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Introduction 

It has been almost 20 years since the first robot-assisted 
laparoscopic radical  prostatectomy (RALRP) was  
performed (1). Early efforts by Menon and colleagues 
focused on improvising steps from open retropubic and 
laparoscopic radical prostatectomies (2). The ensuing 
decade witnessed the rapid diffusion of robotic technology 
in urology. RALRP has since been purported as the new 
“gold standard” of surgical care for localized prostate  
cancer (3). This period also oversaw a wide array of 
technical refinements to the procedure. 

Today the accumulation of surgical expertise propels 
a plethora of exciting new techniques and concepts 
that extend beyond the confines of traditional radical 
prostatectomy. Finer instrumentation and emergence of 
new robotic platforms such as single port technology allow 
urologists to push the boundaries of minimally invasiveness 

and surgical feasibility. The introduction of newer imaging 
modalities such as multiparametric magnetic resonance 
imaging (mpMRI) and prostate-specific membrane antigen 
(PSMA) positron emission tomography (PET) also 
accelerate this trend as surgeons are provided with better 
insights into an individual’s burden of disease. Together 
these novel developments challenge the notion of RALRP 
as the “one procedure fits all” and place more stringent 
emphasis on achieving better functional outcomes whilst 
ensuring oncological efficacy. 

In this review, we discuss the different approaches to 
the surgical treatment of prostate cancer using the robotic 
platform, as well as the numerous recent advances and 
innovations that have been made. 

RALRP 

Techniques of standard transperitoneal RALRP have been 
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extensively described in the existing literature. Numerous 
nonrandomized studies have reported major improvements 
in perioperative and long-term outcomes compared to its 
open and laparoscopic counterparts. Surgical experience 
is greatly enhanced with the availability magnified 3D 
vision, fine articulating instruments and tremor filtration. 
In a randomized controlled trial first published in 2016, 
Yaxley et al. compared the outcomes of a robotic surgeon 
with 200 case experience with that of an open surgeon with 
1,500 case experience (4). Despite the fact that excellent 
oncological and functional results were achieved equally in 
both groups, significantly less operative time, blood loss, 
adverse events, length of hospital stay and postoperative 
pain were observed in the robotic arm. 

Since the procedure was first popularized in early 2000, 
numerous technical modifications have been described in 
the literature (5). In most mature cohorts, overall positive 
surgical margin (PSM) rates ranged between 6.5% to 
32% (9% for pT2, range 4–23%) (6). The apex is one of 
the commonest sites involved. Tewari et al. reported their 
method of apical dissection with 30-degree upward lens 
posterior to the prostate and noted a significant reduction 
in apical margin positivity (7). Others have found that early 
suture ligation of the dorsal venous complex (DVC) was 
associated with increase in PSM and favor the upfront cold-
cut transection of the DVC and the urethra (8). 

It is widely recognized that maneuvers such as bladder 
neck preservation and subapical urethral dissection lead to 
earlier return of continence (9,10). However, these should 
only be performed in suitable candidates to ensure negative 
margin. Other measures aimed at improving continence 
include various techniques of periurethral suspension 
and reconstruction of anterior urethral support (11-16). 
Posterior rhabdosphincter reconstruction or the “Rocco 
stitch” is routinely performed in most centers before 
vesicourethral anastomosis (17). Despite contradicting data 
about its role in early continence, it has added benefits of 
reducing anastomotic tension and augmenting hemostasis.

With better insights  into the neuroanatomical 
distribution of cavernous nerves, the concept of prostatic 
fascia sparing technique was popularized which included the 
preservation of posterior neurovascular bundles and lateral 
fascia known as the “Veil of Aphrodite”. Incremental nerve 
sparing (NS) has been an integral aspect of RALRP since 
its inception (18). Using the veins on the lateral surface 
of the prostate as anatomical landmarks, a grading system 
from 1 to 4 has also been proposed (19). Similarly, a 1 to 
5 scaling system has been reported based on the location 

of periprostatic arterial vasculature (20). Regardless of the 
anatomical structure referenced, nerve preservation starts 
at the level of the tip and the lateral aspect of the seminal 
vesicle. The mantra from open radical prostatectomy era 
applies: cautious athermal dissection with minimal traction 
of the neurovascular bundles. The standard approach to NS 
is antegrade with the prostatic pedicle being controlled and 
divided prior to bundle release. It has been described that 
an effective technique of early release of the neurovascular 
bundle is at the lateral surface of the gland prior to pedicle 
ligation (21). This approach helps to define the bundle’s 
path early and minimizes the chance of inadvertent injury 
caused by surgical clips. 

