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It gives me extreme pleasure to contribute this Foreword to an outstanding
text about something near-and-dear to my heart: prostate cancer and surgery.
Having been a student of prostate cancer and a radical prostatectomist for
over 25 years, I am delighted to report that this book will not disappoint and
will update us all on the ever-changing world of prostate cancer!

When I started my uro-oncology fellowship at Duke University in 1989,
radical perineal prostatectomy was the most common prostate cancer opera-
tion, the nerve-sparing retropubic prostatectomy was still in its infancy, the
first oral antiandrogen, flutamide, had just been FDA-approved and the PSA-
Era had not even begun! For students and residents reading this, think about
your future careers and imagine where we might be 25 years from now! But,
let’s ground ourselves in 2014 and take a look at surgical therapy. Fortunately,
the anatomy, physiology, and embryology have not changed and Chap. 1 pro-
vides a very nice review of this important basic information essential for all
students of the prostate.

In 2012, the United States Preventative Services Task Force (USPSTF)
gave the PSA test a “D” rating for population-based screening. In 2013,
the American Urological Association (AUA), called for every 2 year PSA
testing only in men between the ages of 55 and 69. Because of these and
other professional society policy changes, many practices have seen a
decline in prostate biopsy, radical prostatectomy, and other surgical ther-
apy as a result of this backlash against screening. So far, there is no solid
documentation of a reverse stage migration, but I sense that there will be a
growing use of surgical therapy for higher risk men in the near future. In
addition, we are in the midst of an explosion of interest and use of active
surveillance that is cutting into surgical volume, no pun intended! In the
setting of active surveillance, TRUS Biopsy is more commonly performed
and repeated. Chapter 2 provides a very complete review of contemporary
prostate TRUS biopsy.

With regard to focal surgical therapy (i.e., focal cryotherapy and HIFU)), it
is unclear if this relatively new option will flourish in the future or remain a
fringe treatment taking a back seat to active surveillance. Chapter 10 nicely
covers the current state of the art regarding focal therapy. We are also on the
heels of renewed interest in prostate MRI now that multi-parametric dynamic
contrast enhanced techniques are proliferating. The biggest challenges now
are for technique and reporting standardization, better training of specialized
radiology providers, and clearer practice guidelines. However, it is possible
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and even probable that this may be a future game changer for better patient
selection for surveillance vs. focal vs. radical surgical therapy. Chapter 3 pro-
vides a very nice and timely update.

As far as radical prostatectomy, the open vs. robotic debate continues and
Chaps. 4-7 very expertly cover open, laparoscopic, robotic, and perineal
approaches. We still have no available randomized controlled level I evidence
to inform us. While I remain a fan of the retropubic open technique, the key
message is experience, volume, care-pathways, and a skilled team for optimal
outcomes. Patients should seek experienced providers and not focus so much
on the robot or approach itself. We now know after more than 10 years that
the robotic device is a tool and not the surgeon. It is marvelous technology
and I applaud the fact that urologic surgeons were on the forefront; however,
it does not substitute for experience and will not improve “The Trifecta” in
and of itself. The robot era has made all of us, both open and robotic sur-
geons, better. It has made us better “students of the operation” and made us
rethink all the steps to improve outcomes. For example, in my practice, the
“competition” from the robot has taught me to try to make the smallest inci-
sion possible, to use liberal local anesthesia in the incision area, to use pre-op
overactive bladder medications, and to provide better patient education about
postoperative care and expectations. It is now all about improving short-term
and long-term patient satisfaction. This has been wonderful for our patients
and I thank the “robotic era” for that.

Prostate cryotherapy has seen a marked progression in technological advance-
ment over the past 20 plus years. We are now on the fourth generation equipment
combined with improved imaging and Chap. 9 provides a great review. Whether
mp-MRI and MRI-directed prostate biopsy will allow more effective use of
focal therapy remains to be seen in 2014. Total gland cryotherapy, while efficient
and safe, is still hampered by collateral damage to the neurovascular bundles and
unacceptability high rates of impotence limiting applicability for younger and
potent men. High intensity focused ultrasound (HIFU) remains non-FDA
approved and I hesitate to speculate on its future. Brachytherapy remains a very
viable option and is one of the best local therapies for potency preservation.
Chapter 8 is devoted to prostate brachytherapy.

Whatever surgical therapy for prostate cancer is chosen, it is critical for
surgeons not to operate in a vacuum. In other words, patients benefit from a
multidisciplinary approach whether it is low risk localized disease to locally
advanced high risk disease. At my institution, we are celebrating 10 years of
conducting a true multi-D clinic where patients are seen by a surgeon, a radia-
tion oncologist, and a medical oncologist. In our published experience from
2005 to 2009 with over 700 patients, 51 % of patients chose radical prostatec-
tomy. In my opinion, these men were the most gratifying to operate on since
they had chosen surgical therapy only after a very complete education about
all the options. In addition, surgical therapy does not obviously cure all men
and it is right to ensure these men already have a relationship with other team
specialists beforehand.

As far as neoadjuvant and adjuvant therapy to surgery, there is much still
to be learned. Harking back to 20 years ago, neoadjuvant hormonal therapy to
radical prostatectomy was all the rage. Unfortunately, surgical “down-
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staging” did not come to pass and traditional HT before RP is now only occa-
sionally used for technical down-sizing. However, with six novel therapeutic
agents FDA-approved for advanced prostate cancer between 2010 and 2013,
the concept of neoadjuvant therapy is being re-visited. In the future, drugs
like Abiraterone or Enzalutamide may see a common use in this presurgical
or postsurgical setting. As we go to press, exciting data suggests that
Docetaxel systemic chemotherapy given along with hormonal therapy to men
with newly diagnosed M1 prostate cancer extended survival by over 1 year.
This is game-changing data. I wonder if we will be operating on men with
metastatic disease in the future—particularly ones with minimal metastatic
disease who have a robust initial response to systemic therapy?

In summary, Doctors Rakesh V. Khanna, Gennady Bratslavsky, and Robert
J. Stein who edited this text must be congratulated for organizing a stellar
summary. I also want to commend all the individual authors and co-authors
for their hard work in summarizing each chapter in a concise and up-to-date
manner. Finally, to my fellow prostate cancer students, scholars, and sur-
geons, [ would like to say how fortunate we all are to be working in such a
stimulating area and for having the privilege of caring for our patients. I
would like to dedicate this Foreword to both the civilian and military patients
who I have had to honor and pleasure to care for during my career. I hope that
I will continue to have this opportunity and honor for many years to come.

Durham, NC, USA Judd W. Moul, M.D., FA.C.S.
Division of Urology, Department of Surgery
Duke Cancer Institute, Duke University






Prostate cancer is the most common cancer in men after skin cancer and is the
second leading cause of cancer death. Today most prostate cancers arise as
clinically nonpalpable disease detected through PSA screening at a time
when patients often have no identifiable symptoms.

This is at the heart of treatment for localized prostate cancer. We take
patients, many of whom are asymptomatic, and expose them to the risks of
treatment not limited just to erectile dysfunction or incontinence but also
including fistula, bleeding, and stricture disease, just to name a few.

This is further amplified with the controversies in PSA screening. It is
important that we adequately council our patients on the risks and benefits of
getting screened and in those who are found to have prostate cancer on the
available treatment options.

It was in this regard that this manuscript was written. It is not the goal of
this manuscript to advise which patients should be treated. Instead, for those
who are selected to be treated, it is the aim of this manuscript to provide a
manual to the Urologist specializing in prostate cancer treatment, starting
with the time of diagnosis, proceeding to various treatment options as well as
techniques to optimize outcomes.

For the Urologist, numerous surgical approaches are available to treat patients,
including Surgery, Radiation therapy (Brachytherapy), and Focal therapy.

We begin by detailing prostate anatomy. We then proceed with explaining
optimal prostate biopsy techniques (both ultrasound guided as well as MRI
fusion). We then explore the various surgical techniques including open, lapa-
roscopic, robotic, and perineal prostatectomy. Urologists also often work with
colleagues in Radiation Oncology performing brachytherapy and a chapter
has also been included on this technique as well. In addition we also discuss
cryotherapy and conclude with future directions in prostate cancer treatment.

This is a lot to cover. When we started this project, there was no concise
manuscript covering prostate cancer surgery written for urologists. For the
urologists specializing in prostate cancer treatment, we hope this manuscript
will fill this need.

We are very excited to have an international list of contributors. They are
experts in the field. Going through the chapters, we have learned a lot from
reading their work—we think the reader will too.



X Preface

To the reader, please let us know your comments, including topics that you
would like to have covered in future editions. What can we do in the future to
make this manuscript better—remember it was written for you!

Hoping that this manuscript makes your practice a little easier ... and more
importantly, hoping for the day we find a cure for prostate cancer and manu-
als such as these are no longer needed...

Syracuse, NY, USA Rakesh V. Khanna, M.D.
Syracuse, NY, USA Gennady Bratslavsky, M.D.
Cleveland, OH, USA Robert J. Stein, M.D.
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Forrestall O. Dorsett Jr.

Overview

In this chapter we will review the development,
anatomy, and physiology of the prostate and sem-
inal vesicles.

The prostate gland is a single organ that encir-
cles the urethra. It is approximately 20 g in vol-
ume, 3 cm in length, 4 cm wide, and 2 cm in
depth. Some things can cause these dimensions
to vary. Of particular clinical significance is
benign prostatic hyperplasia (BPH) which can
develop as men age and lead to urinary obstruc-
tion. This condition can then gradually lead to
upper tract pathology as well.

Anatomically the prostate is found posterior
to the pubic symphysis, superior to the perineal
membrane, inferior to the bladder, and anterior to
the rectum (Fig. 1.1). The gland is supported
anteriorly by the pubo-prostatic ligaments and
inferiorly by the external urethral sphincter and
perineal membrane.

F.O. Dorsett Jr., M.D., M.B.A. (b))
General Surgery, SUNY Upstate University Hospital,
Syracuse, NY, USA

883 Crestwell Circle, Atlanta, GA 30331, USA
e-mail: Fordor27 @hotmail.com

Anatomy

The prostate can be separated into four regions;
anterior, peripheral, central, and transitional
zones (Fig. 1.2). These zones are important in
that they each can be the site of distinct pathol-
ogy. The anterior fibromuscular zone which rep-
resents 30 % of the prostate mass contains
virtually no glandular elements and is primarily
smooth muscle. The peripheral zone is the largest
zone, comprising 75 % of prostate glandular ele-
ments. It is of significant clinical importance as it
is the primary site of prostatic carcinomas. The
central zone has roughly 20-25 % of prostate
glandular elements and surrounds ejaculatory
ducts while the transitional zone contains up to
5 % of prostate glandular elements, is the site of
BPH, and represents approximately 15-30 % of
prostate volume.

The prostate is the only solid organ in the pelvis
and is typically easily located on digital rectal exam
(DRE) especially when enlarged. It has been clas-
sically described as being about the size of a walnut
with a texture not unlike the tip of the nose when
palpated. It is oriented with its base angled posteri-
orly toward the bladder neck and its apex is angled
anteriorly in continuity with the urethra. At the
apex of the prostate we have the formation of the
striated external urethral sphincter (Fig. 1.3). This
sphincter is a vertically oriented tubular sheath that
surrounds the membranous urethra and prostate.
The gland is also suspended by the pubo-rectal

R.V. Khanna et al. (eds.), Surgical Techniques for Prostate Cancer, 1
DOI 10.1007/978-1-4939-1616-0_1, © Springer Science+Business Media New York 2015
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Prostate
Prostatic Urethra
Membranous Urethra
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Urogenital Diaphragm
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Fig.1.1 Prostate and its anatomic relationships. All illustrations by Forrestall O. Dorsett Jr.

Median Lobe (Central Zone)

Transition Zone

Ant. Fibromuscular
Stroma

Verumontanum

Apex of Prostate

Fig. 1.2 Zones of the prostate

portion of the levator ani muscle (Fig. 1.4). The
prostate possesses an outer capsule which is made
up of collagen, smooth muscle, and elastin. The
longitudinal fibers of the detrusor muscle mesh
with the fibro-muscular tissue of the capsule. While
contributing to the rubbery external texture of the
prostate and some protective benefit, the capsule
also serves as scaffolding for adjacent support struc-
tures besides the levator ani. Additional support

Seminal Vesicle

Peripheral Zone

Prostatic Urethra

is provided by three distinct yet intertwining layers
of fascia found on the anterior, lateral, and poste-
rior aspects of the prostate. The anterior and
antero-lateral fascia is in direct continuity of the
capsule. This is where the deep dorsal vein of
the penis and its tributaries are found. Laterally the
levator fascia fuses with the anterior and antero-
lateral fascia. The recto-vesical or Denonvilliers
fascia is a connective tissue layer located between
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Fig. 1.3 Coronal view of penis and prostate
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Fig. 1.4 Axial view of prostate showing muscle fibers of levator ani

the anterior wall of the rectum and posterior aspect
of the prostate. This fascial layer covers the pros-
tate and seminal vesicles posteriorly and extends
caudally to terminate as a fibrous plate just below

Prostatic Fascia
Neurovascular Bundle

Denonvillier's Fascia

the urethra at the level of the external urethral
sphincter near the apex of the prostate. This median
fibrous plate or raphe has a distal extension to the
level of the central tendon of the perineum.
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Fig.1.5 Sagittal cross-section of prostate

Seminal Vesicles

The seminal vesicles are two saccular glands that
pair with its corresponding ductus to form the
ejaculatory ducts that enter into the prostate. The
seminal vesicles are located superior to the pros-
tate under the base of the bladder and are approx-
imately 6 cmin length (Fig. 1.5). Seminal vesicles
are derived from the wolffian ducts through tes-
tosterone stimulation. Together with the prostate
the seminal vesicles create seminal fluid that
facilitates sperm transport for fertilization.

Gland General Composition

Epithelial cells: Basal, Intermediate, Columnar
secretory, Neuroendocrine
Fibroblast,

Stromal cells: Smooth muscle,

Endothelial

Tissue matrix: Extracellular matrix, Basement
membrane, Connectivetissue, Glycosaminoglycans,
Cytomatrix, Nuclear matrix

Prostate Zones

Anterior fibromuscular: 30 % of prostate mass,
no glandular elements, smooth muscle

Seminal Vesicle

Peripheral Zone

Prostatic Urethra

Peripheral: Largest zone, 75 % of prostate
glandular elements, site of carcinomas

Central: 25 % of prostate glandular elements;
surrounds ejaculatory ducts

Transitional: 5 % of prostate glandular elements,
site of BPH, 15-30 % of prostate volume

Embryology

The prostate is a derivative of the primitive endo-
derm. This tubular structure differentiates into
the foregut, midgut, and hindgut as well as a dis-
tal structure called the cloaca. The cloaca then
divides into separate urinary and digestive outlets
by the urorectal septum. The ventral urinary com-
partment is called the primitive urogenital sinus,
which further segments into the urinary bladder
at its cranial end and the urethra at its caudal
terminus.

Development of the prostate is actually
induced by the primitive prostatic urethra. This
occurs when epithelial buds in the prostatic seg-
ment of the urethra extend into the surrounding
mesenchyme at around week 10 of gestation.
This epithelial budding is strictly androgen-
dependent and represents the first events in pros-
tate development. At around week 12 the distinct
lobes of the prostate can be distinguished.
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The wolffian ducts develop into the seminal
vesicles, epididymis, vas deferens, ampulla, and
ejaculatory duct. The developmental growth of
this group of glands is stimulated by fetal testos-
terone and not dihydrotestosterone.

Innervation

The prostate has autonomic input from both para-
sympathetic and sympathetic sources. Innervations
of the prostate arise from the pelvic plexuses
formed by the parasympathetic, visceral, efferent,
and preganglionic fibers from the sacral levels
S2-S4. These sacral levels also incidentally are
directly related to erectile function which is an
immense consideration during prostatic surgery
where nerve sparing remains a viable option. The
sympathetic fibers arise from the thoraco-lumbar
levels (L1-L2). The pelvic plexus is located beside
the rectum approximately 7 cm from the anal
verge, with its midpoint located at the level of the
tips of the seminal vesicles (Fig. 1.6). The sympa-
thetic and parasympathetic fibers that come from
the pelvic plexuses travel to the prostate via the
cavernous nerves. The cavernous nerves run pos-
terolateral to the prostate in the lateral prostatic fas-
cia. The parasympathetic nerves end at the acini
and lead to prostatic secretion. This is demonstrated
by the use of muscarinic cholinergic agonists which
has a marked effect on increasing prostatic secre-
tion. The sympathetic nerves lead to contraction of
the smooth muscle of the capsule and the stroma.

Bladder

Prostate

Apex of Prostate

Fig. 1.6 Prostate demonstrating innervation

Another important nerve related to the prostate
is the pudendal nerve. The pudendal nerve is the
major nerve supply leading to somatic innerva-
tions of the striated sphincter and the levator ani.
The preprostatic sphincter and the bladder neck
(or internal sphincter) is under alpha-adrenergic
control. The a;, receptor appears to be linked to
smooth muscle contraction of the prostate. This is
of clinical importance because of the use of selec-
tive o;-adrenergic antagonists to alleviate bladder
outlet obstruction secondary to BPH.

Arterial Supply

The main arterial supply to the prostate comes
from the inferior vesical artery (IVA) which itself
stems from the anterior division of the internal
iliac artery. This artery also supplies the base of
the bladder and distal ureters. The IVA branches
into the urethral artery and the capsular artery.

The urethral artery enters the prostate-vesical
junction postero-laterally and travels inward per-
pendicular to the urethra toward the bladder neck
at approximately the 5 o’clock and 7 o’clock
meridian. The urethral artery then turns caudally
and parallel to the urethra to supply the transition
zone. This artery is the main arterial supply for
the adenomas in BPH.

The capsular artery runs postero-lateral to the
prostate with the cavernous nerves (Fig. 1.7).
This artery enters the prostate at right angles to
supply the glandular tissue.

Seminal Vesicle

Neural Bundle
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Fig. 1.7 Prostate demonstrating innervation

The prostatic vessels and the autonomic inner-
vations run between the layers of the lateral pros-
tatic fascia and the prostate.

The arterial blood supply to the seminal ves-
sels and ductus deferens comes from the deferen-
tial artery or artery of the ductus, a branch from
the superior vesical artery.

Venous Drainage

Venous drainage of the prostate begins with the
deep dorsal vein (Fig. 1.7). This is a continuation
of the vein that is often plainly visible on the dor-
sal surface of the penis. After this vein leaves the
penis beneath the Buck fascia and under the
pubic arch, it passes antero-superior to the peri-
neal membrane. The vein then divides into the
superficial, right and left branches.

The superficial branch travels between the
pubo-prostatic ligaments and lies on top of the
prostate and bladder neck. The superficial branch
is outside the anterior prostatic fascia in the retro-
pubic fat and pierces the fascia to drain into the
dorsal venous complex. The common trunk of the
dorsal venous complex and the lateral venous
plexuses are covered by the anterior prostatic fas-
cia and the endopelvic fascia. The lateral plex-
uses travel postero-laterally and communicate
with the pudendal, obturator, and vesical plexus.

F.O. Dorsett Jr.

Urethral Artery

Seminal Vesicle

Capsular Artery

These veins then communicate with the internal
iliac vein.

Lymphatic Drainage

The lymphatic drainage of the prostate primarily
drains to the obturator and the internal iliac lym-
phatic channels. There is also lymphatic commu-
nication with the external iliac, presacral, and the
para-aortic lymph nodes.

Summary

Knowledge of prostatic anatomy is integral for
effective diagnosis and treatment of prostate can-
cer. A sensible approach to surgical management
depends on understanding the extent of disease in
addition to familiarity with anatomic landmarks.
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Abbreviations

ASAP  Atypical small acinar proliferation

AUA American Urological Association

DRE Digital rectal exam

ERSPC European Randomized Study of
Screening for Prostate Cancer

HGPIN High-grade prostatic intraepithelial
neoplasia

IPSS International Prostate Symptom Score

PSA Prostate-specific antigen

RCTs Randomized control trials

SHIM Sexual Health Inventory for Men

TRUS  Transrectal ultrasound

Introduction

Astraldi first described transrectal prostate

biopsy in 1937 through a digitally guided
approach [1]. A major innovation in the late
1980s was incorporating transrectal ultrasound
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(TRUS) with prostate biopsy, taking TRUS
beyond static prostatic imaging. Hodge et al.
demonstrated the use of TRUS to guide biopsies
in a directed fashion using six evenly distributed
biopsies across the parasagittal plane [2]. Instead
of targeting palpable masses or hypoechoic
lesions, the application of random biopsies has
increased the detection of early stage prostate
cancer and has contributed to the stage migration
of prostate cancer present today. The topic con-
tinues to evolve today and this chapter looks to
highlight the applications and techniques as well
as controversies and innovations within the field
of prostate biopsy.

Indications

TRUS-directed prostate needle biopsy is the gold
standard for the diagnosis of prostate cancer.
Traditional indications for prostate biopsy arise
from prostate cancer screening and include abnor-
mal digital rectal exam (DRE) or abnormal pros-
tate-specific antigen (PSA). Prostate cancer
screening has become a controversial topic [3] and
is out of the scope of this chapter. The American
Urological Association (AUA) 2013 Prostate
Cancer Detection Guidelines states “There is no
PSA level below which a man can be informed
that prostate cancer does not exist.” Furthermore,
“the Panel believes that the urologist should con-
sider factors that lead to an increased PSA includ-
ing prostate volume, age, and inflammation rather
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DOI 10.1007/978-1-4939-1616-0_2, © Springer Science+Business Media New York 2015


mailto:michaelc_lee@atriushealth.org

than using an absolute level to determine the need
for a prostate biopsy”. Other indications include
diagnosis of symptomatic prostatic cancer and
diagnosis of failed primary therapy before initia-
tion of second-line therapy. Indications for repeat
biopsy include the men on active surveillance,
diagnosis of multifocal high-grade prostatic
intraepithelial neoplasia (HGPIN) [4], and atypi-
cal small acinar proliferation (ASAP) [5].
Contraindications to prostate biopsy include pain-
ful anorectal conditions, coagulopathy, immuno-
suppression, and acute prostatitis.

Preparation
Antibiotic Prophylaxis

The AUA Best Practice Policy on Urologic
Surgery Antimicrobial Prophylaxis recom-
mended prophylaxis in all men undergoing pros-
tate biopsy with a fluoroquinolone or
cephalosporin for duration no more than 24 h,
citing level Ib evidence [6]. Further data support-
ing prophylaxis is provided in a meta-analysis of
nine randomized controlled trials (RCTs), where
bacteruria, bacteremia, fever, urinary tract infec-
tion, and hospitalization were all significantly
reduced with prophylaxis. There are no definitive
data to suggest that antibiotic for long-course is
superior to short-course treatment, or that
multiple-dose treatment is superior to single-dose
treatment [7]. Due to rise in quinolone-resistant
bacteria that is reported up to 30 % in men under-
going biopsy, practice now at the Cleveland
Clinic is single-dose intramuscular aminoglyco-
side administration in addition to oral quinolone.
In order to have 24 h serum levels, we now use
levofloxacin 750 mg as the agent of choice.
Alternatively, the introduction of rectal swab for
target antimicrobial prophylaxis prior to prostate
biopsy has been shown to be successful in reduc-
ing infectious complications and being cost-
effective in very small studies [8]. This has not
been adequately corroborated at the time of this
writing and is complex to apply in clinical prac-
tice, so we have not adopted this to date.
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Enema

Practice patterns in the community demonstrate
that enemas are given routine pre-biopsy with
rates up to 80 % [9]. While complications have
not been shown to be reduced [7, 10], the hypoth-
esis is that reducing the amount of feces in the
rectum may allow for better imaging of the pros-
tate by reducing the acoustic shadowing.
However, the literature has failed to support the
role of enemas, and our own publications have
confirmed the urology literature overall that ene-
mas do not provide any demonstrable benefit in
the prostate biopsy setting. We do not recom-
mend the use of enemas [11].

Positioning

Traditional patient positioning is the left lateral
decubitus position with hip and knee flexion at
90°. Using an end-fire probe (described below)
effectively mandates such traditional position to
allow the hands to drop the probe handle in order
to visualize the lateral aspects of the prostate.
The lithotomy position can be used and is pre-
ferred in transperineal or template-guided biop-
sies, but may be associated with increased pain
compared to lithotomy position [12].

Analgesia

The use of analgesia during prostate biopsy is
varied with only 50 % of respondents reporting
usage in 2004 [9]. Our observation is that most
urologists have recognized the absolute value of
analgesia and that most have adopted analgesic
techniques since that time.

Three types of analgesia have been generally
described and have been used in various combina-
tions. The first, sedative analgesia, while effective
is limited in application due to increased risk and
cost of delivery. Intrarectal gel administration
with 10 mL of 2 % lidocaine gel appeared to sig-
nificantly decrease pain scores and offer analgesia
prior to insertion of the ultrasound probe, although
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subsequent studies have failed to support its role
[13]. Finally, periprostatic nerve block has been
cited as the gold standard anesthesia for prostate
biopsy [14].

A periprostatic block is achieved using 1-2 %
lidocaine and injecting 2.5-5 mL with a long spi-
nal needle. Meta-analysis of periprostatic nerve
block demonstrated at least 35 % reduction in
pain corresponding to a 1.6 point reduction in the
visual analogue pain scale [15]. Various sites of
infiltration have been described but most often
cited is between the prostate base and seminal
vesicle. Bupivicaine has been used with similar
effect with the benefit of longer duration thus lim-
iting rebound pain [16, 17]. While periprostatic
block is preferred to intrarectal analgesia, combi-
nation of the two elements appears to achieve bet-
ter pain control than each modality alone. This
has been demonstrated only with prilocaine and
not with intrarectal lidocaine [18, 19].

Most recently, the concept of pelvic plexus
blockade with 1 % lidocaine to each side of the
pelvic neurovascular plexus lateral to the tip of
the seminal vesicle was shown to reduce pain
during biopsy and pain perception after biopsy
compared to traditional periprostatic blockade
though further studies are necessary before this
practice is standardized [20]. Furthermore, the
procedure is significantly more complex to per-
form than is periprostatic block.

Ultrasonography of Prostate

Though the role of TRUS in staging prostate can-
cer is poor, TRUS is the most common form of
prostate imaging, largely to its role in directing
biopsies. Endorectal probes typically transmit fre-
quencies of 6-10 Hz. Higher frequencies allow
for better image at reduced range; conversely,
lower frequencies increase range with compro-
mise of resolution. There are two types of probe
geometry: end-fire and side-fire. End-fire probes
require the handle to be angled away from the side
of interest, using the anus as the fulcrum. Side-fire
probes require twisting of the probe on a neutral
axis for lateral visualization. Coupling medium of
sonographic jelly or lubricant is helpful to create

optimal sound transmission between the rectal
mucosa and probe as well as the probe and the
protective condom as ultrasound waves do not
propagate effectively through air.

TRUS evaluation of the prostate includes
scanning in both sagittal and transverse planes
and calculating volume. Two settings commonly
manipulated on the ultrasound machine are magni-
fication and gain (brightness). Volume calculation
is based in three dimensions, with anteroposterior
(height) and transverse (width) dimensions mea-
sured in the axial plane at the widest diameter and
longitudinal (Iength) dimension measured in the
sagittal plane, using the ellipsoid formula.

Historically hypoechoic lesions have been
associated with a prostate cancer and should be
noted on TRUS. However, lack of hypoechoic
lesion does not mean cancer is not present.
Isoechoic areas demonstrated relatively equal per
core cancer detection compared to hypoechoic
areas (9.3 % vs. 104 % respectively) [21].
Hyperechoic lesions are less common than either
hypoechoic or isoechoic lesion but display a sim-
ilar propensity to cancer detection with a possible
association with higher Gleason grade [22].
Based on unreliability of hypoechoic lesions to
identify prostate cancer, most authors recom-
mend including hypoechoic lesions in the sys-
tematic biopsy template, but not specifically
targeting these lesions with additional cores.

Biopsy Techniques

The prostate biopsy is conducted through a
spring-loaded, 18-gauge, needle core biopsy gun
that is passed through the needle guide attached
to the ultrasound probe. Most spring-loaded
biopsy guns have a trajectory length of 2-3 cm.
The previously noted skip area of 0.5 cm that
results from advancement of the needle during
fire has been disproven on our bench testing [23].
Our recommendation is that one should not inten-
tionally pull back the needle 0.5 cm away from
the tissue prior to firing unless the needle guide
measurements indicate that the length from the
rectal wall to the far side of the prostate is less
than the needle’s trajectory.
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Needle Path

The transrectal approach is most common in
prostate biopsy and is the main focus of the chap-
ter. Nevertheless, two other needle paths deserve
mention, (1) transurethral and (2) transperineal.
Historically, transurethral prostate biopsy was
thought to better sample the transition zone but
the current application is extremely limited [24].
Transperineal biopsy offers an approach to
patients without a rectum, but also has gained
favor in certain locations due to the potential to
more readily biopsy the anterior prostate. With
the rise of brachytherapy, the development of
template-guided biopsies, and the avoidance of a
transrectal approach due to multi-drug resistant
E. coli, this approach may be seen more fre-
quently. The diagnostic yield of transperineal
biopsy versus transrectal biopsy has been varied
with the only randomized, prospective trial to
date demonstrating no differences of yield or
complications between the groups [25]. Most
transperineal biopsies are performed under gen-
eral or regional anesthesia, which has limited
adoption of this approach in many locales.

Probe Type

The type of ultrasonography probe appears to
play a role in the detection of prostate cancer in
transrectal biopsy. End-fire TRUS probe is supe-
rior in both initial and repeat prostate biopsy
compared to side-fire probes [26, 27]. The ability
of the end-fire probe to access high-yield areas
such as the lateral zone, anterior tissue, and apex
may explain the higher cancer detection rates.
Nevertheless, armed with the knowledge that the
anterior prostate should be sampled, it has been
demonstrated that equivalent detection rates may
be achieved with the side fire probe if technique
is optimized [28].

Number of Cores
Prostate biopsy was initially guided by digital-

directed sampling of palpable nodules or
ultrasound identification of suspicious lesions.
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The cancer detection rate was then enhanced with
the description of a sextant biopsy scheme that
sample one core bilaterally from the base, mid,
and apex [2]. Currently, the sextant scheme has
been shown to be woefully inadequate for routine
prostate biopsy for prostate cancer detection. The
predominance of prostate cancer in the peripheral
zone suggests under sampling of sextant biopsy
and may explain false negative results. Extended
biopsy protocols including 8-13 cores signifi-
cantly enhanced the prostate cancer detection
rate to upwards of 40 % compared sextant
schemes (26 %) [29]. A large, multi-institutional
study of community urologist involving 2,299
patients undergoing 12-core biopsy, overall can-
cer detection rate was 44 %, which is similar to
the results of most academic single-center studies
[30]. We recommend a 12-14 core extended-
biopsy strategy for patient undergoing initial
prostate biopsy, preferring to add two “extreme
apical” cores based on our findings that these
often identify unique cancers missed on the tradi-
tional 12 cores [31].

Saturation biopsies (defined today has mini-
mum 20 transrectal cores taken at biopsy) were
initially described in men with previous negative
biopsies [32]. We have demonstrated that this is
well tolerated under local anesthesia in the office
setting thus reducing risk, time, and cost of using
the operating room [33]. In our experience of
over 1,000 saturation biopsies, we have not had
increased complications compared to extended
biopsy schemes [34]. By contrast, there is no role
for transrectal saturation biopsy as initial prostate
biopsy as cancer detection rates do not differ sig-
nificantly from extended biopsy schemes even
when stratified across PSA ranges [34].

Apical Biopsy

Apical biopsies are essential because of the high
prevalence of cancers in this location, particularly
anteriorly. In a true false negative biopsy, the ante-
rior apical location is the most likely site of cancer
missed [30]. The difficulty lies in accessibility
especially for side-fire probes and patient pain
during biopsy of the apex. We have reported that
apical biopsy intolerance is not due to prostatic
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pain but is actually based on anal pain from
sensory pain fibers below the dentate line of the
rectum [35]. A rectal sensation test may avoid this
pain by repositioning the needle about the dentate
line, reaching an asensate area. Simply performing
this maneuver may miss adequate apical biopsy by
targeting the mid-gland. Aiming the probe handle
craniodorsally pulls the rectal mucosa caudally,
thus allowing painless apical biopsy.

Complications

Minor complications include bleeding, vasovagal
response, and painful urination requiring analge-
sics. Bleeding in the form of hematuria, hemato-
spermia, and hematochezia occur in 5.1-89 %,
12.5-80 %, and 1.3-59 % of patients, respectively
[36-38]. Traditionally, aspirin and thrombolytics
have been held 5-7 days prior to biopsy. There has
been no correlation of previous aspirin use to the
post-biopsy risk of bleeding [37]. Hematospermia
may persist up to 4-6 weeks after biopsy, may
cause patient distress but is of minimal clinical
importance. Hematochezia can usually be con-
trolled with direct pressure from the ultrasound
probe or digitally. Persistent rectal bleeding rarely
may require anoscopic intervention. A vasovagal
response may be seen in 1.4-5.3 % of patients as
a result of anxiety and discomfort [36].

