
Surgery for prostate cancer has evolved, with 
the main purpose of curing one of the most
common male malignancies at an early stage in
its natural history, and preventing the morbidity
otherwise associated with unchecked disease
progression to more advanced, incurable stages.
The operation by which this may be achieved,
radical prostatectomy, advanced considerably
during the 20th century through developments
in anatomical knowledge and surgical experi-
ence. It is now a routine surgical procedure in
urological oncology carried out through a range
of surgical approaches, each with its own advan-
tages and disadvantages.

The first radical prostatectomy operations
were done through a perineal approach, adapted
from contemporaneous techniques for stone
surgery. Theodore Bilroth is credited with the
first radical prostatectomy, carried out in 1866;
however, the use of this operation was slow to
develop owing to its considerable morbidity and
mortality. In 1905, Hugh Hampton Young [1] at
the Johns Hopkins Hospital, Baltimore, Mary-
land, described the surgical technique for radical
perineal prostatectomy and his results. This 
was the only definitive treatment available for
prostate cancer at that time, preceding Huggins’
important work on hormone sensitivity of
this disease by 40 years. His technique and 
its description enabled surgeons to carry out
prostatectomy for cure of prostate cancer with
substantially lower mortality than previously
possible (17%), and a 5-year cure rate of 62% [2].
Incontinence, stricture, fistula, and erectile

impotence were nevertheless common and both-
ersome complications.

Retropubic Prostatectomy
The retropubic approach to radical prostatec-
tomy did not develop until Terence Millin’s
description of his now classical operation for
benign disease, the transcapsular prostatectomy.
He adapted this operation to total (radical)
prostatectomy, which had not been possible 
with the transvesical procedures with which sur-
geons had hitherto become familiar [3]. During
the ensuing years, the perineal and retropubic
approaches for radical prostatectomy each 
had its advocates. Radical prostatectomy never-
theless remained a formidable procedure,
particularly the retropubic approach, with 
the risk of uncontrolled hemorrhage from 
Santorini’s plexus. In spite of encouraging
cancer-specific outcomes in patients undergoing
radical prostatectomy for organ-confined
cancer, the surgical difficulties persisted, and
rudimentary understanding of surgical anatomy
precluded any substantial progress. Complica-
tions related, first, to the undocumented course
of the periprostatic veins and bleeding conse-
quent to unreliable control, and second, to the
unrecognized functional significance of the neu-
rovascular bundles posterolateral to the prostate.
Both were described 40 years after Millin’s con-
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tribution, by Patrick Walsh, at the Johns Hopkins
Hospital.

The anatomy of Santorini’s plexus and the
surgical technique for its control were described
by Reiner and Walsh [4] in 1979. This was a land-
mark contribution, and enabled retropubic
radical prostatectomy to be undertaken with a
substantially lesser risk of hemorrhage. Surgical
control of the dorsal venous complex, and the
prospect of a relatively bloodless operative field
for the apical dissection of the prostate and ure-
thral preservation were essential steps toward
future technical refinements.

Walsh et al.’s [5–7] second pivotal contribution
was the anatomical description of the neuro-
vascular bundles and the importance of their
formal surgical preservation for postoperative
recovery of potency. Walsh et al. showed that the
bundles could be separated from the prostate 
by dissection of the prostatic fascia, along an
anterolateral plane, thereby avoiding their injury
(by traction or disruption). Applying these two
discoveries, Walsh [8] described and subse-
quently refined the anatomical surgical tech-
nique routinely used today. The technique for
excision of the neurovascular bundle was
described later, along with its indications and
impact on outcomes [9].

Perineal Prostatectomy
Retropubic prostatectomy continues to be
undertaken with excellent results, though some
surgeons prefer the perineal approach. The per-
ineal approach avoids the bleeding sometimes
encountered from the dorsal venous complex, as
the prostate is removed behind this plane. As 
a result, the anterior surgical margin can be
compromised, and this may have some adverse
therapeutic significance in some patients,
particularly those with extensive or anterior
tumors. Complications specific to this approach
relate mostly to anal or rectal injury, with a risk
of fecal incontinence, infection, and fistula, but
such sequelae are uncommon.