Intraoperative frozen section (FS) & 
neurovascular structure-adjacent FS 
examination (NeuroSAFE)

Intraoperative FS analysis of the prostate and/or adjacent 
structures has been utilized since the era of open radical 
prostatectomy. It helps to establish the boundaries of 
surgical excision and facilitate NS when possible. Methods 
of FS differ in terms of sites sampled (apical, basal, 
posterolateral or whole surface), techniques of specimen 
handling and histopathological analysis, and whether that 
the evaluation is undertaken systematically and routinely or 
only when there is a strong clinical suspicion for incomplete 
resection. It is perhaps due to this broad disparity that 
mixed conclusions were drawn regarding the reliability 
and the usefulness of FS. Its sensitivity in predicting PSM 
ranged widely from 21% to 96% (22). 

Neurovascular structure-adjacent FS examination 
(NeuroSAFE) is a technique first reported in a series 
of 11,069 consecutive patients who had open or robot-
assisted prostatectomy (23). The prostate is first removed 
with one or both neurovascular bundles been left intact. 
Posterolateral aspects of the specimen are then sectioned 
and submitted for analysis. If one or more malignant glands 
were detected at the inked surface, en bloc resection of the 
ipsilateral neurovascular bundle and the lateral edges of 
pararectal fat and Denonvilliers’ fascia is carried out. This 
method of analysis is associated with an astonishing 97.3% 
accuracy when compared with final pathology. Amongst 
the 2.5% false-negative NeuroSAFE specimens, all positive 
margins were deemed focal and less than 0.5 mm in size. 
In their subanalysis of those who had RALRP, NS was 
accomplished in 97% of those underwent NeuroSAFE 
(vs. 81% without, P<0.0001). This was accompanied by a 
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paradoxical drop in PSM (16% with NeuroSAFE vs. 24% 
without, P=0.0037). These improvements were particularly 
pronounced amongst those with high risk diseases: for 
example, up to 94.1% of patients with pT3a disease received 
NS (vs. 74.2% without, P<0.0005) and the R1 rate dropped 
to 22% (from 38.7%, P=0.0191). 

Similar benefits in the rates of PSM and NS were 
reproduced in a smaller nonrandomized comparative  
study (24). Twelve-month potency and pad-free continence 
were noted to be significantly improved. The NeuroSAFE 
PROOF study is a multi-institutional randomized 
controlled trial currently underway in the United Kingdom 
designed to further validate the oncological and functional 
benefits associated with this approach (25).  

Fluorescence-enhanced prostatectomy with 
indocyanine green (ICG)

ICG is a near-infrared fluorescent dye that can be 
visualized with the built-in Firefly® technology available 
on most existing da Vinci surgical systems. Its small 
molecular weight allows it to flow freely within human 
vasculature and lymphatic system (26). It is important to 
remember that it has no particular affinity for tumor cells 
and its pattern of diffusion within the prostate remains 
incompletely understood. Early works on the use of ICG 
in the context of prostatectomy investigated its potential 
as an alternative to radioactive sentinel node dissection 
(27,28). The tracers were injected into the prostatic tissue 
via the transrectal route immediately before surgery and its 
ability to define lymphatic drainage was studied. In a later 
study a more streamlined technique was developed in which 
unconjugated ICG was delivered intraoperatively to the 
prostate by transcutaneous needle after the development 
of the retropubic space (29). At a mean time of 10 minutes 
post-injection the prostate and its associated lymphatic 
pathways demonstrated uniform ICG uptake in comparison 
to the relative absence of fluorescence in the surrounding 
neurovascular bundles, seminal vesicles and vas deferens. At 
approximately 30 minutes, sentinel prostatic lymph nodes 
were successfully identified in 38 of 50 (76%) patients. In 
another series of 84 patients, nodal staging based on ICG-
guided sentinel lymph node dissection was accurate in 82 
(98%) (30). However, only 60% of metastatic nodes were 
stained positive for ICG. Similar findings were reported 
by a separate study (31). The authors concluded that the 
technology in its current form can help identifying patients 
at risk of nodal disease but is inadequate in guiding the 

extent of dissection. Other studies have also examined 
the role of intravenously administered ICG as a useful 
adjunct in facilitating the identification and preservation 
of neurovascular bundles as well as in improving the 
visualization of vascular pedicles and accessory vessels (32). 