Major complications have been reported at
0.6-2.5 % [30, 33-35]. In the absence of hematu-
ria, urinary retention requiring catheterization
occurs in 0.2-0.8 % of men [37, 39]. By contrast,
this rate is approximately 10 % in reports of
transperineal mapping biopsy, probably due
to the requirement of general anesthesia.
Significantly enlarged glands and severe lower
urinary tract symptoms correlate to a higher risk
of urinary retention [36, 37]. Clot retention
requiring catheterization and irrigation occurs in
0.4-0.7 % [37, 39]. Post-biopsy infections are
usually limited to symptomatic UTIs and low-
grade fevers; however, rare cases of mortality
from urosepsis have occurred. In this era with
prophylactic antibiotics, the risk of urosepsis
requiring hospitalization is 1.2-3.5 % [36-39].
The presence of quinolone-resistant bacteria
is now upward of 30 % in men undergoing

n

biopsy [40], which may explain recent rise in
urosepsis rates [41].

Cleveland Clinic identified and reported sig-
nificantly increased infection rates in 2010 based
on increasing fluoroquinolone resistance in
patients who developed sepsis. We approached
this in multidisciplinary fashion through collabo-
ration with our colleagues specializing in infec-
tious diseases. Through analysis of resistance
patterns we added 1.5 mg/kg of intramuscular
gentamicin for standard patients to the single dose
ciprofloxacin. Based on the need for 24 h cover-
age, we switched the fluoroquinolone to levaflox-
acin 750 mg. In our non-published analysis of all
patients called directly to identify infections, we
now have the infection rate back down to 1.5 %.

Long-term complications including voiding
dysfunction and erectile dysfunction have been
described. Utilization of saturation biopsy dem-
onstrated significant impairment of voiding as
measured by the International Prostate Symptom
Score (IPSS) at 3 months post-biopsy [42]. The
same study demonstrated transient impairment of
erectile function as measured by the International
Index of Erectile Function [42]. As active sur-
veillance has become a popular treatment modal-
ity for prostate cancer, the frequency of prostate
biopsy in an individual may rise. The number of
biopsies has been associated with decreasing
Sexual Health Inventory for Men (SHIM) score
though the same study failed to correlation
between biopsy number and IPSS score [43].

Controversies
Repeat Biopsy Protocols

The approach to repeat biopsy after negative ini-
tial prostate biopsy is controversial. A 10-30 %
cancer detection rate on repeat biopsy has been
recognized. Transrectal saturation biopsy has
been strongly advocated in the repeat biopsy set-
ting [44]. We recently demonstrated saturation
prostate biopsy had a statistically significant
higher detection rate when compared to extended
prostate biopsy at first repeat biopsy (n=1,462,
33 % vs. 22.4 %, p<0.0001), the difference per-
sisted in patients diagnosed initially with truly
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benign findings, as well as HGPIN and ASAP
[45]. Within this population, insignificant cancer
(defined Gleason score <7, positive cores <3 and
maximum percentage involvement of cancer in
any positive core <50 %) was detected in 38.3 %
patients with positive biopsy [45]. There was not
a significant difference in the identification of
clinically insignificant cancer between saturation
and extended biopsy, although we believe there is
a trend in that direction. We originally used a
24-core transrectal template with cores concen-
trated laterally and apically based on the prepon-
derance of cancer in these locations. Based on
our experience with site-specific labeling, the lat-
eral sectors were the site of all unique tumors. As
a result, we reduced sampling from two cores to
one core per medial sector (mid-gland and base),
resulting in a 20-core template for patients under-
going repeat biopsy [46].

Multiple Negative Biopsies

The chance of prostate cancer detection drops
with more repeat biopsies. Multiple negative
biopsies complicate the situation and raise the
question whether there is a reasonable time point
to stop the biopsy cascade. The European
Randomized Study of Screening for Prostate
Cancer (ERSPC) demonstrated sequentially
lower rates of prostate cancer detected on repeat
biopsy 1, 2, 3, and 4 with rates of 22 %, 10 %,
5 %, and 4 % respectively, with improved tumor
characteristics (lower grade, stage, and volume)
in the repeat biopsy 3 and 4 population [47]. The
incidence of low-grade prostate cancer is 62 % in
men with two negative previous biopsies [48]. We
have shown that patients who had a second nega-
tive biopsy that was performed as a transrectal
saturation biopsy have an exceedingly low likeli-
hood of being diagnosed with significant prostate
cancer in the future, so performing serial biopsy
should be avoided without compelling reasons
such as rapidly rising PSA or new findings of
abnormal DRE [49]. Our opinion is in men with
two previous negative biopsies, the indication to
pursue additional biopsies is rare and reserved in
men with high-risk indicators such as ASAP
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and multifocal HGPIN. In the latter setting we
recommend the protocol of Lepor and Taneja in
performing delayed interval biopsy approxi-
mately every 3 years in men healthy enough to
have treatment of prostate cancer [4, 49].

Future Directions

While the use of TRUS has significantly impacted
prostate biopsy, TRUS-guided biopsies have lim-
itations. The grayscale of TRUS is unreliable in
differentiating normal prostate gland from can-
cerous tissue. Furthermore, the freehand tech-
nique is challenging and subjective, limiting the
effect of described templates. Critics of TRUS
cite this diagnosis and localization uncertainty as
a barrier in the field. Current technologies in
development include tracking systems, MRI-
fused TRUS biopsy, and robotic systems [50].
Tracking systems like Artemis and TargetScan
show the user the location of the probe in the
image space while using traditional freehand
manipulation of the probe through special navi-
gation software, although their benefit remains
hypothetical and not supported by the literature at
this point in time. MRI-fused TRUS biopsy regis-
ter pre-acquired MRI images to TRUS at the
beginning of the procedure, thus allowing cancer
suspicious regions on MRI to be easier targeted
on TRUS biopsy. Robotics offer the opportunity
to track the probe but may also facilitate auto-
mated needle targeting. Such technologies are
preliminary and not the standard of care and crit-
ics would argue that the prostate is a mobile
organ that changes in real-time with respirations,
probe movements, operating table position, and
multiple passes of the biopsy needle.
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Srinivas Vourganti and Andrij R. Wojtowycz

Introduction

In recent years, prostate cancer-specific death rates
have fallen significantly in industrialized nations,
contributed in part by the widespread application
of curative intent treatment and early disease
detection afforded by PSA screening [1].
Unfortunately, this progress has been accompa-
nied by the overtreatment of many patients likely
to have never died of their prostate cancer.
Distinguishing between clinically significant and
indolent cancers is a major focus of current inquiry.
Contemporary clinical screening regimens utiliz-
ing serum PSA and systematic transrectal ultra-
sound-guided biopsy suffer from poor sensitivity
and specificity [2, 3] and ultimately lead to both
overdetection of low-risk indolent disease as well
as missed cancers of more clinical significance.
This clinical uncertainty is reflected in the high
upgrading rate of approximately 30 % between
clinical diagnosis and radical prostatectomy [4].
As aresult, neither clinician nor patient can rely on
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clinical staging information with certainty in order
to predict behavior. As a result, many men turn to
more invasive and radical treatments even in the
setting of predicted low-risk cancer, which while
effective in controlling oncologic risk are associ-
ated with significant morbidity and cost.

Much investigative work has been performed in
the hopes to improve and possibly remove this
uncertainty. Recent advances in prostate cancer
imaging, specifically those protocols which utilize
3 T Magnetic Resonance Imaging (MRI) coupled
with an endorectal coil, have significantly improved
the signal to noise ratio of image acquisition. As a
result, a revolutionary improvement in temporal
and spatial resolution has been achieved [5]. This
imaging clarity has finally offered adequate insight
into the three-dimensional anatomy of the gland to
allow identification and characterization of indi-
vidual prostate tumor lesions within the gland.

Moreover, by combining conventional ana-
tomic MR imaging with advanced functional MR
sequences (known as multiparametric imaging,
including diffusion-weighted imaging, dynamic
contrast-enhanced imaging, and spectroscopy),
additional biophysical information can be gathered
which allows true radiologic discernment between
individual prostate cancer lesions and adjacent
benign areas of the prostate [6, 7]. Initial reports at
centers utilizing MRI in guiding diagnostic biopsy
have shown it to be superior to established tech-
niques of random sampling in the clinical diagno-
sis of disease [8, 9]. In this chapter, we aim to
provide an overview of mpMRI of the prostate.
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Multiparametric Magnetic
Resonance Imaging

Multiparametric Magnetic Resonance Imaging
(MP-MRI) is a noninvasive imaging technique
with superior diagnostic characteristics in com-
parison to other imaging modalities such as ultra-
sound and computed tomography. Recent
technologic advancements including high field
strength magnets (3 T and greater) and new mag-
netic coil designs (including endorectal coil and
multichannel surface coils) as well as advance-
ments in software and computational algorithms
have allowed the addition of more complex func-
tional imaging to clinical imaging. Here we
describe the four component parameters of a con-
temporary mp-MRI study.

T2-Weighted MRI (Anatomic Imaging)

T2-weighted anatomic imaging is the most
commonly used and widely available imaging
sequence. This modality provides excellent delin-
eation of prostate zonal anatomy, gland borders,
and visualization of surrounding tissues (Fig 3.1)
[6]. Normal prostatic tissue exhibits relative high
T2 signal intensity in the prostate peripheral zone
(the origin of most adenocarcinoma lesions),
and lower signal intensity in the central gland.
Classically, prostate cancer lesions are noted to
exhibit low signal intensity, a characteristic most
easily visualized in the peripheral zone due to
its normally higher signal intensity. Thus, rare
transitional zone and central gland lesions are
much more difficult to identify in this sequence.
In addition, many benign conditions can mimic

Fig. 3.1 Axial MRI images of the prostate: (a) Axial
T2-weighted image of the prostate shows a large decreased
signal intensity lesion in the right anterior mid-transitional
zone (arrow). (b) DWI ADC map of the prostate
shows restricted diffusion within this lesion (arrow).

(c) DCE-MRI subtracted contrast image clearly outlines
the lesion (arrow). (d) DCE-MRI color map overlay indi-
cates that the lesion is hypervascular with rapid contrast
wash-in and wash-out (arrow)
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this appearance of low signal intensity (such as
inflammation). As a result, when relying on only
this parameter approximately half of lesions are
missed [10]. Also, not surprisingly, lesion size has
significant impact on detection, with larger tumors
(1 cm) nearly always visualized and smaller
tumors (<5 mm) much more likely missed [11].

Owing to the detail of T2 imaging, it is the
most helpful sequence for assessing local inva-
sion into surrounding tissues. Detection of this
local invasion has clinical relevance as it
decreases the likelihood of cure from local ther-
apy. Such invasion can be seen most overtly as
direct invasion into the periprostatic fat. In addi-
tion, other findings suggestive of local invasion
are irregularity of the gland margin, capsular
bulge, and a low signal area within the seminal
vesicles (which normally exhibit very high signal
intensity). The results from such local staging
predictions are not perfect, however, and absence
of findings may occur in the setting of true dis-
ease with reports ranging with diagnostic sensi-
tivity of 50-60 % [12, 13].

Diffusion-Weighted MRI

Diffusion-Weighted MRI (DW-MRI) sequences
can detect and quantify the Brownian motion of
water within tissue in vivo [14]. As this relates to
cellular density, cell permeability, and free water
diffusion within the interstitial spaces, DW-MRI
can assess tissue structural architecture and dif-
ferentiate benign tissue from malignant tissue.
Benign tissue exhibits high signal intensity as it
normally allows free water to diffuse with rela-
tive ease. In the malignant setting, relative higher
nuclear:cytoplasmic ratio and loss of extracellu-
lar spaces due to cellular proliferation results in
decreased free water diffusion and thus relative
decreased signal intensity on DW-MRI [15].
Furthermore, DW-MRI findings have been sig-
nificantly correlated to underlying histopatho-
logic grade and clinical risk scores [16],
which allows some prediction of tumor histo-
pathologic behavior based on radiologic findings.

Downsides of DW-MRI include its relatively
poor spatial resolution (especially in comparison
to T2-weighted MRI) which limits the ability to
evaluate staging using this sequence in isolation.
In addition, DW-MRI is more challenging to
interpret in the central gland as the presence of
BPH-associated nodules in this area of the pros-
tate can mimic the low signal intensity of malig-
nant lesions [17]. Despite this, addition of
DW-MRI to standard anatomic T2-weighted
imaging has been demonstrated to improved
diagnostic accuracy [10].

Dynamic Contrast-Enhanced
Magnetic Resonance Imaging

Dynamic Contrast-Enhanced Magnetic Resonance
Imaging (DCE-MRI) allows assessment of tissue
vascular supply. This is accomplished by acquiring
T1-weighted images continuously before, through-
out, and continuing after the injection of an MRI
detectable contrast agent (i.e., gadolinium). Signal
increase during this protocol results from blood
supply to the tissue of interest. Differentiation
between normal and malignant tissue is possible,
as cancers have a typical imaging signature owing
to their disordered angiogenesis. Malignant tissue
is correlated with early uptake and early washout
(temporal imaging) of vascular contrast [18].
These changes are most easily seen in larger
lesions and in lesions which are of higher grade. In
addition, similar to T2-weighted and DWI-MRI,
lesions in the central gland are more challenging to
differentiate as BPH nodules themselves can show
early uptake, though they do not classically have
the rapid washout typical of malignant lesions.
DCE-MRI has been shown to have higher diagnos-
tic power than T2W sequences alone, especially in
lesions larger than 5 mm [19]. Similar to DWI,
DCE-MRI sequences have relatively poor spatial
resolution (in comparison to T2-weighted MRI)
which limits the ability to evaluate staging using
this sequence in isolation. However, it is felt to
be most useful in assessment treatment effect in
settings where the prostate gland remains in situ.
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Magnetic Resonance Spectroscopic
Imaging

Nuclear magnetic resonance spectroscopy is pos-
sible in situ using Magnetic Resonance
Spectroscopic Imaging (MRSI) which allows
relative quantification of metabolites within the
tissue of interest. In this technique, the tissue of
interest is divided into discrete areas (volumes of
interest) known as voxels. For each voxel, a spec-
tra of EM radiation is acquired which represents
a fingerprint of the composition of the volume.
This data can be used to differentiate benign from
malignant tissue. Benign prostate typically har-
bors high levels of citrate, which can be detected
as a specific peak on MRSI spectra. In the setting
of cancer, the increased cellular turnover results
in a relatively high concentration of choline, also
detectable on the MRSI spectral curve. From this
data, the relative concentration of choline:citrate
can be calculated, with increased ratios signify-
ing malignant changes. The addition of MRSI
has been shown to improve diagnostic accuracy
over T2-weighted imaging alone, with especially
high specificity [20]. Some challenges to this
technique are that inflammation can mimic
citrate:choline signal changes, and that spatial
resolution (similar to DWI and DCE-MRI) is not
as good as T2-weighted MRI in the aid of local
staging. In addition, some centers report that it is
technically challenging and on some platforms it
increases acquisition times limiting its wide-
spread utilization.

MP-MRI: Combining Imaging
Parameters for Improved
Diagnostic Power

As each individual parameter is capturing
orthogonal data, the combination of them has
been demonstrated to have improved diagnostic
power over each individual in isolation. Using
careful histopathologic correlation of radical
prostatectomy specimens, it has been demon-
strated that a lesion identified has a positive
predictive value of 98 %, with excellent sensi-
tivity especially in larger lesions of clinical
significance (>5 mm) [20].

S. Vourganti and A.R. Wojtowycz

Harnessing the Diagnostic Power
of MRI: MRI Targeted Biopsy

A number of strategies have been employed to
take advantage of this additional diagnostic infor-
mation from MRI. While in gantry biopsy has
been performed to directly sample areas of suspi-
cion, the added imaging time and need for spe-
cialized non-ferrous equipment makes it difficult
to implement widely and in a cost-effective man-
ner. Most contemporary strategies target areas of
suspicion in an outpatient setting following a
priori evaluation of MRI imaging by an experi-
enced radiologist. The most popular methods
employ software-based co-registration systems,
known as fusion MRI-US biopsy (Fig 3.2). These
systems utilize mechanically encoded biopsy
arms or electromagnetic tracking to guide the
needle to aforementioned areas of suspicion
using software calculations which correlate MRI
findings with real-time US data. Preliminary
reports demonstrate excellent diagnostic power
utilizing these strategies with improved sensitiv-
ity, specificity, and decreased upgrading rate
[21]. In addition, manual targeting has been per-
formed (so called “cognitive” biopsy), and in
experienced hands, has been able to approximate
the improved diagnostic power of computer-
aided fusion-based systems [22].

While data is still preliminary, early results
of the performance of MR imaging have been
promising. Such strategies have proved useful in
challenging situations such as persistent clinical
suspicion in the setting of prior negative biopsy [9],
as well as more accurately characterizing appropri-
ate candidates considering active surveillance [23].

Conclusion

MRI of the prostate has offered additional diag-
nostic certainty in the setting of prostate cancer
diagnosis over established standard of care meth-
ods. Contemporary experience is still very pre-
liminary; however, it is likely that MRI will be
utilized in all stages of prostate cancer diagnos-
tics including staging, guiding of therapy, and
follow-up after treatment.



3 Magnetic Resonance Imaging in Prostate Cancer Diagnosis 19

Fig.3.2 Real-time
transrectal ultrasound
image (top panel)
co-registered with MRI
reconstruction data (bottom
panel) using MRI-US
Fusion software. This
allows needle targeting of a
predetermined area of
suspicion (blue and red
target) which is dynami-
cally overlayed onto both
images simultaneously

References

1. Jemal A, et al. Global cancer statistics. CA Cancer J
Clin. 2011;61(2):69-90.

2. Ouzaid I, et al. A direct comparison of the diagnostic
accuracy of three prostate cancer nomograms
designed to predict the likelihood of a positive initial
transrectal biopsy. Prostate. 2012;72:1200-6.

3. Haas GP, et al. Needle biopsies on autopsy prostates:
sensitivity of cancer detection based on true preva-
lence. J Natl Cancer Inst. 2007;99(19):1484-9.

4. Tilki D, et al. Clinical and pathologic predictors of
Gleason sum upgrading in patients after radical pros-
tatectomy: results from a single institution series.
Urol Oncol. 2011;29(5):508-14.

5. Lagemaat MW, Scheenen TW. Role of high-field MR
in studies of localized prostate cancer. NMR Biomed.
2014;27(1):67-79.

6. Turkbey B, et al. Prostate cancer: value of multipara-
metric MR imaging at 3 T for detection-histopathologic
correlation. Radiology. 2010;255(1):89-99.

7. Panebianco V, et al. Conventional imaging and multi-
parametric magnetic resonance (MRI, MRS, DWI,
MRP) in the diagnosis of prostate cancer. Q J Nucl
Med Mol Imaging. 2012;56(4):331-42.

10.

11.

12.

13.

14

Drag Smm

. Pinto PA, et al. Magnetic resonance imaging/ultra-

sound fusion guided prostate biopsy improves cancer
detection following transrectal ultrasound biopsy and
correlates with multiparametric magnetic resonance
imaging. J Urol. 2011;186(4):1281-5.

. Vourganti S, et al. Multiparametric magnetic reso-

nance imaging and ultrasound fusion biopsy detect
prostate cancer in patients with prior negative tran-
srectal ultrasound biopsies. J Urol. 2012;188(6):
2152-17.

Haider MA, et al. Combined T2-weighted and
diffusion-weighted MRI for localization of prostate
cancer. AJR Am J Roentgenol. 2007;189(2):323-8.
Nakashima J, et al. Endorectal MRI for prediction of
tumor site, tumor size, and local extension of prostate
cancer. Urology. 2004;64(1):101-5.

Park BK, et al. Comparison of phased-array 3.0-T and
endorectal 1.5-T magnetic resonance imaging in the
evaluation of local staging accuracy for prostate can-
cer. ] Comput Assist Tomogr. 2007;31:534-8.
Futterer JJ, et al. Staging prostate cancer with dynamic
contrast-enhanced endorectal MR imaging prior
to radical prostatectomy: experienced versus less
experienced readers. Radiology. 2005;237:541-9.

. Issa B, et al. In vivo measurement of the apparent dif-

fusion coefficient in normal and malignant prostatic



20

15.

17.

19.

tissues using echo-planar imaging. J Magn Reson
Imaging. 2002;16(2):196.

Lim KS, et al. Diffusion weighted MRI of adult male
pelvic cancers. Clin Radiol. 2012;67:899.

. Turkbey B, et al. Is apparent diffusion coefficient

associated with clinical risk scores for prostate can-
cers that are visible on 3-T MR images? Radiology.
2011;258(2):488-95.

Oto A, et al. Prostate cancer: differentiation of
central gland cancer from benign prostatic hyper-
plasia by using diffusion weighted and dynamic
contrast enhanced MR imaging. Radiology. 2010;
257:715.

. Verma S, et al. Overview of dynamic contrast-

enhanced MRI in prostate cancer diagnosis and man-
agement. AJR Am J Roentgenol. 2012;198(6):
1277-88.

Puech P, et al. Dynamic contrast-enhanced-magnetic
resonance imaging evaluation of intraprostatic prostate

20.

21.

22.

23.

S. Vourganti and A.R. Wojtowycz

cancer: correlation with radical prostatectomy
specimens. Urology. 2009;74(5):1094-9.

Turkbey B, et al. Multiparametric 3 T prostate mag-
netic resonance imaging to detect cancer: histopatho-
logical correlation using prostatectomy specimens
processed in customized magnetic resonance imaging
based molds. J Urol. 2011;186(5):1818-24.

Le JD et al. MRI-ultrasound fusion biopsy for predic-
tion of final prostate pathology. J Urol. 2014;pii:
S0022-5347(14)03509-5

Wysock JS et al. A prospective, blinded comparison
of magnetic resonance (MR) imaging-ultrasound
fusion and visual estimation in the performance of
MR-targeted prostate biopsy: The PROFUS Trial. Eur
Urol. 2013;pii:S0302-2838(13)01186-X

Stamatakis L, et al. Accuracy of multiparametric mag-
netic resonance imaging in confirming eligibility for
active surveillance for men with prostate cancer.
Cancer. 2013;119(18):3359-66.



Joseph C. Klink and Eric A. Klein

Preoperative Preparation

All patients meet with the surgical team (surgeon
and midlevel provider), preferably including part-
ners, for discussion of the general nature of the
procedure, potential complications-anticipated
course and recovery of continence and potency,
and the postoperative routine. Specific emphasis
is placed on the use of epidural anesthesia,
whether or not lymphadenectomy is to be per-
formed, whether or not a nerve-sparing procedure
is contemplated, planned hospital length of stay
(typically 24 h), and time to return to normal
activity (typically 2 and half weeks). A preopera-
tive urinalysis should demonstrate no active infec-
tion. No preoperative dietary restrictions and no
bowel preparation are used. Patients are admitted
to the operating room (OR) on the day of surgery.
A second-generation cephalosporin, or vancomy-
cin and gentamycin if allergic to penicillin or
cepahalosporins, is given intravenously just prior
to incision and for two doses postoperatively.
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Intermittent compression stockings are used for
prophylaxis against deep venous thrombosis.
Subcutaneous heparin is not used.

Anesthetic Considerations

Epidural anesthesia alone is the preferred tech-
nique for all patients. The epidural catheter is
placed in low thoracic position preoperatively
and dosed with 0.1 % bupivacaine and morphine
sulfate 0.05 mg/mL upon arrival in the OR. This
combination of position and drugs has been dem-
onstrated to promote early return of intestinal
function by sympathetic blockade and results in
less postoperative pain by induction of preemp-
tive analgesia [1]. Analgesia is maintained intra-
and postoperatively with morphine sulfate or
fentanyl, and low doses of anxiolytics are given
parenterally throughout the procedure as needed.
Epidural anesthesia avoids the need for ventila-
tory support and eliminates pulmonary and laryn-
geal complications, causes less sedation, results
in less narcotic use, requires fewer transfusions,
and is less expensive than general anesthesia [2].

Patient Positioning

The patient is placed in the supine position with
the table in mild reverse Trendelenburg position
to facilitate exposure of the apex. Once the apical
dissection is completed, the table is placed in mild
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Trendelenburg position to facilitate visualization
and dissection of the bladder neck. Hyperextension
of the table is not used as the exposure of the apex
is usually adequate with reverse Trendelenburg
alone. This also avoids nerve and soft tissue injury
that may result from hyperextension of the spine
for a prolonged period.

Incision, Exposure, and Retractor
Placement

An 18-French Foley catheter is placed transure-
thrally, and the balloon is inflated with 10 cm? of
water prior to incision. A midline incision is
made from below the umbilicus to the top of the
pubis (Fig. 4.1), typically 8 cm in length.
The space of Retzius is developed bluntly, and
the bladder is mobilized off the pelvic sidewall
bilaterally. The peritoneum is also mobilized
superiorly, exposing the psoas muscles bilater-
ally. The vas deferens is not routinely divided.
A Bookwalter retractor with blades specifically

© 2012

Fig.4.1 An 18-French Foley catheter is placed transure-
thrally, and an extraperitoneal incision is made in the
lower midline, approximately 8 cm in length. Reprinted
with permission, Cleveland Clinic Center for Medical Art
& Photography © 1996-2013. All Rights Reserved

modified for the performance of radical prosta-
tectomy is placed (Fig. 4.2) [3]. Two body wall
retractor blades on both sides of the incision are
usually adequate. A midline suprapubic blade is
not routinely used. When pelvic lymphadenec-
tomy is performed, a malleable blade is secured
to the ring for lateral retraction of the bladder,
permitting full visualization of the obturator
fossa (Fig. 4.3).

Fig. 4.2 A seclf-retaining, table-fixed ring retractor is
placed. The prostatic apex is to the top. Reprinted with
permission, Cleveland Clinic Center for Medical Art &
Photography © 1996-2013. All Rights Reserved

Fig. 4.3 A malleable blade is used for exposure of the
obturator fossa when pelvic lymphadenectomy is per-
formed. Reprinted with permission, Cleveland Clinic
Center for Medical Art & Photography © 1996-2013. All
Rights Reserved
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Pelvic Lymphadenectomy

Based on published nomograms and our own
experience, pelvic lymphadenectomy is omitted
in selected patients at low risk for lymph node
metastases based on preoperative serum prostate-
specific antigen (PSA), tumor grade, and palpable
tumor extent. Generally, lymphadenectomy is
omitted in patients with AUA or D’ Amico low-
risk criteria. Such patients have a minuscule risk
of positive nodes and omission of lymphadenec-
tomy in patients with these characteristics does
not increase the likelihood of biochemical failure
[4]. For prognostic and potential therapeutic pur-
poses, an extended lymphadenectomy is per-
formed in all patients not meeting the low risk
criteria. The dissection includes the tissue medial
to the external iliac artery, all tissue surrounding
the external iliac, the internal iliac artery superi-
orally, the bifurcation of the external and internal
iliac veins cephalad, the origin of the superficial
circumflex iliac vein caudally, and the pelvic side-
wall in the obturator fossa deeply. In addition, the
nodes immediately medial to the common iliac
artery are excised. The extent of the dissection is
guided by the study by Mattei et al. showing that
the nodes within these boundaries constitute 75 %
of the primary lymphatic drainage of the prostate
[5]. Frozen section analysis is not routinely per-
formed unless the nodes are grossly suspicious,
and only if a finding of positive nodes would
result in aborting the prostatectomy.

Endopelvic and Lateral Pelvic
Fascia, Santorini’s Plexus,
and Dorsal Vein Complex

The apical dissection begins with vertical inci-
sions of the endopelvic fascia at the apex bilater-
ally (Fig. 4.4). The attachments of the levator
muscles to the lateral surface of the prostate are
taken down sharply with scissors. Blunt dissec-
tion of these attachments should be avoided to
prevent shearing of small blood vessels, which
may be difficult to control. The puboprostatic
ligaments are divided.

01998

Fig. 4.4 The endopelvic fascia is incised bilaterally just
lateral to the prostatic apex. The attachments of the leva-
tor muscles to the lateral surface of the prostate are taken
down sharply with scissors. The puboprostatic ligaments
are left intact. The apex is to the top. Reprinted with per-
mission, Cleveland Clinic Center for Medical Art &
Photography © 1996-2013. All Rights Reserved

Next, the lateral pelvic fascia (the visceral
portion of the endopelvic fascia) covering the
prostate is incised bilaterally beginning from the
initial incision in the apical endopelvic fascia and
extending to the base of the prostate (Fig. 4.5).
The incision is performed high on the lateral sur-
face of the prostate to avoid injuring the neuro-
vascular bundles (NVBs). When completed, this
maneuver allows clear visualization of the pros-
tatourethral junction and location of the NVBs
and facilitates bunching of the ramifications of
the dorsal vein over the prostate. The cut edges of
the lateral fascia are then grasped with Turner-
Babcock clamps, incorporating the branches of
the venous plexus on the dorsolateral surface of
the prostate (Fig. 4.6a). The bunched tissue is
suture-ligated with two individual figure-of-8
0-chromic ligatures (Fig. 4.6b, c¢). This technique
is a modification of the dorsal venous plexus
bunching technique originally described by
Myers [6]. It prevents back-bleeding when the
dorsal vein is divided and helps identify the plane
between the dorsal vein and urethra. The prostate
is next retracted superiorly with a sponge stick,
and the fat between the puboprostatic ligaments
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Fig. 4.5 The lateral pelvic fascia (the visceral layer of
the endopelvic fascia covering the prostate) is elevated
with a right-angled clamp and incised sharply with a knife
(along the dotted line) from the apex to base of the pros-
tate. This maneuver exposes the anterior prostatourethral
junction and the position of the neurovascular bundles

is gently removed to expose the superficial dorsal
vein which is then divided between clips.

The dorsal vein and urethra are closely
approximated and passage of an instrument
between them carries the risk of damaging the
anterior-striated sphincter. Therefore, the dorsal
vein is next divided with scissors, exposing the
anterior surface of the urethra (Fig. 4.7a). The
distal portion of the incised dorsal vein is then
oversewn with a figure-of-8 suture using a 3-0
absorbable monofilament suture on a 26 mm 5/8
circle needle (Fig. 4.7b). When correctly
performed this technique does not compromise
the anterior prostatic margin and results in excel-
lent visualization of the urethra (Fig. 4.7¢).