The perineal route does not allow for assess-
ment or removal of pelvic lymph nodes; how-
ever, when this is considered important, pelvic
lymphadenectomy may need to be carried out as
a prior open or laparoscopic procedure. Perineal
prostatectomy, therefore, may not be ideal in

patients at high risk of a non—organ-confined
pathological stage.

Laparoscopic Prostatectomy
Laparoscopic radical prostatectomy has devel-
oped within the past 10 years, recognizing the
many potential benefits of laparoscopic surgery.
It was first described by Schuessler et al. [10] in
1992, and at that time presented significant chal-
lenges [11]. Reduction in the extent of surgical
incisions, postoperative pain, and analgesic
requirement, and shorter convalescence in-
cluding reduced hospital stay contribute to its
potential advantages. Disadvantages relate to the
considerable specific skills and experience that
need to be acquired and maintained. Procedure-
specific advantages and disadvantages must also
be considered in relation to open surgery [12].

Operative blood loss in laparoscopic prostate-
ctomy may be minimal by comparison with the
open procedure. In experienced hands blood
transfusion is rarely required, though this 
may also apply for the open procedure. For 
the surgeon, laparoscopy provides an excellent
magnified visual field via a monitor, although
two-dimensional, and a technological approach
to precise operative manipulation. Surgeons
undertaking the open procedure may use
magnification loupes. The risk of deep vein
thrombosis and potentially fatal pulmonary
embolism associated with major surgery is
always a concern, even with appropriate prophy-
laxis, and may be increased with prolonged oper-
ative times.

Laparoscopic radical prostatectomy became
an alternative standard of care to open surgery
following the success published by Guillonneau
and Vallancien [13] in 2000. Specific advantages,
in addition to those generally offered by the
laparoscopic approach, arise in the fashioning of
the urethrovesical anastomosis. The anastomo-
sis can be made with a continuous suture under
direct vision. The magnified field of view allows
this to be done with considerable precision,
achieving accurate apposition without traction.
A watertight anastomosis may minimize poten-
tial sequelae of urinary leak and promote func-
tional recovery. Mobilization of the bladder as
part of the surgical dissection may also con-
tribute to an apparently more rapid return of
urinary continence, and some surgeons have
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incorporated equivalent maneuvers in the
“open” operation for this reason. The urethral
catheter can generally be removed at 3 days, and
continence appears to be quickly achieved.
Overall continence rates appear as good as those
achieved by the open procedure. Technical
ability and experience substantially influence
operative time, which may may be considerable
until substantial experience is gained [14].
Throughout the evolution of today’s operation,
surgeons have been careful to ensure that the
various technical changes introduced would not
compromise cancer control. This remains a cor-
nerstone principle in many of the more recent
adaptations. The specific challenges of complex
laparoscopic surgery have stimulated further
advances in surgical technology with the 
development robotic systems such as AESOPTM

(Computer Motion, CA now Intuitive Surgical
Corp., Sunnyuale, CA), DaVincaTM (Intuitive 
Surgical Corp., Sunnyuale, CA) and ZeusTM

(Computer Motion, CA, now Intuitive Surgical
Corp., Sunnyuale, CA) [15,16]. These systems
enable surgeons conventionally trained in open
procedures to adapt their skills to use instru-
ments via portals without some of the physical
constraints of a laparoscopic environment
[14,17,18]. They provide capabilities for precise
and remote surgical manipulation, and three-
dimensional vision.

Using the robotic approach, extremely favor-
able early results have been reported from the
Vattikuti Institute of Prostatectomy (VIP). Hos-
pital stay is routinely less than 24 hours [19].
Specific modifications incorporated in this form
of prostatectomy aim to maximally preserve the
cavernosal nerves. The nerves and neurovascu-
lar bundles are freed by an anterior dissection of
the prostatic fascia, creating on each side a block
of tissue referred to as a “veil of Aphrodite.” The
limited urethral dissection employed may con-
tribute to rapid return of continence, achieved in
90% by 5 months.