Augmented-reality radical prostatectomy 

Extra visual cues can be quite valuable in robotic surgery 
as there is a complete absence of tactile feedback for the 
surgeon at the console. The concept of imaging-assisted 
minimally invasive surgery for prostate cancer is not 
new (33). Most existing efforts in prostate surgery are 
concentrated on the manipulation of imaging data derived 
from real-time intraoperative transrectal and transurethral 
ultrasonography (33-35). The rendered images are then 
compiled and superimposed on the displayed field of vision. 
It is hoped that these technologies can provide the operator 
with visual “road maps”, enhancing anatomical interpretation 
of each individual case beyond the immediate surgical view. 

Porpiglia et al. recently published their pioneering 
work on three-dimensional elastic augmented reality 
when performing RALRP (36). These virtual models are 
constructed using images from high-resolution mpMRI. 
They are “elastic” and deform in response to real-time 
surgical traction and pressure. More importantly these 
virtual representations highlight the locations of index 
lesions as well as potential sites for extracapsular extension. 
The intraoperative navigation helps to minimize inadvertent 
PSM and maximize the preservation of neurovascular 
bundle where appropriate. The authors believe that the 
model will improve the accuracy of dissection even for 
highly experienced surgeons. Current limitations include 
over reliance on mpMRI interpretation and that the 
construction process is both labor and time intensive. 

The extraperitoneal approach 

Extraperitoneal access to the prostate is well-known to 
surgeons who are trained in open and pure laparoscopic 
radical prostatectomy (Table 1). On the robotic platform, 
it was shown to be a safe and feasible alternative to the 
transperitoneal approach (37). It has several theoretical 
advantages: (I) minimizing peritoneal irritation caused by 
blood and urine derived from the operative field; (II) it 
places less demand on the angle of Trendelenburg as loops 
of small bowel and the sigmoid colon are being contained 
out of the way; (III) in obese patients, shorter travel 
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Table 1 Alternative techniques of robot-assisted laparoscopic radical prostatectomy

Techniques Advantages Disadvantages & limitations

Extraperitoneal 
RALRP

Quicker return of bowel function Confined work space, especially in smaller patients 

Lower incidences of ileus and bowel injury Not suitable in patients who had prior laparoscopic placement of 
mesh for inguinal hernia 

Less steep angle of Trendelenburg Cannot use Veress needle for insufflation 

Retzius-sparing 
RALRP

Early continence recovery: immediate continence 
in up to 92% of patients 

Increase in positive surgical margin rates (although not statistically 
significant in existing studies)

Reduction in post-RALRP inguinal hernia Formidable early learning curve, even for “expert surgeons”  
converting from transperitoneal RALRP 

Favorable in those who had prior laparoscopic 
placement of mesh for inguinal hernia 

Modified  
Retzius-sparing

Early continence recovery Single surgeon series only 

Minimal learning curve as most of the steps are 
identical to transperitoneal RALRP

RALRP, robot-assisted laparoscopic radical prostatectomy.

distance for the robotic instruments to reach the prostate. 
Disadvantages include more confined working space and 
potential difficulties in creating the space in men who had 
prior laparoscopic placement of hernia mesh. 

An infraumbilical incision is made to create the 
preperitoneal space. Blunt finger dissection of the space is 
undertaken to permit the introduction of a balloon dilator. 
Gas insufflation and port placements are carried out under 
direct vision. The port configuration resembles that of 
the transperitoneal approach although distances between 
trocars can be as short as 4 cm in smaller men (38). The 
rest of the procedure follows identical steps to that of the 
transperitoneal approach. 

Studies comparing the two methods of access fail to 
detect significant differences in most perioperative and 
oncological outcomes (38-42). Some series report fewer 
incidences of ileus and bowel injury as well as earlier 
normalization of gastrointestinal function with the 
extraperitoneal access (40,41). There was no documented 
increase in the rates of lymphocoele following pelvic 
lymph node dissection (42). A small nonrandomized 
prospective study also reported drop in ventilatory  
pressure requirement during the case due to reductions in 
the angle of Trendelenburg and the degree of abdominal 
distension (40). A recently published single surgeon 
experience of 1,168 cases further supports the safety and 
efficacy of the extraperitoneal approach, including in men 
with large glands (39). 