Release of NVBs

For nerve-sparing procedures, the NVBs are next
released from the prostate from the apex to the
level of the vascular pedicle lateral to the seminal
vesicles. The dissection is performed with tenot-
omy scissors and begins at the mid-prostate with

and facilitates control of the ramifications of the dorsal
vein over the prostate. The maneuver is then repeated on
the opposite side (not shown). The apex is to the left.
Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography © 1996-2013. All Rights
Reserved

identification of the most superior peri-prostatic
vein, which marks the upper extent of the bundle.
The dissection is carried sharply around the edge
of the prostate bilaterally, entering the plane poste-
rior to Denonvilliers’ fascia and anterior to the rec-
tum (Fig. 4.8). This plane is fully developed by
sharp dissection, using a sponge stick for gentle
rotation of the prostate (Fig. 4.8a); blunt dissection
with an instrument or finger runs the risk of frac-
turing the neurovascular bundle and should be
avoided. When this plane is fully developed, the
prostate can be lifted off the rectal surface
(Fig. 4.8b). This maneuver yields excellent visual-
ization of the prostatourethral junction both anteri-
orly and posteriorly and allows precise transection
of the urethra without risk of incision into the
prostatic apex. For a non-nerve-sparing procedure,
the incision in the lateral pelvic fascia is made lat-
eral to the bundles to permit wide excision of all
periprostatic tissue (Fig. 4.8c). The plane between
the prostate and rectum is developed similarly.
There are several advantages to the described
approach. Initial release of the lateral pelvic fas-
cia allows superior visualization of the junction
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b

Fig. 4.6 Bunching technique for control of the dorsal
venous complex. (a) Turner-Babcock clamps are used to
bunch together the branches of the dorsal vein covering
the dorsal surface of the prostate. (b) Two figure-of-8
sutures are used to ligate these branches, incorporating the

between the rectum and prostate, with precise
definition of the plane of dissection between these
organs leaving all layers of Denonvilliers’ fascia
on the prostate. This reduces the likelihood of a
positive margin along the posterior aspect of this
fascia. Lifting the prostate off the rectum early in
the dissection also permits precise delineation of
the anatomy of the prostatic apex, especially pos-
terior to the urethra, and prevents leaving small
amounts of prostatic tissue attached to the urethra.

cut edges of the endopelvic fascia. (¢) Appearance after
both sutures have been placed. The apex is to the top.
Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography © 1996-2013. All Rights
Reserved

Improved visualization of the apex using this
technique also incorporates one of the main
advantages of the perineal approach while still
permitting adequate visualization and resection of
the bladder neck and seminal vesicles. This tech-
nique also fully preserves the posterior fascial
attachments of the urethra. Finally, dissection of
the neurovascular bundles away from the prostate
prior to transection of the urethra lowers the risk
of traction injury when the apex is elevated.
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Fig. 4.7 Division and control of the dorsal vein. The
prostatic apex is to the left. (a) The dorsal vein is divided
with scissors, exposing the anterior surface of the urethra.
(b) The cut surface of the dorsal vein is suture-ligated for

Division of the Urethra
and Placement of Urethrovesical
Sutures

Following division of the dorsal vein complex and
release of the lateral fascia and NVBs, the prostate
remains attached at the apex only by the urethra.
Division of the urethra begins with an incision of
the anterior surface between 3- and 9-o’clock

hemostasis. (c) Appearance of the urethra after division
and ligation of the dorsal vein. Reprinted with permission,
Cleveland Clinic Center for Medical Art & Photography
© 1996-2013. All Rights Reserved

(Fig. 4.9a), exposing the Foley catheter. The cath-
eter is next removed to allow placement of the
vesicourethral anastomotic sutures. Placement of
these sutures is facilitated by leaving the posterior
urethra attached to the prostate in order to prevent
urethral retraction (Fig. 4.9b). Five sutures of
absorbable material are used for the anastomosis,
placed at the 12-, 3-, 5-, 7-, and 9-0’clock posi-
tions, taking care to avoid the NVBs lying pos-
terolaterally. With experience placement of these
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Fig.4.8 Release of the
neurovascular bundles. The
prostatic apex is to the left.
(a) The left neurovascular
bundle is exposed by
rotating the prostate
medially with a sponge
stick and released from the
prostate by sharp
dissection from the apex
to the posterior vascular
pedicle. The inset shows
the plane of dissection
medial to the bundle and
posterior to Denonvilliers
fascia. A similar dissection
is performed on the other
side. (b) The finger in the
figure illustrates that when
the dissection is complete,
the prostate can be lifted
off the anterior surface of
the rectum. The dissection
is not done bluntly with a
finger. The urethra remains
intact at this point of the
dissection. (¢) The
dissection is similar for
non-nerve-sparing
procedures, except that the
lateral fascia is incised
lateral to the neurovascular
bundles. The plane
between the prostate

and rectum is developed
similarly to the
nerve-sparing technique.
Reprinted with
permission, Cleveland
Clinic Center for Medical
Art & Photography

© 1996-2013. All Rights
Reserved
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Fig. 4.9 Urethral division and placement of urethral
sutures. (a) The anterior urethra is incised sharply from
the 3- to 9-o’clock position, exposing the Foley catheter.
(b) The Foley catheter is removed, and two anterior and
three posterior anastomotic sutures are placed at the 12-,
3-, 5-, 7, and 9-o’clock positions, respectively. Leaving
the posterior urethra attached facilitates suture placement

sutures can usually be easily accomplished from
outside to inside without the need for double-
armed sutures or a urethral sound. The sutures
with needles still attached are held with hemostats
labeled with the corresponding clock face posi-
tion to avoid entanglement until the anastomosis
is completed. Urethral transection, including the

by preventing urethral retraction. (¢) The posterior urethra
is divided sharply under direct vision, using gentle trac-
tion on the apex of the prostate for exposure. (d) Final
appearance of the divided urethra with anastomotic
sutures in place. Reprinted with permission, Cleveland
Clinic Center for Medical Art & Photography © 1996-
2013. All Rights Reserved

underlying layers of Denonvilliers’ fascia, is next
completed under direct vision using scissors and
gentle traction on the prostatic apex for exposure
(Fig. 4.9c, d). To minimize traction injury, the
Foley catheter is not replaced into the prostate
until the NVBs are fully released by division of
the posterolateral pedicles.
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Posterior Vascular Pedicles, Bladder
Neck, and Seminal Vesicles

Dissection of the posterior vascular pedicles is
easily accomplished after completion of the api-
cal dissection. Placing the table in mild
Trendelenburg position and gentle traction on the
prostate facilitates visualization for this portion
of the procedure. It has generally been our
approach to perform the bladder neck dissection
prior to dissection of the seminal vesicles to per-
mit leaving as much fascia as possible on both
sides of these glands, although the “posterior
peel” technique of seminal vesicle dissection
prior to bladder neck dissection is occasionally
helpful for glands with large median lobes.
Dissection of the prostate base begins with open-
ing of the plane between the caudad surface of the
seminal vesicles (still covered by Denonvillier’s
fascia) and the rectum to fully expose the medial
surface of the posterior vascular pedicles. Lateral
to the pedicles, the NVBs are typically tethered to
the prostate by several 1 mm arterial branches,
which are divided between small hemostatic
clips to fully release them from the prostate.

Fig.4.10 The posterior
vascular pedicles are
divided bilaterally between
clips. This exposes the
junction of the bladder

and prostate. Reprinted
with permission, Cleveland
Clinic Center for Medical
Art & Photography

© 1996-2013. All Rights
Reserved

The pedicles are similarly divided between clips,
exposing the lateral surface of the seminal vesi-
cles (Fig. 4.10). A small window is made sharply
in Denonvillier’s fascia over the seminal vesicle
bilaterally, and the fascia and vessel-containing
tissue lateral to the SVs is divided between clips.
Next, a right-angled clamp is passed between the
posterior bladder neck and cephalad surface of
the seminal vesicles (Fig. 4.11a). The bladder
neck is then incised sharply in a direction that
preserves its anatomical integrity as much as pos-
sible and avoids cutting into the trigone near the
ureteral orifices (Fig. 4.11b). In cases of high-
grade or large volume tumor at the prostate base,
a larger cuff of bladder neck is removed to ensure
an adequate margin of normal tissue. Release of
the prostate from the bladder neck exposes the
posterior surface of the vas deferens and seminal
vesicles (Fig. 4.11c). The vas are individually
ligated with clips and divided; the remaining
attachments of the seminal vesicles are then dis-
sected sharply (Fig. 4.11d), ligating the small
arterial branch at the tips of the glands, and the
specimen is removed. In patients with low-risk
disease, it is not necessary to excise the entirety
of the seminal vesicles.
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Fig. 4.11 Bladder neck dissection. (a) A right-angled
clamp is inserted in the plane between the posterior blad-
der neck and the seminal vesicles. This maneuver helps
identify the correct plane for bladder neck dissection
without injury to the trigone. (b) The bladder neck is
incised sharply, leaving an adequate cuff of bladder neck
on the prostate while preserving the anatomical integrity
of the bladder neck muscle fibers. (¢) Release of the pros-

Completion of the Anastomosis

The final step is completion of the vesicourethral
anastomosis. When necessary, the bladder neck
is reconstructed using 3-0 chromic suture. The
anastomotic sutures previously placed in the ure-
thra are placed in corresponding positions in the
bladder neck (Fig. 4.12a), placing the 5- and 7
o’clock sutures close to the midline to ensure a
watertight closure posteriorly. A 20-French Foley

tate from the bladder neck exposes the posterior surface of
the vas deferens and seminal vesicles. The vasa are ligated
with clips and divided. (d) The attachments to the seminal
vesicles are divided, and the specimen is removed.
Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography © 1996-2013. All Rights
Reserved

catheter is then placed per urethra and guided
into the bladder; the ballon is inflated with 10 cm?
of water. The cephalad two retractor blades
(Fig. 4.2) are removed, releasing the bladder into
the pelvis. The needles are removed from the
sutures and the sutures are tied sequentially,
beginning posteriorly (Fig. 4.12b). Use of a
Foley with an overinflated balloon and traction
on the bladder neck prior to tying the sutures is
avoided, as the balloon simply fills up the already



4 Open Radical Retropubic Prostatectomy and Pelvic Lymph Node Dissection 31

Fig.4.12 Vesicourethral
anastomosis. (a) The five
urethral sutures are placed
into the bladder neck at the
corresponding positions
after eversion of the
bladder neck mucosa.

The inset shows detail

of bladder neck

suture placement

after mucosal eversion.
(b) The vesicourethral
sutures are tied
circumferentially over

a 20-French Foley
catheter (left). The final
appearance of the
completed anastomosis

is illustrated (right).
Reprinted with permission,
Cleveland Clinic

Center for Medical

Art & Photography

© 1996-2013. All Rights
Reserved

small space of the pelvis and may prevent good
approximation of the bladder neck and urethra.
An overinflated Foley balloon can also increase
bladder spasms and obstruct the eye of the cath-
eter. The anastomosis is checked for watertight-
ness by irrigation via the Foley.

Closed suction drains are placed through
separate incisions through the body of the
rectus muscle and left in the obturator fossa.
Only a single drain is used in patients in whom
no pelvic lymphadenectomy is performed.
The incision is closed in a single layer with
running nonabsorbable suture, and the skin is
approximated with clips.

Post-op Routine

Patients are ambulated and begin a clear liquid
diet on the evening of surgery. Patient-controlled
analgesia is maintained with continuous and on-
demand morphine sulfate plus bupivacaine via
epidural catheter for 24 h, followed by iv/po
ketorolac and ibuprofen as needed. No oral or
systemic narcotics are used. The drains are
removed before discharge unless there is clinical
suspicion of a urine leak. Approximately 90 %
of patients are discharged to home on the first
postoperative day. Patients return seven days
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after discharge for incisional staple and catheter
removal. Cystograms are not routinely per-
formed. In cases where the vesicourethral anasto-
mosis is not tension-free and in cases of
documented urine leak, the Foley is left in longer
and a cystogram may be performed before cath-
eter removal.

References

1. Scheinin B, Asantila R, Orko R. The effect of bupiva-
caine and morphine on pain and bowel function after
colonic surgery. Acta Anaesthesiol Scand. 1987;31(2):
161-4.

J.C.Klink and E.A. Klein

. Klein E. Contemporary technique of radical prostatec-

tomy. In: Klein E, editor. Management of prostate can-
cer. Totowa, NJ: Humana; 2004. pp. 217-42.

. Klein E. Modification of the Bookwalter retractor

for radical prostatectomy. Contemp Urol. 1998;10:
65-9.

. Weight CJ, et al. Limited pelvic lymph node dissection

does not improve biochemical relapse-free survival at
10 years after radical prostatectomy in patients with
low-risk prostate cancer. Urology. 2008;71(1):141-5.

. Mattei A, et al. The template of the primary lymphatic

landing sites of the prostate should be revisited: results
of a multimodality mapping study. Eur Urol.
2008;53(1):118-25.

. Myers RP. Improving the exposure of the prostate in

radical retropubic prostatectomy: longitudinal bunch-
ing of the deep venous plexus. J Urol. 1989;142(5):
1282-4.



Itay Sternberg, Guilherme Maia, Abdelkarim Touijer,
and Bertrand D. Guillonneau

Fifteen years after the wide introduction of
laparoscopy for prostate cancer surgery, there are
little debates about the objective advantages of
this approach over the open retropubic surgery,
but there is still a debate about the best way to
teach surgeons who want to dedicate them-
selves to minimally approaches for radical pros-
tatectomy, this procedure being still one of the
most complex procedures in urology at large, and
specifically in uro-oncology.

Difficult first because the indications for radi-
cal prostatectomy are moving and fuzzy, what
was the rule yesterday is in question today, and
all these questions will not be answered before a
long while. This uncertainty places the uro-
oncologist in a peculiar position when he/she sets
the indication for radical prostatectomy and
engages his/her responsibility.

Responsibility in the indication: Is that today
the best therapeutic option for this given patient
with his given prostate cancer?, and responsibil-
ity in realization: am I in the best situation to
perform the optimal care. All these points are
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becoming prominent today because prostate
cancer surgery leads to definitive side effects in
patients who are not suffering from any symp-
toms when surgery is indicated, aiming for an
hypothetical benefit in term of survival, many
years down the road.

Ultimately, the responsibility of the teachers is
therefore essential to highlight these questions,
educate young uro-oncologists, and raise after-
math questions about surgical quality: it is with
these responsibilities in mind that this chapter
was written.

Beyond the technical considerations, since
internships and fellowships by experienced men-
tors are the ultimate best way to learn surgery (in
the operative room and not through medias,
whatever they are) this chapter emphasizes the
questions urologists should have in mind when
they decide to perform a laparoscopic radical
prostatectomy.

Intraoperative and Perioperative
Complications

After the initial introduction of laparoscopic radi-
cal prostatectomy (LRP) [1] there was enthusi-
asm and hope that this technique would have a
better safety profile and better functional out-
comes without compromising the oncologic out-
comes. Like other surgical procedures, LRP is
dependent on the expertise and experience of the
surgeon.

R.V. Khanna et al. (eds.), Surgical Techniques for Prostate Cancer, 33
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Table 5.1 Intraoperative and perioperative complications

MSKCC report for 1,176 patients between 2003 and 2005 [2]

Mean operating room time (min) (n=946)
Mean estimated blood loss (cm?) (n=1,070)
No. transfused (%)

Mean length of stay (days) (n=465)

ER return visit

Reoperation

No. readmitted (%) (n=1,162)

While the functional outcomes have not been
shown to be superior to open radical prostatec-
tomy (ORP), LRP offers the advantages of lower
intraoperative blood loss, a lower rate of periop-
erative transfusion, and faster convalescence.

A prospective comparison of LRP and ORP
performed between 2003 and 2005 at Memorial
Sloan-Kettering Cancer Center (MSKCC) [2]
showed that both techniques had similar rates of
neurovascular bundle (NVB) preservation (88 %
bilateral preservation in LRP compared to 91 %
in ORP, 6 % vs. 6 % unilateral preservation, and
5 % and 3 % of bilateral NVB resection for LRP
and ORP, respectively), similar rates of positive
surgical margins (11 % for both surgical tech-
niques), and a similar median number of lymph
nodes retrieved (13 and 12 for LRP and ORP,
respectively). The mean operative time was lon-
ger for LRP (199 min for LRP vs. 188 min for
ORP), but the estimated blood loss (EBL) was
significantly lower for LRP (315 mL for LRP vs.
1267 for ORP, p <0.0005). The hospital stay was
shorter for LRP (2.0 vs. 3.3 days), but patients
after LRP had a higher rate of ER visits (15 %
and 11 % for LRP and ORP, respectively), higher
rate of readmission (4.6 % and 1.2 % for LRP and
ORP, respectively), and a higher rate of reopera-
tion (1.9 % and 0.4 % for LRP and ORP, respec-
tively). At a median follow-up of 1.5 years, no
difference was seen in rates of biochemical
recurrence (HR 0.99 for LRP vs. ORP; 95 % (I,
0.62-1.59; p=0.9) (Table 5.1).

Other investigators compared ORP and LRP
and have reported similar results with compara-
ble rate of positive surgical margins, comparable
rates of biochemical recurrence (BCR), lower
EBL, and need for transfusion in LRP-treated

. Sternberg et al.

RRP LRP

N=692 N=484 p value
188 (SD 41) 199 (SD 47) <0.0005
1,267 (SD 660) 315 (SD 186) <0.0005
338 (49 %) 14 (3 %) <0.0005
33(SD 1.2) 2.0(SD 1.5) <0.0005
75 (11 %) 75 (15.5 %) 0.02

3 (0.4 %) 9 (1.9 %) 0.03

8 (1.2 %) 22 (4.6 %) 0.001

patients [3-5]. In a recent review of outcomes
after ORP, LRP, and robot-assisted laparoscopic
prostatectomy (LARP), Coelho et al. reviewed
the contemporary literature from high volume
centers and found mean EBLs of 951 mL and
291.5 mL in ORP and LRP, respectively. This
review also showed a lower rate of transfusion
needed in LRP (20.1 % and 3.5 % for ORP and
LRP, respectively) [6]. While it has been recently
suggested that EBL does not affect the oncologic
outcome [7], this conclusion was made after ana-
lyzing the outcome of 1,567 men who underwent
ORP, and thus these results do not necessarily
reflect a possible advantage of lower EBL in LRP.

While magnification, better accessibility, and
the antegrade surgical approach help, the collapse
of venous plexuses by the positive intra-abdominal
pressure is the main contributor to the lower blood
loss during LRP. A temporary increase of the
pneumoperitoneum pressure to 20 mmHg during
transection of the dorsal vascular complex allows
for tamponade and accurate venous closure.

A retrospective review of 4,592 consecutive
patients treated at MSKCC with either ORP
(3,458 patients) or LRP (1,134 patients) between
1999 and 2007 found a higher overall rate of both
medical and surgical postoperative complications
in the LRP group (8.8 % and 14.5 % rates of
medical complications in ORP and LRP, respec-
tively, and 18.7 % and 24.5 % rates of surgical
complications in ORP and LRP, respectively),
but a lower rate of major surgical complications
(grades III-V), most of which were bladder neck
contractures [8]. The lower rate of bladder neck
contractures in LRP was also shown by others, as
was the need for additional surgical interventions
for the correction of these contractures [9].
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Oncologic Outcomes
Positive Surgical Margins

A positive surgical margin (PSM) is defined as
cancer cells at the inked margin of resection.
A positive surgical margin at radical prostatec-
tomy is associated to a higher risk of recurrence
and has been associated with an increased risk for
both local and systemic recurrence after treat-
ment [10-12]. The goal of any surgical technique
used for treatment of cancer is complete excision
with negative surgical margins, extended pelvic
lymph node dissection whose role is still debated
thus lowering or delaying the risk of recurrence.
The rate of positive surgical margins reported
in large LRP series ranges between 11 % and
26 % [2, 8, 13—15]. The rate of PSMs varies with
pathologic stage and grade and ranges from
9.1 % PSM rate in patients with low risk disease
to 36.8 % in a high risk group. This is comparable
to previously reported rates of PSMs of 20-27 %
in ORP series [16, 17] and those reported in
series comparing ORP and LRP (Table 5.2).
PSMs have been shown to be associated with
a higher risk of recurrence and shorter recurrence-
free survival. Busch et al. recently reported that
with a median follow-up of 56 months the 10-year

Table 5.2 Surgical margin analysis

Number
Report Publish of patients
Lepor et al. [16] 2001 1,000
Vickers et al. [17] 2010 7,765
Guillonneau et al. IMM [13] 2003 1,000
Guillonneau et al. MSKCC [28] 2008 1,564
Touijer et al. [2] 2008 1,430
Rabbani et al. [8] 2009 4,592
Eden et al. [14] 2009 1,000
Paul et al. [15] 2010 1,115
Busch et al. [31] 2012 1,845

BCR-free survival was 59.2 % vs. 82.9 % in
patients with and without PSM, respectively [18].
They also found that clinical stage T2, biopsy
Gleason sum >7, and higher preoperative PSA
levels were all independent predictors of PSM.

Identifying the risk factors for PSMs
(Table 5.3) improves the ability to decrease the
percentage of patients with PSMs, and thus
improves the outcome of patients. Secin et al.
analyzed the preoperative and intraoperative risk
factors for PSM in 407 patients treated with LRP
[19]. Some of the factors associated with PSMs
are well known, such as high preoperative PSA
and Gleason score of 7 or more. Also shown, as
known from ORP, was that lower prostate vol-
ume is a risk factor for PSMs, and that there is a
trend for more PSMs on the left side for right-
sided surgeons standing to the left of the patient
during surgery.

An interesting association was found between
the technique of NVB dissection and rate of
PSMs. Results of multivariable analysis showed
that dissection in the interfascial plane was asso-
ciated with a fourfold increase in risk for PSMs
when compared to intrafascial plane dissection.
While this may be counterintuitive, as interfas-
cial dissection is further from the prostate, this
probably reflects our inaccurate preoperative
assessment of extent of disease.

Surgeons RRP (%) LRP

Single 19.9

72 (multi-institutional) 27

3 6.9 % pT2a
18.6 % pT2b
30 % pT3a
34 % pT3b

2 13 %

4 (2 RRP and 2 LRP) 11 11 %

- 14.6 11.3 %

Single 133 %

3 5.5 % pT2a
10 % pT2b
33 % pT3a
40 % pT3b

8 29.20 %
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Table 5.3 Risk factor for PSM? [18-22]

Risk factor for PSM

Clinical stage >T2

Gleason >7

Preop PSA level

Lower prostate volume
Surgeon side of standing®
Interfascial dissection of NVB®
Apex dissection

Left side for right-sided surgeon standing on left
°Fourfold increase in risk

While the significance of apical PSMs, the
most common site of PSMs both in ORP and
LRP, and their effect on the chance of BCR are
controversial [20-22], the aim in performing a
prostatectomy for prostate cancer is to avoid
them. Leaving the urethra to be cut last improves
the anatomical orientation of the surgeon and
lowers the rate of apical PSMs.

Posterolateral PSMs hold a higher risk for
BCR than apical PSMs. To lower the rate of pos-
terolateral PSMs special attention should be paid
when dissection of the NVB is conducted with
intent to preserve the nerves.

Pelvic Lymph Node Dissection

The presence of lymph node metastases in pros-
tate cancer is associated with poor outcome. The
most accurate way to stage the pelvic lymph
nodes is by performing a pelvic lymph node dis-
section (PLND) at the time of prostatectomy.
This allows for better identification of patients
with lymph node metastases, allows for better
prognostication, and improves the decision mak-
ing regarding the need for further treatment.
While PLND has a prognostic importance by bet-
ter staging the patients, it has also been shown to
have a therapeutic effect. The extent of lymph
node dissection has also been shown to be impor-
tant, as the more extensive a dissection is per-
formed the higher the chances are of finding
positive lymph nodes. The lymph node count has
also been shown to be an objective indicator of
the quality of surgery [23].
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The use of prostate-specific antigen (PSA) for
screening men for prostate cancer has caused a
downward stage shift with an increasing number
of patients diagnosed with low risk prostate can-
cer during the PSA screening era [24]. This has
led some surgeons to omit a pelvic lymph node
dissection during radical prostatectomy in men
with lower risk prostate cancer. This trend found
fertile ground among minimally invasive sur-
geons as a way to shorten surgical time.

A comparison of ORP and LRP performed at
MSKCC showed a comparable number of lymph
nodes extracted (12 and 13 for ORP and LRP,
respectively) [2].

Other groups have reported on different criteria
for performing a PLND with varying percentage
of patients receiving a PLND and different per-
centage of patients found to have nodal metasta-
ses. The Montsouris group selected patients with
cT2b, PSA> 10, and predominant Gleason pattern
4 for PLND. Of 1,000 patients, 216 (21.6 %)
underwent a PLND, using these definitions, and 6
(0.6 % of the entire cohort) were found to have
nodal metastases [13]. Stolzenburg et al. reported
their recent experience of endoscopic extraperito-
neal radical prostatectomy in which a PLND was
performed on patients with PSA >10 ng/mL and/
or a Gleason sum >6. This selection resulted in
1219 PLNDs (50.8 %) with metastases detected in
75 patients (6.1 %). Recently, the Henri Mondor
Hospital reported oncologic outcomes based on
1,115 extraperitoneal LRPs. Limited PLNDs were
performed in 75 % of the patients (those with
biopsy Gleason score >6 and/or PSA >10 ng/mL),
yielding a median 3.5 nodes per side and detecting
lymph node metastases in 24 patients [15].

The reverse shift of stages seen among patients
treated with radical prostatectomy, as more
patients with low risk prostate cancer are put on
active surveillance protocols [25], supports the
importance of performing an extended lymph
node dissection instead of omitting it. For these
reasons, the MSKCC indications and anatomical
template for PLND during LRP have changed
from performing no lymphadenectomy for men
with low risk of nodal metastases (<2 %) and a
limited lymphadenectomy for those with patients
with >2 % risk (as determined by a nomogram),
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Table 5.4 Laparoscopic pelvic lymph node dissection

Number Median lymph
Report of patients Underwent PLND Ceriteria Metastases (%) nodes retrieved
Guillonneau et al. IMM [13] 1,000 21.6 %(216) PSA>10, 0.6 -

c¢T2b and G 4

Stolzenburg et al. [26] 2,400 50.8 % (1219) PSA>100rG>6 6.1 -
Paul et al. [15] 1,115 41.6 % (464) PSA>100orG>6 2.2 7
Touijer et al. [27] 971 46 % (447) Nomogram >2 % 14.3 13
Guillonneau et al. MSKCC [28] 1,564 58 % (828) Nomogram >1 % 7 12

to performing an extended PLND dissection in
all patients undergoing LRP. This modification
has allowed retrieval of higher median nodal
counts (13 [IQR 9-18] and 9 [IQR 6-13], respec-
tively, p<0.001) and increased threefold the
detection of positive lymph nodes (14.3 % and
4.5 %, respectively) [27]. We concluded that a
PLND including the external iliac, obturator, and
hypogastric lymph node groups yields positive
nodes more frequently and retrieves a higher total
nodal count than the often-performed lymph
node dissection limited to the external iliac nodes
[28, 29] (Table 5.4).

Biochemical Recurrence

Most available data show favorable short-term
and mid-term oncologic outcomes after LRP.

In a report on 1,564 consecutive patients
treated with LRP in L’Institut Mutualiste
Montsouris and at MSKCC, by one of two sur-
geons, the actuarial probabilities of remaining
free of BCR at 5 and 8 years postoperatively were
found to be 78 % and 71 %, respectively. The
median follow-up for patients without BCR in
this study was 1.5 years. The 5-year progression-
free probability for men with low, moderate, and
high risk prostate cancer was 91 %, 77 %, and
53 %, respectively. The 5-year progression-free
probability after LRP was 83 % among patients
with pathologic organ-confined disease and
negative lymph nodes and 69 % among patients
with pathologic non-organ-confined disease and
negative lymph nodes.

In a summary of the first 1,115 LRP cases at the
Hospital Henri Mondor, Paul et al. found a 3-year
and 5-year recurrence-free survival rates of 84 %
and 83 %, respectively [15]. Most of the patients
(60 %) in this cohort had pathologic organ-con-
fined disease, 23 % had extracapsular extension,
10 % had seminal vesical invasion, and 7 % had
pathologic T4 disease. Positive lymph nodes were
found in 24 (2.2 %) of patients, and 26 % of
patients had PSMs. The 5-year progression-free
survival rates were 93.4 %, 70.2 %, and 42.7 % for
patients with pT2, pT3, and pT4 diseases.

Hruza et al. recently reported on long-term
oncologic outcomes in 500 consecutive patients
treated with LRP, of which 370 had complete
data and were included in the analysis. Of these,
60 % had pathologic stage T2, 21 % had stage
T3a, and 19 % had stage T3b/T4. Gleason 6 or
less was found in 49 % of patients, while 41 %
had Gleason 7, and 10 % had a Gleason sum of 8
or more. With a median follow-up of 105 months,
the 10-year BCR-free survival rate was reported
to be 70.6 %. When stratified according to patho-
logic stage, patients with pT2 had a 10-year
BCF-free survival rate of 82.3 % while patients
with pT3a and pT3b/pT4 diseases had a 10-year
BCR-free survival rate of 54.1 % and 52.8 %,
respectively [30].

Busch et al. also reported on long-term onco-
logic outcomes of 1,845 evaluable patients
treated with LRP. With a median follow-up of 56
months, a 10-year overall survival rate of 92.5 %
and a 10-year BCR-free rate of 75.6 % were
found. This cohort included 50 % of patients with
low risk disease, 39 % with intermediate risk, and
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Table 5.5 Biochemical recurrence
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Number Global Time after

Report of patients Progression-free stratified risk BCR-free (%) surgery (years)
Guillonneau et al. [28] 1,564 Low 91 % 78 5

Int. 77 %

High 53 %
Paul et al. [15] 1,115 pT2 93.4 % 83 5

pT3 70.2 %

pT4 42.7 %
Hruza et al. [30] 370 pT2 82.3 % 70.6 10

pT3 54.1 %

pT4 52.8 %
Busch et al. [31] 1,845 Low 1.00 HR 75.6 10

Int. 2.03

High 3.81

11 % with high risk disease according to
D’ Amico’s risk groups [31] (Table 5.5).

Functional Outcomes

In addition to cancer control, patients with pros-
tate cancer are concerned about functional out-
comes after treatment. The main concerns are
regarding continence and erectile function and
their impact on quality of life, acknowledging
that infertility is constant and that sperm banking
should be offered to all patients prior to any
surgery.

Continence

Urinary incontinence is a bothersome problem
after prostatectomy. It has many implications, both
social and personal, and is a major contributor to
lower quality of life after surgery. Several preop-
erative measures have been identified to predict
postoperative continence, including age, prostate
volume, urethral length, BMI, and comorbidities.
A previous transurethral resection of the prostate
(TURP) has also been implicated as a risk factor
for post-prostatectomy incontinence (Table 5.6).
While it is hard to summarize the continence
rates after LRP because of different continence
definitions used in the different reports and the
reporting of continence at different time points

Table 5.6 Incontinence risk factors

Incontinence risk factors
Age

Prostate volume
Urethral length

BMI

Comorbidities

TURP

after LRP (Table 5.1), overall the continence
rates after LRP are good and comparable to pre-
viously reported continence rate after ORP.

Ploussard et al. looked at continence rates in
911 patients treated with LRP, who prospectively
completed self-administered questionnaires,
using a strict definition of no urine leak or pad
use. They found that 94.4 % and 97.4 % were
continent 1 and 2 years after surgery, respec-
tively, using these strict definitions [32].

Busch el al. reported on a 74.9 % rate of con-
tinence after LRP in a cohort of 1,845 patients
with a median follow-up of 56 months. They used
a definition of the need for O—1 pads per day [31].

Eden et al. reviewed their first 1,000 cases of
LRP for cT1-3 prostate cancer and found that
while only 10 % of patients were continent at the
time of catheter removal after surgery, the pad-
free rate increased to 94.9 % at a median follow-
up of 27.7 months [14] (Table 5.7).

The effect of a previous TURP on continence
after LRP has recently been evaluated by several
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Table 5.7 Continence rates after laparoscopic radical prostatectomy

Number Rate of
Report of patients Definition of continence Time after surgery continence (%)
Ploussard et al. [32] 911 No pads 12 months 94.40
24 months 97.40
Busch et al. [31] 1,845 0-1 pads/24 h Median f/u 56 months 74.90
Eden et al. [14] 1,000 No pads Catheter removal 10
Median f/u 27.7 months 94.90
Galli et al. [50] 150 “Completely continent” Catheter removal 44.30
12 months 91.70
Guillonneau et al. [51] 255 ICS questionnaire 12 months 82.30
Goeman et al. [52] 550 “No pads and no leakage” 1 month 38
12 months 82.90
24 months 90.90

groups [33, 34]. Teber et al. reported on 55
patients treated with LRP for prostate cancer
found on TURP and compared them to a matched
cohort of 55 patients treated by LRP for prostate
cancer detected by transrectal ultrasound-guided
prostate biopsies. The continence rate at 3 months
after surgery was significantly lower in the first
group (49.1 % vs. 61.8 %, p=0.01). However the
continence rates at 12 and 24 months were not
statistically different. At 24 months after surgery
continence rates of 92.8 % and 94.5 % were seen
in patients after TURP and those not after TURP,
respectively. This comparison also found a simi-
lar rate of anastomotic strictures in these groups
(3.6 % and 1.8 %, respectively, p=0.9). Menard
et al. also found a similar rate of continence 24
months after surgery (86.9 % and 95.8 % in
patients with and without previous TURP, respec-
tively). This report found a statistically signifi-
cant higher rate of anastomotic strictures in
patients treated with LRP after TURP (6.5 % and
1.2 %, respectively, p=0.02).

Technical Points to Improve
Continence

Transection of the dorsal vascular complex with-
out prior ligation, using the tamponade effect of
the pneumoperitoneum, allows for a more accu-
rate transection following the contour of the ante-
rior aspect of the prostate. After transection is
completed, and clear margins are assured, the

pneumoperitoneum can be lowered to the usual
pressure and each vein can be sutured separately.
Using this technique allows for diminished
disruption of the anterior sphincter complex, the
width of the complex is left unchanged and rela-
tionship to the urethra is maintained. Because of
the division of the puboprostatic ligaments close
to the prostate and preservation of the apical
aspects of the endopelvic fascia, the anterior
aspect of the anastomosis is left suspended by
these ligaments, the anatomical position of the
vesicourethral anastomosis remains identical as
for normal female anatomy.

Erectile Function

The preservation of erectile function is often a
concern among patients diagnosed with localized
prostate cancer considering the different treatment
options. Since the introduction of nerve-sparing
prostatectomy, its efficacy has been acknowl-
edged for potency recovery and its positive role in
continence has also been established. Therefore,
nerve-sparing surgery has become the standard
approach in all patients when oncologically pos-
sible, without compromising the oncologic out-
come [35, 36] when correctly performed.

LRP was introduced with an aim to improve
functional outcomes, while maintaining adequate
oncologic control. The understanding of the dif-
ferent fascial planes of NVB dissection helped
perform different degrees of nerve-sparing sur-
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gery. Adjusting the plane of dissection to the
extent of disease minimizes the risk of PSMs and
maximizes the potential for cavernous nerves
preservation. Additionally, a high rate of acces-
sory pudendal arteries has been identified [37].
The preservation of the majority of these acces-
sory arteries can be accomplished without com-
promising the oncologic outcome [38].

Salomon et al. reported on 235 consecutive
men treated with LRP for localized prostate can-
cer. Urinary continence and erectile function
were assessed in all patients using a question-
naire derived from the ICS-male questionnaire.
The questionnaire was administered preopera-
tively and 1, 3, 6, and 12 months postoperatively.
At the time of their report, 100 consecutive men
completed all questionnaires. Among patients
with good preoperative erectile function who had
bilateral preservation of the NVB the potency
rate at 12 months was 58.8 %. Patients with uni-
lateral NVB preservation or bilateral NVB exci-
sion had potency rates of 53.8 % and 38.4 % at 1
year, respectively [39].

