurrences/failures of
cancers if stems cells are released into the operative field to and in early functional
recovery are very real. Well-structured trials need to be carried out to address
these questions and the questions of which (if any) of the currently available prod-
ucts might be best used in men undergoing prostatectomy. Nonetheless, the future
of stem cells use in our patients undergoing prostatectomy appears bright.

Conservative Management

The value of various conservative interventions to improve continence postprosta-
tectomy is an area of debate with conflicting data. The recommended timing of
when to initiate intervention and or education is not clear either. Burgio and his
colleagues prospectively randomized 125 men undergoing radical prostatectomy to
preoperative biofeedback-assisted behavioral training plus daily home exercises
versus a usual control care (postoperative Kegel exercises). Authors found that
patients with preoperative training had a significantly shorter time to continence and
decreased the severity of urine leak [41].
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PFPT with or Without Biofeedback

Pelvic Floor Physical Therapy refers to any technique that causes targeted and repeti-
tive and contractile activity in specific pelvic floor muscles with the hope of training
these muscle groups to actively contribute to coaptation of urethral sphincter when the
intra-abdominal pressure is increased. Biofeedback also refers to auditory or visual
cues to the patient during contractions to provide feedback on the quality and effec-
tiveness of the exercise. Biofeedback can be obtained by sophisticated equipment or
electromyography versus a simple feedback from the trainer by digital rectal exami-
nation. The effects of pelvic floor physical therapy on urinary incontinence recovery
still stay controversial in the literature. Ribeiro et al. evaluated the long-term effects of
early postoperative biofeedback-pelvic floor muscle training in 73 males who were
undergoing radical prostatectomy with a 12 months follow-up. They randomized 36
patients to biofeedback-pelvic floor muscle training once a week for 3 months and a
control group of 37 patients. At 12 months 25 patients in the treatment group and 21
patients in the control group were continent (p=0.028). In addition, it appeared that
biofeedback-pelvic floor muscle therapy overall significantly improved the severity of
incontinence, lower urinary tract symptoms, and quality of life of the treatment group
that lasted 12 months following the procedure [42]. Different trainings and delivery
method of pelvic floor muscle training (PFMT) to the patients have been evaluated
and the literature has inconsistent data. For instance, Moore et al. in a multicenter
randomized trial stratified 205 patients to weekly therapist-guided PFMT versus stan-
dardized verbal and written instructions and demonstrated no significant differences
between groups at 8, 12, 28, and 52 weeks [43]. These data may suggest a less-intense,
standard therapy may be as effective but less costly for the system. On the contrary
some experts believe that intensive prolonged and early initiation of PFMT can
improve continence that persists in the first 12 months [44]. A recent and comprehen-
sive Cochrane review on eight trials showed that there is no evidence to support PFPT
with or without biofeedback to be more effective than control for patients up to 12
months following radical prostatectomy [45].

Authors caution us with the significant variations in the patients, interventions, data,
and outcome measures, but overall it appeared that patients’ continence improved over
time regardless of intervention.

Some experts have suggested and questioned that possibly initiating preoperative
PFPT may improve continence outcomes [46, 47]. In a meta-analysis to evaluate
preoperative intervention with PFPT, Wang et al. included five studies but reported
insufficient data to report any benefit in quality of life or continence benefits with
preprostatectomy PFPT [48].

Electrical Stimulation and Extracorporeal Magnetic
Innervation

Data on electrical stimulation either used alone or in conjunction with behavioral
therapy or physical therapy is conflicting in the literature. Electrical stimulation is
thought to stimulate the striated urethral sphincter and thus increase its contractility.
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The electrical stimulation to the pelvic floor can either be delivered through noninva-
sive anal probes or surface electrodes as Transcutaneous Electrical Nerve Stimulation
(TENS) similar to the one’s used in overactive bladder. Goode et al. in a prospective
randomized control trial evaluated the role of biofeedback in patients with persistence
urinary incontinence 12 months following surgery. Two-hundred and eight patients
1-17 years following their prostatectomy were stratified to three groups. Group one
which included 8 weeks of behavioral therapy with pelvic floor muscle training; group
2 which included the behavioral therapy plus in office, dual-channel electromyogra-
phy biofeedback in addition to daily home pelvic floor electrical stimulation; group 3
served as a delayed treatment group and a control group. The authors showed that 8
weeks of behavioral therapy compared to controls improved continence episodes
whereas adding pelvic floor electrical stimulation did not increase the efficacy [49].
On the contrary, Yamanishi et al. used electrical stimulation in 56 men with severe
postprostatectomy incontinence with all patients receiving concurrent pelvic floor
muscle training preoperatively and throughout the recovery. Twenty-six patients were
randomized to the treatment group and 30 to sham. Authors reported an improvement
in amount of leakage, the International Consultation on Incontinence Questionnaire in
the active group at 1 month but not at 12 months [50]. Early use of combination pelvic
floor electrical stimulation and biofeedback has also shown to be effective in early
recovery of urinary incontinence postprostatectomy [51].

Extra-corporeal magnetic innervation (ExMI) which stimulates pelvic floor con-
tractions through using a magnetic field on a chair has also been proposed to improve
stress and urge urinary incontinence [52]. In a small series with a short follow-up,
Yokoyama and colleagues compared ExMI to functional electrical stimulation (FES)
and found that these two therapies only offered an earlier return to urinary continence
in 1 month compared to controls. However, at 6 months follow-up 24 h pad test was
similar between the treatment groups and the controls [53]. Another smaller study
examined penile vibratory stimulation (PVS) in 64 patients following radical prostatec-
tomy. Authors reported 90 % continence in the treatment group and 94.7 % in the con-
trol group after 12 months demonstrating no documented benefit from using PVS [54].

Life Style Changes

Life style changes would include time voiding, fluid management, and overall
changes that would promote weight loss, smoking cessation, healthy diet, and exer-
cise. Currently, there are no strong evidence that life style changes will have a direct
positive affect on postprostatectomy incontinence [45].