Retzius-sparing (RS-RALRP)

The Retzius-sparing approach was first described 
by Bocciardi and colleagues in 2013 with immediate 
continence observed in up to 92% of the patients (43). 
This benefit in continence recovery was corroborated by 
multiple subsequent publications including two randomized 
controlled trials. Comparative studies to standard RALRP 
have demonstrated up to 47% increase in immediate 
continence with median time to continence as low as 1 
to 2 days following catheter removal (44-48). However, 
the observed differences in urinary function between the 
two approaches do diminish over time with the rates of 
continence starting to equalize at 3 to 6 months in most 
series (49). 

Contrary to the standard approach starting with the 
development of the retropubic space, a transverse incision 
is first made at the peritoneal reflection underlying the 
rectovesical pouch. Seminal vesicles and vas deferens are 
then identified and mobilized to the specimen. Antegrade 
dissection starts at the posterior and posterolateral surfaces 
of the prostate and the neurovascular bundles are swept 
laterally. The bladder neck is divided in a posterior to 
anterior direction. Anteriorly the DVC is separated from the 
prostate using sharp dissection, sparing the puboprostatic 
f ibromuscular  t i ssue and minimizing anatomical 
disturbances to all structures above the endopelvic fascia. 
The urethra is transected below the prostatic apex and the 
specimen is freed. The vesicourethral anastomosis starts 
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at twelve o’clock (as opposed to six o’clock). No posterior 
reconstruction is required. 

The exact mechanisms leading to faster urinary recovery 
remain a cause for speculation. During a RS-RALRP there 
is minimal mobilization around the bladder and most of the 
structures adjacent to the membranous urethra have been 
left intact. One recent study confirmed that the bladder 
neck assumes a more anatomical position following RS-
RALRP (46). 

Other less studied benefits might include shorter 
operative time, reduction in the incidences of post-RALRP 
inguinal hernia and perhaps quicker recovery of erectile 
function (43,48,50,51). The approach is also advantageous 
in those who had laparoscopic mesh placement for inguinal 
hernia, obviating the need for adhesiolysis and the risk of 
inadvertent bladder injury.  

The main reservation about the wider adoption of this 
technique is whether long-term oncological outcomes are 
being compromised for transient improvement in urinary 
function. Existing studies have consistently reported higher 
PSM rates associated with RS-RALRP (48,49). It is also 
worthwhile noting that most of the published experiences 
are concentrate in the hands of “expert” surgeons from 
high volume centers in radical prostatectomy. The trend 
however does appear to ameliorate over time as individual 
surgeons become more familiar with the approach: Galfano 
et al. reported reduction in T2 PSM rates from 22% to 9% 
(P=0.045) after the first hundred cases were performed at 
their institution, Lim et al. observed similar phenomenon 
after their initial 25 cases (20% to 8%, P=0.417) (43,47). 
Unsurprisingly, several authors also noted increases in 
the proportion of anterior PSM (45,47). Overall a recent 
systemic review found that PSM rates are significantly 
higher in RS-RALRP (24% vs. 15.2%, P=0.01). Despite 
concerns regarding margin safety, none of the existing 
comparative series reported significant difference in short-
term biochemical recurrence (49). A recent analysis of 
359 patients who had RS-RALRP reported overall 3-year 
biochemical free survival at 80.9% and 72% in those with 
high- or very-high-risk diseases (52). This is comparable 
to the medium-term outcomes from published series on 
standard RALRP. Longer term oncological data are lacking. 

Modified Retzius-sparing technique 

Whilst the Retzius-sparing technique delivers superior 
outcome in terms of initial continence recovery, it is 
technically challenging. The early learning curve can be 

formidable even for surgeons highly experienced in the 
standard robotic prostatectomy (43). A number of modified 
techniques have been described. The goal is to maximize 
the preservation of peri-urethral complex and supportive 
structures with the majority of the procedure being 
conducted in a manner that is familiar to most urologists. An 
example of such is the modified anterior Retzius-sparing (53).  
Single surgeon series has demonstrated immediate 
continence rate of up to 75% (vs. 25% standard) following 
catheter removal with no significant increase in overall 
PSM rate. 