Su et al. described a combined retrograde and
antegrade laparoscopic approach to NVB dissec-
tion during LRP and reported their experience
with 177 men treated with this technique [40].
On the basis of their experience 76 % of men
sexually active and treated with this technique
were reported the ability to engage in sexual
intercourse 12 months after surgery. Potency was
defined as the ability to achieve an erection suf-
ficient for penetration and intercourse with or
without sildenafil citrate.

A recent report by Taniguchi et al. evaluated
the erectile function outcome of 27 Japanese men
treated with LRP [41]. The evaluation of the erec-
tile function included a subjective assessment by
administering two questionnaires (International
Index of Erection Function and Erection Hardness
Score questionnaires) and an objective assess-
ment of the rigidity and tumescence with a
RigiScan in response to audiovisual stimulation.
The assessment was done before surgery and at 3,
6, and 12 months after surgery. At 12 months
after surgery the subjective erectile function was
almost half that of the preoperative one, while the
objective assessment showed rigidity of 92.6 %
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and 96.3 % at the tip and base of the penis,
respectively, 1 year after surgery compared to
baseline preoperative rigidity. Recovery rates of
penile tumescence from baseline at 1 year were
87 % at tip and 76 % at base. The discrepancy
between the objective outcomes and the subjec-
tive perception of patients could be explained by
the low percentage of patients in this study who
had sexual intercourse during the 12 months after
surgery (33 %). An additional explanation offered
by the authors is a cultural feature of Japanese
men who underestimate self-potency. In either
case, this study shows the difficulty of assessing
potency after surgery even when validated ques-
tionnaires are used.

In a prospective comprehensive comparative
analysis of LRP and ORP performed by experi-
enced surgeons at MSKCC from 2003 to 2005,
Touijer et al. reported a comparable extent of
NVB preservation between surgery groups: 88 %
and 91 % for bilateral preservation, 6 % and 6 %
for the unilateral preservation, and 5 % and 3 %
for the bilateral NVB resection rate (p=0.2) for
the LRP and ORP groups, respectively. At 12
months postoperatively, the recovery of sexual
function was also comparable between LRP and
ORP during the study period. With adjustment
for age and nerve-sparing status, there was no
significant difference in the recovery of postop-
erative potency by technique (HR 1.04 for LRP
vs. ORP [95 % CI, 0.74-1.46; p=0.8]) [2].

Roumeguere et al. compared the erectile
function outcome of patients treated with either
ORP or LRP using questions 3 (“How often were
you able to obtain an erection to be able to pene-
trate your partner?”) and 4 (“How often were
you able to maintain your erection after you had
penetrated your partner?”’) of the International
Index of Erectile Function questionnaire and
found similar rates of postoperative potency at
1 year (54.5 % and 65.3 % for ORP and LRP,
respectively) [42] (Table 5.8).

The introduction of the laparoscopic approach
to radical prostatectomy was accompanied by
hope that the magnification, better anatomical
visualization, and lower blood loss would trans-
late into better preservation of the NVB and bet-
ter erectile function outcomes. To date, the
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Table 5.8 Erection function rates 12 months after laparoscopic radical prostatectomy

Report No. patients Bilateral NVB (%) Unilateral NVB No preservation (%)
Salomon et al. [39] 100 58.8 53.8 % 38.4

Su et al. [40] 177 76 - -

Taniguchi et al. [41]* 27 87-76 Similar to bil. -

Goeman et al. [52] 550 64 20.7 % -

Guillonneau et al. [2] 81 78 - -

Roumeguere et al. [42] 26 65.3 - -

“Tumescence RigiScan

superiority of LRP in preservation of erectile
function has not been proven, but has been shown
to be similar to that of ORP.

Trifecta

The combination of oncologic control and a
favorable functional outcome is the aim of sur-
gery for prostate cancer. The combination of
complete excision of the prostate without BCR
and a good functional outcome (potency and con-
tinence) has been coined together and termed
“trifecta.” Trifecta has been used to assess the
optimal outcome of patients treated for clinically
localized prostate cancer.

Ploussard et al. assessed the oncologic and
functional outcomes in 911 consecutive patients
treated with LRP and who were continent and
potent before surgery [32]. Urinary continence was
defined as no use of pads. Potency was defined as
the ability to achieve an erection sufficient for pen-
etration with or without the use of PDES inhibitors.
Two years after surgery 13.3 % of patients had
experienced BCR, 97.4 % of patients were conti-
nent, and 64.6 % of patients were potent. At 2 years
trifecta outcome was achieved 54.4 % of patients.

Although comparison of these two reports
cannot be done due to possible difference in case
mix, Bianco et al. reported a trifecta rate of 60 %
2 years after ORP [43]. With a median follow-up
time of 6 years, 83 % of patients were free of
BCR in this report, the actuarial continence

recovery probability at 24 months was 95 % and
the estimated recovery of potency was 70 % at 24
months in this cohort.

Salvage Laparoscopic RP

BCR after radiotherapy for prostate cancer can be
secondary to local recurrent or persistent disease
or metastatic disease. A select group of patient
with local disease, proven by a prostate biopsy,
will benefit from a salvage prostatectomy.

The BCR-free probability 5 years after a sal-
vage prostatectomy was recently reported to be
48 % in a multi-institutional collaborative report
of salvage radical prostatectomies for radiation-
recurrent prostate cancer [44]. Of 404 patients
included in this report 25 % had PSM, 30 % had
seminal vesical invasion, and 16 % had lymph
node metastases. At a median follow-up of
4.4 years, 195 experienced BCR, 64 developed
metastases, and 40 patients died of prostate
cancer.

Vallancien et al. were the first to report their
experience with laparoscopic salvage prostatec-
tomy [45]. The mean operative time report was
190 min, the EBL was 50-1,100 mL, and no
patient was transfused. There were no conver-
sions to open surgery and the average postopera-
tive hospital stay was 6.4 days. At a mean
follow-up of 11.2 months five of seven patients
were free of BCR, five patients were continent,
and all patients were impotent.
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Table 5.9 BCR-free after salvage prostatectomy
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Report No. patients ~ Time PSM (%) BCR-free (%) Continence (%) Potency (%)
Chad et al. [44] 404 5 years 25 48 - -
Vallencien et al. [45] 7 11.2 months  28.5 71 100 0

Liatsikos [46] 12 20 months 50 92 83 0

Ahallal et al. [47] 15 12 months 13 73 46 6.70

Since this first report a few additional small
series were published. Liatsikos et al. reported on
12 patients treated with salvage LRP after failure
of high intensity focused ultrasound (HIFU) or
radiotherapy [46]. A mean operative time of
153 min, average EBL of 238 mL, and no need
for transfusions were reported. PSM were found
in 50 % of patients with a pathologic stage T3
and 12.5 % of those with a pathologic stage T2
(Table 5.9). At a mean follow-up time of 20
months one patient experienced BCR 12 months
after surgery. Ten of 12 patients were continent
after surgery, while 2 patients needed 1-2 pads
per day. All patients were impotent after surgery
(three reported on good erectile function before
salvage LRP).

The MIS urology group at MSKCC reported
their experience on 25 patients on 15 patients
treated with salvage LRP after failure of external
beam radiation (8 patients), brachytherapy (6
patients) or cryotherapy (1 patient) [47]. There
were no perioperative mortalities, no conversions
to open surgery, and the mean operative time was
235 min. The median EBL was 200 mL and none
of the patients received transfusion. One patient
had an intraoperative rectal injury that was pri-
marily repaired and protected with a diverting
colostomy, hospital stay was 2-8 days and the
average length of urethral catheter was 15 days.
The median number of lymph nodes removed at
surgery was 16, and 2 of 15 patients had lymph
node metastases. Eleven of 13 patients without
lymph node metastases were free of BCR at a
median follow-up of 8 months. Three patients
had persistent PSA after surgery and a fourth
patient experienced BCR 21 months after sur-
gery. Seven patients achieved continence at a
median time of 8.4 months after surgery and one
patient had severe stress incontinence and under-
went a successful implantation of an artificial
urethral sphincter. The remaining seven patients

continued to need 1-2 pads per day at a median
follow-up time of 12.6 months after surgery.
Erectile dysfunction was present in five patients
preoperatively and only one patient could achieve
erections after surgery.

Learning Curve

As with any surgical procedure surgeons with
more LRP experience have better outcomes.
Assessing the learning curve of a surgical proce-
dure necessitates defining an end point by which
the improvement will be judged. Most reports on
the learning curve of LRP utilized the operative
time, EBL, and functional outcomes to assess the
improvement in surgical technique with growing
numbers of patients treated, while others used
the oncologic outcome as the end point used to
assess improvement. The use of oncologic out-
comes as the end point is compromised by the
change in patient characteristics, as an experi-
enced surgeon is more likely to treat patients
with higher risk cancer than less experienced
surgeons.

Eden et al. reported on their first 1,000 LRP
cases. The learning curve was assessed using the
operative time, EBL, complication rate, and
functional outcome [14]. They found that while
the learning curve for operative time and EBL
was overcome after 100—150 cases, the learning
curve for complication rate and continence took
150-200 cases and the learning curve for erectile
function preservation stabilized only after 700
cases. The authors noted that there are different
learning curves for LRP which are dependent on
the volume of surgical procedures in the depart-
ment where the procedure is taught. They recom-
mended that LRP not be self taught and that a
large surgical volume is probably needed for
teaching LRP.
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Table 5.10 Learning curve

Report No. patients ~PSM BCR-free
Eden et al. [14] 1,000 - -

Secin et al. [48] 9,336 200-250 -
Vickers et al. [49] 4,702 - 750

In an international multicenter study assessing
the learning curve of LRP Secin et al. used the
rate of PSM as the end point for calculating the
learning curve [48]. The study cohort included
9,336 patients with clinically localized prostate
cancer treated with LRP by 1 of 51 surgeons in 1
of 14 institutes in North America and Europe.
Forty-three percent of surgeons included per-
formed less than 50 previous LRPs while 49 %
performed at least 100 procedures. Fifty-six per-
cent of patients included were treated by a sur-
geon who had performed less than 250 previous
LRPs while 44 % of patients were treated by a
surgeon who had performed 250 or more prior
LRPs. Overall, PSMs were reported in 22 % of
patients (14 % in patients with organ-confined
disease and 42 % in patients with non-organ-
confined disease). After controlling for case mix,
they found that the rate of PSMs plateaued after
200-250 cases.

Vickers et al. assessed the learning curve for
LRP, using BCR as an end point, among 29 sur-
geons in 7 institutes in North America and Europe
[49]. Forty-one percent of surgeons included in
this report had a lifetime experience of less than
50 LRP procedures, 7 % had a lifetime experi-
ence of 50-99 procedures, 34 % had a lifetime
experience of 100-250 procedures, and 17 % of
surgeons had a lifetime experience of more than
250 LRP procedures. Thirteen of 29 (45 %) sur-
geons had no previous experience with ORP
while 10 % performed more than 250 ORP pro-
cedures before their first laparoscopic procedure.
The 5-year BCR-free probability in this cohort
was 82 %. In a model adjusted for case mix,
greater surgeon experience was associated with a
lower probability of recurrence (p=0.0053). The
risk of recurrence at 5 years decreases from 17 %
for surgeons with 10 previous LRPs to 16 %
among surgeons with 250 previous LRPs and to
9 % among surgeons with 750 previous LRPs
(Table 5.10). In a multivariable model adjusting

Continence  Potency  Operative time ~ EBL
150-200 700 100-150 100-150

for case mix they found that surgeon with previ-
ous open RP experience correlated with poorer
outcome when performing LRP (p=0.014).

Conclusion

Surgeons involved in prostate cancer surgery
harbor a wide responsibility, not only in per-
forming surgery without immediate complica-
tions but at first in deciding the correct indication
as well. Experience in radial prostatectomy has a
major impact on oncologic and functional out-
comes, whatever the approach selected, retropu-
bic, conventional laparoscopy, or with robotic
assistance. It is not acceptable to focus on artifi-
cial end points, and recognizing the difficulty of
such procedure is the best way to seek for
improvements. Internships and fellowships are
indispensable to shorten and accelerate the
learning curve, in full knowledge of the risks
associated with this surgery.
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Introduction

Prostate cancer is the most commonly diagnosed
cancer among men in the United States of
America. Radical prostatectomy is the most com-
mon treatment for localized prostate cancer. The
goals of radical prostatectomy are to achieve can-
cer control, maintain continence, and preserve
potency.

Since its introduction in 1999, the da Vinci
Surgical System (Intuitive Surgical, Sunnyvale,
CA) has become an integral tool in urologic
surgery. Robot assistance reduced many of the
challenges associated with laparoscopic prosta-
tectomy with the result that Robot-assisted radi-
cal prostatectomy was rapidly adopted for the
treatment of localized prostate cancer. Currently,
more than 75 % of radical prostatectomies are
performed robotically.

Advantages of the robotic system include
improved ergonomics, wristed instrumentation,
and magnified, three-dimensional visualization
facilitating suturing and dissection during mini-
mally invasive prostatectomy.

The robotic system consists of three compo-
nents: the Surgeon Console, Patient Side Cart,
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and Video Tower. A dedicated robotic team aids
in improving surgical efficiency while an assis-
tant skilled in minimally invasive and robotic sur-
gery is important in achieving optimal outcomes
in robotic prostatectomy.

Robotic Prostatectomy Technique

Instruments:

Curved Monopolar Scissors
Bipolar forcep

Prograsp forcep
Suction/Irrigator

Needle Driver

Small bowel grasper
Hemolock clips and applier
Optional:

Harmonic Scalpel

Patient Positioning

After induction of general anesthesia, sequential
compression devices are placed on both legs. The
patient is then placed in lithotomy position with
the arms tucked and padded at the patient’s sides.
The patient is secured to the bed and the opera-
tive table is placed in extreme Trendelenberg
position as a stress test to ensure that the patient
has been adequately secured.

The patient is then prepped and draped in a
sterile fashion. A urethral catheter is placed and
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positioned for easy access by the assistant.
A nasogastric tube is placed to decompress the
stomach.

Port Placement

A 5-6-port technique is employed. The initial
12 mm trocar is placed at or just superior to the
umbilicus. This will serve as the robotic camera
port and as the specimen extraction site.
Pneumoperitoneum is obtained using a veress
needle or an open technique. Insufflation is set to
20 mmHg for port placement and then decreased
to 15 mmHg for the remainder of the case. After
insertion of the initial 12 mm trocar, a diagnostic
laparoscopy is performed to ensure that no vascu-
lar or bowel injury has occurred. The remaining
ports are then positioned under direct vision. The
following 8 mm ports are positioned along a line
2 fingerbreaths below the umbilicus: the port for
the right robotic arm is placed just lateral to the
right rectus muscle, the port for the left robotic
arm just lateral to the left rectus muscle, and the
port for the third robotic arm above the left ante-
rior superior iliac spine. Ideally the robotic ports
should be separated by 8-9 cm to minimize
clashing of the robotic arms. A 12-mm assistant

Fig.6.1 Port position

port is placed 2 fingerbreaths above the right
anterior iliac spine and if desired another 5 mm
port can be placed between the camera port and
right robotic arm but 5 cm cranially. In obese
patients consideration should be given to using
longer ports, whereas in very tall patients port
position should be displaced inferiorly (Fig. 6.1).
The patient is then placed in extreme tren-
delenburg position. The robot is brought in and
docked between the patient’s legs (Fig. 6.2). The
assistant works from the patient’s right side.

Developing Space of Retzius

Visualization is initially performed with a 0°
endoscope. Dissection is performed with curved
monopolar scissors in the right robotic arm and
bipolar forcep in the left robotic arm. The fourth
robotic arm controls a grasper, such as a Prograsp
forcep, and is used for grasping and retracting
tissues.

To retract bowel from the surgical field and to
help expose the lymph node packets, adhesions
between the bowel and peritoneum are released.
This most commonly is required on the left side
where the sigmoid colon is released from the lat-
eral peritoneum.
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Fig.6.2 Docking of robot

After transperitoneal access, the space of
Retzius is developed and the dissection performed
by an anterior technique. The bladder is dissected
from the anterior abdominal wall by incising the
peritoneum lateral to the medial umbilical liga-
ments. This incision is carried superiorly to the
level of the umbilicus and inferolaterally to the
level of the Vas Deferens. Care should be taken to
avoid injury to the inferior epigastric vessels,
which can cause troublesome bleeding or to car-
rying the dissection too far laterally in which case
inadvertent entry into the iliac vessels may occur.
The urachus is divided high above the bladder
thus avoiding the presence of unnecessary tissue
obstructing the field of view.

The plane between the bladder and anterior
abdominal wall is then developed using a combi-
nation of blunt and sharp dissection. The correct
plane is composed of fibrofatty tissue and is rela-
tively avascular. Posterior traction on the bladder
with the fourth robotic arm helps to correctly
identify this tissue plane. If one is in the correct
plane, one should see the pubic bone anteriorly.
This dissection is continued inferiorly until the
Endopelvic fascia is identified. Mobilization of
the bladder is a key step in prostatectomy as it
allows for a tension-free urethrovesical anasto-
mosis to be performed.

The preceding technique, the Anterior
Transperitoneal, is the most common approach to
robotic prostatectomy. Another approach is the
Transperitoneal Retrovesical approach in which
the seminal vesicles and vas deferens are dis-
sected first followed by bladder mobilization.
Alternatively, an Extraperitoneal approach is also
described but tends to be less commonly per-
formed due to the smaller working space.

Opening Endopelvic Fascia

After release and mobilization of the bladder, the
fat overlying the prostate is removed. Within this
tissue lies the Superficial Dorsal Vein. It will usu-
ally lie in the midline and can lead to significant
bleeding if not adequately coagulated.

At this point the endopelvic fascia and pubo-
prostatic ligaments should be visible. Starting on
the right side, the prostate is retracted medially.
Opening of the endopelvic fascia is performed
athermally using scissors towards the base of the
prostate where the prostate is more mobile. This
incision is then carried towards the apex of the
prostate. The levator fibers are gently pushed
away from the lateral and apical portions of the
prostate (Fig. 6.3). The correct plane is avascular.



50

Fig. 6.3 Opening of endo-
pelvic fascia

If bleeding is encountered this raises the possi-
bility that one is dissecting through the levator
fibers.

Towards the apex of the prostate, the pubo-
prostatic ligaments are divided. In this area, the
levator fibers may coalesce into a band of tissue
requiring sharp dissection to free up the apical
prostate.

The apical dissection proceeds until one iden-
tifies a notch between the dorsal venous complex
anteriorly and the urethra posteriorly. A similar
procedure is then repeated on the left side.

When excising the periprostatic fat or opening
the endopelvic fascia, an Accessory Pudendal
Artery may be encountered. When possible these
arteries should be preserved. These may arise lat-
erally coursing along the prostate, coursing above
or below the endopelvic fascia or from an apical
location. While these appear to be entering the
prostate, they can often be dissected off the pros-
tate using sharp dissection and bipolar cautery.
Towards the apex they are in close association
with the dorsal venous complex and prone to lead
to venous oozing. Therefore, before performing
this distal dissection, it may be wise to open the
contralateral endopelvic fascia such that in case
bleeding is encountered, one is prepared to suture
ligate the complex. Apical dissection of
Accessory Pudendal arteries proceeds until prox-
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imal suture ligation of the dorsal venous complex
can be performed.

Ligation of Dorsal Venous Complex/
Anterior Urethra Suspension

Various techniques have been described to con-
trol the dorsal venous complex. The complex can
be suture-ligated with a 0-PDS suture on a CT-1
needle. The bladder is grasped with the fourth
robotic arm and placed on cephalad traction. The
notch between the dorsal venous complex and
urethra is identified. The suture is passed anterior
to the urethra (Fig. 6.4). After passage of the
suture, both ends are grasped. The assistant then
pushes the urethral catheter in/out to ensure that
the suture has not caught the catheter. A second
throw of the suture can then be performed and the
complex secured with a square knot. Alternatively,
after a single throw, a slipknot can be laid down
to control the complex.

Another technique to control the dorsal vein
involves the use of a laparoscopic stapling device.
Conversely, while some techniques advise dividing
the dorsal vein and suturing/stapling only if neces-
sary, care should be taken in using this approach as
bleeding can obscure visualization and increase the
chance of a positive apical margin.
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Fig.6.4 Ligation of the
dorsal venous complex

Anterior Bladder Neck

At this point it is helpful to switch to a 30° down-
ward looking lens. While not necessary, this does
help with visualization of the posterior bladder
neck and during seminal vesicle dissection.

To delineate the correct plane and avoid entry
into the prostate, the plane between the prostate
and bladder is identified by advancing the ure-
thral catheter in/out and applying gentle inward
compression. Otherwise, the fourth arm can
be used to tent the bladder anterocranially.
Dissection is then initiated where the bladder
tenting stops.

A horizontal incision is made in the bladder
using monopolar cautery until the urethral cathe-
ter is visualized. The incision should not be made
too laterally because bleeding from branches of
the bladder pedicle can be encountered. The cath-
eter balloon is then deflated and grasped by the
fourth robotic arm. Simultaneously, the assistant
clamps the catheter over a gauze just distal to the
urethral meatus. The catheter is brought through
the bladder incision and placed on cephalad
retraction to elevate the prostate. Retraction can
also be achieved by passing a holding suture
through and through the abdominal wall, incor-
porating the eye of the catheter, and securing it to
the outside.
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Posterior Bladder Neck/Seminal
Vesicle Dissection

Once the bladder is entered, the ureteral orifices
are identified. In addition the presence of a
median lobe should be ascertained (Fig. 6.5).

A horizontal incision is made in the posterior
bladder neck using monopolar cautery. Dissection
is carried at a 45° angle to avoid entry into the
bladder or prostate. To avoid creation of an inad-
vertent cystotomy, frequent inspection of the
bladder is performed.

Continuing along a 45° angle of dissection,
one should identify the vasa deferentia in the
midline. The depth of dissection can be estimated
by considering that the thickness of the posterior
bladder neck should approximate that of the ante-
rior bladder neck. If it does not, or if the vasa
deferentia are not encountered, this indicates that
the plane of dissection is too superficial and may
result in violation of the prostate. Furthermore,
significant bleeding encountered in the midline
or visualization of prostatic secretions is indica-
tive of entry into the prostate. In each of the above
cases, if one suspects entry into the prostate, one
returns more cephalad and adjusts the angle of
dissection more posteriorly.

If a prostate median lobe is present, division
of the lateral bladder neck may be required to
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Fig.6.5 Median lobe of
the prostate. Prior to
incising the mucosa below
the median lobe, both
ureteral orifices are
identified

visualize beneath the median lobe and the poste-
rior bladder neck. Again in the presence of a
median lobe, identification of the ureteral orifices
is critical. If required intravenous furosemide and
indigo carmine can be administered. To aid with
visualization, the median lobe is grasped with the
fourth robotic arm and lifted anteriorly.
Alternatively a 0 vicryl suture can be placed
through the median lobe and lifted anteriorly by
the assistant. Dissection must be below the
median lobe as dissecting along its contour will
result in incomplete resection and the vas and
seminal vesicles will not be encountered.

Once the vas are identified, the fourth robotic
arm releases traction on the urethral catheter and
instead is used to grasp and retract the vas defer-
ens anteriorly. Using blunt dissection the overly-
ing tissue is released further mobilizing the vas.
As the vas is lifted, this will bring up the corre-
sponding seminal vesicle.

The arterial supply to the vas deferens typi-
cally runs between the vas and medial seminal
vesicle. The vas is clipped and divided. The
fourth robotic arm is repositioned to hold the
proximal end and lifts anteriorly. When holding
the vas, the wristed joint of the robotic instrument
should be angled inferolaterally to maximize
working space. Simultaneously, the assistant
grasps the distal end and pulls laterally in the
direction of the assistant port. This maneuver
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aids in visualization and exposure of the seminal
vesicles. With the seminal vesicles exposed, the
vas is released. The seminal vesicle is now held
and lifted anteriorly with the robotic arm angled
as described previously. With the seminal vesicle
on traction, blunt dissection is used to free the
gland proceeding from a medial to lateral direc-
tion. The blood supply originates inferolaterally
and is controlled with clips. Electrocautery
should be avoided as they may result in injury to
the neurovascular bundle. After one side has
completed, the same procedure is performed on
the remaining vas deferens and seminal vesicle.

After both seminal vesicles and vas deferens
have been dissected free, they are grasped with
the fourth robotic arm and lifted anteriorly to pro-
vide exposure for the posterior dissection.
Alternatively, they can be grasped on one side
with the fourth robotic arm and on the other side
by the assistant to provide anterior traction.

An incision is then made in the midline of
Denonvilliers fascia and the posterior prostatic
contour is defined. A plane is created using blunt
and sharp dissection between the prostate and
rectum. The correct plane is identified by the
visualization of perirectal fat. Dissection is con-
tinued towards the apex of the prostate and later-
ally to thin out the prostate pedicles. Dissection to
the apex decreases the chance of rectal injury that
may occur with the subsequent apical dissection.
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Ligation of Vascular Pedicles

If a nerve sparing procedure is to be performed,
thermal energy should be avoided due to propa-
gation to cavernosal nerves.

It is generally easier to start with ligation of
the right vascular pedicle because of the better
working angles.

Different techniques exist to control the vascu-
lar pedicle. These include suture ligation, Bulldog
clamps, clips, or coagulation (non-nerve sparing).

The pedicles should be adequately thinned to
allow clip application. To aid with clip application,
for the right prostatic pedicle the fourth robotic
arm grabs the prostate and pulls it to the contralat-
eral side while the assistant provides cephalad
traction on the perivesical tissue. This puts the
pedicle on stretch rendering it easier to place clips.
For the left pedicle the maneuver is reversed with
the assistant grabbing the prostate and the fourth
robotic arm grabbing the perivesical tissue.

Alternatively, Beck described a technique of
tension adjustable ligation of the vascular pedicle
using a 6 cm 3-0 poliglecaprone suture on an SH
needle. A figure of eight suture is placed 5-8 mm
from the base of the prostate and 5—7 mm above the
perirectal fat. The needle is then threaded through a
preformed loop at the end of the suture. Placing a
clip and cinching down on the suture ligature can
then apply increasing tension on the suture.

Frow g beepn

Fig.6.6 Nerve sparing
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Nerve Sparing

Nerve sparing is performed using a traction-free,
athermal technique. The aggressiveness of nerve
sparing should take into account a risk-stratified
approach. Given that the neurovascular packets
are located outside the prostatic capsule, for local-
ized disease nerve sparing should not affect mar-
gin status provided that the capsule is not violated.
In this respect, identification of patients at high
risk for extracapsular extension is essential, as it
would allow for the selection of patients in whom
anon-nerve sparing versus a unilateral or bilateral
nerve sparing procedure should be performed.
Nerve sparing is performed via an interfascial
dissection. This is performed between the pros-
tatic fascia and levator fascia laterally and
Denonvilliers fascia and prostate posteriorly.
Originally considered two bundles of tissue
travelling along the posterolateral surface of the
prostate, the course of the neurovascular bundles
has been shown to be more diffuse. The prostatic
fascia is incised anterolaterally and nerve sparing
proceeds towards the apex using an athermal
technique (Fig. 6.6). Different terms have been
used to describe this technique including the
“Veil of Aphrodite” and “high anterior release.”
For right-sided nerve sparing, the fourth arm
is used to gently rotate the prostate medially. The
prostatic fascia is incised over the anterolateral
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surface. The incision is carried towards the apex
in an antegrade fashion. The tissue is then
released away from the prostate using sharp and
blunt dissection.

Venous components are commonly the most
medial component of the neurovascular bundle.
This may be used as an anatomical landmark.
They can be intentionally cut leaving the medial
wall of the vein and the underlying inner pros-
tatic fascia with the prostate.

To optimize potency outcomes, traction on the
neurovascular bundles should be avoided. Care
should also be taken to avoid incorporation of the
neurovascular bundle in a suture or clip.

Compared to an Interfascial dissection, an
Intrafascial dissection involves dissecting one
layer closer between the prostatic fascia and cap-
sule. This is best suited to those with low volume,
low grade cancers where positive surgical mar-
gins are less likely to occur.

Apical Dissection/Transection
of Urethra

At this stage of the procedure, the prostate should
be free at the base, posteriorly and laterally. The
only remaining attachments are the dorsal venous
complex, urethra, and rectourethralis fibers.

The prostatic apex is the most common site of
positive margins with radical prostatectomy.

Fig.6.7 Transection of the
dorsal venous complex
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Anatomy in this area can be highly variable and
care should be taken to ensure that no lip of pros-
tate tissue is left behind.

In this regard, optimal visualization is crucial.
It is important that bleeding from the dorsal
venous complex be minimal. Increasing pneumo-
peritoneum to 20 mmHg prior to transection of
the dorsal venous complex and judicious use of
suction by the assistant can help to minimize
bleeding.

The base of the prostate is grasped with the
third robotic arm and pulled in a cephalad direc-
tion. The dorsal venous complex is then tran-
sected using scissors (Fig. 6.7). To avoid entry
into the prostate, the angle of incision should be
horizontal.

After division of the complex, the urethra is
visualized. It is transected a few millimeters dis-
tal to the prostatic notch (Fig. 6.8). The urethral
catheter is visualized and retracted and the
remaining urethra divided. The final remaining
apical attachments are transected, with care taken
to avoid transection of the neurovascular com-
plex that lie in close proximity.

Traction on the prostate, directed alternatively
to the patient’s right and left sides, assists in
delineation of the apex (Fig. 6.9).

After division of the urethra, the remaining rec-
tourethralis fibers are divided. It is at this step that
the rectum is most at risk of injury. As stated pre-
viously maximal posterior dissection to the apex
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Fig.6.8 Transection

of urethra. The urethra

is transected a few
millimeters distal to the
prostatic notch.
Preservation of urethral
length facilitates the
vesicourethral anastomosis
and improves postoperative
continence

Fragop bues g

Fig.6.9 Apical dissection.
The prostate is rotated to
visualize the remaining
apical attachments

helps to decrease the chance of rectal injury. After
transection of the rectourethralis fibers, the speci-
men is now completely free. It is inspected and if
any area of concern is identified, additional sec-
tions can be sent off for frozen section analysis.
The prostate is then placed in an extraction bag
and stored in the abdomen for later extraction.
The neurovascular bundles appear as two
tracts of tissue coursing along either side of the
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rectum towards the urethral stump (Fig. 6.10).
The surgical site 1is copiously irrigated.
Hemostasis is verified. Any areas of bleeding
that are identified can be suture-ligated or
clipped. However, care should be taken to avoid
incorporating the neurovascular bundles.

Any free clips in the surgical site are removed,
as they can migrate into the bladder and result in
bladder calculi.
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Fig.6.10
bundles

Neurovascular

Lymph Node Dissection

If required a lymph node dissection is now per-
formed. The extent of lymph node dissection fol-
lowing prostatectomy has yet to be standardized.

Tissue around the obturator nerve and along
the pelvic sidewall is dissected to clear the obtu-
rator fossa. The boundary of dissection includes
the External Iliac Vein anteriorly, the Pelvic side
wall laterally, the femoral canal inferiorly, and
the bifurcation of the Common Iliac artery supe-
riorly. Tissue to the lateral aspect of the bladder
is also cleared. If an extended lymph node
dissection is to be performed, the dissection
is continued proximally up to the bifurcation
of the aorta.

Dissection of the right lymph node packet is
generally easier due to the angle of the robotic
arms. The fourth robotic arm is used to retract the
bladder medially. The lymph node packet above
the external iliac vein is grasped and bluntly dis-
sected (Fig. 6.11). The vein is skeletonized. Care
must be taken as often an obturator vein can be
encountered and can cause significant bleeding if
avulsed. The lymph node packet is carefully dis-
sected off this vein. During dissection, clips are
used on lymphatic channels to minimize develop-
ment of postoperative lymphoceles.
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Care must be taken to avoid injury to the obtu-
rator nerve. Prior to clip application the obturator
nerve must be identified. The nerve will lie lateral
to the obturator vessels. Once identified, the
nerve is exposed by blunt dissection by sweeping
the packet in a direction parallel to the nerve.

Vascular injuries are controlled by robotic
suture ligation. Ureteral injury may occur at the
proximal limit of the dissection. If any injury
occurs, a stented, spatulated end to end anasto-
mosis should be performed.

Bladder Neck/Posterior Urethral
Reconstruction

In cases where an enlarged bladder neck opening
is present, reconstruction can quickly be accom-
plished by placing figure of eight absorbable
sutures at the 4 and 8 o’clock positions. If the
ureteral orifices lie close to the bladder neck,
ureteral stents can be placed to avoid ureteral
entrapment.

While not necessary, we routinely perform a
posterior reconstruction as we feel this maneuver
facilitates a tension-free urethral anastomosis.
Posterior reconstruction is performed by approxi-
mating Denonvilliers fascia and the posterior
detrusor muscle to the posterior rhabdosphincter.
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Fig.6.11 Lymph node
dissection: The lymph
node packet has been
dissected off the external
iliac vein. The obturator
nerve has been identified.
The distal limit of the
lymph node packet, the
pubic bone, is clipped and
divided

Vesico-Urethral Anastomosis

The anastomosis begins posteriorly in the midline
and runs progressively anteriorly on either side.
When placing sutures through the lateral portions
of the urethra, care must be taken to avoid incor-
poration of the neurovascular bundles.