Acupuncture

In a small Chinese study, 109 patients were stratified to PFPT with or without
electrical acupuncture. At a short follow-up of 6 weeks patients with combined
PFPT and electrical acupuncture had better urinary continence outcome.
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However, the results were not long lasting and both groups had similar out-
comes at 16 weeks [55].

Pilates and Concentration Therapy

In hopes to improve effectiveness of PFPT, treating physicians have explored adjunc-
tive methods to PFPT. Pilates includes stretching and core stability exercises that
focus on pelvic floor, body alignment, and trunk muscles. In addition, these exercises
are performed in coordination of deep breathing and focus on intra-abdominal pres-
sures. Pedriali et al. randomized 85 patients to three groups of G1: Pilates, G2: Pilates
and PFPT, G3: control group. Both treatment groups performed ten weekly sessions.
Authors reported no statistically significant difference between the two treatment
groups in regards to daily pad use, 24 h pad test, ICIQ-SF scores. The authors con-
cluded that Pilates exercises can be as effective as PFPT in postprostatectomy incon-
tinence and it may even contribute to higher continent rates when compared to controls
in short term [56]. Concentration therapy is very varied among practitioner and the
data can be conflicting, never the less a small Thai study compared PFPT with or
without concentration therapy and reported some benefits [57]. Authors of this chap-
ter believe that these data need to be replicated in larger randomized trials with stan-
dardized continence measurements before general recommendation or use.

Compression Devices (Penile Clamps)

External devices have long been used in urology to control the urinary leak. Penile
clamps have evolved to become easier to use, disposable, and only compressing on
the ventral side [58, 59]. Condom catheters have also been used in significant incon-
tinence especially in the neurogenic bladder setting or for overnight control.

Late Intervention
Surgical interventions: Like balloon adjustable implants, bulking agents, slings, and
artificial urinary sphincter (AUS) are the last resort if all other adjunctive measures fail.

Conclusion

In conclusion based on the review of the literature, there is a paucity of level 1 evi-
dence in adjunctive measures to improve urinary continence in the early and late
period following radical prostatectomy. Future prospective studies in large group of
patients with longer follow-up are needed to evaluate each intervention in more
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detail. In addition, we need to understand the anatomical and functional changes
that follow radical prostatectomy in each patient with higher degree of precision to
be able to individualize our recommendations and treatments.
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Chapter 9
Adjunctive Measures and New Therapies
to Optimize Early Return of Erectile Function

Nizar Boudiab, Usama Khater, Shirin Razdan, and Sanjay Razdan

Introduction

Even after the advent of nerve-sparing procedure a significant percent of patients
still develop erectile dysfunction after radical prostatectomy [1]. Modifications in
the surgical technique of robotic radical prostatectomy have aimed not only to spare
the cavernous nerve but also to minimize any potential harm done from manipula-
tion, traction, or thermal injury of the nerves in addition to sparing the microcircula-
tion surrounding the prostate. The adjunctive measures to optimize early return of
erectile function can be subdivided into intraoperative measures designed to opti-
mize nerve preservation and minimize injury to the neurovascular structures sur-
rounding the prostate, and postoperative penile rehabilitation to facilitate early
return of erectile function.
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Intraoperative Measures to Optimize Early Return
of Erectile Function

1. Judicious use of thermal energy and clipless nerve preservation: We have been
using thermal energy with a combination of bipolar cautery, smart bipolar (PK
dissector), and monopolar cautery in a judicious manner during our nerve-
sparing robotic-assisted radical prostatectomies (RALP) with no detrimental
effect on return of erectile function. Our experience in over 1000 patients (unpub-
lished data) with this modified technique of judicious use of thermal energy has
obviated the need for hemolock clips in the majority of patients essentially mak-
ing the procedure “clipless” (see video 9.1).

This modification also ensures consistency in the procedure without the vaga-
ries of the technical skill set of a bedside assistant in placing hemolock clips in a
very delicate position. The surgeon, being solely responsible for controlling the
prostatic pedicle and dissecting the NVB, has more control of this very critical
portion of the procedure. This allows greater reproducibility without the vari-
able of the ability of a bedside assistant. In our experience this modification has
improved outcomes in terms of erectile function and reduced the complications
associated with use of hemolock clips (see video 9.2).

2. Human amniotic membrane allograft nerve wrap: Dehydrated Human Amniotic
Membrane (dHAM) derived from the inner layer of the placenta of pregnant
women is rich in cytokines and regenerative growth factors. Human amniotic
membrane usage has been well established in a wide variety of reconstructive
and regenerative clinical scenarios. Current clinical application includes man-
agement of burns, chronic ulcers, dural defects, intra-abdominal adhesions, peri-
toneal reconstruction, genital reconstruction, hip arthroplasty, tendon repair,
nerve repair, microvascular reconstruction, corneal repair, intra-oral reconstruc-
tion, and reconstruction of the nasal lining and tympanic membrane [2, 3].
Amniotic epithelial and mesenchymal cells have been shown to contain a variety
of regulatory mediators that result in promotion of cellular proliferation, differ-
entiation and epithelialization and the inhibition of fibrosis, immune rejection,
inflammation, and bacterial invasion. Bilateral neurovascular bundle (NVB)
preservation has been shown to be a positive indicator of return of potency post
radical prostatectomy. However there are factors negatively impact the early
return of erectile function. These factors include thermal injury, inflammatory
response, traction injury, and scar tissue formation [4]. Minimizing these negative
effects on nerve preservation and regeneration is one of the prime goals of a well
done robotic radical prostatectomy [5].