In this approach, bilateral incisions are made on the 
peritoneal covering lateral to the umbilical ligament as 
seen during conventional RALRP. The midline urachal 
ligament is however preserved thus leaving the bladder 
in its orthotopic position. Robotic instruments are then 
introduced into the inferior part of the space of the 
Retzius via the two lateral peritoneal windows created. 
Prostatectomy and subsequent reconstruction are continued 
in a similar fashion to the traditional robotic approach. 
Emphasis is placed on the preservation of the periurethral 
complex including the puboprostatic ligament. The anterior 
detrusor apron and DVC are sharply dissected off the 
anterior surface of the prostate if permissible by disease 
location and volume. 

Robotic perineal radical prostatectomy 

Open perineal radical prostatectomy is associated with 
excellent oncological outcome as well as low intraoperative 
morbidity and rapid convalescence (Table 2) (54). In the 
era of open surgery, it was ideal for obese men with small 
prostates given the short skin to organ distance or for those 
who had extensive prior abdominal surgeries. Its diffusion 
was however hampered by issues of surgical ergonomics 
due to confined vision and operative space. With the 
introduction of finer robotic instruments, two recent series 
have shown that the procedure can be safely and effectively 
carried out with robotic assistance (55,56). Many of the 
limitations associated with the open procedure can be 
overcome with finer instrumentation, visual magnification 
and air insufflation of the operative field. 

This new approach offers true minimal invasiveness via 
a single perineal incision. The initial open dissection was 
performed using the Belt’s approach up to the prostatic 
apex. The GelPort is then placed and the robotic trocars 
are placed through the silicone seal cap in a diamond-
shaped configuration. This allows for the triangulation of 
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the 30-degree robotic camera with its two instrument arms, 
as well as an assistant port at six o’clock. The prostatectomy 
starts posteriorly in a retrograde fashion to the seminal 
vesicles and vas deferens. After the division of membranous 
urethra, the anterior dissection proceeds underneath the 
DVC. Nerve preservation can be performed bilaterally and 
complete sparing of the Retzius space is achieved. After 
the division of the bladder neck, the specimen is removed. 
Pelvic lymph node dissection can be undertaken at this 
point if required by exposing the lateral perivesical space 
after sharply incising the endopelvic fascia. Vesicourethral 
anastomosis is then performed with two running V-Loc 
sutures over a urethral catheter. 

Important points of consideration in patient selection for 
a surgeon’s early experience should include the gland size, 
the presence of median lobe, the location of index lesions, 
as well as the likelihood of extraprostatic disease based on 
pre-operative mpMRI and biopsy. No major intraoperative 
complication was encountered in early series (55,56). One 
case was converted to open due to carbon dioxide retention. 
Short hospital stay and good pain control were observed. 
In a retrospective matched-pair analysis of the perineal 

versus the standard approach, PSM rates were comparable 
(10% vs. 12.5% respectively for T2 disease, P=0.65) (57). 
Improved urinary function and potency were noted in the 
perineal arm at 3, 6 and 9-month follow-ups. 

Radical prostatectomy in patients with kidney 
transplant, inflatable penile prosthesis and 
artificial urinary sphincter 

The pelvic location of most transplanted kidneys and 
reservoirs for inflatable devices such as 3-piece penile 
prosthesis and artificial urinary sphincter, presents unique 
challenges to the surgical management of newly diagnosed 
localized prostate cancer. However even for surgeons 
with no experience in the aforementioned Retzius-sparing 
techniques, RALRP is still technically feasible (Table 3). 
Recent publications have focused on the importance of port 
placement for its successful implementation (58). 