The anastomosis is performed using two eight
inch 3-0 vicryl sutures that have been tied
together. Alternatively, a barb suture may be
used. The suture is thrown outside-in through the
bladder neck and then inside-out through the ure-
thra. After three throws have been thrown through
the urethra, the surgeon pulls on the suture to
cinch the bladder down to the urethra. If required,
the assistant simultaneously pushes down on the
bladder.

To aid with visualization of the urethral
stump, switching back to a zero degree endo-
scope and perineal pressure applied by the assis-
tant are effective. The assistant periodically
moves the urethral catheter in/out to ensure that
the urethra has not been backwalled and that the
catheter itself has not been incorporated into the
suture. Prior to tying down the anastomotic
sutures a new 20-french urethral catheter is
inserted under direct vision into the bladder.
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Otherwise, a percutaneous suprapubic catheter
can be placed for bladder drainage.

A watertight anastomosis is confirmed by fill-
ing the bladder with 120 cm® normal saline. Any
areas of leakage are closed with interrupted 3-0
vicryl sutures.

A closed suction drain is placed. The robot is
undocked and all ports are removed under direct
vision. The specimen is extracted through the
camera port.

The suction drain is removed if drainage is
less than 80 cm?/24 h or if fluid creatinine is con-
sistent with serum levels. The catheter is left
indwelling for 7-10 days. Postoperatively a cys-
togram in performed prior to catheter removal.

Improving Continence

Multiple technical modifications have been
developed to help patients to maintain or regain
continence. These modifications can generally be
divided into two categories: those that limit dis-
section of structures supporting the urethra and
posterior pelvic floor and those that recon-
struct these areas after the prostate has been
removed. Techniques described include bladder
neck preservation, bladder neck reconstruction,
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preservation of urethral length, periurethral
suspension, posterior reconstruction, combined
anterior and posterior reconstruction, endopelvic
fascia preservation, complete anterior preserva-
tion, selective suturing of the dorsal venous com-
plex, and nerve sparing.

Preservation of natural continence mecha-
nisms is key for patients to regain postoperative
urinary control, whereas reconstructive tech-
niques may hasten urinary recovery.

Several Described Modifications
Include

Bladder Neck Preservation

The bladder neck serves as an Internal Sphincter
and is composed of three distinct muscle layers
including an inner longitudinal layer, a middle
circular layer, and an outer longitudinal layer.
Outcomes of bladder neck preservation in
open and laparoscopic series provided conflicting
results with some studies showing small benefit
with continence and potentially increased posi-
tive margins. However, more recent series of
robotic prostatectomy have shown improved con-
tinence with no effect on positive margin rates.

Periurethral (Anterior) Suspension

After ligation of the Dorsal Venous complex, a
second suture is placed through the dorsal venous
complex. The suture is then passed from left to
right through the pubic periosteum. The suture is
then passed from right to left through the dorsal
venous complex and again through the pubic
periosteum and tied. This has been shown to has-
ten recovery of urinary incontinence at 3 months
although continence at 12 months remained simi-
lar. Another advantage of this suspension is that it
may decrease the chance of inadvertent transec-
tion of this suture during division of the dorsal
venous complex.
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Posterior Reconstruction

This reconstructs the posterior musculofascial
plate. Starting on the right side, a suture is passed
through the cut end of Denonvillier’s fascia and
posterior detrusor fibers and then through the rec-
tourethralis fibers. This is repeated two to three
times and then tied. As stated earlier, we perform
this maneuver as we find it aids with a tension-
free urethral anastomosis. In addition in a meta-
analysis there was lower risk of postoperative
urine leak. However, evidence regarding its
effectiveness on urinary continence has been
conflicting. Some studies have shown improve-
ment in early return of continence with no differ-
ence in long-term continence whereas others
show no benefit.

Results of studies of both combined anterior
and posterior reconstruction have also been
conflicting.

Selective Dorsal Venous Complex
Ligation

The open venous channels are selectively ligated
rather than the complex as a whole thus avoiding
potential damage to surrounding levator fibers.
This may lead to earlier return of continence,
although long-term continence is unchanged.

Nerve Sparing

Although the rhabdosphincter receives innerva-
tion from the pudendal nerve, authors have noted
an improvement in urinary continence with a
nerve-sparing procedure.

Positive Margins
Most positive margins occur at the apex of the

prostate. To minimize chance of apical positive
margins tips include complete dissection of the
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fatty tissue around the puboprostatic ligaments
and the dorsal venous complex, incision of the
endopelvic fascia, dissection of the levator fibers
from the DVC in order to increase the length of
the venous plexus, and transection of the urethra
3—6 mm distal to the prostatourethral junction.

Preserving Potency

As stated earlier, the principles of nerve sparing
revolve around minimal traction, athermal dis-
section, and dissecting within the correct tissue
planes.

Nerve sparing can be performed in an ante-
grade fashion (base to apex) or in a retrograde
fashion (apex to base).

Several techniques of nerve sparing are avail-
able including “the Veil of Aphrodite,” “athermal
retrograde neurovascular release,” and “clipless
antegrade nerve sparing.”

The Veil of Aphrodite/High Anterior
Release

The plane between the posterior prostatic fascia
and Denonvilliers fascia is extended distally
towards the apex and laterally to reveal the pros-
tatic pedicles. The pedicles are controlled with
clips. The prostatic fascia is then incised anteri-
orly to enter the intrafascial plane. The entire
periprostatic fascia is released hanging from the
pubourethral ligaments. In the Superveil modifi-
cation, the dorsal venous complex and pubopros-
tatic ligaments are also preserved.

Athermal Early Retrograde Release
of the Neurovascular Bundle

The lateral pelvic fascia is incised at the apex
and midportion of the prostate and a plane is
developed between the neurovascular bundle and
prostatic fascia. The dissection is continued
posteriorly until it meets the plane initially
developed between the prostate and rectum. The
pedicle is then ligated above the neurovascular
bundle.

59

Antegrade Nerve Sparing

The interfascial plane between the rectum and
prostate is developed to the apex of the prostate.
The pedicles are then thinned using blunt and
sharp dissection proceeding in a medial to lateral
direction. The dissection then proceeds anteriorly
towards the apex of the prostate.

Summary

Since its introduction in 1999, the da Vinci
Surgical System, with its improved ergonomics,
wristed instrumentation, and magnified, three-
dimensional visualization, has become an inte-
gral tool in urologic surgery.

This chapter highlights the technique of
robotic prostatectomy and describes techniques
to maximize the Trifecta outcomes of cancer con-
trol, urinary continence, and erectile function.

With increasing experience, refinements in
technique have resulted in improved outcomes
for patients. Future areas of research should focus
on developing patient-specific surgical protocols
based on risk stratification that further enhance
quality of life and cure for our patients.
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Introduction

The oncologic world is still searching for the
ideal surgical procedure for treatment of local-
ized prostate cancer. This would provide excel-
lent oncological control, acceptable continence,
preserve potency when indicated, and be mini-
mally invasive and cost-effective.

The perineal approach for radical prostatec-
tomy was described by HH Young more than a
hundred years ago. It remained the preferred
approach for radical prostatectomy for many
decades before Walsh described anatomical radi-
cal retropubic rrostatectomy (RRP) in 1975-
1976. The popularity of the perineal approach
declined considerably in the next two decades as
retropubic approach promised better continence
and potency rates because of the possible nerve
sparing that it could offer. It was only after the
anatomical principles of retropubic approach
were applied to the perineal route [1] and the
understanding that pelvic lymphadenectomy
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could be omitted in selected cases, the perineal
approach started gaining popularity again. The
only shortcoming that remained was the inability
to perform lymphadenectomy. The recent
descriptions of feasibility of pelvic lymphade-
nectomy through the same perineal incision have
ushered in a new phase in radical perineal pros-
tatectomy (RPP) and now it is being considered
as a truly minimally invasive, cost-effective
option even in the era of robotic assisted radical
prostatectomy (RARP).

Surgical Anatomy Relevant
to Perineal Approach

The anatomical aspects that require in-depth
understanding in relation to RPP are (a) anatomy
between the prostate and rectum to which not
many urologists are familiar, (b) the nomencla-
ture of the fasciae covering the prostate, (c) the
anatomy of the puboprostatic complex which
explains how the dorsal venous complex (DVC)
is saved during the dissection, and (d) the anat-
omy relevant to nerve preservation.

There are cadaveric studies that have specifi-
cally looked into macroscopic and microscopic
anatomical details of the perineum and the pubo-
prostatic complex with special reference to peri-
neal approaches for prostatectomy. Fasciae
related to the prostate have also been reviewed
with special emphasis on correct nomenclature.
The neuroanatomy related to the prostate is also
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Fig.7.1 Depiction of
anatomy in the midsagittal
plane along with two
approaches for RPP. BL
bladder, P prostate, RH
rhabdosphincter, RU
rectourethralis; pubopros-
tatic complex consists of
puboprostatic ligaments
(PPL—red); intermediate
pubourethral ligament
(yellow) and anterior
pubourethral ligament
(PUL—green).

Note the dorsal vein of
penis continuing over
prostate as DVC

evolving from the classic description of a well-
defined neurovascular bundle to a “trizonal con-
cept.” The mentioned publications form the basis
of the following anatomical description and have
been cited at appropriate places. These anatomi-
cal details are inseparable from the actual opera-
tive steps, but for the sake of proper understanding,
they have been described separately.

The Anatomy Between the Prostate
and the Rectum

As both halves of the levator ani muscle, after
originating from the white line across the pelvic
wall, descend down in form of curved curtains
to cup the prostate deep in the pelvis, its most
medial fibers, the puboanalis, never join each
other in the retropubic space (separated by
10-30 mm space) [2] but instead form a sling
around the rectum. This sling marks the junction
of the rectum with the anal canal. Beyond this
point, the anal canal is angulated backwards to
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culminate at the anal orifice. At the same level
lies the prostatomembranous junction. Thus in
the midsaggital plane the membranous urethra
is surrounded by the Q-shaped smooth muscle
rhabdosphincer which is bulky anteriorly and
the rectourethralis posteriorly. The rectourethra-
lis occupies the gap between the right and left
portions of the sling of levator ani between the
urethra and the rectum. It contains smooth mus-
cle fibers which interdigitate posteriorly with
the longitudinal smooth muscle fibers of the rec-
tum [2] and also insert in the perineal body and
the bulb of the urethra [3]. The external anal
sphincter (consisting of deep, superficial and
subcutaneous parts) surrounds the lower third of
the anal canal whereas the internal anal sphinc-
ter encircles the upper two-thirds. The Young
approach to perineal prostatectomy is supra-
sphincteric and does not damage any anal
sphincter whereas the Belt approach is sub-
sphincteric and involves stretching of the anal
sphincteric muscles and consequently more
chances of anal incontinence (Fig. 7.1).
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Fig. 7.2 Prostate with its covering fasciae. The levator
ani (LA) fascia (purple) is the parietal endopelvic fascia
which reflects over the prostate as visceral endopelvic fas-
cia to fuse with the lateral prostatic fascia (LPF—green).
The Denonvillier’s fascia (DF) proper (red) is located on
the posterior aspect of prostate. Another ventral layer of

Nomenclature of Fasciae Around
the Prostate (Fig.7.2)

The ventral rectal fascia (posterior layer of
Denonvillier’s fascia): As we go in the space
between the anal canal and the bulb of the penis
over the surface of external anal sphincter toward
the prostate, after division of the rectourethralis
muscle, we encounter the prostate covered with a
shiny fascia which is the ventral rectal fascia or
the fascia propria of the rectum (wrongly called
the posterior layer of Denonvillier’s fascia) [4].
This fascial layer covers the ventral surface of the
rectum and is continuous with the lateral rectal
fascia which covers the lateral aspect of rectum.
It descends in front of the rectum behind the
prostate to fuse with the perineal body. As we
cut the rectourethralis by keeping a downward
traction over the surface of the anal canal, the
space between the prostate and the rectum
opens up with the ventral rectal fascia staying
over the prostate.

Denonvillier’s  fascia  (anterior layer of
Denonvillier’s fascia): It is derived from embry-
onic fusion of the two layers of peritoneum of the

DF is actually the ventral rectal fascia (blue). The main
bulk of neuronal tissue passes at the confluence of these
fascia between the layers. Modified from Costello et al.
Immunohistochemical study of the cavernous nerves in
the periprostatic region. BJU Int. 2011 Apr;107(8):1210—
5. With permission from John Wiley and Sons

prostatorectal cul de sac. These layers are not
actually separable. While descending behind the
bladder, it loosely covers the seminal vesicles but
lower down is densely adherent to the underlying
prostate. It usually extends up to the apex of the
prostate.

Lateral pelvic fascia: 1t is the fascia covering the
medial surface of the levator ani and is actually
the parietal layer of endopelvic fascia [5].

Lateral prostatic fascia: 1t is the fascia
immediately surrounding the prostate especially
anteriorly and laterally. Posteriorly it is fused
with and is inseparable from Denonvillier’s
fascia. Some consider this fascia to be a multilay-
ered [4] visceral component of endopelvic fascia.
This contains some nerve fibers that form the
accessory distal neural pathways (see later) of the
cavernous nerves and is preserved in “veil of
Aphrodite” technique [6].

Prostatic capsule: There is no true capsule over
the prostate. A fibromuscular tissue surrounds the
prostate which is indistinct from and is a part of
underlying prostatic stroma [5].
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Fig.7.3 With straight
Lowsley tractor depressed
toward rectum, space can
be created on the anterior
surface of prostate (arrow).
With the prostate thus
rotated, the DVC
automatically remains
away from surgical field.
Note the anterior
pubourethral ligament
(green) still attached to the
urethra keeping it
suspended

The Anatomy of the Puboprostatic
Complex

Puboprostatic complex refers to the structures
between the pubic symphysis and the anterior
aspect of the prostate and proximal urethra. It is
responsible for keeping the prostate and proximal
urethra suspended behind the pubic symphysis
(Fig. 7.1). Steiner [7] and Wimpissinger et al. [8]
independently studied the anatomy of the pubo-
prostatic complex in detail during surgical as
well as cadaveric dissections. It consists of (i)
puboprostatic ligaments (or the posterior
pubourethral ligaments): they are the most
proximal pyramidal structures and are said to be
lying in a horizontal plane keeping the bladder
neck and the proximal prostate suspended to the
pubic symphysis, (ii) the DVC: it is the continu-
ation of dorsal vein of penis into the retropubic
space and runs beneath the pubic arch separated
from the anterior surface of prostate by the (iii)
fibromuscular connective tissue (or the inter-
mediate pubourethral ligament): this fibro-
muscular soft tissue connects the anterior
commissure of the prostate to the undersurface of
the pubic wall. It is oriented in a vertical plane
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and together with the puboprostatic ligament,
forms a “T”-shaped structure (iv) the puboure-
thral ligament proper (or the anterior pubo-
urethral ligament) which holds the membranous
urethra suspended. During the perineal approach,
while dissecting at the prostatic apex, when the
urethra is transected, the anterior pubourethral
ligament is left undisturbed attached with the ure-
thra and we enter the retropubic space. The inser-
tion of the straight Lowsley through the transected
apex helps downward rotation of the prostate to
bring anterior prostatic surface in view. Here we
bluntly separate the intermediate pubourethral
ligament and further push the DVC away from
the prostatic surface to allow working in an avas-
cular plane (Fig. 7.3).

This step has two major implications, namely,
avoidance of DVC, resulting in less blood loss as
compared to other approaches, and preservation
of urethral suspensory mechanism which helps in
achieving good “early continence” rates.

The concept of preservation of the urethral
suspensory mechanism for improvement of
the continence rates during the retropubic
approach was introduced in the early 1990s [9].
However, it was always a natural part of the
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Fig. 7.4 Neuronal structures around prostate as visual-
ized during robotic surgery. The “Trizonal concept” of
Taenaka and Tewari. PNP proximal neurovascular plate
(overlying the rectum), PNB predominant neurovascular
bundle (posterolaterally), ANP accessory distal neural

perineal approach since it leaves the pubourethral
ligament anatomy undisturbed from its attach-
ment on the pubic bone by virtue of dissection on
the surface of prostate.

The Anatomy for Nerve
Preservation

The neuroanatomy relevant to nerve preservation
during radical prostatectomy is still evolving.
Even after Walsh and Donker’s “discovery” [10]
and wide application of the technique of preser-
vation of neurovascular bundles (NVB) in the
years that followed, the outcomes of erectile
function were variable (56-93 %) [11]. The tradi-
tional concept that the cavernous nerves arise
from the pelvic splanchnic nerves and autonomic
plexus in front of and lateral to the rectum at the
level just above the seminal vesicles and travel
caudally in “cord-like” NVB on the posterolat-
eral surface of prostate has been modified by
recent anatomical studies. Takenaka and Tewari
[12], in a review of contemporary anatomical
studies, described that the relevant neural tissue
encountered during radical prostatectomy rests in
three zones (the “Trizonal” concept) (Fig. 7.4).
The zones are: (i) proximal neurovascular plate
(PNP): The neural tissue arising from the pelvic

Eladder

Rectum

pathways (over the lateral surface). From Takenaka A.,
Tewari AK. Anatomical basis for carrying out a state-of-
the-art radical prostatectomy. International Journal of
Urology (2012) 19, 7-19. Reprinted with permission from
John Wiley and Sons

splanchnic nerves is located in a broad area
extending from underneath the seminal vesicles
to laterally over the lateral rectal fascia. This
plate of tissue carries all the candidate fibers of
the cavernous nerves, which cannot be identified
surgically, and hence the entire broad plate needs
to be preserved at this proximal level. Distally,
ome fibers converge to form the (ii) predomi-
nant neurovascular bundle (PNB), which is the
classically described NVB travelling on the pos-
terolateral surface of the prostate. A few other
fibers remain divergent over the lateral prostatic
fascia as (iii) accessory distal neural pathways
(ANP) and form an additional conduit for neural
transmission. An earlier anatomical study by the
same author on 14 formalin fixed male cadavers
found that the pelvic splanchnic nerves does not
solely carry parasympathetic fibers as earlier
thought, but also consists of up to 36 % sympa-
thetic fibers and consequently the nerves in the
above-described zones are also contributing to
the continence mechanisms in addition to erectile
function [13].

NVB preservation alone might be giving vari-
able results as the other two zones are not pre-
served. Better erectile function claimed in other
techniques like high anterior release [14] and
“veil of Aphrodite” nerve preservation [15] can be
ascribed to respecting these evolving anatomical
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concepts. Another immunohistochemical study of
periprostatic areas on cadavers however contra-
dicts these findings by concluding that between
3 and 9 o’clock there is hardly any significant
parasympathetic nerve distribution and that there
is no anatomical evidence to practice these higher
incisions [16]. A limitation of the study however
was that only four cadavers were studied, two
fresh and two fixed. The nerve sparing technique
in RPP as described by Weldon, although not yet
studied as extensively as it has been for other
approaches, respects the above anatomical
description and is mentioned later.

Indications

Traditionally, RPP has been advocated either
when lymphadenectomy could be safely omitted,
i.e. low-risk disease where risk of positive nodes
would be less than 5 % according to Partin’s
tables (serum PSA less than 10 ng/ml, up to T2a
disease, Gleason 6 or 3+4="7) or when laparo-
scopic pelvic lymphadenectomy was performed
along with RPP. Now that the technique of pelvic
lymphadenectomy has been developed, it has the
potential to broaden the indications to include
almost all patients choosing surgical treatment
for localized prostatic cancer.

Some special circumstances where perineal
approach is particularly suitable are:

Fig.7.5 Lowsley tractor

— Morbidly obese men [17]

— Post renal transplant recipients [18, 19]

— Prior mesh repair of inguinal hernia [20]
Inability to put the patient in extended lithot-

omy position would form the only absolute con-

traindication to this approach. Performing RPP in

very small prostate (<20 g), very large prostate

(>100 g), and post radiation salvage situations is

challenging but not contraindicated.

Preoperative Preparation

On the day prior to surgery, a thorough bowel
preparation is given. Antithrombotic stockings
and pneumatic compression stockings should be
applied prior to surgery. A second generation
cephalosporin is used for antibiotic prophylaxis.
Blood typing and cross matching are done to
keep blood arranged if needed.

Instruments

A set of curved and straight Lowsley tractor
(Fig. 7.5) are the only special instruments needed
to perform the prostatectomy proper. However,
for performing the lymphadenectomy through
the same incision, a self-retaining retractor system
such as Omnitract™ with various blades and a
headlight is absolutely essential.
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Technique
Position

Patient is positioned in an exaggerated lithotomy
position with buttocks protruding from the edge
of the table. A rectal shield is placed to facilitate
repeated rectal examinations for rectal wall
assessment during the surgery to avoid getting in
the anal canal or rectum. A curved Lowsley trac-
tor is passed into the bladder and its wings are
opened to allow maneuvering the prostate in vari-
ous stages of dissection. The scrotum is then
fixed with sutures so as to prevent falling in front
of the perineum.

Approaching the Prostatic Apex
A curved incision is given 2 cm from the anal

verge from 9 o’clock to 3 o’clock position remain-
ing medial to the ischial tuberosities. After incising

the subcutaneous tissue, bilateral ischiorectal
fossae are developed by bluntly entering the
index fingers in the visible fat and directing the
fingers toward the toes of the operating surgeon
(Fig. 7.6a). When in proper space, one should be
able to feel the rectum between the two index fin-
gers. Central tendon is then identified and divided
(Fig. 7.6b). One can then identify the circular
fibers of the anal sphincter (Fig. 7.6c).

Two popular approaches for reaching the apex
of the prostate from here are the traditional Young
approach (suprasphincteric) and Belt (subsphinc-
teric) approach. With the Belt approach there is
more chance of anal sphincteric incontinence [2].
With sharp and blunt dissection in the midline
between the anal canal and the bulb of penis, the
fibers of rectourethralis are identified and sharply
divided transversely not deviating from the mid-
line (Fig. 7.7a). The direction of this dissection is
not parallel to the floor but slightly upward toward
the apex of the prostate which can be identified
by gently shaking the Lowsley toward and away
from the abdomen. Once the apex is identified,

A

-

Fig. 7.6 (a) Developing bilateral ischiorectal fossae. (b) Division of the central tendon. (¢) Artery forceps passed
beneath the circular fibers of external anal sphincter (superficial part)

Fig.7.7 (a) Division of the rectourethralis (note the slightly upward direction of the scissors). (b) Denonvillier’s fascia

(DNF) over the prostate. LA levator ani, R rectum
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INJURY TO TENTED
ANAL CANAL
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Fig. 7.8 Assistant’s downward traction over the curved
Lowsley (towards abdomen) in order to bring the prostate
towards the incision for better view during apical dissec-
tion leads to a tented anal canal and makes it more prone
to injury.

the rectum can be swept in caudad direction with
the help of Kittner dissector to expose the shiny
Denonvillier’s fascia of the prostate (Fig. 7.7b).

One of the common modes for the rectum to
get injured is when the assistant depresses the
curved Lowsley tractor in order to bring the pros-
tate toward the wound, thereby tenting the rectum
further (Fig. 7.8). A useful modification to the
technique of exposing the prostate is the delayed
introduction of curved Lowsley after the recto-
urethralis is divided [21]. This prevents any dis-
tortion of the anatomy at this stage as the rectum
most commonly gets injured before the prostate
is exposed [3].

Mobilization of the Lateral Surfaces
and Base of Prostate

Laterally on either side the prostate is closely
invested by levator ani muscles. Space can be
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created by inserting the finger bluntly between
the prostate and the levator muscle (Fig. 7.9).
This is facilitated by turning the curved Lowsley
tractor to the side of the lateral surface being
freed in order to push the prostate to the opposite
side to open up this space.

The assistant is then asked to hold the Lowsley
inferiorly toward the surgeon so that the prostate
is held in a “hung up” position (Jewett maneuver)
which facilitates development of space between
the base of the prostate and seminal vesicles, cov-
ered with Denonvillier’s fascia, and the rectum.
Constant caudad traction over the rectum with a
thin Deaver is required and using either two
Kittner dissectors or a gauze piece wrapped over
a suction tip pushed slowly between the rectum
and the prostate, a space is developed [20]. While
doing this the lateral prostatic pedicles that come
into view can be put to stretch by moving the
Lowsley tractor to either side and can be ligated
or clipped and divided. Having cleared the pedi-
cles, one can feel the open blades of the Lowsley
tractor at the bladder neck laterally and the vesi-
coprostatic junction can be defined all around
except anteriorly.

Dissecting Seminal Vesicles

Traditionally this step was performed after tran-
section of the bladder neck but all contemporary
techniques emphasize on dissecting out seminal
vesicles prior to opening the bladder if possible.
This preference has developed after it was theo-
rized that incomplete removal of Seminal Vesicles
(SVs) during RPP is responsible for higher inci-
dence of early biochemical recurrence (BCR)
[22]. After development of space between the
rectum and prostate and beyond the base of pros-
tate, the Denonvillier’s fascia overlying the SVs
is incised transversely exposing the SV and vas
deferens. With the help of a Mixter forceps, each
vas is hooked out, clipped, and divided as proxi-
mally as possible followed by dissection and
delivery of the seminal vesicles one by one after
dealing with the seminal vesicular artery at the
tip of each SV [23].
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Fig.7.9 Finger dissection
between prostate (P) and
levator ani (LA) creates a
space between them

r

Fig.7.10 (a) At prostatic apex, with the posterior wall of
urethra divided, Lowsley can be seen shining. (b) Anterior
wall of urethra ready to be divided. (¢) Downward depression

Dissection of Apex and Intraprostatic
Urethral Dissection

At the apex, the urethra can be palpated over the
Lowsley tractor where it exits the prostate. It can
be encircled with a right angled forceps in this
area. While doing this, the dorsal vein is
automatically pushed dorsally away from urethra.
The prostate often, especially if large, overhangs
the membranous urethra by a few millimeters at the
apex. Dissection within this overhanging prostate
is required in such cases to get to the true
prostatomembranous junction before its division.
This is easily accomplished by gentle use of a
right angled forceps to dig out the true
prostatomembranous junction. The importance of

on straight Lowsley tractor brings anterior surface in
view. PPL puboprostatic ligaments

preserving the urethral length proximal to rhabdo-
sphincter was always insisted but recently it has
been seen that it can safely be preserved up to
verumontanum without compromising the onco-
logical outcome and this helps in significant
improvement of early continence at 3 months [24].

Transection of the Urethra
and Anterior Dissection

At the prostato-urethral junction, the posterior
wall of urethra is divided transversely with a
no. 15 blade and after the curved Lowsley is
clearly visible (Fig. 7.10a) it is replaced with a
straight Lowsley passed in the bladder directly
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Fig.7.11 (a) Anterior bladder wall is opened over wing of straight Lowsley felt at bladder neck. (b) Division of the
posterior bladder wall after confirming that the orifices are away

Fig. 7.12 (a) The vas deferens brought out over a right
angled forceps. (b) Seminal vesicle (SV) with some
pedicular tissue still attached. (It is preferable to dissect

through the operative area. The anterior wall of
the urethra is then divided similarly over the right
angled forceps (Fig. 7.10b). Sutures may be taken
in the anterior urethral wall at this time, when it is
visible, for subsequent anastomosis. Keeping a
downward traction on the straight Lowsley
tractor, the anterior surface of the prostate is then
bluntly dissected. The puboprostatic ligaments
can be identified at this stage (Fig. 7.10c) and
they are sharply divided no farther than the level
of bladder neck. The DVC gets pushed automati-
cally and does not come into the picture (see
Fig. 7.3).

Defining Bladder Neck
and Transection

The above step exposes the anterior bladder neck
which can be confirmed by rotating the straight

SVs prior to opening of the bladder.) (¢) The complete
specimen after an extrafascial dissection

Lowsley to feel its wing through the anterior
bladder wall at the bladder neck (Fig. 7.11a). The
bladder is opened at this point and the straight
Lowsley is then replaced with either a Foley cath-
eter or a penrose drain which enters the prostatic
urethra and comes out through this opening to
loop and maneuver the prostate during further
dissection. A curved scissors is used to transect
the anterior bladder neck. A thin Deaver retractor
is passed in the bladder through this opening and
used to retract the bladder wall to help identify
the ureteric orifices before one sharply divides
the posterior wall of the bladder (Fig. 7.11b). The
Deaver retractor is then shifted to a subtrigonal
position in the plane between bladder and semi-
nal vesicles. If not already dissected, the vas and
SVs are then dissected and the SV arteries are
clipped on either side to deliver the specimen
(Fig. 7.12). The rectum is inspected for any inad-
vertent injury before the anastomosis.
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Fig.7.13 (a) The urethra (with metal dilator protruding
out) and the bladder edges (held in Babcock forceps) are
usually right in front and close to each other making vesi-

Vesicourethral Anastomosis

Before the anastomosis, if the bladder opening is
wide, the bladder is sutured to itself starting from
6 o’clock till the size of the bladder opening is
approximately 30 Fr. This “racquet handle” clo-
sure also secures the ureteric orifices in a position
away from vesicourethral anastomosis. A 2-0
Monocryl® (poliglecaprone 25) suture on a 5/8
circle needle is used for the anastomosis. Six
interrupted stitches over a 3 way 18 Fr catheter
are enough for a secure anastomosis. As both the
urethral end and the bladder are right in front at
the level of the eyes, the anastomosis is relatively
easier to perform than in other techniques of radi-
cal prostatectomy (Fig. 7.13). A gloved drain or a
closed suction drain is placed close to but not
directly behind the anastomotic line. Before clo-
sure, the fibers of the rectourethralis are sutured
to the bulb of the penis and the central tendon is
reapproximated. Skin is then closed with nylon
sutures or staples.

Technique of Nerve Sparing

Weldon and Tavel [1] are credited for the descrip-
tion of nerve sparing technique in RPP. Nerve
sparing is indicated in men who have good pre-
operative erectile function and have either T1 dis-
ease (bilateral nerve sparing) or T2a disease
(unilateral nerve sparing). After mobilization of
the lateral surface and base of the prostate, a lon-
gitudinal midline incision is given on the ventral

courethral anastomosis easier. (b) Completed anastomo-
sis. (¢) Sutured incision line with a tube drain coming out
separately

rectal fascia on the surface of prostate (posterior
layer of Denonvillier’s fascia). The incision can
be extended on either side toward the base in an
inverted Y fashion if a bilateral nerve sparing is
planned. The fascia along with the NVB (the
PNB) is lifted away from prostatic surface along
the entire length of this incision. Any attachments
to the prostatic surface are clipped avoiding elec-
trocautery use. The NVB is mobilized distally up
to 1 cm beyond the prostatourethral junction and
proximally up to the prostatic base. This allows
moving the entire fascial layer laterally (includ-
ing PNB and ANP) so that it does not get stretched
during maneuvering of the prostate. The levator
ani is left covered with these fascial layers in a
nerve sparing dissection whereas in a non-nerve
sparing dissection, the fibers lie bare (Fig. 7.14).
If there is induration preventing the release of this
fascial layer, ipsilateral nerve excision 1is
performed.

Technique of Perineal Pelvic
Lymphadenectomy

Inability to sample pelvic lymph nodes has been
a major handicap of RPP. Consequently the indi-
cations were limited to a select group of patients
with low risk of positive lymph nodes if simulta-
neous laparoscopic pelvic lymphadenectomy
was not being planned. To circumvent this short-
coming and to provide wider applicability of the
procedure, surgeons from Japan and Germany
have performed pioneering work by introducing
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Santorini's plexus

Lateral prostatic
fascia

fascia

Fig. 7.14 In non-nerve sparing dissection (dotted line),
the ventral rectal fascia, the neurovascular bundle, and the
lateral prostatic fascia are included in the specimen baring
the levator ani fibers. In nerve sparing dissection (continu-
ous line) after incising the ventral rectal fascia in midline,
the fascial layer including the neurovascular bundle, is
lifted off the prostate. From Weldon, V. E.: Technique of
modern radical perineal prostatectomy. Urology,60:689,
2002. Reprinted with permission from Elsevier Limited

pelvic lymphadenectomy through the same peri-
neal incision. Saito and Murakami [25, 26]
started performing removal of obturator and
internal iliac lymph nodes along with partial
external iliac lymphadenectomy through perineal
incision. The yield of lymph nodes was an aver-
age of eight nodes in 20 patients. This could not
be considered reliable in high-risk patients.
Keller et al. modified the technique and per-
formed extended lymph node dissection in 90
consecutive patients up to the level of crossing of
ureter with average of 19 nodes removed with no
major complications [27] (Fig. 7.15).

The lymphadenectomy is performed after the
prostate is removed. The endopelvic fascia is
pierced and the perivesical space is entered. The
bladder is pushed medially and is retained there
with the help of self-retaining system. The space
can also be created with the help of a trocar
mounted balloon device. The obturator nerve is
the first to get identified followed by external
iliac vessels in the order of depth. Keeping a
slight pull at the lymphatic tissue with an Allis
clamp, the nodes are gradually teased away from
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the vessels going deeper till the ureter can be
identified. Hemoclips are used for the lymphatic
vessels. A silicon drain is kept at the nodal dis-
section site on each side for a few days till the
secretions are minimal.