At our International Robotic Prostatectomy Institute we first used dHAM in a
pilot study in 2012. Encouraged by the results we conducted a study to evaluate
the effect of dHAM (Amniofix, MiMedx, Marietta, GA) on the return of erectile
function in patients undergoing robotic radical prostatectomy. 7o the best of our
knowledge this was the first retrospective study in the world describing the tech-
nique and outcomes of the use of dHAM in patients undergoing bilateral nerve-
sparing robotic radical prostatectomy. The results were presented at the World
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Congress of Endourology in August 2014. The study included two groups of
patients: group 1 had 38 patients who underwent RALP without application of
dHAM and group 2 had 22 patients who underwent RALP with use of
dHAM. Both groups were comparable with respect to age, comorbidities,
Gleason score, preop PSA, and SHIM score. Patients in both dHAM nerve wrap
group and control group underwent standard robot-assisted laparoscopic radical
prostatectomy (RALP) with maximal bilateral nerve preservation. Bilateral
intrafascial neurovascular bundle preservation using our modified (clipless)
athermal technique with point cauterization as required was utilized in all
patients. In Group 2, before vesicourethral anastomosis, a 4 x6 cm dHAM strip
was applied over bilateral neurovascular bundles through an assistant port. Based
on the width and configuration of the preserved NVB the dHAM (Figs. 9.1 and
9.2) was used either as a single wrap covering the bundles or split in two and
used as individual wraps over the NVBs (see video 9.3).

In the follow-up period, both groups received 5 mg tadalafil daily. Data
regarding erectile function was prospectively collected using the SHIM ques-
tionnaire during follow-up visits. At the 3-month follow-up visit, 42.1% of
patients in the control group had erections and 21 % had a SHIM >16 (mean
7.65,SD 7.19). Whereas in the dHAM group more than 90.9 % had erections and
77.3 % had a SHIM >16 (mean 17.32, SD 5.65), which was significantly higher.
At the 6 month follow-up visit, the trend was maintained with higher erectile
function in the dHAM group. In the control group, the number of persons achiev-
ing erections slightly improved to 52.6 %. The mean SHIM score was 11.02 (SD
8.07). In the dHAM group all except one patient had achieved erections with a
SHIM >16.

Fig. 9.1 Single dHAM wrap for NVB
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Fig. 9.2 Individual dHAM wraps for NVB

The study showed that use of dHAM as a nerve wrap over the preserved NVBs
during RALP has a significant impact on early recovery of erectile function. We feel
that use of dHAM is a useful adjunct to a meticulous NVB preservation during
robotic radical prostatectomy and most likely is instrumental in reducing the inflam-
matory response and traction injuries which are often unavoidable even in the hands
of the most experienced surgeons.

Postoperative Measures to Optimize Early Return of Erectile
Function

Despite the nerve-sparing technique of radical prostatectomy, erectile dysfunction
can be a complication as the cavernous nerve is not a major nerve branch that can
easily be identified and separated from the prostate. On the contrary, it ramifies into
a plexus of small nerves that are adherent to the prostatic capsule. However, even
with preservation of the cavernous nerve, there is a temporary and reversible period
of erectile impairment after the surgery which is caused by the manipulation,
trauma, or inflammatory changes of the nerve plexus. These manipulations cause
neuropraxia which is a temporary block of nerve transmission despite an anatomical
intact nerve fiber. 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 [6].
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During the period of neuropraxia, the penile tissue is in constant state of low oxygen
supply, which may lead to smooth muscle apoptosis and fibrosis [7]. This disrupts
the veno-occlusive mechanism, which is crucial in normal erectile function and
structural damage could be the cause of long term ED after nerve-sparing prostatec-
tomy [8, 9].

Better understanding of the pathophysiology of erectile dysfunction after RP
erectile or penile rehabilitation has emerged.

Penile Rehabilitation

The concept of penile rehabilitation is to start erectile dysfunction treatment at the
time of reversible neuropraxia of the cavernous nerve, before irreversible changes
that result in permanent erectile dysfunction take place. The idea was first devel-
oped by Montorsi et al., who first reported the positive effect of intracorporeal
alprostadil treatment after radical prostatectomy. Since then, many studies on the
subject have been published over the past decade [10].

Penile rehabilitation consists of using medications, devices, and procedures to
help recover erectile function after radical prostatectomy. Numerous studies have
shown that patients who underwent penile rehabilitation had a faster recovery of
their erectile function [11-15]. PDES inhibitors, intraurethral medications, intracav-
ernosal injections, vacuum erection devices, and penile prostheses are the main
treatments used for penile rehabilitation following radical prostatectomy.

These treatment modalities are used for treating erectile dysfunction as well as
penile rehabilitation. However, beyond their conventional management of erectile
dysfunction, when used for penile rehabilitation, their main purpose is to help
restoring a natural level of erectile function after surgery with the objective of
achieving satisfactory performance in sexual activity, without the need for further
medical assistance of erectile aids.

It has been reported that 87 % of physicians use these treatments in some form
for penile rehabilitation [16]. However, despite their common use, until now, there
has not been any standardized regimen or specific recommendations or guidelines
for an optimal penile rehabilitation strategy. Therefore, these therapies are applied
differently in various clinical practice patterns, according to physicians’ and
patients’ preferences.

Even with the lack of guidelines, a tendency of advancing in treatment options
successively from lesser to greater invasiveness has been commonly practiced in the
management of penile rehabilitation. In general, oral PDES inhibitors, with or with-
out a VED, are considered a first-line treatment option.

Second-line therapies such as intracavernosal injections or intraurethral injec-
tions of vasoactive agents and VEDs are usually offered to patients who had a non-
nerve-sparing radical prostatectomy (NNSRP) or to patients who did not show
satisfactory results with oral PDES inhibitors. A penile implant is considered a
third-line treatment for patients who fail to respond to medical therapies.
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With any penile rehabilitation regimen, it has been emphasized to start treatment
as soon as possible after the surgery in order to prevent smooth muscle atrophy and
fibrotic changes in the corpora cavernosa [11, 17-23].

This chapter provides a review of conventional treatment modalities of erectile
dysfunction and their applicability into rehabilitative programs in radical prostatec-
tomy patients, as well as an insight into new technological advances and therapeutic
approaches in this field.