The patient can be tilted slightly towards the side of 
the allograft or reservoir, lifting the contralateral side. 
The camera port is placed 5 cm above the umbilicus and 
only one robotic instrument is deployed on the graft side 

Table 2 Emerging techniques currently under investigation 

Techniques Advantages Disadvantages & limitations

Robotic perineal  
radical prostatectomy

Avoid entering the peritoneal cavity Confined work space: it is advisable to avoid large glands, big 
median lobes and anterior lesions for a surgeon’s early series 

Single incision Instrument clash: especially with earlier generation robotic  
platforms 

Short skin to organ distance 

Completely “Retzius-sparing” (possibly  
associated with early continence recovery) 

Partial prostatectomy 
for anterior disease

Preservation of NVB Single feasibility study only

Immediate continence: 100% For glands “42 cc” or larger

Potency: 83% at 6 months PSM in 53%

24% required salvage radical prostatectomy 

Menon precision  
prostatectomy

Preservation of NVB Single feasibility study only

>90% of the gland removed Designed for unilateral prostate cancer (i.e., cT2a/cT2b) 

100% continence at 4 months 

87.5% potency at 4 months 

Total prostatectomy Preservation of NVB and periurethral support Designed for centrally located low to intermediate risk disease in 
large glands causing outflow obstruction 

Improved continence and potency 

NVB, neurovascular bundle; PSM, prostate-specific membrane antigen.
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Table 3 Special considerations in uncommon scenarios  

Scenarios Considerations

Transplanted kidney, inflatable penile 
prosthesis and artificial urinary sphincter 
in situ 

Supra-umbilical placement of camera port 

Placement of the rest of instrument and assistant ports under direct vision 

Only one robotic instrument on the side of the graft/reservoir

Retropubic dissection should try to stay medial to the medial umbilical ligament ipsilateral to 
the graft/reservoir

Early posterior dissection 

Consider Retzius-sparing approaches 

Salvage radical prostatectomy for  
radiorecurrent disease, or failure after 
focal therapy 

Early suture ligation of the DVC 

Blunt dissection is often ineffective due to obliterated tissue planes

30-degree camera for posterior dissection 

DRE during posterior dissection 

The use of intraoperative frozen section to guide the extent of resection

Cytoreductive prostatectomy in  
oligometastatic disease 

Patient selection: who will benefit from surgical debulking  

Local symptom control 

Similar surgical morbidity to radical prostatectomy in clinically high-risk prostate cancer 

DVC, dorsal venous complex; DRE, digital rectal examination.

under direct vision. The location of the assistant port can 
be determined once the intraabdominal view has been 
established: we usually place this on the contralateral 
side. The configuration is thought to decrease the risk of 
inadvertent injury to the allograft or the implants from the 
passage of instruments. Full bladder mobilization is often 
not feasible in this setting and dissection generally stays 
medial to the ipsilateral medial umbilical ligament. In the 
case of insufficient Retzius space, posterior dissection of the 
seminal vesicles can be undertaken first (the Montsouris 
approach). 

Partial prostatectomy for anterior disease

Anterior prostate cancer represents 19% of the index lesions 
detected on mpMRI with the majority involving the mid-
gland and the apex (59,60). There is currently insufficient data 
on the efficacy of focal ablative therapy in this setting (61).  
However, given the anatomical proximity to sensitive 
and functionally important structures such as the striated 
sphincter and the neurovascular bundle near the apex, there 
are genuine concerns regarding the degree of precision that 
can be achieved with existing ablative technologies (61,62). 
In addition, in larger glands, access to these tumors can be 

difficult via the transperineal route.  
Villers et al. described their novel approach in a 

single-arm pilot study consisted of 17 men with low to 
intermediate risk anterior diseases (62). Stringent inclusion 
and exclusion criteria were applied following routine 
mpMRI, MR-targeted and systematic transrectal biopsies. 
The anterior fibromuscular stroma, anterior bladder neck, 
prostate adenoma and the anterior portion of distal prostatic 
urethra were removed en bloc. Intraprostatic dissection 
was guided anteriorly by a series of anatomical landmarks 
and posteriorly by following the typical enucleation plane 
between the prostatic adenoma and the peripheral zone. 
The remaining anterior bladder flap was then sutured 
anteriorly onto the membranous urethra and laterally to 
the residual peripheral zones of the prostate to create a 
watertight anastomosis. There was no Clavien-Dindo grade 
3 and above complications. Mean blood loss was less than 
300 mL. 

Excellent functional outcomes were observed: all 
remained continent following catheter removal. Amongst 
those who were potent pre-operatively, 83% (10 of 12) 
reported potency at 6 months. However, 9 (53%) had 
PSM including 6 who had pT3 disease. The authors 
concluded that the ideal gland size should be above 42 mL  
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in order to achieve adequate excision. During the median 
follow-up period of 30 months, 4 required salvage radical 
prostatectomy (sRP) which was deemed technically 
“difficult” due to the small size of residual glands.  