Principles of Radical
Prostatectomy
Radical prostatectomy is generally carried out
with the intent of achieving long-term disease-
free survival and thereby cure of early-stage
prostate cancer [20]. Secondary, but nevertheless

important, concerns are the maintenance of
quality of life, in particular continence and 
erectile function. In some countries, interest 
is growing in a potentially palliative role in
patients with more advanced and noncurable
disease. Favorable long-term survival in patients
with pathologically organ-confined tumors has
been recognized since Young’s early experience
[21]. In spite of early concerns, nerve sparing
does not compromise cure rate [22]. Today,
alongside the shift of pathological stage toward
organ-confined disease at diagnosis, neurovas-
cular bundles are routinely preserved and bilat-
eral excision is rarely necessary, giving optimal
opportunity for maintaining quality of life and
functional recovery.

Cancer Control
Cancer-specific outcomes observed after radi-
cal prostatectomy have improved substantially
within the past 20 years owing to the possibility
of detection of earlier stage disease [23]. This is
almost entirely attributable to the discovery of
prostate-specific antigen (PSA), its increasing
availability and clinical use, together with 
the increasingly prevalent proactive approach
toward men’s health. Though dependent on
patient selection, 10 year biochemical recurrence
rates less than 30% can be expected in men with
clinically localised cancer, and progression to
metastatic disease is rare even without second-
ary treatment (<10%). Radical prostatectomy is
therefore generally not recommended where life
expectancy is less than 10 years, particularly in
populations exposed to regular PSA testing.

The natural history of prostate cancer follow-
ing radical prostatectomy is predicted strongly
by pathological stage [24]. Although pathologi-
cal stage can be determined only following 
surgical treatment, preoperative variables can 
be combined to provide a useful prediction of
pathological stage for individual patients [25].
These variables include clinical stage, serum
PSA, and biopsy findings, principally Gleason
grade, and each independently correlates with
pathological stage. Age also contributes to
outcome, and increasing age is associated with
less favorable pathological features [26,27].
These pre- and postoperative factors also relate
to the risk of metastatic progression following
definitive treatment [28].
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Wide surgical excision of one neurovascular
bundle can sometimes be considered for im-
proved cancer control, and by sparing the con-
tralateral bundle potency may be maintained
[9]. Wide excision may be beneficial in a small
proportion of cases overall, and rarely necessi-
tates excision of both bundles. Extraprostatic
extension frequently occurs at sites additional to
the region of the posterolateral bundles, and in
this situation contralateral bundle preservation
is unlikely to compromise cancer control [29].
In those cases where extraprostatic extension
involves the bundle, and negative surgical
margins can be achieved by excision, cancer
control may be improved [30]. The decision to
excise one or both bundles depends on both pre-
operative and operative findings, including pal-
pable apical tumor on digital rectal examination,
perineural invasion, tumor volume, and Gleason
score on biopsy, induration of the lateral pelvic
fascia at operation, or fixation of the bundles to
the prostate [31,32].

In evaluating cancer control following radical
prostatectomy undertaken in nonrandomized
settings, case selection may impose substantial
bias, rendering comparisons of efficacy invalid.
Trials of treatment and screening currently
being carried out across the world are most
important to address ongoing controversies
[33,34]. A recently published randomized trial of

radical prostatectomy versus watchful waiting
for clinically organ-confined cancer showed a
significant effect reducing metastatic progres-
sion and cancer-specific survival by 8 years (Fig.
7.1) [35]. This study predominantly evaluated
treatment of non—PSA-detected tumors; PSA
screening undoubtedly increases lead time and
thereby also the follow-up required before a
treatment-related advantage will be achieved. In
spite of the lack of any overall survival difference
in this study, the findings imply that the value of
curative surgery for early-stage cancer will be
acquired with longer follow-up.