Phosphodiesterase Type 5 Inhibitors

Since their introduction in 1998, PDES5 inhibitors have become the main treatment
option for erectile dysfunction. This is because of their high safety profile, simple
oral intake, and high efficacy. By competitively binding to the catalytic site of
PDES, which is the enzyme responsible for breakdown of cGMP to 5’-guanosine
monophosphate (GMP), PDE 5 inhibitors induce an accumulation of cGMP in the
smooth muscle cells of the corpus cavernosum, causing relaxation of the smooth
muscle, an increase in arterial blood flow, and penile tumescence. This mechanism
is potentiated by nitric oxide production, which is stimulated by cavernous nerves.
Therefore, the mechanism of action of PDES inhibitors depends on a preserved
cavernosal nerve function. However, one study showed the efficacy of PDES inhibi-
tors treatment even in men who had undergone non-nerve-sparing radical prostatec-
tomy, highlighting the role of non-neuronal stimulation of nitric oxide production
on penile erection [24]. Although the efficacy of PDES inhibitors in treating erectile
dysfunction has been established, their role in penile rehabilitation programs
remains controversial. Multiple animal studies with cavernous nerve injury mimick-
ing the conditions of radical prostatectomy have demonstrated that PDES inhibitors
can prevent fibrosis and apoptotic changes in animal models, which is suggestive of
a rehabilitative efficacy of PDES inhibitors. In contrast to multiple controlled trials
designed to evaluate PDES inhibitors for ED treatment, a limited number of con-
trolled trials have investigated PDES inhibitors in rehabilitative context.

In a prospective, double-blind, randomized controlled trial (RCT) that looked
into the use of sildenafil citrate after bilateral nerve-sparing radical prostatectomy
Padma-Nathan and colleagues, showed that nightly administration of sildenafil
citrate beginning 4 weeks after surgery, for 36 weeks, resulted in significantly higher
IIEF scores as compared to the placebo group. A dose-dependent improvement in
nocturnal penile tumescence and rigidity was noted. Despite a low number of
patients enrolled and other limitations, this study showed the beneficial effect of
Sildenafil in penile rehabilitation after prostatectomy [14]. In a further randomized
controlled trial, Mulhall and colleagues investigated the effectiveness of a newly
approved PDES inhibitor, avanafil, in a rehabilitative regimen in prostatectomy
patients. The study showed that, in patients with post-radical prostatectomy erectile
dysfunction, 12 weeks of “on demand” treatment with avanafil, showed a significant
increase in IIEF- EF scores, as compared to placebo, proving its benefit in penile
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rehabilitation after surgery [15]. In the REINVENT (Recovery of Erections:
Intervention with vardenafil Early Nightly Therapy) trial conducted by Montorsi
and colleagues, patients were randomized into taking nightly vardenafil hydrochlo-
ride, on-demand vardenafil hydrochloride, or placebo for 9 months, starting within
1 month after nerve-sparing radical prostatectomy. This trial did not show any sig-
nificant differences in improving erectile function and sexual intercourse comple-
tion rates between the treatment groups and placebo after the 8-week washout
period. Similarly, in the open-label phase of this trial, no advantage of the treatment
arm over placebo was shown [25].

The REACT trial is another randomized controlled trial by Montorsi and col-
leagues, which compared the efficacy of daily tadalafil, on demand tadalafil, and a
placebo in patients with nerve-sparing radical prostatectomy. Similarly to the
REINVENT trial, there was no significant difference in erectile function recovery
between the three groups after the washout period. However, this trial looked also
into the effect of treatment on reducing the loss of penile length [26].

It was shown that, at 9 months of treatment, patients in the daily tadalafil group
had significantly less shrinkage of penile length compared to the other groups,
which is suggestive of a protective role of PDES5 inhibitors against neuropraxia-
induced structural changes after prostatectomy.

Along with some methodologic and interpretative concerns, the conflicting
results of these studies leave a main controversy about the role and effectiveness of
PDES inhibitors in erectile rehabilitation after radical prostatectomy. Despite this
ongoing controversy, penile rehabilitation continues to be commonly used in every-
day clinical practice, and supportive animal and human studies continue to emerge.

A recent study by Natali and colleagues, where a retrospective analysis on the
effect of no treatment, on demand PDES inhibitors treatment, and regimented reha-
bilitative PDES inhibitors treatment on erectile function of patients post nerve-
sparing radical prostatectomy, showed that oral treatment with PDES-Is was superior
to no therapy. However, the consecutive regimented program did not appear to be
superior to on-demand therapy [27].

While PDES inhibitors’ role in penile rehabilitation is yet to be determined, new
PDES inhibitors drugs have been developed.

Avanafil

In addition to sildenafil, tadalafil, and vardenafil, the US FDA has recently approved
avanafil, a highly selective PDES inhibitor, as an oral medication for the treatment
of ED. Improvement in erectile function has been superior to placebo with all three
available doses (50,100, or 200 mg) of the drug. Due to a unique chemical structure,
avanafil displays a high selectivity, fast onset of action (20-40 min after drug admin-
istration) and a favorable side-effect profile, with no restrictions on food or alcohol
consumption, and little impact on heart rate and systolic blood pressure when co-
administered with nitrates [28]. Avanafil has been reported to treat severe cases of
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erectile dysfunction in patients who did not respond to other oral PDES inhibitors.
Also avanafil has been shown effective in treating erectile dysfunction in post-nerve-
sparing radical prostatectomy and diabetic patients. The effectiveness of avanafil
has been reported in several studies, the most notable was the previously mentioned
randomized controlled trial by Mulhall and colleagues on penile rehabilitation with
100 and 200 mg on demand avanafil treatment in post-prostatectomy patients [15].

Mirodenafil

Mirodenfil is another newly developed and marketed oral PDES inhibitor in South
Korea that is showing a high efficacy in treating erectile dysfunction. In animal stud-
ies, Mirodenafil improved erectile function and increased nitrous oxide synthase
(NOS) and cGMP in bilateral nerve-injured rats. In a multicenter, randomized, dou-
ble-blind, placebo-controlled trial in a representative population of Korean men, a
12-week “on demand” treatment with Mirodenafil in fixed doses of 50 or 100 mg,
has significantly improved erectile function and was well tolerated. It has been shown
effective in treating erectile dysfunction of different causes and severities, including
diabetic patients and patients on concomitant antihypertensive medications [29].