Precision prostatectomy

Other non-radical  surgical  techniques are under 
investigation for low to intermediate risk disease in an 
attempt to prevent surgical overtreatment. Precision 
prostatectomy was studied by Abdollah and colleagues in 
men with unilateral disease demonstrated on imaging and  
biopsy (63). The majority of the gland was excised and 
the prostatic capsule and seminal vesicle contralateral to 
the location of the index lesion were being left intact. It is 
postulated that this is an oncologically safer approach 
than focal therapy as over 90% of the gland is removed. 
At 4 months follow-up, 100% continence recovery and 
87.5% potency were observed. 

Robotic total prostatectomy

We have recently evaluated the effectiveness of robotic total 
prostatectomy in tackling low grade centrally located tumors 
in men with large glands and pronounced lower urinary 
tract symptoms (64). In this surgical approach, the bladder 
neck is opened anteriorly as during the standard antegrade 
transperitoneal approach. The subfascial plane is developed 
immediately anterior to the musculofascial tissue covering 
of the ampullae of vas deferens and seminal vesicles. 
Subfascial dissection is then carried out circumferentially 
along the outer stromal edge of the prostate parenchyma. 
If a large median lobe is present then stay sutures can be 
placed to facilitate the identification of posterior bladder 
neck. Urethral transection is performed at the apex of 
the prostate in order to maximize urethral length. This is 
followed by continuous vesicourethral anastomosis. At the 
conclusion of the procedure, the puboprostatic ligaments, 
the seminal vesicles and the bilateral neurovascular bundles 
are spared in their entirety.  

sRP

sRP is an underutilized option for the management of 
local recurrence following radiation or focal therapy. 
Historically it has been associated with high toxicity 
and poor functional outcomes (65). Recent studies have 
shown that, in appropriately selected patients, durable 

oncological outcomes can be achieved with low morbidity 
and satisfactory continence recovery (66,67). In their report 
of 404 men following open sRP, Chade et al. found that 
the 10-year biochemical recurrence-free, metastasis-free 
and disease-specific survivals were at 37%, 77% and 83% 
respectively (68).

A recently published multi-institutional study comprised 
of 395 men compared the outcomes of salvage robot-assisted 
and open radical prostatectomy in the contemporary era: 
the former was associated with lower blood loss, rate of 
transfusion and length of hospital stay (67). The overall 
incidences of rectal injury were low (0.48% robotic vs. 2.96% 
open, P=0.0934). Anastomotic stricture was significantly 
less common following a robotic sRP (8.88% vs. 18.66%, 
P=0.0069). In terms of functional outcomes, men in 
the robotic arm was associated with lower probability 
of moderate to severe incontinence [odds ratio (OR) 
0.411, 95% CI: 0.232–0.727, P=0.022] but no significant 
difference in potency was recorded (69). Overall, 15.6% of 
preoperatively potent men were able to attain erection either 
spontaneously or with the help of oral phosphodiesterase 
inhibitor. In a separate single surgeon series of 80 robot-
assisted cases, 0–2 pad usage was observed in 77.7% of men 
and 16.6% were potent at 12 months (although only 31.2% 
were potent preoperatively). The study demonstrated that 
nerve-sparing can be attempted in selected individuals 
without compromising oncological outcomes. 

Most of the technical challenges of sRP stem from the 
obliteration of anatomical planes. Blunt dissection is often 
ineffective in areas affected by prior treatment and scarring. 
Many common visual cues are also altered. Unexpected 
and troublesome bleeding can occur when incising the 
endopelvic fascia as periprostatic veins and levator muscle 
fibers can be densely adherent to the prostatic capsule. 
We recommend early suture ligation of the DVC to 
permit meticulous apical dissection and the maximization 
of urethral length. The development of the posterior 
plane should be undertaken with caution as the cushion 
of prerectal fat is frequently replaced by desmoplastic 
reaction and the rectum can be tented up with the anterior 
displacement of the prostate. The use of 30-degree camera 
and bedside digital rectal examination can be invaluable in 
avoiding rectal injury. At the time of dividing the urethra, 
a urethral sound can be inserted to guide apical dissection. 
The anastomosis should be performed with gentle tissue 
handling and precise suturing in order to minimize further 
trauma to the tissues thus reducing the risk of anastomotic 
stricture down the track. 
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Despite the growing body of level 2 evidence supporting 
its safety and oncological effectiveness, several major 
challenges remain in terms of its wider uptake. The current 
ASTRO Phoenix definition of treatment failure means that 
in the majority of cases the search for disease recurrence 
is not triggered until a PSA rise of 2 ng/mL above the 
nadir value has been reached. The clinical uncertainty 
surrounding whether that the recurrence is local or systemic 
can further delay or restrict surgical referrals. The less than 
desirable functional outcomes following sRP also prompt 
the investigation of salvage focal therapies as potential 
alternatives (70). 