Complications
The morbidity of radical prostatectomy today
relates principally to erectile dysfunction,
but also urinary incontinence. Uncontrolled or
unrecognized hemorrhage can be life threaten-
ing and can lead to local or systemic complica-
tions. Anastomotic stricture can develop in 2%
to 20% of patients, and may contribute to
difficulties with voiding and urinary control.
Rarely, obliteration or distraction at the site of
the anastomosis requires more complex pro-
cedures and reconstruction. Other significant
complications may include infection, lymphatic
leak and rarely rectal injury, deep venous throm-
bosts, and pulmonary embolism.

Erectile Function
In spite of advances in anatomical understand-
ing and surgical technique, bilateral nerve-
sparing radical prostatectomy does not assure
normal erectile function for all patients. Age,
preoperative sexual function, and nerve sparing
independently influence the eventual outcome.
Sexual inactivity, particularly in the early post-
operative period, also may influence the course
of functional recovery. Although the return of
erectile function may be delayed up to 2 years
following surgery, some studies suggest that it
may be possible to identify those men unlikely
to regain natural erections before that time 
by nocturnal penile tumescence studies [36].
Tumor stage, race, and patient education have
also been implicated [37]. Operative technique,
however, is particularly important where 
other factors are favorable. Rehabilitation using
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prostaglandin injections and phosphodiesterase
type 5 inhibitors may improve outcomes.

Surgical factors that adversely influence early
return of sexual activity include perioperative
traction or ischemic injury to the cavernous
nerves within the posterolateral neurovascular
bundles. Visualization and preservation of these
nerves during radical prostatectomy may be
difficult or imprecise. Their course is indicated
by the posterolateral vascular bundles as they
are dissected from the prostatic fascia, but the
nerves themselves are too small for visualization
during surgery, even with a microscope. To aid
their identification, preoperative electrical 
stimulation has been evaluated, using the
Cavermap™ (Norwood, MA). This device is
designed for topographical mapping of erectile
responses to electrical stimulation. The impact
on subsequent potency, however, has proved
unpredictable [38], and in the hands of ex-
perienced surgeons negative responses lack
specificity [39]. Small variations in surgical tech-
nique have been shown to influence potency
rates, and a critical review of an intraoperative
videotape may identify factors that in the
surgeon’s hands affect potency [40].

Unilateral excision of the neurovascular
bundle adversely influences postoperative
potency, but by no means precludes it. As with
bilateral nerve sparing, recovery of function
after unilateral sparing is influenced by age,
and may respond to oral phosphodiesterase
inhibitors as neural pathways are at least par-
tially intact. Bilateral excision, however, invari-
ably renders the patient unable to respond to
oral phosphodiesterase inhibitors. Reported
potency rates with bilateral nerve preservation
vary substantially among centers. Many factors
may contribute to this observation, perhaps
including variation in the reliability with which
nerve preservation can be assured at the time of
surgery. In those observational studies where
unilateral or bilateral excision of the bundles
does not adequately correlate with functional
recovery, more objective means to ensure and
confirm nerve preservation would be invaluable.

A role for sural nerve grafting in late recovery
of erectile function, in cases where neurovascu-
lar bundle preservation is not feasible, is intrigu-
ing and currently being evaluated [41]. Its role 
in overall surgical management, however, and
particularly those cases that involve unilateral
bundle excision, remains unproven. Though not

a complex additional procedure, nerve grafting
does increase operative time and morbidity.
Further studies are necessary to determine the
contribution of the graft to nerve regeneration
after controlling for various factors that may also
influence functional recovery.

Urinary Continence
Urinary incontinence following radical prostate-
ctomy is far less common than erectile dysfunc-
tion, but when present may have significant
implications for the patient. Its true incidence
varies according to its definition. Many patients
will be continent when the catheter is removed,
and among the remainder it may take up to 2
years for continence to be re-established. Occa-
sional patients suffer persistent, troublesome 
or severe incontinence. For these individuals
placement of an artificial urinary sphincter can
restore urinary control and quality of life.