Lodenafil

Lodenafil is another drug option under development in Brazil. In crude extracts
from human platelets, Lodenafil carbonate was more potent than Sildenafil in inhib-
iting the hydrolysis of cyclic GMP [30]. In a Phase III, randomized, double-blind,
placebo-controlled clinical trial, 40 or 80 mg Lodenafil carbonate treatment signifi-
cantly improved all domain scores of the IIEF and SEP questions 2 and 3 in patients
with different degrees of erectile dysfunction. Mild side effects were reported
including headache, rhinitis, flushing, visual color disorders, and dyspepsia.

Udenafil

Udenafil is currently only available in South Korea and registered under the name
Zydena. In a randomized, placebo-controlled clinical trial, a 12 week treatment with
udenafil at the dose of 100 mg improved erectile function in patients with mild-to-
severe erectile dysfunction.

Udenafil has a sustained effect for 12 h after a single dose. There is also evidence
of its role in treating erectile dysfunction caused by hypercholesterolemia and endo-
thelial dysfunction secondary to diabetes mellitus.
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The rapidly growing experience with PDES inhibitors is paralleled with the
emergence of new, highly selective drugs within this class of compounds. While
their effectiveness in penile rehabilitation is not confirmed, basic and clinical
research in this field continue to provide support of their restorative role in manag-
ing erectile dysfunction in post-prostatectomy patients.

Prostaglandin E1 Therapy

Intraurethral Suppository: Alprostadil

Intraurethral Alprostadil (IUA), also known as Medicated Urethral System for
Erections (MUSE), is a PGE1 analog administered as an intraurethral suppository.
Its mechanism of action involves increasing cyclic adenosine 3’,5’-monophosphate
(cAMP) and subsequently promoting blood flow and oxygenation of the corpora
cavernosa. As it works locally through the urethra on erectile tissue [31, 32], its
most common side-effect is urethral burning and penile pain. However, hypoten-
sion, syncope, and vaginal irritation in the partner have also been reported [33]. TUA
is considered a second line treatment for erectile dysfunction. It is a valid alternative
for patients who do not respond to oral therapy, and it is more readily tolerated than
intracavernous injections. However, urethral administration is a semi-invasive
approach and is considered a major drawback for many patients as compared to oral
therapy. Studies have shown that early intraurethral Alprostadil therapy following
radical prostatectomy is associated with improvements in IIEF scores, increased
frequency of sexual activity, and increased incidence of natural erections sufficient
for intercourse [34].

A prospective randomized trial that compared intraurethral Alprostadil to oral
PDES-I (sildenafil citrate) after bilateral nerve-sparing radical prostatectomy
showed an earlier return of EF with both forms of treatment based on IIEF-EF
Domain scores [32]. No statistically significant differences in the IIEF erectile
function domain and intercourse success rates were observed between the two
therapies at 1 year after surgery. It has been concluded that the return of EF with
nightly Sildenafil citrate and intraurethral Alprostadil treatment appears to be sim-
ilar within the first year after surgery. However, a statistically significant differ-
ence in favor of IUA was noticed at 6 months. This difference might be due to the
different mechanisms of action of these two therapeutic modalities. I[UA works
locally, does not require an intact nerve supply, and improves sexual function irre-
spective of neuropraxia. On the other hand, PDES5 inhibitors require an intact
nerve supply to have a beneficial effect on sexual function, and therefore, are not
effective during the period of neuropraxia. Limitations of the study were high attri-
tion rates (30 % for intraurethral pharmacotherapy, 19 % for oral pharmacother-
apy) and lack of a control group.
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In a previous non-randomized study that compared the effect of early intraurethral
Alprostadil treatment for 6 months versus no treatment after bilateral nerve-sparing
radical prostatectomy patients showed better erectile function recovery in the treat-
ment group [34].

Overall, IUA has been proven beneficial in the management of erectile dysfunc-
tion; however, its use as a salvage treatment for erectile dysfunction refractory to
oral therapy has been suggested but not proved. Also, IUA benefit in the context of
penile rehabilitation is still unclear.

Previous studies were limited by a small number of subjects enrolled, high attri-
tion rates, and other methodological drawbacks. Quality randomized controlled tri-
als are needed to prove its effectiveness in penile rehabilitation after radical
prostatectomy.

Intracavernosal Injection

Since the 1980s, intracavernosal injection (ICI) of vasoactive substances has been
used in the management of erectile dysfunction. The injection consists of alprosta-
dil (a synthetic prostaglandin El derivative) either alone or in combination with
other vasoactive agents such as papaverine or phentolamine. Prostaglandin E1
induces smooth muscle relaxation through an NO independent pathway, by activat-
ing adenylyl cyclase (AC) and the cleavage of ATP into cAMP. Phentolamine is an
a-blocker which also causes smooth muscle relaxation, and papaverine is a nonspe-
cific phosphodiesterase inhibitor that increases both cAMP and ¢cGMP in the cor-
pora cavernosa. The combination of the three agents is additive and results in
smooth muscle relaxation, increasing blood flow to the penis and causing an erec-
tion. This form of therapy is considered an effective treatment for ED. It is safe, has
arapid onset of action, and can be a successful treatment of various forms of erectile
dysfunction [35]. ICI is a second line treatment option of ED patients who did not
respond or tolerate oral PDES5 inhibitors, or patients who had a non-nerve-sparing
radical prostatectomy. However, the discomfort and pain caused by penile injections
affect patients’ compliance with the treatment.