Cytoreductive prostatectomy in oligometastatic 
disease 

Systemic therapy such as androgen deprivation treatment 
(ADT) has traditionally been the mainstay of treatment 
for all cases of metastatic prostate cancer regardless of 
differences in disease burden and prognosis. Recent studies 
however have suggested that oligometastatic disease 
might represent a biologically and clinically more distinct 
state than previously thought. A subset of patients might 
benefit from local therapy in the form of cytoreductive 
prostatectomy or radiotherapy. In addition, the introduction 
of newer imaging modalities such as PSMA PET allows the 
diagnosis of systemic disease to be made at an earlier stage. 

Theoretical benefits of local therapy include: (I) reducing 
overall burden of disease; (II) curtailing further tumor cell 
dissemination and (III) stopping cytokine release from the 
prostate gland which might play an active role in furthering 
carcinomatosis and also serve as a “sanctuary site” for cancer 
cells (71). A more aggressive approach also significantly 
reduces long-term local symptoms such as hematuria, 
hydronephrosis and bladder outlet obstructions. In a SEER-
based analysis of 13,692 patients between 2004 and 2013, 
it was observed that local therapy resulted in significantly 
lower disease-specific mortality when compared to 
systemic therapy alone [hazard ratio (HR) 0.40, 95% CI: 
0.32–0.50, P<0.001] (72). During subanalysis cytoreductive 
prostatectomy (HR 0.35, 95% CI: 0.35–0.46, P<0.001) 
was found superior to radiotherapy (HR 0.48, 95% CI: 
0.35–0.66, P<0.001) (72). Other retrospective series have 
also demonstrated that surgery is associated with improved 
progression-free (PFS), disease-specific (DSS) and overall 
survivals, as well as longer time to castration resistance (73-
77). However major selection bias might have contributed 
to these results. These studies have also found that 

cytoreductive prostatectomy is generally well tolerated and 
has similar safety profile to that of radical prostatectomy for 
high risk localized disease.

In a review of 38 men treated with robot-assisted 
cytoreductive prostatectomy: median operating time was 
147 [35–186] minutes and estimated blood loss was 300 
[200–500] mL (75). Only 2 Clavien-Dindo grade 3 and 
above complications were encountered. During the follow 
up period, none of the post-surgical patients had any 
urinary complication whilst 26.8% of non-surgical patients 
(ADT alone) required operative intervention for issues 
pertaining to local disease progression. DFS and DSS were 
markedly prolonged in the surgical arm (median PFS 75 
vs. 28 months ADT alone, P=0.008; DSS not reached vs.  
40 months ADT alone, P=0.002).  

There are currently three active randomized trials 
(SWOG S1802, g-RAMMP and TRoMbone) aiming to 
better define the role of cytoreductive prostatectomy in the 
current era. It remains to be seen whether this treatment 
modality will gain traction over time. 

Conclusions 

There is a paradigm shift in the surgical management of 
prostate cancer with the development of robot-assisted 
laparoscopic surgery. Open and laparoscopic radical 
prostatectomies are being performed in increasingly limited 
numbers. Newer imaging tools that provide intraoperative 
navigation via enhanced surgical visualization or real-time 
histological feedback are being studied. Several approaches 
and modifications have been described to further minimize 
postoperative functional deficits and quicken recovery. 
Better localization of cancerous lesions within the prostate 
also led to the investigations of non-radical techniques 
such as partial, precision and total prostatectomies as 
viable alternatives to focal therapy. In addition, as surgical 
toxicity decreases, there are renewed interests in salvage 
and cytoreductive prostatectomies in patients with advanced 
disease.
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