Postoperative incontinence generally relates
to sphincteric or neurogenic damage acquired
during surgery, loss of normal urethral or
bladder neck support, periurethral fibrosis, and
less frequently detrusor instability. Anastomotic
stricture may also need to be excluded. Various
techniques for reconstruction or sparing of the
bladder neck have been evaluated to improve
recovery of continence, mostly without corrobo-
rating evidence of any advantage, although some
may increase the risk of stricture. Sparing of
the neurovascular bundles may itself contribute
to preservation of urethral innervation as well 
as potency, though the principal sphincteric
innervation runs with the pudendal nerves.
The reported more rapid return of continence
following laparoscopic radical prostatectomy
would suggest that there may be other technical
factors relating to avoidable injury that may con-
tribute to early functional recovery.

Quality of Life
Radical prostatectomy when carried out by
experienced surgeons in established centers can
maintain excellent quality of life, but such claims
may not always be representative in wider surgi-
cal practice. The impact of surgery is sudden,
recovery may be slow and additional therapy
may be required. Changes in sexual function
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other than potency are inevitable, including
changes in perception of orgasm, ejaculation,
and libido. The effect of these consequences may
vary substantially between individuals.

Outcomes
Outcomes for the retropubic, perineal, and
laparoscopic approaches as carried out in the
centers of greatest experience are impressive yet
extremely difficult to compare. Procedure
modifications must be taken into account, such
as nerve sparing, which is known to influence
outcome, and technical demands specific to the
surgical approach, as well as preoperative base-
line differences in patients’ age, comorbidity, and
erectile function [36]. For such reasons, pub-
lished results based on a surgical series or single
centers may not be truly representative of wider
outcomes [42–44]. Difficulties in comparing
postsurgical morbidity between centers are
compounded by the lack of consistency and
objectivity in the assessment and definition 
of continence and potency. Various outcome
measures have been used, including physician-
reported outcomes, patient-reported outcomes,
and neutral data collectors using standardized
data collection instruments, which may in-
fluence outcome perceptions [43]. Also of
concern, factors that determine quality of life
and sexual functioning seem to have less than
precise relationships with disease and treat-
ment-related morbidity.

Interest has centered on case volume as a
factor contributing to outcome following radical
prostatectomy, with particular focus on surgeon
volume and institution volume. Excellent out-
comes have been reported for single-institution,
individual surgeon-reported series [13,19,
45–47]. Outcomes reported from high-volume
centers suggest lower morbidity and greater 
consistency; however, favorable outcome does
not always follow for high-volume surgeons [48].
Outcomes may be biased by many factors, and
those established clinical and operative con-
siderations discussed in previous sections of this
chapter should be included for prospectively
useful analysis. Individual training and the envi-
ronment of professional practice may also be
significant in influencing outcomes [49]. The
importance of operating on a large number of
patients to maintain skills and gain experience is

widely recognized. Outcomes do vary among
individual patients, and although the reliability
of auditing this variability relates to case
numbers, there may be nonuniformity of insti-
tution-, surgeon-, and patient-related factors
influencing outcome. For such reasons, valid
comparisons are difficult to make, and inevitably
the very best outcomes cannot be guaranteed for
all patients. Good outcomes, however, can be
achieved by appropriately trained and experi-
enced surgeons practicing in institutions of
excellence.

Conclusion
Excellent cancer control and quality of life out-
comes can be achieved by radical prostatectomy.
The key, historical developments emphasize the
importance of early diagnosis and consistency in
surgical technique. Radical prostatectomy can be
carried out by a variety of surgical approaches,
and each has advantages and disadvantages.
Technological development and application will
increasingly influence future surgical practice by
improving discrimination of those early-stage
tumors that require definitive treatment and
more consistently limiting treatment-related
morbidity. The results of ongoing randomized
controlled trials will add to the evidence base
supporting the role of this important treatment
option for the many men diagnosed with local-
ized prostate cancer.
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