A series by Claro and colleagues demonstrated that patients who failed oral or
intraurethral treatment for ED had good results with ICIs triple therapy [36]. Also,
ICI was the first ED treatment to be studied in a penile rehabilitation context. The
study was conducted by Montorsi and colleagues in 1997 [10] who compared erec-
tile function recovery 6 months after nerve-sparing radical prostatectomy in patients
who received Alprostadil ICIs postoperatively versus patients who received no treat-
ment. The study showed a significantly higher recovery of spontaneous erection in
the treatment group. Another study by Nandipati and colleagues has also suggested
a potential benefit of ICI pharmacotherapy for penile rehabilitation. However, the
uncontrolled, non-randomized study design may have biased the results [11].

The time to start ICI therapy was investigated by Gontero and colleagues, who
evaluated patients who underwent a non-nerve-sparing radical prostatectomy, and
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received prostaglandin E1 injections at 1, 2-3, 4-6, and 7-12 months postopera-
tively [37]. The study showed that patients who received ICI within the first 3
months after radical prostatectomy achieved an erection sufficient who underwent a
non-nerve-sparing radical prostatectomy, and received prostaglandin E1 injections
at 1,2-3,4-6, and 7-12 months postoperatively [37]. The study showed that patients
who received ICI within the first 3 months after radical prostatectomy achieved an
erection sufficient for sexual intercourse; after that period of time, the chances of an
acceptable response to Alprostadil decreased progressively with the time from the
surgery.

In a further study, Mulhall and colleagues compared the effect of early versus
late initiation of penile rehabilitation on erectile function [38]. They showed that an
early treatment (2 months) was associated with a better erectile function outcome.

Although studies have demonstrated that erectile function improves with the
early and regular use of Alprostadil ICI alone or combined with other vasoactive
substances, it is not known how long the treatment should be continued in penile
rehabilitation before the maximal effect is reached. Yiou and colleagues addressed
this question, and showed, in a recent study that continuing Alprostadil injection
after 1 year does not improve spontaneous erections [39].

Vacuum Erection Devices

The Vacuum Erection Device (VED) creates a negative pressure through a vacuum
effect to draw blood into the penis, which results in an artificial erection. VED was
approved by the FDA in 1982 [40, 41] Although initial studies demonstrated the
effectiveness and safety profile of VED, it was not until the adoption of the penile
rehabilitation concept by urologists and VEDs proven benefits in animal studies that
caused its frequent use in penile rehabilitative regimens in recent years. By improv-
ing blood flow to the penis, VED was shown to reduce tissue hypoxia, smooth
muscle apoptosis, and fibrotic changes of the corpora cavernosa in animal models
[42—45]. The VED device contains a constriction ring that can be placed at the base
of the penis in order to prevent blood outflow and maintain an erection for sexual
intercourse. However, the constriction ring is not recommended for the purpose of
penile rehabilitation [46, 47].

VED can be used for various causes of erectile dysfunction, and unlike many
other treatments, its mechanism of action is independent of the neural pathway,
therefore it’s not affected by transient neuropraxia after radical prostatectomy.
Furthermore, VED retains high efficacy rates in penile rehabilitation after radical
prostatectomy whether nerve-sparing was performed or not. A 52 % response rate
has been reported following non-nerve-sparing prostatectomy [48].

In one study, early, continuous VED use 1 month after nerve-sparing radical
prostatectomy was compared to a late, on demand treatment, started at 6 months
after the surgery. The early, continuous treatment group showed better erectile func-
tion and preservation of penile length at 3 months and 6 months. However,
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9.5 months after the surgery, there was no significant difference in erectile function
and penile length between the two groups [19].

In another prospective randomized study, where 109 patients were randomized
to a daily vacuum erection device use versus observation alone, at 9 months follow-
up, early VED use resulted in a lower chance of penile shrinkage, better erectile
function outcome with an earlier sexual intercourse, better spousal satisfaction as
well as earlier return of natural erections [18]. Furthermore, the combination of a
PDES inhibitor (sildenafil) and VED in a subgroup of patients from the same study
who were not satisfied by VED use alone, lead to superior results with significant
improvements in each domain of the IIEF-5 score. Other studies have also demon-
strated a better erectile function with the combination of VED and PDES inhibitors
as compared to each mono therapy alone [49-51].

In a further study, a retrospective review of 203 patients who underwent bilateral
nerve-sparing radical prostatectomy showed an earlier recovery of erectile function in
patients who received PDES inhibitors mono therapy or in patients who received a
combination of PDES inhibitors and VED, but not in patients who received VED mono
therapy or in patients who had no treatment [52]. The Evidence for VED as a comple-
mentary therapy to PDES is promising, as they both work through different pathways.
VED induces erection independently of neural pathway regeneration, and therefore,
can reverse the detrimental effects of neuropraxia before PDES inhibitors or other
neural pathway-dependent treatments can exert their effect on penile rehabilitation.

Overall, VED is noninvasive, cost-effective, safe to use in combination with
other treatment modalities, and has shown positive results for penile rehabilitation,
improvement in sexual function, and preservation of penile length. It has been sug-
gested as a first-line option for postsurgical erectile dysfunction [41] especially for
patients who have undergone non-nerve-sparing radical prostatectomy. However, it
is mostly recommended in combination with PDES5 inhibitors since there is little
justification for its use as a mono therapy for post-radical prostatectomy patients,
and its combination with PDES inhibitors is promising.

Penile Prosthesis Implants

Penile prosthesis is the most definitive surgical treatment for ED refractive to other
medical therapies. It maintains sexual function and prevents loss of penile length. It
is considered a third-line treatment option for penile rehabilitation after all other
treatment options have failed [53]. There are two types of penile implants: semi-
rigid and inflatable devices. The inflatable device provides a more natural experi-
ence as it can be turned flaccid when not in use.

Anew penile implant device has been developed. It consists of a cannula inserted
into the corpora and a scrotal reservoir containing a vasoactive drug (sodium nitro-
prusside) [54, 55]. Erection occurs after squeezing the scrotal reservoir to deliver a
certain amount of sodium nitroprusside into the cannula and subsequently into the
corpora cavernosa. Refilling the reservoir can be done by direct injection of sodium
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nitroprusside through the scrotal skin. Further investigation is needed to establish
the safety of this device, especially since a potential rupture of the scrotal reservoir
(intercourse, trauma, infection) would result in systemic release of sodium nitro-
prusside and could be fatal. Another implant is under development. It is a device
that imitates a physiologic erection without the use of pumps or reservoirs. It
changes from flaccid to erect through application of heat [56].