Other Modifications and Their
Usefulness

Endoscope Assisted RPP

As bladder neck is the most poorly visualized part
during perineal approach especially in larger
glands, it has been described to incise the bladder
neck all around at the prostatovesical junction with
the help of Collin’s knife [28]. The resectoscope is
inserted through the transected prostatic apex dur-
ing RPP. The endoscopic assistance has not been
used by most of the perineal surgeons; however, it
may be useful in cases of post TURP prostates [29].

Extended RPP (Removal of DVC Along
with Prostate)

The bladder neck anteriorly is the most common
site for a positive surgical margin (PSM) follow-
ing RPP as that is the farthest and most poorly
visualized area during the operation in contrast to
retropubic approaches where apex is the most
favored site. To reduce this risk and to bring it
technically even more close to retropubic
approach, extended RPP has been described
where the DVC is divided with harmonic scalpel
[30]. Extended RPP has the potential to decrease
the rates of anterior PSMs.

The Management During
Postoperative Phase

Postoperatively all patients are allowed liquid
diet on the evening of surgery and semisolids
from next day onward. Patient is allowed ambu-
lation from the first postoperative day. Need for
parenteral analgesia does not exceed more than
2 days followed by on demand oral analgesics.
Perineal drain output usually remains minimal
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Fig. 7.15 (a) Left perivesical space after completed
lymphadenectomy through perineal route (shown with the
help of laparoscopic camera). EIA external iliac artery,
EIV external iliac vein, /IA internal iliac artery, U ureter
(looped at the level of crossing of iliac vessels). (b)
Postoperative X-ray with metal clips depicting the extent

and is removed within 48 h of surgery. Patient
can be discharged with urethral catheter after
drain removal. Catheter removal is done in the
office setting between 7 and 10 days.

Results

In a recent review of literature, Wronsky com-
pared results of RPP with all other techniques
including RARP [31]. His chart (Table 7.1)
compares all issues relevant to the outcome of
RPP, including intraoperative and postoperative
complications, oncologic outcome parameters
(PSM and BCR), functional outcome parame-
ters (Erectile dysfunction (ED) and continence),
and cost with other techniques. A glance at this
table justifies their questioning of RARP as the
“gold standard.” The review concludes by quot-
ing Laurent Boccon-Gibod from an editorial in
European Urology: “There is no doubt that as
far as pain, complications, transfusion rate,
continence, positive margins, and cosmesis,
RPP meets every goal of a minimally invasive
surgery [32].”

of lymphadenectomy that is possible. From Keller H,
Lehmann J, Beier J. Radical Perineal Prostatectomy and
Simultaneous Extended Pelvic Lymph Node Dissection
via the Same Incision. Eur. Urol.; 52 (2007) 384-388.
Reprinted with permission from Elsevier

Oncological Outcome (PSM
and BCR)

In a study to look for predictors of PSM after
RPP, clinical T stage and biopsy Gleason sum
were not found to be predictors for PSM whereas
smaller prostate volume was found to be correlat-
ing with higher chances of PSM [33].

The location of PSM is more commonly
toward the apex in all retropubic approaches and
toward the anterior surface and bladder neck in
the perineal approach. This difference is because
the region most difficult to access in retropubic
approaches is the apex whereas in RPP the apex
is well visualized and instead the bladder neck is
farthest and poorly visualized. The anterior sur-
face becomes a favored location because the cap-
sule is exposed there as DVC is not included in
the specimen [3]. A positive margin, incomplete
removal of seminal vesicle [3, 21], and capsular
incisions [34] are associated with increased bio-
chemical failure rates. In contrast an SV sparing
RPP has also been described with equivalent
oncological outcomes [35].
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Functional Outcome: Continence
and Erectile Dysfunction

Although the attempts to compare the erectile
function and continence outcomes between dif-
ferent techniques are marred because of lack of
standard definition of both potency and conti-
nence, the results are still comparable. A younger
age and a good preoperative erectile function are
associated with better preservation of erectile
function after nerve sparing surgery. Albayrak
and colleagues specifically studied the early con-
tinence outcomes after RPP in 120 patients and
reported that more than a third were immediately
continent as soon as the catheter was removed
and at 3 months 72.5 % were continent, i.e.,
“early continence” [36]. These early continence
results are exceptionally encouraging. Overall,
the results are comparable or even better than
other approaches for radical prostatectomy.

Practice of nerve sparing techniques in RPP is
relatively new and was described by Weldon and
Tavel. In Weldon’s own experience, an unassisted
potency rate after nerve sparing in RPP in selected
men approached 70 % [22]. In Harris’ experience
67 of 84 bilaterally nerve spared patients recov-
ered partial erections at 24 months [37]. Brehmer
et al. reported 48 % recovery of unassisted inter-
course in 31 patients with more than 2 years fol-
low-up after unilateral nerve sparing [38]. In all
retropubic routes, once the NVBs or plates are
dissected away, the prostate is lifted off them
without causing any further stretching. Whereas
in RPP, even after dissecting away the fascia con-
taining the neurovascular tissue, it is subjected to
a lot of manipulation and stretching while trying
to deliver the gland thereby increasing the risk of
laceration of neurovascular tissue [39]. Not many
studies have reported on nerve sparing, and liter-
ature on results is yet to evolve.

Complications

Rectal Injury

Although the incidence of rectal injury is high,
when it is intraoperatively identified and sutured
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in 2 layers, it does not result in further conse-
quences. Only 3 of 22 patients with rectal lacera-
tions during 451 RPPs required colostomy for
their management [40]. In a relatively recent
Brazilian experience of 176 patients, authors
report a low incidence of rectal lacerations and
rectal fistulas (5.7 % and 2.3 % respectively)
[41]. Apart from the natural risk that the perineal
approach poses to the anorectal integrity, it is the
relatively smaller number of cases in each series
as compared to RRP or RARP that explains the
higher incidence.

Fecal Incontinence

In 1998 Bishoff et al. reported a startling inci-
dence of fecal incontinence in 18 % of their RPP
patients as compared to 5 % of RRP patients and
started off this debate [42]. The method of their
data collection was a telephonic survey after at
least 1 year from the date of surgery. There was
no baseline to compare with. Steineck et al. [43]
in 2002 studied the quality of life in 376 men,
randomized to either radical prostatectomy or
watchful waiting, at least 12 months after surgery
(RRP in all cases) and 14 months after random-
ization. Seven percent of RRP patients and 10 %
of watchful waiting patients had some kind of
fecal soiling. The fecal incontinence was more
than once a week in 1 % and 6 % patients, respec-
tively. They concluded that radical prostatectomy
does not lead to de novo fecal incontinence and
the previous reports were because of lack of a
control group and a baseline evaluation. Korman
and colleagues [44] evaluated bowel function in
150 consecutive radical prostatectomy patients
by a single surgeon (79 RPP, 71 RRP). They also
had a control group of 75 prostatic biopsy
patients. At 1 year the fecal incontinence rates
were 5.4, 6.4, and 4.8 %, respectively, for RPP,
RRP, and control groups. A group from Turkey
manometrically assessed the anorectal complica-
tions after both the approaches and found that
although both external and internal anal sphinc-
teric pressures decrease significantly after RPP as
compared to RRP, clinically there is no differ-
ence (anal incontinence scores were not signifi-
cantly different) [45].
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Anastomotic Stricture

Harris reported anastomotic stricture in only 1 %
of his single surgeon series of 704 cases [36]. In a
large single center comparison of 866 RPPs and
2,052 RRPs, Gillitzer et al. reported incidence of
anastomotic strictures to be 3.8 % and 5.5 %,
respectively [46]. As the vesicourethral anastomo-
sis is performed with relative ease in RPP, the rates
of anastomotic strictures are very low as compared
to all other techniques including robotic.

Learning RPP

Learning curve for RPP is not as steep as for
other minimally invasive radical prostatectomies
(MIRP). Many researchers have reported their
first experiences with RPP with encouraging
results. In a self-appraisal of their first 47 patients
that Wronskiet al. reported [47], 26 patients
responded to a questionnaire at least 1 year after
surgery. Only 38 % respondents reported some
leakage and that too for most of them was only
sporadic. Only one patient had continuous uri-
nary leak. We ourselves have reported our initial
experience of 35 cases with encouraging results
(the incidence of PSMs was 14 % in our series.
Continence rates at 3 months and 18 months were
70 % and 92.4 %, respectively, with continence
defined as “no pads used”) [48].

To evaluate the learning curve for RPP, Fadi
Eliya et al., after a 2 day training in RPP, per-
formed RPP in 96 consecutive cases and to deter-
mine their learning curve they divided them in 4
almost equal groups according to time period.
The perioperative results did not improve signifi-
cantly from 2nd group onward and they estimated
the learning curve for RPP to be approximately
35-40 cases [49].

The Future of RPP

Even after a number of contemporary publica-
tions and reviews concluding that RPP is the most
cost-effective minimally invasive technique for
radical prostatectomy with outcomes equivalent
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to any other technique including RARP, it is
unfortunate that RPP is being performed only by
a handful of urologists and is unable to hold its
ground firmly. Whether it is the zeal for technol-
ogy or the pressure of the industry that has
become the reason cannot be said conclusively.

Prasad et al. retrospectively reviewed data of
more than 9,000 men who underwent radical
prostatectomy (RPP, RRP, and MIRP) using
SEER (Surveillance, epidemiology and end
results)—Medicare linked database in the United
States. They observed that the increasing use of
MIRP (mainly robotic) had led to “cannibaliza-
tion” of RPP and RRP. MIRP use was more prev-
alent in better educated, higher socioeconomic
status and those coming from metropolitan cities
probably due to effective “marketing.” This hap-
pened even though MIRP outcomes were not sig-
nificantly different from those of RRP and RPP
resulting in huge cost burdens [50]. Is the market
driving the choices?

The realization that an effective tool is being
abandoned prematurely is showing up [38, 49,
51]. When it came to effectively handling the
growing healthcare burden of prostatic carci-
noma in native Africans, RPP was chosen to be
taught to African surgeons [52], a step that clearly
emphasizes the role it can still play. Well-
designed clinical trials are needed to study RPP
vs. RARP to prevent denying RPP of whatever
potential it has in present era of mounting burden
of prostatic cancer. With the constraints of inabil-
ity to perform lymphadenectomy now removed,
RPP has all the potential to become a gold stan-
dard for prostate cancer surgery if it is kept alive
by “perineourologists.”
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Introduction

Prostate brachytherapy offers a convenient and
cost-effective treatment option for patients with
clinically localized prostate cancer. This minimally
invasive technique carries a comparatively low risk
of incontinence and impotence [1] while simulta-
neously avoiding the wider distribution of radia-
tion dose to normal tissue and extended treatment
course of conventional external beam radiation.
The implantation of radioactive sources,
termed brachytherapy, is one of the earliest forms
of radiotherapy. In 1898, only 3 years after
Wilhelm Rontgen described the Rontgen Ray,
Marie Curie discovered radium, the first known
radioactive nucleotide [2, 3]. By 1911, the French
physician Octave Pasteau reported the therapeu-
tic effects of radium when used against carci-
noma of the prostate, which at that time was
considered a rare disease [4]. Hugh Hampton
Young, the Johns Hopkins urologist and pioneer
of the prostatectomy, revised the implantation of
radium needles through 1917 [5]. This was a
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primitive procedure by today’s standards and
was performed without image guidance. With
haphazard seed implantation, frequently involv-
ing the bladder or rectal wall, nearly every patient
experienced significant toxicity and brachyther-
apy fell out of favor. In 1952, as the limitations of
therapeutic castration were realized, the interest
in brachytherapy was revitalized by Dr. Rubin
Flocks at the University of Iowa [6]. Using an
aqueous solution of ®Gold, Dr. Flocks was able
to show efficacy in otherwise unresectable cases.
Between 1956 and 1971, at what is now Memorial
Sloan-Kettering Cancer Center, Dr. Willet
Whitmore experimented with various isotopes
including ?*?Radon, *!Iridium, and '*lodine [7].
Dr. Whitmore ultimately described a well-
tolerated technique in which »Iodine was sealed
in titanium cylinders and implanted using a retro-
pubic approach. However, the necessity for an
open approach offered little advantage to the
prostatectomy, and it was not until 1983 when Dr.
Holm from Denmark described transrectal ultra-
sound (TRUS)-guided '®I placement that the
advantages to brachytherapy were realized [8].
Experience with brachytherapy has expanded
rapidly since the introduction of TRUS and tem-
plate guidance over 30 years ago, and now nearly
a century after the first brachytherapy experiments,
brachytherapy has become a simple, minimally
invasive and well-tolerated option for the manage-
ment of localized prostate cancer. Advantages to
modern brachytherapy include rapid post-procedure
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recovery, relatively low morbidity, low cost, and
excellent long-term control rates. Brachytherapy is
a standard therapeutic option for patients with clin-
ically localized disease and is recognized by vari-
ous national and international organizations
including NCCN, NCI, ACS, AUA, ASTRO, and
EORTC among others. This chapter reviews the
modern indications and techniques for the perfor-
mance of brachytherapy.

Evaluation

The pre-procedure evaluation for a patient consid-
ered a candidate should be similar to those under-
going other definitive localized therapies such as
surgery or external beam radiotherapy (EBRT).
This includes a thorough history and physical
focusing on previous genitourinary or pelvic sur-
geries (including transurethral resection of the
prostate), previous radiotherapy, use of anticoagu-
lants, medical conditions associated with increased
risk with anesthesia, and radiation-related compli-
cations (i.e., active lupus, scleroderma, or inflam-
matory bowel disease). Special attention should
be paid to urinary symptoms—practitioners may
find the IPSS (International Prostate Symptom
Score) to be a useful validated system to docu-
ment pre-procedure function. Laboratory compo-
nents of the workup should include a recent PSA
(prostate-specific antigen) and pathologically
confirmed prostatic carcinoma with Gleason scor-
ing. For intermediate and particularly high-risk
patients a metastatic workup including a bone
scan and CT imaging of the abdomen and pelvis
may be indicated. Preanesthesia evaluation typi-
cally includes complete blood count, complete
metabolic profile, coagulation studies, and a uri-
nalysis. Further advanced testing may be indicated
to investigate any potential anesthesia risks identi-
fied during the standard evaluation.

Patient Selection
Patient selection is perhaps the most critical

step to performing prostate brachytherapy. A
number of organizations including the American
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Brachytherapy Society (ABS), American College
of Radiology (ACR), and the American Society
for Radiation Oncology (ASTRO) have pub-
lished recommendations for the selection of
brachytherapy candidates [9, 10], though institu-
tional practices in experienced centers may allow
for selection both within and beyond these funda-
mental guidelines.

Patient-related factors to consider include a
patient’s age, medical comorbidities and associ-
ated life expectancy, pelvic anatomy, surgical
history, and pre-implant urinary symptoms. Age
and comorbidities should be considered as in
any therapy for prostate cancer whereby those
at low risk of prostate cancer mortality during
their expected lifetime should strongly consider
active surveillance. Patients who are obese may
be comparatively best suited for brachytherapy,
as prostatectomy may be complicated and they
are at increased operative and perioperative
risk, while their body habitus may challenge
external beam image guidance, dosimetry, and
table limits.

Care should be taken in patients who may be
at high risk for post-implant toxicity. These
include a high IPSS score or a post-void residual
of more than 100 cm? [9]. ABS guidelines define
“high” IPSS score as greater than 20 although
recent Radiation Therapy Oncology Group
(RTOG) trials exclude scores persisting above
15 [11] despite the use of alpha-blockers. Such
patients may benefit from prostatectomy as this
may relieve obstructive or irritative symptoms,
whereas radiation (and in particular brachyther-
apy) may elicit at least short-term exacerbation
of these symptoms [1]. If such patients are ade-
quately counseled regarding the risk of exacer-
bation, the potential for dependence upon
intermittent straight catheterization, and a future
TURP, the procedure may be performed.

Relative contraindications to brachytherapy
such as a previous history of TURP and a large
prostate are also manageable with experience.
A prior history of TURP may make the proce-
dure more technically challenging as it limits
some positions that could be used for source
placement. Additionally it may predict for uri-
nary incontinence after brachytherapy based on
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the initial experience in Seattle, Washington
[12], though this has been challenged in the
recent literature [13]. TURP also poses technical
challenges for other treatment options such as
prostatectomy by potentially making the surgical
anastomosis more challenging. Patients with his-
tory of TURP should be considered on a case-
by-case basis as the size and anatomy of the
TURP can vary significantly and counseled for
potential risk of incontinence when proceeding
with brachytherapy.

The ABS guidelines consider prostate size
greater than 60 cm® to be a potential contraindi-
cation [14]. With the implantation of larger pros-
tates one might encounter pubic arch interference
during an implant; however, with patient posi-
tioning and needle technique this can typically
be overcome in our experience. Flexion of the
patient’s hips (to open the pubic arch), flattening
of the probe angle, and needle insertion at a
medial and inferior grid coordinate with a lateral
and upward needle angle all help overcome arch
interference. Likewise, the number of sources
required increases linearly with prostate volume
although there is no known maximum threshold.
In our experience, biochemical outcomes are
significantly improved with larger glands, though
some series do suggest slightly higher acute
urinary retention rates [15, 16].

Hesitation may be necessary when a patient
presents with a history of prior pelvic irradiation
although after consideration, brachytherapy may
be the ideal option provided the patient and dis-
ease factors support the risk of treatment, given
that pelvic adhesions may inhibit the surgical
approach and external beam radiation may
expose significantly more tissue to reirradiation
and the associated potential for toxicity.

Disease-related factors are generally grouped
according to the NCCN risk stratification. Low-
risk patients, those with a Gleason score of 6,
PSA less than 10 ng/mL, and T1-T2a clinical
stage, are ideal candidates for brachytherapy
with biochemical outcomes at least equal to
other available treatment modalities [17, 18].
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Intermediate-risk patients, those with a Gleason
score of 7, PSA 10-20 ng/mL, or T2b-T2c clinical
stage, also appear to be good candidates for
implant alone. ABS guidelines have recommended
caution in approaching these patients with
brachytherapy as monotherapy as intermediate-
risk (and high-risk) patients may have a higher
prevalence of extraprostatic extension (EPE),
seminal vesicle invasion (SVI), or nodal spread,
all of which may place the patient at risk of
failure with brachytherapy implant alone. Despite
this, an increasing volume of data supports the
notion that brachytherapy alone can achieve
equivalent outcomes to other modalities for
intermediate-risk prostate cancer and in our
center this is a routine treatment option (Fig. 8.1)
[17, 19, 20]. The use of brachytherapy monotherapy
in high-risk patients, those with a Gleason of >8,
PSA above 20 ng/mL, or T3 disease, is investiga-
tional as these patients have historically not been
considered candidates for brachytherapy alone.
Select experiences have shown encouraging
results with HDR or LDR brachytherapy [21, 22]
though this is not a standard treatment option for
high-risk disease. Many institutions combine
EBRT with androgen deprivation, with or with-
out brachytherapy boost in these patients [23].
This has been associated with favorable out-
comes in some series; however it needs to be
approached with caution due to increased risk of
toxicity in this group [17, 19]. Of particular con-
cern, RTOG 00-19 examined the role of EBRT to
45 Gy in 25 fractions followed 2—-6 weeks later
by an I boost of 108 Gy in 183 intermediate-
risk prostate cancer patients [24]. The 8-year
estimated rate of grade 3 and higher GU and GI
toxicity was 15 %, including two patients with
grade 4 bladder necrosis. This reported toxicity
is significantly higher than that seen in other sim-
ilar select single-institution studies and empha-
sizes that caution should be taken in considering
patients for combined EBRT and brachytherapy.
The presence of confirmed lymph node metasta-
sis or other metastatic disease is a contraindica-
tion to brachytherapy.
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Fig.8.1 Cleveland Clinic institutional outcomes by NCCN risk category between 1996-2014. Part (a) is low-risk, part
(b) intermediate-risk and part (c¢) high risk. The number at-risk at 5 and 10 years along with the biochemical relapse free
survival is listed in each table. Radical prostatectomy (RP) is shown in read, permanent implant (PI) listed in blue and

external beam radiotherapy (EBRT) listed in green
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Fig.8.1 (continued)

Personnel and Roles

To perform brachytherapy safely and efficiently a
multidisciplinary team is necessary which
may include the urologist, radiation oncologist,
medical physicist, radiation therapist, anesthesi-
ologist, and perhaps a medical dosimetrist.
Furthermore, prostate brachytherapy has been
shown to have a significant learning curve and
therefore referral to a team experienced in pros-
tate brachytherapy is recommended [25-27].

If brachytherapy is the recommended proce-
dure, involvement of a medical physicist is neces-
sary. Medical physicists are trained and certified
in the planning, calibration, delivery, and quality
control of radiotherapy. Their role is critical to the
appropriate calculations required to deliver the
radiation dose prescribed by the physician. A radi-
ation therapist qualified in the handling and deliv-
ery of radiotherapy can aid in the logistical
challenges inherent to radioactive sources as well
as catheter loading during the procedure.

Anesthesia is recommended in the
performance of brachytherapy although the type
and delivery are institution specific. General

anesthesia is most often used although some
institutions prefer spinal anesthesia and obtain
excellent outcomes. Local anesthesia with or
without sedation is also possible although it
requires an experienced physician and, while
generally well tolerated, is occasionally more
uncomfortable for the patient [28].

Radiation Biology and Physics

A basic understanding of radiation biology and
physics can be useful when participating in the
planning and the delivery of brachytherapy. Two
broad categories of dose delivery can be identi-
fied: low dose rate (LDR) and high dose rate
(HDR). LDR implants typically deliver dose at a
rate of 0.01-2 Gy per hour and require weeks to
months to reach full dose. HDR implants may
deliver dose at a rate greater than 12 Gy per hour
and require only minutes to deliver full dose to
the target. LDR brachytherapy for prostate can-
cer is typically given via permanent seed implants
using isotopes of !®Palladium, 'Zlodine, or
BICesium elements. HDR implants in the mod-
ern era typically employ *!Iridium via a remote
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Table 8.1 Physical properties of various elements used in prostate brachytherapy

Initial

Avg. photon Estimated dose
Element energy (keV) Method of decay Half-life (days) rate (cGy/h)
103Palladium 21 EC 17 21.2
125Jodine 28 EC 59 7.0
BlCesium 29 EC 9.7 34.2
92[ridium 398 B~ (95 %) and EC 73.8 >1,200
1%Gold 412 in 2.7 107

afterloader. HDR brachytherapy as monotherapy
is considered investigational by many investiga-
tors [29]. Table 8.1 lists various elements used in
prostate brachytherapy for comparison.

Measurement of Dose

Various methods for quantification of ionizing
radiation dose are available and a general famil-
iarity is necessary for the clinician comparing
various techniques in radiotherapy, particularly
between EBRT and prostate brachytherapy. The
most clinically relevant measure of radiation dose
today is the Gray (Gy) which is the SI unit of
absorbed dose and defined as 1 Joule (J) of energy
deposited per kilogram of tissue (J/kg). The rad,
previously the standard, is equivalent to 0.01 Gy,
or 1 cGy. Gray is a measure of energy deposited
in tissue and has various biological effects depen-
dent on a myriad of other factors. The sievert (Sv)
is a unit defined as the human biologic equivalent
or effective dose and is most relevant in radiation
safety applications. For photons, 1 Gy is approxi-
mately equal to 1 Sv. Protons, having an increased
mass and an increased relative biologic effective-
ness, deliver approximately 2 Sv per 1 Gy
absorbed. The rem (Rontgen equivalent in man),
a previous standard, is equivalent to 1 rad or
1 cGy. It is important to remember that the
biologic effective dose (BED) is a complex
comparison particularly when made between
brachytherapy and EBRT. The clinical BED is
most related to the fraction size and number of
fractions delivered but is also related to the qual-
ity of radiation (energy, photon vs particles such
as protons), dose rate, the type of tissue in ques-
tion, the rate of cellular repair, oxygenation, and
the cell-cycle state of the tumor. The complexity

of these comparisons explains the challenges
encountered when attempting to identify the ideal
radiotherapeutic approach to prostate cancer.

Dose Deposition: Energy
and the Inverse Square Law

The energy of ionizing radiation is a key factor in
determining the depth of tissue penetration. Higher
energy photons travel further into tissue before
attenuating as defined by the percent depth—dose
(PDD) curve. Early kilovoltage units used for
EBRT were ineffective in treating prostate cancer
due to the inability to deposit dose deep into the
pelvis. The key advantage of brachytherapy over
EBRT is quantified by the “inverse square law”
which states that the intensity of radiation emitted
from a source is inversely proportional to the
square of the distance from the source (8.1). This
allows for relatively high doses to the tissue in
contact with the source and a much lower dose to
the normal tissue surrounding the target.
Inverse Square Law
1
Dose(r) o —

P
r

8.1

where r=distance from source.

Treatment Planning and Dosimetry
Target Volume Delineation

Regardless of the technique used for delivering
prostate brachytherapy, the target and the organs at
risk (OARs) remain the same. The prostate, includ-
ing the capsule and a margin surrounding the
capsule, is the key target for localized disease.
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For intermediate and high-risk disease the proxi-
mal 1-2 cm of the seminal vesicles may be included
in the target volume. Key OARs include the ure-
thra, bladder, rectum, and penile bulb. It is not pos-
sible to deliver sufficient dose to the pelvic lymph
nodes with transperineal prostate brachytherapy.

Contouring

“Contouring,” a common term in the field of radi-
ation oncology, is the process by which targets
and OARs are identified on imaging in order
to calculate dose delivered to the structure.
While automated algorithms exist, contours are
always checked and edited by the physician. The
urologist, radiation oncologist, and medical
physicist vary in their degree of involvement in
contouring based on institution and physician
preference. The RTOG has assembled an expert
panel to define an atlas of standardized refer-
ences for contouring [30].

Generally the prostate should be contoured as
the key target, sometimes coined the “gross
tumor volume” (GTV) although it may be more
appropriate to describe the prostate as the “clini-
cal target volume” (CTV) as it is a volume con-
cerning for disease which is not entirely
composed of cancerous tissue. Some may
describe a “planning target volume” (PTV)
which, by strict definition, is an expansion on the
CTV accounting for motion or set-up error. Given
that brachytherapy is performed under real-time
visualization of the target this standard definition
of PTV is of debatable importance in the brachy-
therapy setting and is more applicable to
EBRT. Many centers however do target an expan-
sion of the prostate to account for risk of extra-
capsular extension which in surgical series
appears to be within 4 mm in more than 90 % of
cases [31, 32]. If an expansion is applied this may
vary by NCCN risk group, but is typically
approximately 5 mm at the apex and base,
2-3 mm anteriorly and laterally with no expan-
sion on the posterior border. This could be con-
sidered part of the CTV, or otherwise PTV.

For ultrasound-based planning techniques
commonly applied intraoperatively, images are
sent from the ultrasound probe to the contouring
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Table 8.2 Example of dosimetric goals for LDR and
HDR brachytherapy

Monotherapy Prescription
prescription with EBRT
127 144-160 Gy 110-125 Gy
103pd 108-110 Gy 90-100 Gy
192]r 6-7 Gy x 6 fractions 9-15Gyx1
[33-36] fraction [37, 38]
12-13.5 Gy x2 5.5Gyx3
fractions [39] fractions [40, 41]
Preplan Post-plan
V100 100 % 90 % Ideal,
acceptable 80 %
V150 <50 % <50 %
V200 <20 % <20 %
D90 115 % (110-130 %) 100 %
Urethra D,,,, <150 % (ideally <120 %) <150 %
Rectum D,,,, <I cm?®receiving 100 % <1 cm? receiving
100 %

software. The physician is then able to contour
the edges of the prostate to define the CTV as
well as the bladder or rectum as necessary.
Any desired expansion can be easily performed
at this time. After contouring, a plan can be
generated which specifies a seed arrangement
which best meets the targeted metrics (Table 8.2).
For CT-based HDR plans or post-implant dosim-
etry verification scans the rectum is typically
contoured from the rectosigmoid junction to the
level of the anal verge. The peritoneal reflection
and true rectosigmoid junction are difficult to
delineate on imaging and therefore typically
defined as the level where the colon begins to
deviate laterally on axial imaging and begins to
lose a circular shape. The bladder should be dis-
tended and the wall from the dome to the bladder
neck should be included. The penile bulb, which
is difficult to visualize on CT imaging without
contrast, catheterization, or MRI fusion, begins
inferiorly to the apex of the prostate and origi-
nates posterior to the urethra, having a circular
shape in this region. Although debatable, some
studies have related the dose delivered to the
penile bulb to the risk of erectile dysfunction [42,
43]. The penile bulb contour should not extend to
the pendulous portion of the penis. Small bowel
and femoral heads are not typically of concern in
brachytherapy and receive only background dose.
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Dose Prescription

After selecting and contouring the CTV and PTV,
dose is prescribed to cover the intended target
volume. For LDR monotherapy, common dose
prescriptions include 144-160 Gy for I and
110-125 Gy for Pd. For a combined modality
approach, the dose is typically 108-110 Gy
for 2, 90-100 Gy for '“Pd, and 10-22.5 Gy
in 1-3 fractions for HDR (although no consen-
sus in HDR dosing has been reached) [44].
Typical planning goals for '»I monotherapy
include a preplanned D90 (minimum dose to
90 % of the PTV) between 110 and 130 % of the
prescribed dose to reach a post-plan goal of
100 %. The preplanned V100 (volume receiving
100 % of the prescribed dose) should approach
100 % (at least >99 %) to obtain a post-plan V100
of at least 80 %, though ideally greater than 90 %.
Regarding OARs, the maximum urethral dose
should be less than 150 % of the prescribed dose
(our institution target is less than 120 %) and the
volume of the rectum receiving the prescription
dose should be less than one cubic centimeter
[45-47]. These dosimetric goals are summarized
in Table 8.2. Figure 8.2 shows an example of a
TRUS-guided preplan and the resulting post-
implant evaluation on CT.

Isotope Selection

As stated in Table 8.1, there are various proper-
ties inherent to each isotope. Selection between
LDR isotopes is based primarily on institution
preference and there is debate in the literature
regarding any potential clinical benefit of palla-
dium, iodine, or cesium [48]. Iodine may have a
logistical and cost-saving benefit as the half-life
is extended and excess seeds can be saved for
future procedures. The low dose rate of iodine
allows for very low radiation exposure to person-
nel performing the procedure but may lead to a
longer duration of sequelae. The decreased half-
life of palladium potentially reduces the duration
of sequelae and allows the option of implanta-
tion prior to EBRT in the setting of combined
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therapy. A randomized trial comparing '*I to
183Pd found no difference in biochemical out-
come or long-term toxicity while suggesting a
greater peak but faster resolution of acute effects
with 'Pd as one might expect from the dose rate
[49]. Theories of a low alpha/beta ratio for pros-
tate cancer suggest that cesium may have a tumor
control benefit due to increased rate of dose
deposition although no clear clinical data sup-
port this [50]. Iridium is the element of choice
for HDR brachytherapy.

Planning: Intraoperative vs.
Preoperative

Planning of radiation dosimetry can be accom-
plished before, during, or after the implant proce-
dure is performed. If the planning is accomplished
days to weeks before the procedure, this is termed
preplanning and has the logistical benefit of esti-
mating the seed count although organ motion
may be an issue. Intraoperative planning can be
performed before the implant (intraoperative pre-
planning) or simultaneous with the implant
(interactive intraoperative planning). With HDR
brachytherapy treatment planning is performed
postoperatively via CT performed with the
implant in place and radiation is delivered via
remote afterloader. Advantages to the preopera-
tive technique include logistical flexibility and
decreased time under anesthesia. The intraopera-
tive preplanning technique, preferred by our
institution, allows for accurate planning of the
sources without significant interference of organ
motion or deformation and improves dosimetric
parameters compared to a preplanning technique
[S1]. If performed efficiently the increase in time
under anesthesia is minimal. Post-planning with
HDR brachytherapy has the potential advantage
of optimization of source dwell times, allowing
for some adjustment of the dose distribution after
the implant. Despite this, implant (needle or cath-
eter) position is critical and cannot be completely
overcome by source optimization alone. If preop-
erative or intraoperative planning is performed, a
postoperative verification scan is necessary.



Fig. 8.2 TRUS-guided preplan and the resulting post-
plan evaluation by CT. Isodose lines represent varying
levels of radiation deposition. (a) TRUS-guided preplan
showing the prostate CTV (red) with the 100 % isodose
line (purple) and 150 % isodose line (light blue) with seed
locations superimposed on the template grid (green).

Note the urethral and rectal sparing. (b) TRUS-guided
template showing needle spacing. (¢) Axial post-plan
by CT. (d) Coronal post-plan by CT. (e) Sagittal post-plan
by CT. (f) 3D reconstruction depicting seeds within the
prostate in comparison to the contoured bladder and rectal
volumes



88

M.C. Ward et al.

d

1178 em

Fig.8.2 (continued)

Dosimetry and Planning: LDR vs. HDR
Brachytherapy

HDR brachytherapy varies slightly in dosimetry
and technique from LDR brachytherapy. During
LDR brachytherapy permanent seeds are
implanted whereas during HDR brachytherapy
temporary catheters are placed (via the same
TRUS-guidance technique) before the radioactive
source is administered via remote afterloader.
This technique eliminates the potential for seed
migration or embolization and eliminates dose to
treating staff. Another advantage is the ability
to confirm the quality of the implant after the

catheters have been placed but prior to radiation
delivery. HDR can potentially deliver a more
homogeneous dose profile due to post-planning
and a higher energy of *’Ir is compared to the
LDR isotopes (Table 8.2) [52]. A third potential
radiobiologic advantage includes the hypofrac-
tionated schedule which may have a disease-
control benefit based on the theories of a low
alpha/beta ratio as mentioned above. Despite these
advantages, careful technique is still required
to ensure a high-quality implant. One potential
disadvantage is the increased volume of normal
tissue receiving low doses of radiation. The major
disadvantage, however, is that most current sched-
ules call for multiple implantation procedures
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(or for the implant to remain in place for an
extended period of time over multiple fractions)
as the use of single-fraction HDR monotherapy or
boost remains investigational [53]. Ultimately,
while there are multiple potential advantages to
HDR brachytherapy, long-term randomized trials
with patient-reported outcomes are yet to be con-
ducted; therefore, brachytherapy technique
remains the physician and institution’s choice.