Temporal Calcium Sulfate Penile Cast

Temporal calcium sulfate (CaSO4) penile cast is an innovative salvage therapy for
patients with penile prosthesis infection [57]. The penile prosthesis infection rate is
2 %. When infection occurs, an urgent removal of the prosthesis in required in addi-
tion to antibiotic irrigation of the corpora cavernosa. The use of a temporal intracor-
poreal antibiotic cast composed of synthetic high purity CaSO4 has a dual benefit:
first, it provides continuous antibiotic/antifungal medication after penile prosthesis
removal, and second, the cast maintains phallic length during healing and reduces
corporal fibrosis. It self-absorbs after approximately 4—6 weeks, and a new prosthe-
sis is implanted after cast resorption. Further research is needed before adoption of
this technique as a salvage treatment for penile prosthesis.

Nanotechnology

The application of nanotechnology in erectile dysfunction treatment is done through
the topical use of nanoparticles containing erectogenic agents on the glans penis and
penile shaft. Due to their small size and biochemical characteristics, the nanoparti-
cles allow transdermal delivery of these erectogenic agents to the corpora cavernosa
to achieve tumescence.

Prior to nanoparticle therapy, topical erectile dysfunction treatments weren't suc-
cessful; this was mainly due to an anatomic barrier caused by the penile skin and
tunica albuginea that blocks medications from reaching corporal tissue [58, 59]
Healthy skin can block substances as small as 100 nm; nanoparticles are approxi-
mately 10 nm in diameter, comparable in size or often smaller than viruses, which
allows them to overcome the epidermal barrier. However, whether or not the
nanoparticles penetrate the tunica albuginea and the exact route of entry into the
cavernosal bodies has not been established yet.

Nanoparticles provide excellent matrices for encapsulating various organic and
inorganic compounds, including many biologically active materials, as well as exist-
ing and new pharmaceutical agents that can be applied therapeutically [60—64].

A study conducted by Han and colleagues showed improved erectile function in
rats treated with nanoparticles encapsulating three different erectogenic agents
(tadalafil, sialorphin, and NO) [65].
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NO is known to reduce corporal smooth muscle tissue tone, a key factor in the
physiology of erectile function. However, previous to the development of nanopar-
ticles, its delivery to the corpora cavernous was not applicable. Sialorphin is a pep-
tide used in animal models as an intracorporeal injection to improve erectile function
[66]. The study showed improved erectile function, as compared to placebo. Of the
three agents used the NO nanoparticles showed a spontaneous erection (within
5 min of administering the topical agent) and lasted a very short time (1.42 min).
Sialorphin nanoparticles also showed spontaneous erections (within 5 min of
administering the topical agent) but lasted a longer duration (8 min).

Tadalafil nanoparticles also increased erectile function, but a stimulation of the
cavernous nerve was needed to elicit a response. The erectile response was signifi-
cantly greater approximately 1 h after treatment. Although an increased erectile
function was seen with the three different nanoparticles, the time of onset and
amount of response was different among the three nanoparticles used. These differ-
ences may be due to several factors: molecule size, hydrophobicity, biochemical
mechanisms of action and other characteristics of the nanoparticles that may affect
the efficiency of transdermal transport, pharmacokinetics and release the erecto-
genic agents in corporal tissue. Even though no human trials exist yet, the results of
this study are promising. Nanoparticles could become a potential new route for topi-
cal delivery of a known class of drugs for erectile dysfunction such as PDES5 inhibi-
tors. The added benefits of local therapy resides in avoiding first-pass metabolism,
avoiding variations in absorption profiles caused by different foods (high fat food,
grapefruit) [67, 68], as well as decreasing systemic side effects (headache, facial
flushing, nasal congestion, and dyspepsia).

Furthermore, the previous study showed nanoparticles as a potential delivery
system for new erectogenic agents such as NO and sialorphin. As mentioned earlier,
in the past, direct application of NO has not been feasible. It is through improve-
ments in the gel structure of nanoparticles that allowed sustained release
NO-releasing nanoparticles become possible. Furthermore, NO release could be
tuned through manipulation of the components comprising the particles.

Sialorphin has been demonstrated to improve erectile function via intracorporeal
injection in animal models. Should its application be translated into clinical treatment
in humans, it would involve intracorporeal injection as well. However, topical appli-
cation via nanoparticles would be easier, less invasive, and more “patient friendly”.

Based on their flexibility in carrying different therapeutic agents and their simple
use, nanoparticles are promising in the treatment of erectile dysfunction. Further
studies are needed to establish their safety in human clinical trials.

Low Intensity Extracorporeal Shock Wave Therapy

Low-intensity extracorporeal shock wave therapy (LI-ESWT) is a recently reported
treatment modality for erectile dysfunction. It is well tolerated, noninvasive, and
completely safe with no adverse effects reported. Unlike the most commonly used
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“on demand” and temporary treatments that don't address the pathophysiology of
erectile dysfunction (ED), LI-ESWT is rehabilitative and restorative of the underly-
ing mechanism of erectile function with documented long-term improvements.

Shock Waves (SW) are acoustic waves that carry energy which, depending on
their intensity level, have various therapeutic applications. High intensity shock
waves have mechanical destructive properties; they are used for lithotripsy in the
management of kidney stones.

Medium-intensity shock waves have anti-inflammatory properties; they are used
to treat different inflammatory conditions. Low intensity shock waves have angio-
genic properties; therefore, they are used for their neovascularization effects on
chronic wounds, peripheral neuropathy, and cardiac neovascularization, and more
recently, as a potential treatment for erectile dysfunction. It is believed that the
microtrauma created by focused LI-ESWT on tissue cause the release of angiogenic
factors that result in neovascularization. In the 1990s, Young and Dyson first
described the effect of ultrasound on tissue angiogenesis [69]. Since then, different
animal studies showed that LI-ESWT increases vascular endothelial growth factor
(VEGF) among other angiogenesis-related growth factors [70-74]. Furthermore,
LI-ESWT was found to enhance the recruitment of stem cells, which themselves
contribute to neovascularization of ischemic tissue [75].

The first clinical study on LI-ESWT effect on erectile dysfunction was conducted
by Vardi and colleagues in 2010 [76]. Twenty patients with mild to moderate erectile
dysfunction were enrolled in the study, and 15 out of those 20 patients showed a
significant improvement following LI-ESWT, with an average increase of 7.4 points
in the International Index of Erectile Function —Erectile Function (IIEF-EF) domain
score. Improved results were reported at 1 month and remained unchanged at 6
months. Using the same treatment protocol and study parameters, the same group
conducted a randomized, double-blind, controlled study in 2012 investigating the
effects of LI-ESWT on erectile function and penile blood flow on 60 men with erec-
tile dysfunction [77].

Similarly to the previous study, a significant improvement in erectile function
was found in the treated group, as compared to the control (sham) group. An objec-
tive improvement in erectile function was documented by an in improvement in
cavernosal blood flow, as measured by venous occlusion plethysmography of the
penis. The results of this study are significant; however, it is limited with the small
number of patients enrolled. Larger randomized controlled studies are needed to
validate these results. Also in this study, only patients with erectile dysfunction of
vasculogenic origin were enrolled.

A better understanding of erectile dysfunction post radical prostatectomy
showed that it is more complex than a merely cavernous nerve injury, and that arte-
riogenic [78-80] and venogenic [9, 81, 82] factors contribute to its pathophysiol-
ogy. Therefore, LI-ESWT with its neovascularization effect might improve erectile
function recovery after the surgery. In this aspect, further studies are needed to
investigate the effects of LI-ESWT on ED post-radical prostatectomy. Studies to
optimize the treatment protocol (dosage, frequency, and duration of treatment) are
needed as well.
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Impulse Magnetic Field Therapy

Like LI-ESWT, impulse magnetic field therapy has been investigated as a noninva-
sive treatment for ED. The rationale behind this form of therapy is that magnetic
stimulation induces an alternating electric current within the body's electrolytes
which results in changing cellular nutrient exchange, cellular membrane permeabil-
ity, and other morphologic and physiologic changes within the cell. At certain dos-
age, this can increase cellular oxygenation and improve blood circulation. Small
studies were conducted, including one double blinded placebo-controlled study [83,
84], which documented the improvement of erectile function with this form of ther-
apy. Larger studies are required to further investigate its effectiveness and side effects.

Vibrators and External Penile Support Devices

Vibrators use vibratory stimulation of the penile shaft to help induce erection in
patients with erectile dysfunction. They are also used to provoke ejaculation in
patients who suffer from a spinal cord injury. Viberect® (Reflexonic, LLC
Chambersburg, PA, USA) was the first vibrator to be approved by the FDA in 2011.
Vibratory stimulation has been shown to induce the release of NO and other neu-
rotransmitters from terminal nerve endings [85]. These neurotransmitters are
involved in the physiology of penile erection. Viberect® has been suggested to be
used as an option in penile rehabilitation after radical prostatectomy. A prospective
randomized trial conducted by Fode and colleagues compared the effect of penile
vibratory stimulation (PVS) plus oral PDES inhibitors versus oral PDES inhibitors
alone in penile rehabilitation following radical prostatectomy [86]. The study showed
better IIEF scores at 3, 6, and 12 months after surgery in patients who received penile
vibratory stimulation. However, the differences between the two groups were not
statistically significant. More clinical trials are needed to confirm the benefits of PVS
in the management of penile rehabilitation after radical prostatectomy.

External penile support devices are worn during sexual intercourse and provide
penile support and rigidity. There have been no studies to document their efficacy,
however recent devices with their unique and innovative designs require further
exploration [54].

Tissue Engineering

Many attempts were made throughout history to create a biological penile prosthe-
sis. In 1936, bone cartilage was used in the first known biological reconstruction of
the phallus. Later, bovine chondrocytes were used to create cartilaginous rods that
were implanted into the corporal spaces in animal studies [87, 88]. In 2002, Kershen
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and colleagues constructed a neocorpora by seeding human corporal smooth muscle
cells on polymer scaffolds [89]. In 2010, Chen and colleagues replaced excised
pendular penile corpora cavities in rabbits with three-dimensional (3D) corporal
collagen matrices seeded with smooth muscle and endothelial cells [90]. They dem-
onstrated that the neocorpora created exhibited physiological functions such as the
ability to attain erection, relax under the effect of NO, and allow intravaginal ejacu-
lation. No human studies have been conducted yet. However, with the major
advances and precision in three-dimensional bio-printing, the future of tissue engi-
neering is very promising.

Conclusions

The use of dHAM as a nerve wrap over the preserved NVBs during robotic radical
prostatectomy has a significant positive impact on early recovery of erectile func-
tion. We have been using dHAM as an adjunctive measure in appropriately selected
patients undergoing RALP for over 4 years now. With meticulously performed
bilateral nerve preservation the use of dHAM has shown immense promise in the
early return of erectile function in our hands.

The concept of postprostatectomy penile rehabilitation is well established now.
Early treatment to achieve erection may improve long-term erectile function recov-
ery of spontaneous erections or response to treatment by minimizing penile struc-
tural changes. Until now, there has not been any standardized regimen or specific
recommendations or guidelines for an optimal penile rehabilitation strategy.
Therefore, these therapies are applied differently in various clinical practice pat-
terns, according to physicians’ and patients’ preferences. At our International
Robotic Prostatectomy Institute we routinely start our robotic prostatectomy
patients on a rigorous penile rehabilitation program with PDE-5 inhibitors and a
vacuum erection device (VED) on the first postoperative visit for catheter removal.
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