Implantation Technique
LDR Technique

Procedural techniques will vary according to
institution and type of implant required. Here a
typical LDR implant using an intraoperative
preplanning technique is described.

Prior to the procedure patients are encouraged
to undergo routine preparation including avoid-
ance of aspirin and anticoagulants for 5 days and
abstaining from eating the night before. A bowel
preparation using a Fleet enema or comparable
can be helpful and is routinely administered 1 h
prior to the procedure in our practice. Perioperative
antibiotics are routine and typically include a
cephalosporin or fluoroquinolone as indicated.

In the operating room the patient is placed in
the exaggerated dorsal lithotomy position.
Routine clean-contaminated surgical preparation
is indicated. A complete surgical drape is institu-
tion specific but in our opinion is unnecessary.
Ultrasound jelly placed into the rectum following
rectal irrigation can be helpful prior to ultrasound
placement. The TRUS unit should be capable of
providing axial as well as sagittal images and
include a stabilization device with template guid-
ance. A template is attached to the TRUS unit to
allow for accurate catheter insertion. Urethral
visualization is usually possible with ultrasound
and it is unnecessary to use a Foley catheter in the
majority of cases. The use of a Foley can obstruct
the view of the anterior prostate. If the urethra is
unable to be visualized, consider injection of a
small amount of either lubricant jelly or air if
clinically necessary.

The entire prostate from 1 cm proximal to the
base to 1 cm distal to the apex is imaged with
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5 mm axial slices and images are sent to the plan-
ning software. The length, width, and height of
the prostate are measured and volume is calcu-
lated both by the ultrasound unit and by the plan-
ning software. Correlation with the length of the
prostate on sagittal view and the number of axial
slices should be ensured to avoid error (e.g., a
4 cm prostate length should yield approximately
8-9 slices of prostate, 12—13 total captured slices).

Following image acquisition, commercially
available planning software is then used to contour
the CTV and OARs as detailed above. After calcu-
lation of the seed distribution, a final plan will dis-
play the number of sources and needles necessary
and the correlated insertion location on the grid
attached to the TRUS unit. At this point, ensure
that the preplanned isodose lines are appropriate
and that the preplan dosimetric goals have been
met. Linked seeds ensure accurate separation and
have been shown to decrease the rate of migration
and embolization [54, 55]. Linked seeds should be
used in the periphery with loose seeds inserted
centrally near the urethra to allow for spontaneous
or cystoscopic removal of a single source should
such a situation arise. Likewise, we routinely use
loose seeds for the inferior medial perirectal seeds
as a precaution. Brachytherapy plans should
typically be symmetrical and follow a modified
peripheral loading technique [56].

During implantation under axial guidance
(Fig. 8.3a), insert the needle through the template
and firmly into the perineum. Begin with the nee-
dle in the axial coordinate farthest from the TRUS
probe as image distortion may increase if the
seeds are first delivered near the probe. An
increased speed of needle insertion will minimize
deflection of the needle. The deflection of the
needle is related to the direction of the bevel and
can be used to adjust for error. Once the needle is
within the target coordinate, switch to a sagittal
view to guide the depth as necessary. This use of
sagittal ultrasound imaging eliminates the need
for fluoroscopy in guiding the depth of needle
insertion. Next, visualize the bladder wall and
insert the needle in to the prostate base (Fig. 8.3b).
At this point you will feel the increased resis-
tance of the prostate capsule and also visually see
increased deflection of the prostate on ultrasound.
Once depth of insertion has been confirmed,
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Fig. 8.3 Intraoperative ultrasound images. (a) Template
grid superimposed on the prostate on axial TRUS with
needle insertion at coordinate E, 3.5. (b) Needle inserted
in to the base of the prostate abutting the bladder wall as
visualized on sagittal ultrasound imaging. (c) After
removal of the needle in (b) the strand of seeds remains in

place. (d) Sagittal image showing a needle tangential to
the rectal wall. This technique is acceptable provided the
seeds are implanted deep enough not to be deployed into
the wall itself. (e) After the stranded seeds are deployed
they rest in the prostate and seminal vesicle volume with a
clear margin on the rectal wall
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deploy the seeds by holding the stylet in place
and removing the needle (Fig. 8.3c). Ensure that
the needle is not inserted further during the pro-
cess of deploying the seeds as the bladder wall
may be implanted. When inserting the inferior,
perirectal needles extreme caution must be used
to avoid deploying a source in, or immediately
adjacent to the rectum. While it is occasionally
necessary to pass a needle through the rectum for
some patients, this can typically be avoided by
inserting the needle into a higher than intended
grid location and then guiding the needle inferi-
orly during insertion to avoid the rectal wall
(Fig. 8.3d, e). A careful understanding of how
this effects dosimetry is important and should be
considered during planning. During placement
we routinely use this technique for patients with
steep rectal angles.

HDR Technique

The technique used for the implantation of HDR
catheters is similar to the technique used when
implanting permanent LDR sources. The cathe-
ters are inserted via the same TRUS-guided tem-
plate technique described above although the
catheters are left in place and the spacing may be
wider due to the increased energy of *?Ir.
Following implantation of the catheters, the
placement is confirmed via either TRUS, CT, or
MRI. This scan is then used for planning pur-
poses and the typical OARs are contoured. It is
critical that the catheters remain in place once the
planning has begun, as any displacement may
result in dosimetric error. Once structures are
contoured, inverse planning may be applied to
optimize the dwell times of the '"’Ir source.
Once the plan is complete, it is sent to the remote
afterloader which is connected to the catheters.
The treatment time varies by implant but is
approximately 10 min.

Difficult Cases

Occasionally the delivery of the prescribed plan
may be technically challenging. With proper
technique and experience, almost no case need be
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aborted. Pubic arch interference, one of the most
common challenges, can typically be avoided via
an exaggerated lithotomy position as increasing
hip flexion removes the pubic arch from the path
of the needle and allows for direct access to
the prostate from the perineum. If pubic arch
interference remains an issue a more medial and
inferior insertion position is selected and the
needle’s bevel adjusted to track superior and lat-
erally. If needed a finger or other tool can be
placed between the perineum and the template to
further guide and deflect the needle. A slower
insertion speed will increase the degree of deflec-
tion. Attempts at insertion should be kept to a
minimum as the risk of prostatic hematoma
increases as more attempts are made.

Post-procedure Management
and Acute Toxicity

After completion of the implant cystoscopy may
play a role in evaluating the urethra and bladder
wall for improperly placed seeds. Some institu-
tions choose to perform cystoscopy routinely
while others choose only to pursue cystoscopy if
blood is present at the urethral meatus and does
not clear with irrigation. In coordination with the
institution’s radiation safety guidelines, a survey
meter is used to screen any fluid leaving the
patient. Measurements necessary may vary; how-
ever, exposure 1 m from the patient after implant
must be less than one millirem per hour for dis-
charge. Exposure is negligible to routine contacts
who may come near a patient in the first weeks
although it is recommended that small children do
not spend extended time in the lap of a patient in
the first 2-3 months following LDR implant (no
more than 20 min out of a 3 h period repetitively).
Implant activity is considered negligible after a
period of five half-lives has passed (approxi-
mately 85 days for %*Pd and 295 days for '>°I).
Acute toxicity from brachytherapy is typically
modest. Acute toxicity is dominated by tempo-
rary urinary irritative and obstructive symptoms
as well as fatigue, though may also include pros-
tatitis, dysuria, urinary obstruction, or proctitis.
Upon discharge it is recommended to provide an
antibiotic regimen for 7-10 days. An a-blocker
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such as tamsulosin is recommended for 2-6
months or until urinary symptoms resolve to
ameliorate urinary obstruction due to radiation-
induced edema. Rarely catheterization may be
necessary for patients experiencing urinary
obstruction. We strongly recommend self-
catheterization with a straight catheter rather than
an indwelling Foley in order to minimize
discomfort and risk of infection. Pain is usually
minimal with a mild analgesic rarely necessary.
Four weeks after LDR implant the patient should
return for a CT scan to evaluate the quality of the
implant. Commercially available software is used
to identify the seeds and estimates the dose distri-
bution. The prostate and OARs are delineated as
above. If areas with insufficient dose are identi-
fied one should consider their clinical signifi-
cance, and if needed they may be reimplanted
with supplemental seeds at this time.

Quality of Life, Late Toxicity,
and Management

The severity and frequency of late toxicity from
brachytherapy is a frequent topic of debate in the
literature. The variance in the incidence of erectile
dysfunction, dysuria, cystitis, and radiation proc-
titis among physician-reported cohorts highlights
the role for patient-reported outcomes in future
studies. The largest study of patient-reported out-
comes comparing quality of life between EBRT,
prostatectomy, and brachytherapy is the 2008
ProstQA study reported in the New England
Journal of Medicine [1]. In this study prostatec-
tomy was associated with a relative detriment in
sexual function and incontinence scores. EBRT
and brachytherapy were associated with better
preservation of continence and sexual function
while causing more significant acute urinary
obstruction (which ultimately returned towards
baseline), as well as mild bowel irritation. Factors
which independently predicted changes in quality
of life and satisfaction for brachytherapy patients
included increased age, increased initial PSA,
hormonal therapy, EBRT boost, Gleason score
less than 7, and prostate size.

The management of late complications from
brachytherapy including dysuria, urinary obstruc-
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tion, urethral stricture, cystitis, or proctitis typi-
cally requires a multidisciplinary approach.
Dysuria may relate to prostatitis, cystitis, or ure-
thritis. Infectious etiologies should be excluded.
For supportive care mild symptoms of dysuria,
urgency, or frequency, medical management is
possible with medications such as tamsulosin,
pyridium, oxybutynin, tolterodine, pentosan,
hyoscyamine, or belladonna/opium supposito-
ries. A transient flare in obstructive symptoms is
common but the majority return to baseline IPSS
score and greater than 90 % of patients return to
baseline within 1 year [57]. Urethral stricture or
chronic obstruction is uncommon and can be
managed endoscopically. Chronic radiation cys-
titis presenting as hematuria is rare after brachy-
therapy and may require bladder irrigation and
cystoscopy with coagulation. Radiation proctitis
presents as rectal urgency or bleeding and on
colonoscopy appears as erythema or friability
localized to the anterior rectal wall. Medical
management may include sucralfate, steroid
enemas, or 5-ASA compounds such as sulfasala-
zine. Endoscopic management of rectal bleeding
with 4 % formalin or argon plasma coagulation
appears equivalent [58]. Randomized evidence
also exists for the benefit of hyperbaric oxygen
to accelerate the healing process inhibited by
radiation-induced injury to the microvasculature
[59]. Biopsy of the irradiated rectum should be
judicious to avoid possible fistula formation. If
necessary to exclude second malignancy or
inflammatory bowel disease, biopsy should be
directed towards the lateral or posterior rectal
wall. The incidence of Grade 3 late toxicity after
brachytherapy is variable in the literature but in
the modern era is expected to be on the order of
5-10 % for any genitourinary toxicity and
1-5 % for any gastrointestinal toxicity [57, 60—
63]. Less than one percent of patients will
require formalin for rectal bleeding and 0.3 %
will develop a fistula [62]. With experienced
users extremely low rates of toxicity are reported
with 10 year grade 2 or higher GU and GI toxic-
ity in only 4.3 and 1.7 % percent of patients
treated at the Cleveland Clinic, respectively
(Fig. 8.4) [60].

The development of a radiation-induced
second malignancy of the pelvis is a theoretical



8 Brachytherapy
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Cumulative incidence for late GU toxicity (=2) by treatment
for patients treated in 1999
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Fig. 8.4 Long-term Grade 2 or higher toxicity compari-
sons between radical prostatectomy, permanent seed
implant, and external beam radiotherapy at the Cleveland
Clinic Foundation in 1999 [59]. Reprinted from Hunter
GK, Reddy CA, Klein EA, et al. Long-term (10-year) gas-

concern of radiotherapy although incidence is
likely very small. SEER data for all patients
receiving radiotherapy estimated the risk of
radiation-induced second malignancy to be roughly
0.5 % [64]. One series found age and smoking
to be independent predictors of second malig-
nancy after prostate radiotherapy while the use
of radiotherapy over surgery was not [65].

Posttreatment Surveillance,
Biochemical Recurrence,
and the PSA Bounce

Recent NCCN guidelines for routine prostate
cancer surveillance include a PSA every 6-12
months for 5 years then annually with a digital
rectal examination every year which may be
omitted if the PSA is undetectable [66]. A PSA
measured every 6 months appears optimal in the
detection and surveillance of brachytherapy
patients [67]. The upper age limit when surveil-
lance becomes unnecessary is not specified and
left to clinical judgment.
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for patients treated in 1999
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trointestinal and genitourinary toxicity after treatment
with external beam radiotherapy, radical prostatectomy, or
brachytherapy for prostate cancer. Prostate Cancer.
2012;2012:853487

Biochemical recurrence after radiotherapy has
been a topic of debate in the past decades. The
original RTOG consensus defined recurrence as
three consecutive rises in PSA above the post-
treatment nadir [68]. However, this definition is
very dependent upon the number and timing of
PSAs taken, and the 2006 RTOG “Phoenix” defi-
nition of a rise in PSA by more than 2 ng/mL is
more widely accepted today [69]. Androgen
recovery should be considered in patients after
discontinuing antiandrogen therapy.

The “PSA bounce,” defined as an increase in
PSA greater than 0.2 ng/mL than the nadir fol-
lowed by a decrease to or below the initial nadir,
is a known phenomenon following prostate
brachytherapy and occurs in roughly 46 % of
patients [70]. This can occur despite androgen
deprivation therapy and is more common in
younger patients. PSA bounce most commonly
occurs within the first 3 years of implant (median
15 months), and close PSA follow-up should be
considered for patients with a PSA rise within
this timeframe without other clinical evidence of
recurrent disease.
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Conclusion

Brachytherapy is a straightforward outpatient
procedure and is an option for patients with clini-
cally localized prostate cancer offering cure rates
comparable to other treatment options. Treatment
results primarily in acute GU irritation and
obstruction, with a very low long-term toxicity
profile. There is debate in the literature regarding
the optimal techniques in patient selection and
treatment delivery although experience is critical
to minimize complications. Ultimately, patient
selection is driven by clinical risk and the toxicity
profile of each modality, whereas brachytherapy
technique is driven by physician preference and
institutional experience. Future directions in pros-
tate brachytherapy include optimization of treat-
ment planning, measurement of patient reported
outcomes, and healthcare value analyses.
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Introduction

In 2008, 214,633 men in the United States were
diagnosed with cancer of the prostate. Despite this
high incidence, 28,471 men died from prostate
cancer which accounts for about 7 % of the group
[1]. This contrast raises debate on the need for
treatment and how to select those patients who
should be treated. In the recently published
PIVOT trial, patients were randomized between
observation and prostatectomy for localized pros-
tate cancer. In 10-year follow-up, surgery did not
significantly reduce mortality when compared to
observation [2]. For those patients who desire
treatment against advise for observation or have
features that suggest treatment should be offered,
minimally invasive modalities are attractive while
lowering the possibility of side effects. In this
respect, prostate cryotherapy and high intensity-
focused ultrasound are being further investigated.
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The concept of using cold therapy to remedy
disease has been described as far back as Ancient
Egypt. In the 1840s, James Arnott used salt solu-
tions containing crushed ice to freeze advanced
cervical and breast cancers [3]. Through these early
uses, Arnott noted that tissue that had been chilled
developed a white, hard appearance and hemor-
rhaging ceased [4]. As an appreciation for the
chemical properties of various elements advanced
at the turn of the twentieth century, contemporary
cryoablation began to take form. The ability to
solidify carbon dioxide gas occurred around 1900
along with its use in the treatment of dermatologic
disease [5, 6]. A series of advancements in both
medicine and chemistry lead to increasing under-
standing and applications of cold therapy. Excellent
reviews of the development of cryotechnology can
be found by Gage [7] and Rubinsky [4].

The first generation of modern prostate cryoab-
lation emerged in the 1960s. Automated cryoabla-
tion probes were initially developed in 1961 by
Cooper and Lee. These were designed for brain
tumors, and used a liquid nitrogen-based cooling
system [4]. This was adapted by Gonder in 1964
for use in prostatic disease. Originally by using the
canine prostate and later using transurethral freez-
ing in humans, they were able to show the response
of tissue to freezing [8]. This was done through a
urethral freezing probe and monitored with digital
rectal examination. The interest generated by
these original reports led to further work using an
open transperineal approach by Flock [9] and a
closed transperineal approach by Megallil [10].
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These procedures were prior to intraoperative
imaging modalities and control of the propagating
ice ball was difficult. This led to unacceptable
complications including urethral sloughing and
urethrorectal fistula formation, limiting the appli-
cation of cryoablation.

Largely discarded until the 1980s, interest in
prostate cryosurgery was renewed with several
innovations [11]. The introduction of real-time
monitoring with transrectal ultrasound allowed cli-
nicians to control the ice ball generated and lower
involvement of surrounding structures. The next
modification was the transition from a liquid nitro-
gen-based system to a gas system which allowed
smaller probe diameters. This relied on the Joule-
Thompson principal which will be discussed later.
Finally, urethral preservation using a urethral
warming catheter further lowered rates of urethral
sloughing and incontinence post-procedure. An
excellent review of these advancements with
details can be found by Saliken and associates [11].

Cryobiology

The methods of cellular death when cold therapy
is applied have been heavily studied in efforts to
control cancer death while minimizing surround-
ing tissue destruction. With his original work in
1964, Gonder [8] showed the pathology of his
treatments. The mechanisms of cellular death in
the canines undergoing cryoablation included:
1. Cellular dehydration and toxic electrolyte
concentrations
2. Crystallization
membranes
3. Protein denaturing
Vascular stasis
5. Thermal Shock
Over the next 40 years, these principals have
largely remained unchanged with emphasis on
certain elements.

and rupture of cellular

»

Tissue Response to Freezing

The glands of the prostate are surrounded by a
stroma rich in smooth muscle and vasculature
[12]. This interaction plays a central role in the
effects of cells to thermal injury. The accumulation

T. Byler and I. Nsouli

of solute, elevation of cellular pH, destabilization
of cellular membranes, and mechanical sheering
by ice formation lead to cell death when cryoabla-
tion is performed. Around tissue temperatures of
0 °C, the extracellular fluid begins to crystalize
[11]. This crystallization leads to an accumulation
of solute within the remaining extracellular fluid
and induces osmotic shifts based on differential
concentrations. The results of this shift lead to
accumulation of electrolytes and toxins normally
dilute in the cell to more dangerous levels. This
accumulation leads to damage to the enzymatic
machinery and destabilization of the cellular
membranes. As enzymatic systems are unable to
operate, pH changes lead to protein breakdown.
Around —15 °C, intracellular ice begins to form.
The formation of ice both extracellular and intra-
cellular leads to a mechanical sheering of cellular
membranes and direct disruption [13].

The vascular injury from freezing is also
important to outcome. Research into cellular
death following frostbite has provided a higher
understanding of the vascular components in
cryoablative death. Direct microvascular death,
particularly venous, leads to tissue hypoxia and
lack of nutrient supply [14]. There is a vascular
stasis and thrombosis following freezing of the
vasculature that further extrapolates this process.

The end result of freezing is direct cellular
death and subsequent apoptosis of remaining
cells. This apoptotic mechanism has been linked
to mitochondrial mechanisms with rises of levels
of BAX without BCL-2 up-regulation. Other
mechanisms of cellular apoptosis are likely to be
involved and are being investigated [15].

Joule-Thompson Effect

The method of delivery of freezing temperatures
has evolved in the recent past to allow the proce-
dure to be controlled better and safer for the
patient. This effect was initially described in
1852 describing the free expansion of gases in a
vacuum. In modern cryotherapy, it describes the
transfer of energy between gases and the prostate
that allow for temperature changes.

As a gas changes its pressure, its own specific
thermodynamics determine if it will warm or cool.
At 20 °C (room temperature), all gases except
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hydrogen, helium, and neon cool on their expansion
[16]. Modern systems use Argon as their freezing
gas and helium as the warming gas. The gases used
during cryoablation are under high pressure
(3,000 psi) and as they circulate through the cryo-
genic probes, they are exposed to atmospheric pres-
sure (15 psi) [11]. Due to the Joule-Thompson
Effect, as argon enters the probes, it expands under
the lower pressure causing the gas to cool. This
cooling is transmitted to the probe and into the tis-
sue causing freezing. The removal of thermal
energy from the prostate into the expanding argon
gas is the basis for this temperature drop. In the con-
verse, helium warms with this process and therefore
transfers heat to the tissue, warming the prostate.

Modifiable Procedural Dynamics

In the AUA best practice statement from 2008,
Babaian described the modifiable factors to
increase success of thermal ablation [15]
(Table 9.1).

Procedure
Patient Selection

Cryoablation is a treatment option that is suitable
for patients with localized prostate cancer and
negative metastatic evaluation. It can be offered
to men who are unable or unwilling to undergo
other forms of therapy. It can be safely used in
men with prior pelvic radiation or significant
bowel disease (i.e., Crohn’s disease) in which
radical surgery is often complicated.

Table 9.1 Modifiable factors in thermal ablation

Factor Comments

Freeze rate Rapid freeze > Slow Freeze
Cancer cells adapt to slow freeze
Temperature monitor Strongly advises for monitor
Nadir temperature Traditionally —40 °C was used
Recommend -20 °C

Thaw rate Recommend passive thaw

Freeze cycles Double freeze-thaw cycle advocated
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Men with negative metastatic evaluations, but
high-risk features (PSA >20, Gleason 8 or above)
should be counseled about their risk of occult
disease and offered lymph node dissection
(AUA best practice) [15].

One of its major side effects is impotence and
therefore it has been traditionally offered to men
without potency or who are willing to lose potency.

Contraindications

Large prostate glands (>50 cm?® traditional)

Prior transurethral resection of prostate, specifi-
cally within 3—6 months

Cancers within the transition or central prostate
zones

Procedure

Preparation includes a liquid diet the day prior to
the procedure and a bowel preparation to cleanse
the rectum. An enema is given the morning of the
procedure.

Patients are given a first generation cephalo-
sporin prior to the procedure. The procedure is
performed under general or spinal anesthesia.
They are placed in dorsal lithotomy position. The
perineum and penis should be prepped com-
pletely with all hair removed from the perineum.

Most cryotherapy rectal probes are mobile and
attach to the underside of the operative table.
Once the patient is positioned, the rectal probe is
inserted and the prostate is visualized. A brachy-
therapy grid is placed against the perineum. It is
our practice to place two anchor needles once the
grid is placed (Fig. 9.1).

Probe placement sites are marked on the ultra-
sound screen. We ensure a distance of less than
one centimeter between the probe sites and the
prostate capsule, and a distance of less than 2 cm
between probes. Seven probes are usually used.
For small glands, five probes can be used.
Two probes are placed at the apex of the prostate,
two in the mid portion, and 3 at the base. The probes
are placed under ultrasound guidance in both axial
and sagittal views (Fig. 9.2). Sagittal view is used
to ensure the bladder is not penetrated.
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Fig.9.1 Initial insertion
of the transrectal
ultrasound and grid

Fig.9.2 (a) Transrectal
ultrasound showing probe
position. (b) Sagittal view
showing expected probe
locations. Note: Numbers
correlate to freeze order,
not probe number. White
lines represent urethral
catheter but probes are
similar. U marks the
urethra
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Once all probes are in place, the temperature
probes are then placed. We use five temperature
probes that will allow monitoring of the freeze
process and of vital structures. One probe is
placed at each neurovascular bundle, one at the
apex, one at the external urinary sphincter, and
one at Denonvillier’s fascia.

A flexible cystoscopy is then performed to
ensure there has been no violation of the urethra or
bladder neck by any of the probes. It is our prefer-
ence to use a suprapubic catheter as it is more
comfortable to patients and allows monitoring of
post-void residuals. It is inserted at this point.
A guide wire is inserted via the scope into the
bladder. The guide wire is left in place while the
scope is removed and is used to help the insertion
of the urethral warming catheter. The bladder is
kept partially inflated during the procedure.

Two freeze-thaw cycles are completed in line
with current recommendations. The temperature
is brought down to —40 and held for 2 min. The
temperature probes are monitored, and the ice
ball is monitored using ultrasound guidance in
both the sagittal and axial view. The freeze cycle
is adjusted accordingly. Once an adequate ice
ball is formed which involves the whole prostate,
the freeze cycle is stopped and all probes are
thawed. The process is then repeated for the sec-
ond cycle. Once complete, the probes are
removed and the urethral warming catheter is left
while in the recovery area. It is removed about an
hour later, and the patient is admitted overnight
(Fig. 9.3).

Most patients have perineal bruising. They are
discharged with scrotal support and suprapubic
drainage for 7-10 days. A fluoroquinolone is
given for the duration of the catheter placement.

Outcomes
Defining Cyrotherapy Success

A persistent problem with whole gland cryoabla-
tion has been the difficulty in defining adequate
treatment. Whereas radical prostatectomy and
radiation have guidelines for failure, such as ris-
ing PSA nadir, the ASTRO criteria, or the phoenix
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criteria, this does not exist for cryotherapy. In the
2010 updated AUA Best Practice Statement [15],
the conclusion was “As a consequence, meaning-
ful comparisons of these reported outcomes from
radical prostatectomy and radiation therapy to
cryosurgery are not possible.” With this in mind,
review of literature pertaining to whole gland
ablation should be viewed with caution and should
not be directly compared to other methods.

Filtering the available literature for mainly
third generation cryogenic systems reveals a mix-
ture of failure definitions. Most commonly used
are the ASTRO and Phoenix criteria that were
originally described for radiation (Table 9.2).
Levy [17] examined the level of PSA nadir and its
prediction of biochemical failure. Using the Cryo
On-Line Registry (COLD), 2,427 patients were
examined using PSA nadir cut-offs of less than
0.1 ng/mL, 0.1-0.5 ng/mL, 0.6-1.0 ng/mL, and
1.1-2.5 ng/mL. Increasing PSA nadir did show
higher risk of treatment failure and the overall
nadir was prognostic. Regardless of risk group,
PSA nadir above 0.6 ng/mL was associated with
significant 24-month biochemical failure. The
authors caution that this cannot be used as a defi-
nition because the data was not correlated with
disease-specific or metastatic-free survival.

In this regard, one study deserves special men-
tion as it is one of the only direct comparison done
prospectively, non-inferiority, and randomized.
Published in Cancer 2010, Donnelley [18] per-
formed a randomized trial comparing external
beam radiation and primary whole gland cryoab-
lation. All study patients did receive neoadjuvant
hormone ablation with LH-RH agonist. They
excluded patients who had bulky T3 tumor, previ-
ous radiation, previous hormone treatment, or had
undergone TURP within the past 3 months.
Primary endpoint was 36-month failure post-
randomization using the phoenix definition. At
primary end point, there was a 17 % failure in the
cryoablation arm and 13 % in the external beam
radiation arm. There had been 10 deaths from
prostate cancer, 5 in each arm during the study
with a disease-specific survival of 96 % for both
treatment groups. The conclusion was that cryo-
ablation was not inferior to external beam radia-
tion for the treatment of localized prostate cancer.



102 T. Byler and I. Nsouli

Fig.9.3 (a) Probes
inserted into perineum.
Appearance after all
probe are in place.

(b) Appearance of the
software. Temperature
and freeze times are
monitored with software

} N \\
1
Table 9.2 Definitions of commonly used erectile dysfunction, urethrorectal fistula forma-
criteria for biochemical failure tion, and incontinence. As the treatment modality
Criteria ~ Parameters progressed, many of the features of our newest
ASTRO  Three consecutive rises in PSA cryoablation systems have been added specifi-
Phoenix  PSA nadir+2 ng/mL cally to prevent or limit these complications.
Primary Whole Gland Cryoablation Biochemical-Free Survival

The gold standard in cryoablation is freezing Many studies have been published retrospec-
of the entire prostate gland. In the early work, tively reviewing cryoablation series with all
this method had significant morbidity including three cryogenic generation systems (Table 9.3).
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Table 9.3 Publications of primary whole gland cryoablation using third generation systems

Publication Patients Follow-up Definition Overall BDFS (%)
Prepelica 2004 65 35 month ASTRO 83
Hubosky 2007 89 1 year ASTRO 94
Polascik 2007 50 18 month PSA<0.5 90
Jones 2008 1,198 5 year ASTRO 77

A brief review will be placed here with emphasis
on the third generation argon-based systems. For
a full review of many of the articles published,
please refer to Levy [19].

The 10-year data available has been generated
from mixed systems with both nitrogen and argon
in use as the freezing agent. Cohen [20] used
nitrogen-based system and retrospectively ana-
lyzed 204 patients finding a 10-year biochemical
disease-free survival (BDFS) of 56 % using the
ASTRO criteria and 62 % using the Phoenix cri-
teria. When they further divided in risk groups,
the Phoenix definition was 80, 74, and 45 % for
low, moderate and high, respectively. Statistically,
these groups were different by long-rank test.

Shorter term follow-up has been published by
several groups. Polascik [21] analyzed 50 men
undergoing third generation ablation with an
18-month follow-up. They reported a 90 % BDFS
using a threshold PSA of 0.5. With a median fol-
low-up of 35 months, Prepelica [22] used an
argon-based system with 83 % BDEFS using
ASTRO criteria. Finally, with 89 patients under-
going third generation cryoablation, Hubosky
[23] showed 94 % at 1-year follow-up. To address
the small amount of data available, the COLD
registry was developed. In 2008, Jones [24] pub-
lished a series of 1,198 patients with 5-year data
from the registry. These patients when stratified
by risk group and using the ASTRO criteria
showed 84, 73, and 75 % BDEFS.

Overall, the short-term success of primary
cryoablation ranges between 60 and 90 %. There
are few studies examining the long term out-
comes and less with consistent newer generation
systems and failure definitions.

Complications of Whole Gland
Cryoablation

Appropriate patient counseling of upcoming
whole gland prostate cryoablation must include
discussion of impotence, incontinence, urethro-
rectal fistula, chronic perineal pain, and urinary
retention. Impotence occurs largely due to the
proximity of the neurovascular bundles to the
cryogenic probes and modern systems attempt to
prevent this by neurovascular bundle temperature
monitoring. Traditionally, series have shown large
range of impotence rates, anywhere from 4 to
88 %, with most in the 50-80 % [25]. Due to the
possibility of sphincter involvement, most series
show a 0.4—15 % rate of incontinence. The possi-
bility of neurologic injury with resultant chronic
pelvic pain is reported 0.4-12 %. The dreaded
complication of urethrocutaneous fistula is
reported 1-2 % and is prevented by accurate tem-
perature monitoring at denonvilliers fascia level.
An excellent summary of key complications was
published by Mourviev and Polascik [25].

Primary Focal Cryoablation

Focal cryoablation has become the subject of
investigation within the past 10 years. As discussed
earlier, traditionally a major side effect of whole
gland cryoablation has been erectile loss. The con-
cept of focal ablation would allow for preservation
of the contralateral neurovascular bundles and
therefore enhanced postoperative erectile function.
Ideally this erectile preservation would not come
at the expense of oncologic efficiency.



104

Table 9.4 Publications involving focal cryoablation
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Publication Pt Follow-up Template Continence Potency Oncologic
Bahn [32] 31 70 Hemiablation 100 89 93
Onik [33] 55 43 Focal 98 85 94
Ellis [34] 60 15 Hemiablation 96 70 80
Lambert [35] 25 28 Hemiablation 100 71 88
Truesdale [36] 77 24 Hemiablation 100 100 73
Ward [30] 1,160 24 Variable 98 58 75

Multi-focality in Prostate Cancer

Focal ablation, cryoablation or high intensity-
,focused ultrasound, represents the only current
treatments for prostate cancer which do not treat
the whole prostate gland. Prostate cancer multi-
focality therefore becomes an issue of paramount
importance.

Initially in 1992, Villers [26] retrospectively
reviewed prostatectomy specimens for mutli-
focality. In the 234 radical prostatectomy speci-
mens available in their review, 117 had only the
index tumor present. The remaining 117 harbored
266 incidental tumors, which were under 0.5 mm
in size on average. Thus, in their study, focal
ablation would have missed many incidental
tumors that may become recurrences. Using radi-
cal prostatectomy specimens, Mouraviev [27]
showed that prostate cancer was unifocal in 20 %
of cases, meaning that 1 in 5 men would be eli-
gible for hemiablation while the remaining men
had bilateral tumor. The significance of these
incidental tumors has been studied by several
groups as well. Noguuchi [28] evaluated 222 men
with Tlc-detected prostate cancer and classified
them into three clinical groups—Unifocal,
Multifocal tumor <0.5 mm, and multifocal
>0.5 mm. Using this criteria, 76 % of their cohort
had multifocal disease. After a follow-up of 52
months, 18 % of the cohort had biochemical
recurrence mainly within the unifocal group. The
authors concluded that the index tumor impacted
overall biochemical survival. These findings have
been collaborated by others [27, 29].

Templates in Focal Cryoablation

When considering a focal ablation, the choice of
template and surrounding tissue destruction
becomes important. Many templates have been
proposed but, as can be seen in Table 9.4, only
the hemi ablation template has published results
as of yet. Ward [30] reviewed prostate specimens
for applicability of two templates: hockey stick
and hemiablation. In their review of 180 speci-
mens with a unilateral positive biopsy preopera-
tively, they found that hemiablation would have
treated 64 % of relevant cancer while hockey
stick would have treated 81 %. They concluded
that most dominant tumors would have been
ablated and therefore focal ablation was a realis-
tic possibility (Fig. 9.4).

Patient Selection

Focal cryoablation outcome depends on the qual-
ity of patient selection and that prostate cancer is
indeed localized. The primary tumor must be
treatable without damage to the neurovascular
bundle or urinary sphincter. In a consensus arti-
cle, Eggener [31] proposed rigid criteria for focal
cryoablation consideration highlighting local-
ized, low-grade disease with low percentage total
cancer. Most published reports of focal cryoabla-
tion have been consistent with these guidelines,
although the inclusion criteria are not as strict as
those proposed by Eggener. As more data is
available, these guidelines may broaden but for
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Fig. 9.4 Ablation templates for focal ablation. (a) Focal ablation, (b) hemiablation, (¢) hockey stick ablation,
(d) Sparing just the contralateral neurovascular bundle. From [37]. Reprinted with permission from Springer

now the only appropriate patients are those with
low-risk disease and index tumor which is visible
and localized.

Outcome Data

To date, there have been no published phase II or
above clinical trials on focal cryoablation. The
chart below (Table 9.4) shows the major works
that are available with several outcome measures.

Majority of the trials agree that oncologic fol-
low-up from 15 to 70 months is between 80 and
90 % biochemical-free survival. This is consis-
tent with whole gland cryoablation. Considering
the patient selection often used for these trials, it
is likely that this is artificially raised and if the
patient population were broadened, it may
decrease. Each of these studies also utilizes

different biopsy regimens and diagnostic tools.
As expected, the potency and continence rates are
enhanced from whole gland.

Conclusions

Cryoablation of the prostate has been around for
many years and underwent many changes. In its
current state, there continues to be a lack of long-
term data to support long-term oncologic control.
As series continue to mature, many of these ques-
tions will hopefully be answered. The ability to
monitor and establish a definition of failure is
lacking. The side effect profile continues to be
dominated by impotence, although rates are
improving. Focal therapy is a reasonable option
to avoid the erectile problems but once again,
data is very limited.
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Julio M. Pow-Sang, Einar F. Sverrisson,
and Oscar M. Valderrama

Introduction

Prostate cancer is the second leading cause of
cancer death in men in the United States. Since
the introduction of PSA, there has been a pro-
gressive downward stage migration, with more
new cases presenting as clinically localized, low
volume, low grade disease. Ninety percent of all
prostate cancers are found when the disease is
confined to the prostate [1, 2].

Radical prostatectomy (RP) and radiation
therapy (RT) aim to treat the whole prostate and
seminal vesicles. Major side effects include uri-
nary incontinence and erectile dysfunction in
5-20 % and 30-70 %, respectively [3]. While
these sequelae have decreased with improve-
ments in technique and technology, these mor-
bidities have a significant impact on quality of
life. PSA has contributed to the reduced prostate
cancer mortality observed in the past decade, but
at the same time increased the detection of poten-
tially clinical insignificant cancers leading to
overdiagnosis and overtreatment of some men [4].
The estimated overtreatment rate for prostate
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cancer is at least 30 % [5]. Men, who may have
been overtreated for their early, potentially clini-
cal insignificant disease, are at risk of lifelong
morbidities derived from treatment.

In recent years focal therapy (FT) has emerged
as a new alternative treatment for early prostate
cancer. FT consists of completely ablating clini-
cally significant cancer foci within the prostate
while preserving normal tissue, the urinary
sphincter, and the neurovascular bundles with the
goal of minimizing side effects [4].

The selection of appropriate candidates for FT
presents a challenge for the clinician. Prostate
mapping biopsies and newer imaging technolo-
gies have been utilized to help select individuals
with localized disease who may benefit from
focal treatment.

Cryotherapy, high-intensity focus ultrasound
(HIFU), Laser ablation, and photodynamic ther-
apy (PDT) are current ablative modalities under
investigation.

Diagnosis and Patient Selection
for Focal Therapy

While the concept of focal therapy is simple, its
application poses several challenges including
optimal patient selection; localization, visualiza-
tion, and characterization of significant cancer
foci; accurate guidance of ablative energy in the
area to be treated; follow-up and surveillance
of untreated areas. A concern with FT is the
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multi-focality of prostate cancer as two thirds of
patients with newly diagnosed prostate cancer
present with more than one focus of cancer within
the prostate. However, approximately 33 % will
have unifocal tumor [6]. Additionally, approxi-
mately 40-80 % of multifocal tumors measure
less than 0.5 mL in volume, which some investi-
gators consider as clinically insignificant cancers
[7-9]. This led to the concept of only treating the
significant cancer foci (index lesion). Some
reports conclude that the index lesion represents
the main tumor volume, the highest Gleason
score, and the potential site of extracapsular
disease [2, 9].

At present, there is no agreement on which cri-
teria should be applied for selecting optimal can-
didates for FT. Two multidisciplinary expert
panels have reported on their selection criteria.
Eggener et al. published the consensus of the
International Task Force on Prostate Cancer and
the Focal Lesion Paradigm (ITF-FLP) in 2007.
They used clinical findings, biopsy, and imaging
studies to define the criteria for patient selection.
Clinical criteria included stage T1 or T2a, PSA
less than 10 ng/mL, PSA density less than
0.15 ng/mL/cm?, and PSA velocity less than 2 ng/
mL yearly in the years prior to diagnosis. Biopsy
criteria required obtaining a minimum of 12 cores
and findings of a Gleason score 3+3 or less, less
than 20 % of cancer in each core, and less than
33 % of total cores with cancer. Imaging criteria
included single lesion with a maximum of 12 mm
size, <10 mm of capsular contact, and no evi-
dence of extraprostatic extension or seminal ves-
icle invasion [10]. In 2010, de la Rosette et al.
published the consensus from an international
expert meeting, the 2nd International Workshop
on Focal Therapy, and Imaging in Prostate and
Kidney Cancer (IWFTI). They concluded that
patients appropriate for FT should have unilateral
low to intermediate risk disease, clinical stage
T2a or less, PSA <20 ng/mL, Gleason score 4+3
or less, and life expectancy of ten or more years.
They recommended evaluation with transperineal
mapping biopsies and excluded patients with
anterior or apical tumors [11]. Other authors
have reported that FT is suitable only for patients
with low-risk disease (clinical stage T1c-T2a,

J.M. Pow-Sang et al.

Gleason grade 3+3, and PSA<10 ng/mL).
Lindner et al. estimated that 45-85 % of patients
fall into this category [12].

MRI technology is emerging as the most
important imaging tool for identifying low-
volume prostate cancers, assisting in risk stratifi-
cation, and allowing for targeted biopsies [13, 14].
The sensitivity and specificity for identification of
a significant cancer focus (>0.5 cm?) was 86 %
and 94 %, respectively [15]. MRI imaging remains
the most important available imaging tool for
identifying early prostate cancers and enabling
focused use of energy ablative modalities.

Transperineal mapping biopsy (TPMB) has
been proposed as a more accurate way to deter-
mine tumor focality and is being advocated as the
preferred approach to select appropriate men for
FT. Onik et al. compared the traditional biopsy
technique to TPMB and found a large discrep-
ancy [6, 16]. Barqawi et al. prospectively studied
3D mapping biopsy. They reported that a signifi-
cant portion of men initially diagnosed with
apparently low-risk disease harbored clinically
significant cancer. These results demonstrate how
3D mapping biopsy may be applied to improve
patient selection for FT [17].

Follow-Up After FT

After FT, verification of complete ablation of
known cancer foci and detection of any de novo
cancer in the untreated prostate gland should be
assessed. Defining recurrence is another chal-
lenge evaluating the efficacy of focal therapy. As
FT preserves prostatic tissue, PSA is not expected
to become undetectable. Accepted criteria for
biochemical recurrence after radiation therapy
such as the ASTRO (three consecutive PSA rises
after a nadir PSA) and Phoenix (nadir PSA +2)
criteria are not applicable to FT since they were
not designed for use in this setting [5]. Despite no
defined PSA cut point to evaluate treatment suc-
cess, it is recommended that PSA should be con-
tinuously monitored during follow-up and rising
PSA should be further investigated. Some inves-
tigators suggest defining biochemical failure as a
PSA nadir+50 % rise on follow-up [18].
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Most investigators include post-treatment
biopsy and imaging studies as part of their
follow-up of patients treated with FT.

Focal Cryotherapy
Overview

Cryotherapy was initially reported in the 1960s
by Cooper and Lee. They developed the first
cryotherapy probe system using liquid nitrogen.
The inclusion of urethral warmers, use of tran-
srectal ultrasound (TRUS) for real time visualiza-
tion of the ice ball, replacement of liquid nitrogen
by argon gas for cooling and helium for warming,
as well as thinner cryoneedles, allow surgeons for
more accurate targeting enhancing its effective-
ness while reducing potential side effects.

Initially cryotherapy was used to destroy the
whole gland. More recently it has been investi-
gated as a tool for FT. Focal cryotherapy is a
modification of the standard technique, aiming to
only treat the portion of the gland which has the
clinically significant disease.

Mechanism of Action

The use of freezing temperatures and thawing
cycles results in cell destruction by direct injury
to the cells as well as secondary injury from the
inflammatory response. The current technology
uses argon gas flowing through hollow needles to
freeze the prostate and helium gas to actively
warm after freezing via the Joule-Thompson
effect. There are three treatment parameters that
correlate with cancer cell destruction: cooling
rate, low temperature achieved, and duration of
the freeze cycle.

After reaching a tissue temperature of less
than O °C, the extracellular fluid starts to crystal-
lize. Formation of crystals causes hyperosmotic
pressure of the unfrozen portion of the extracel-
lular fluid compartment leading to water shifting
from the intracellular space to the extracellular
space. The water loss induces intracellular dehy-
dration and pH change; this is followed by cell

m

shrinkage and denaturing of cellular proteins.
With further drops in temperature, beyond
—15 °C, intracellular crystallization takes place
and cell metabolism begins to fail. This leads to
mechanical breaks of the cellular membrane and
cell apoptosis is induced after the thermal injury.
Complete cell death is likely to occur at tempera-
tures lower than —40 °C after two cycles.
Vasodilatation around the targeted tissue occurs
after thawing causing hyperpermeability of vessel
walls. This leads to endothelial damage and micro-
thrombi formation resulting in regional tissue
hypoxia and secondary necrosis of the tissue [19].

Procedure

After induction of adequate general anesthesia,
the patient is placed in the lithotomy position.
A TRUS probe is inserted per rectum and affixed
to a fixation device. A template grid is placed in
front of the perineum secured to the fixation
device. Two to four cryoprobes are introduced
through the perineum under imaging guidance.
Catheter warmer is placed per urethra and placed
on continuous warmer irrigation. Double freeze-
thaw cycles are delivered with the goal of bring-
ing the temperature below —40 °C. Argon and
helium gases are used for freezing and thawing,
respectively. After the two cycles are completed,
the needles are removed and the urethral warmer
keep running for 20 additional minutes. The ure-
thra warmer is then removed and a Foley catheter
inserts and left indwelling for 5-7 days.
Visualization of the ice ball in real time using
ultrasonography allows treating the focal cancer
zone, minimizing injury to adjacent structures
(Figs. 10.1, 10.2, 10.3, and 10.4).

Current Studies: Oncologic
and Functional Outcomes

Cryotherapy is the most studied ablative therapy.
Onik et al. were first to report outcomes of FT in
2002 followed by an update of their experience in
2008. They reported on 48 patients with a mean
follow-up of 54 months (range 2-10 years).
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Fig.10.1 Perineal
template with inserted
cryoprobes to treat right
side distal lesion

m
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Fig.10.2 Inserted cryoprobe needles as seen on ultrasound
image

Fig.10.3 Iceball—transverse view

Fig.10.4 Iceball—sagittal view. Notice sparing of proxi-
mal prostate

Ninety-four percent had no evidence of cancer
according to ASTRO (American Society of
Therapeutic Radiology and Oncology) criteria.
Potency was maintained in 36 of 40 patients
(90 %) and all were continent after treatment [20].

Ellis et al. reported on 60 patients treated with
focal cryotherapy. The mean follow-up was 15
months. 84 % of the patients were biochemically
disease-free (ASTRO criteria) and 3.6 % reported
urinary incontinence [21].

In 2007, Lambert et al. reported on 25 men
treated with hemiablation of the gland. Mean fol-
low-up was 28 months. Eighty-four percent had
experienced no biochemical failure, defined as
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50 % PSA increase over nadir level. Seven patients
underwent a repeat biopsy. One patient had pros-
tate cancer in the area of previous cryoablation
and 2 patients in the contralateral gland [18].

Bahn et al. reported on 31 patients.
Biochemical disease-free rate by ASTRO criteria
was 92.8 %. Biopsy in one patient with biochem-
ical recurrence demonstrated cancer at the apex
of the untreated side. Potency preservation rate
was 88.9 % (40.7 % with PDE-5 inhibitors) [22].

More recently Ward et al. published an update
from the Cryo On Line Database (COLD) regis-
try; biochemical disease-free rate was 75.7 %
(ASTRO criteria) at 36 months, urinary conti-
nence was 98.4 %, and preservation of spontane-
ous erections 58.1 % [23].

Overall, biochemical disease-free rate is
75-94 % [18, 20-23]. Nevertheless definitions of
biochemical recurrence and patient’s selection
criteria were variable between studies. These
studies are limited due to small number of patients
and short follow up. The reported functional out-
comes are encouraging, with a good potency and
urinary continence rates. No other significant
morbidities were reported (Table 10.1).

Future Direction

Focal Cryotherapy is a promising treatment
option for selected patients with early prostate
cancer. Future research should be directed
towards establishing better means of characteriz-
ing clinically significant disease and developing
improved image technologies to target treatment.
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High-Intensity Focused Ultrasound
Overview

HIFU was first described in 1995 as a technique
to treat localized prostate cancer. Most of the cur-
rent reports describe whole prostate gland treat-
ments. HIFU can also be used for focal tumor
ablation with the goal of sparing normal gland
and minimizing the adverse effects of whole
gland treatment. There are currently two devices
available for treatment: The Ablatherm HIFU
device (EDAP S.A., Lyon, France) and The
Sonable 500 (Focus surgery, IN, USA). Both
devices are widely used in Europe, Canada, and
Japan. HIFU is still considered investigational in
the United States and is not currently approved
by the Federal Drugs Administration (FDA).
Several trials are currently in progress to estab-
lish the efficacy and safety of HIFU.

Mechanism of Action

During HIFU ultrasound waves are emitted from
a transducer and absorbed in the target area induc-
ing necrosis. Two main mechanisms are involved
in the HIFU ablation effect: A thermal effect is
heat generation due to absorption of the acoustic
energy with a rapid elevation of temperature in
the targeted tissues, which denatures proteins,
destroys lipid-based membranes, and finally
results in instantaneous and irreversible coagula-
tive necrosis. This is the primary mechanism for

Table 10.1 Summarizes oncologic and functional outcomes of focal cryotherapy

Mean
follow-up
Name N (months) BR criteria BDF (%) Potency (%) Continence (%)
Onik [20] 48 54 ASTRO 94 90 100
Ellis [21] 60 15 ASTRO 80.4 - 96.4
Lambert [18] 25 28 PSA nadir+50 % 84 71 -
Bahn [22] 31 70 ASTRO 92.8 89 -
Ward [23] 1,160 36 ASTRO 75.7 58.1 98.4

American society for therapeutic radiology and oncology consensus panel. Int J Radiat Oncol Biol Phys.

1997;37:1035-41.

ASTRO American Society for Therapeutic Radiology and Oncology, BR biochemical recurrence, BDF biochemical

disease-free
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tumor cell destruction. The mechanical effect
leads to cavitation causing additional damage to
the prostate and periprostatic tissue. The treat-
ment area is heated for 3 s and cooled for 6 s
using real-time images. Surrounding tissue is
minimally affected as the energy decreases
sharply outside the target zone [24-26].

Procedure

Ablatherm® after induction of general anesthe-
sia, the patient lies on his left side, thighs, and legs
flexed 90° on the trunk. A transrectal HIFU probe
is inserted per rectum. The probe delivers a beam
of high-focused convergent ultrasounds, causing
heat and tissue destruction. The ultrasound beam
absorption creates an immediate increase in tem-
perature (85—100 °C). The treatment is performed
using contiguous HIFU shots 1.8 mm apart with
4-s shot duration and a 12-s interval between
shots. At the end of the procedure an 18 F Foley
catheter is placed for 1-2 weeks.

Sonablate® 500 after induction of general
anesthesia, the patient is placed in the lithotomy
position and HIFU probe is introduced per rec-
tum. Treatment is monitored with real-time
TRUS. After the procedure, an 18 F Foley cathe-
ter is placed and left for 1-2 weeks.

Current Studies, Oncologic,
and Functional Outcomes

In 2008, Muto et al. reported on 29 patients who
underwent transrectal HIFU (Sonablate 500).
Two years biochemical disease-free rates by
ASTRO criteria in patients with low and interme-
diate risk prostate cancer were 83.3 % and 53.6 %
respectively [25].

Ahmed et al. reported a prospective study phase
I/IT trial in 20 men with prostate cancer who under-
went a transrectal hemiablation of the prostate
with the Sonablate 500 device. Patients were
divided into low (n=5) and intermediate risk
(n=15). Follow-up included MRI; TRUS-guided
biopsies and PSA measurement at 1 month after
the procedure and every 3 months thereafter. There
was no histological evidence of cancer in 89 % of
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treated lobe. A trifecta status (pad-free, leak-free
continence, erections sufficient for intercourse and
cancer control) was achieved in 89 % at 12 months
[26]. Ahmed et al. reported their results on 41 men
treated between 2007 and 2010; using the Sonable
500 device and who were diagnosed by a combi-
nation of multiparametric MRI and Transperineal
Template Mapping Biopsies (TTMP). Follow-up
was scheduled every 3 months after treatment.
Questioners were used to assess potency and
incontinence. Eighty-nine percent (31 of 35
patients) described erections sufficient for pene-
tration at 12 months. Fourteen required phospho-
diestrerase-5 inhibitors. Of 38 men with no urinary
leak at baseline 100 % were leak-free by 9 months.
Thirty-nine of 41 patients underwent postopera-
tive biopsy. Nine (23 %) had evidence of cancer.
MRI at 6 months showed residual cancer in the
treated areas in nine men; seven of whom had can-
cer confirmed on biopsy. Of those with positive
biopsies, four patients underwent retreatment and
none showed significant disease at 12 months on
MRI [27]. These studies demonstrate good mor-
bidity outcomes and promising cancer control
rates. Limitations to these studies included small
number of patients and short-term follow-up.
Some authors considered hemiablation as a focal
therapy with no consensus on definition regardless
of grade, volume, or location of the tumor.
Hemiablation may represent overtreatment since
low-volume and low-grade lesions may be treated
with more focused therapy.

Future Direction

Additional studies and more conclusive findings
are needed. Trials are currently ongoing
(NCT01194648, NCT00988130, NCT00987675)
to establish the safety and efficacy of HIFU.
Photodynamic Therapy

Overview

The first report describing PDT for prostate

cancer with light-sensitive agent using a trans-
urethral approach was published in 1990 [28].
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PDT is an experimental ablative technology
which employs photosensitizing properties selec-
tively taken up by prostate cancer cells and pro-
duces free oxygen radicals upon exposure to light
of a specific wavelength which results in the
destruction of the tissue.

As photosensitizers accumulate in some
organs including skin and eyes, patients require
light protection until the photosensitizer is no
longer present. PDT is theoretically more tissue-
specific and could preserve neurovascular bundle
better than other FT. Recent advances in PDT
have led to improvements of the synthesis of
new-generation photosensitizers with better sta-
bility, shorter half-lives, and faster metabolism.
The rapid clearance of these new agents from the
circulation could avoid prolonged photosensitiv-
ity. Vascular photodynamic therapy (VTP) uti-
lizes more recent photosensitizers derived from
chlorophyll, such as WSTO09 (Tookad), to induce
vascular damage leading to thrombosis and
necrosis of the target tissue [29, 30].

Mechanism of Action

A Photosensitizer is injected intravenously and is
distributed throughout the body; during treatment,
small energy-delivering probes are placed in the
prostate through optical fibers that deliver low
power laser light to activate the administered
drug. VTP usually uses WSTO9 that absorbs light
near to infrared wavelength with maximum light
energy absorption at 763 nm. This long light
absorption wavelength allows deeper light pene-
tration into tissues. The photosensitizer enhances
sensitivity of the tumor vasculature to light
energy. Damage to the vascular endothelium is
followed by platelet aggregation and vascular
coagulation around the tip of the fiber with subse-
quent localized tissue necrosis.

Procedure

The photosensitizer is given intravenously and
accumulates in prostate tissue. The drug is then
activated 2-5 days later by light of a specific

115

wavelength from laser. Drug dose and light doses
are variable and most are still under investiga-
tion. Manipulation of drug and light can result in
varied volumes of ablation. A transperineal
approach, using a brachytherapy template, guides
insertion of optical fibers that deliver low power
laser light.

Currents Studies and Future Direction

Few studies have been published regarding
PDT. Trial NCT01310894 is currently under way
to evaluate this treatment modality. PDT research
focuses on determining the optimal type and dose
of photosensitizing agent as well as the optimal
light exposure time for treatment.

Focal Laser Ablation
Overview

A new source of energy that applied for FT is
Laser Ablation (FLA). Low-power laser delivers
luminous energy guided by real-time imaging;
FLA produces a coagulative necrosis zone within
a controlled area, reducing the risk of damaging
adjacent structures.

Mechanism of Action

FLA is based on a photothermal effect which
results from the absorption of radiant energy by
tissue-receptive chromophores, which induces
heat energy in a very short time. Increased tem-
perature may cause irreversible damages and tis-
sue destruction. The thermal effect depends on the
amount of heat energy delivered but also on the
depth of light distribution. For this reason, deep
tissue damage is dependent on the wavelength of
the laser used, usually a range between 590 and
1,064 nm. The extension of thermal tissue dam-
age depends on both temperature and duration.
Irreversible protein denaturation will occur
around 60 °C, while over 60 °C, coagulation
is quasi-instantaneous. Macroscopic appearance
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of coagulation areas of FLA corresponds to
well-demarcated foci of necrosis surrounded by a
small rim of hemorrhage with no viable glandular
tissue after vital staining, based on immunoreac-
tivity with cytokeratin [31, 32].

Procedure

The patient is placed under general anesthesia
and in dorsal lithotomy position. A 2-way ure-
thral catheter is inserted at the beginning of the
procedure. A modified brachytherapy template is
used for transperineal placement of the laser
fibers. Depending on the size of the planned
treatment volume, 1 or 2 fibers will be used.
Wavelengths in the range of 590-1,064 nm are
the most adequate to induce photothermal effect.
An optimal fiber location is monitored with real-
time ultrasound or other imaging modalities.

Currents Studies and Future Direction

There is currently very limited data available for
FLA. Lindner et al. reported a pilot study in 4
patients, addressing feasibility. They correlated
MRI findings with histopathology after radical
prostatectomy (RP). No viable cells were found
in treated regions and MRI findings correlated
well with pathology reports [33]. The same group
also reported their findings on image-guided
focal laser ablation in 12 patients. Six patients
(50 %) had negative biopsies 3—6 months follow-
ing treatment and 67 % were free of tumor in tar-
geted area. No relevant morbidities were reported
[34]. Larger trials are currently in progress
(NCTO00805883, NCT01377753) addressing fea-
sibility. Laser technology is improving and may
lead to better focal therapy.

Conclusion

Early detection of prostate cancer has led to over-
diagnosis of clinically insignificant tumors. We
currently lack reliable tools to select optimal can-
didates for definitive treatment. With improved

J.M. Pow-Sang et al.

diagnostic modalities and optimal focal therapies
the rate of complications may be markedly
diminished with excellent cancer control. Men
diagnosed with low-risk disease will continue to
seek treatment despite excellent outcomes with
active surveillance in appropriately selected
patients. Researchers continue to develop new
approaches to treat low-grade prostate cancer
while minimizing side effects. Focal Therapy is
emerging as a new treatment modality that could
provide a bridge between active surveillance and
more aggressive treatments for patients with low-
risk tumors, achieving cancer control while mini-
mizing morbidity. Several energy sources are
being tested for this indication. The available lit-
erature is limited regarding focal therapies. Most
evidence is derived from case series and small
phase I trials. Ablative modalities such as VTP
and FLA have only demonstrated technical feasi-
bility to date. To make this approach valid, fur-
ther research to establish patient selection criteria,
new and more accurate imaging parameters, and
regular follow-up protocols are needed. It is
expected that new energy source will be intro-
duced in the near future for focal therapy.
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erectile function, 39-41
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DCE-MRI. See Dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI)
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minimally invasive prostatectomy, 47
PLND (see Pelvic lymph node dissection (PLND))
seminal vesicles, 51-52, 68
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Dorsal vein and urethra, 24, 26
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dose delivery, 83
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BPH and DRE, 1
embryology, 4-5
epithelial and stromal cells, 4
innervation, 5
lymphatic drainage, 6
median fibrous plate/raphe, 3
muscle fibers, levator ani, 2, 3
and penis, coronal view, 1, 3
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targeted biopsy, 18, 19
T2-weighted anatomic imaging, 16-17
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Minimally invasive surgery
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Nerve sparing procedure
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epidural anesthesia, 21
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Neurovascular bundles (NVBs)
advantages, 24-25
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description, 55, 56
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Omnitract™, self-retaining retractor system, 66
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epidural anesthesia, 21
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patient positioning, 21-22
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preoperative preparation, 21
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Patient positioning
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robotic prostatectomy, 47-48
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Patient selection
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NCCN risk stratification, 81
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PDT. See Photodynamic therapy (PDT)
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feasibility, 61

lymph node metastases, 23
perineal, 71-73

positive nodes, 66
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laparoscopic, 37

laparoscopic prostatectomy (see Laparoscopic radical
prostatectomy (LRP))

open radical retropubic prostatectomy (see Open
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prostatectomy, 36

prostate-specific antigen (PSA), 36
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bone scan and CT imaging, 80
and DRE, 1
radiation-induced second malignancy, 92-93

Perineal approach

anatomical aspects, 61

anorectal integrity, 75

brachytherapy template, 115

fasciae, nomenclature (see Fasciae)

nerve preservation (see Nerve preservation)

perineum and puboprostatic complex, 61

puboprostatic complex (see Puboprostatic complex)

rectum and prostate anatomy (see Rectum and
prostate anatomy)

“trizonal concept”, 61-62

Perineal pelvic lymphadenectomy

endopelvic fascia, 72
lymph nodes dissection, 72, 73
of RPP, 71
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Perineal prostatectomy
apex dissection, 69
feasibility, 61
indications, 66
intraprostatic urethral dissection, 69
lateral surfaces and prostate base, 68, 69
localized prostate cancer, 61
Lowsley tractor, 66
patient positioning, 67
preoperative preparation, 66
prostatic apex, 67-68
seminal vesicles dissection, 68
surgical anatomy, perineal approach (see Perineal
approach)
Periprostatic nerve block, 9
Periurethral (anterior) suspension, 58
Photodynamic therapy (PDT)
photosensitizing properties, 115
procedure, 115
transurethral approach, 114
VTP, 115
PLND. See Pelvic lymph node dissection (PLND)
Positive margins
fatty tissue dissection, 5859
prostatic apex, 54
Positive surgical margins (PSMs)
analysis, 35
cavernous nerves preservation, 39-40
definition, 35
oncological outcome, 73
ORP and LRP, 36
posterolateral, 36
recurrence free survival, 35
risk factors, 35, 36
Posterior bladder neck, 29, 51-52
Posterior musculofascial plate reconstruction, 58
Posterior urethral reconstruction, 56
Posterior vascular pedicles
bilateral division between clips, 29
bladder neck dissection, 29, 30
dissection, 29
“posterior peel” technique, 29
Postoperative phase management
catheter removal, 73
perineal drain output, 72-73
prostatectomy approaches, 73, 74
Post-procedure management and acute toxicity, 91-92
Posttreatment surveillance, 93
Preoperative preparation, 21
Primary whole gland cryoablation, 102
Prostate biopsy. See Transrectal ultrasound (TRUS)
Prostatectomy. See Robotic prostatectomy
Prostate-specific antigen (PSA)
bounce, 93
cancer mortality, 109
clinical screening regimens, 15
nadir cut-offs, 101
Prostatic apex
assistant’s downward traction over curved Lowsley, 68
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bilateral ischiorectal fossae, 67

central tendon and artery forceps, 67

NVBs, 26

positive margins with radical prostatectomy, 54

prostatourethral junction, 24

suprasphincteric and subsphincteric approach, 67
PSMs. See Positive surgical margins (PSMs)
Puboprostatic complex

cadaveric dissections, 64

prostate and proximal urethra, 64

straight Lowsley tracto depressed toward rectum, 64

urethral suspensory mechanism, 64—65

Q

Quality of life
late toxicity and management, 92-93
risk stratification, 59
urinary incontinence, 38

R
Radical perineal prostatectomy (RPP). See also Perineal
prostatectomy
endoscope assisted, 72
extended, 72
learning curve assessment, 76
Radical prostatectomy
and clinical diagnosis, 15
continence and erectile dysfunction, 75
continence rates after laparoscopic, 39
nerve preservation, 65
perineal approach, 61
PSMs, 35
vesicourethral anastomosis, 71
Radiotherapy
BCR after, 41
medical physicists, 83
SEER data, 93
Rectal injury, 42, 52, 55, 75
Rectum and prostate anatomy
pelvis, 62
rectourethralis, 62
Young and Belt approach, 62
Repeat biopsy protocols
24-core transrectal template with cores, 12
transrectal saturation, 11-12
Resonance. See Magnetic resonance imaging (MRI)
Robotic prostatectomy
advantages, robotic system, 47
anterior bladder neck, 51
apical dissection/transection, urethra, 54-56
components, 47
dorsal venous complex/anterior urethra suspension,
50-51
endopelvic fascia, 49-50
ligation, vascular pedicles, 53
localized prostate cancer, 47
nerve sparing, 53-54
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Robotic prostatectomy (cont.)
patient positioning, 4748
port placement, 48—49

posterior bladder neck/seminal vesicle dissection,

51-52
Retzius, developing space, 48—49
technique, 47
RPP. See Radical perineal prostatectomy (RPP)

S
Salvage LRP
after failure, HIFU/radiotherapy, 41-42
BCR, 41
BCR-free after salvage prostatectomy, 42
erectile dysfunction, 42
Saturation biopsy
description, 10
and extended biopsy, 12
utilization of, 11
Seed implantation
dosimetric goals, 85
LDR brachytherapy, 83, 88
linked, 89
Seminal vesicles (SVs)
dissection, 51-52, 68
posterior vascular pedicles and bladder neck,
29, 30
of prostate, 4
vas deferens, 70
wolffian ducts, 5
Sonablate® 500, 114
Stromal cells, 4

T
Target volume delineation, 84—85
Tissue matrix, 4
Transection
apical dissection, 54
bladder neck, 69, 70
urethra and anterior dissection, 69-70
Transrectal ultrasound (TRUS)
analgesia (see Analgesia)
antibiotic prophylaxis, 8
beyond static prostatic imaging, 7
biopsy techniques (see Biopsy)
complications, 11
enema, 8
indications, 7-8
positioning, 8
ultrasonography, 9
Trifecta, prostate cancer, 41, 59, 114
“Trizonal” concept
ANP, 65
PNB, 65
PNP, 65
TRUS. See Transrectal ultrasound (TRUS)

T2-weighted anatomic imaging
benign conditions, 16-17
local invasion assessment, 17
in prostate, 16

U
Ultrasonography, 9, 10
Ultrasound
HIFU (see High-intensity focused ultrasound
(HIFU))

intraoperative, 90
probe placement sites, 99
transrectal, 100
TRUS (see Transrectal ultrasound (TRUS))
Urethrovesical sutures
anterior position, 26, 28
final appearance, divided urethra, 28
Foley catheter removal, 26, 28
posterior position, 28
Urinary incontinence
continence rates after laparoscopic radical
prostatectomy, 38, 39
improvement, 39
incontinence risk factors, 38
preoperative measures, 38
TURP, 38-39
Urology, 8, 33, 73
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Vascular pedicles
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