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Abstract
Purpose of Review The leading cause of voiding dysfunction
in older men is benign prostatic obstruction. In the setting of a
grossly enlarged prostate (>80cm3), an open simple prostatec-
tomy has been the gold standard for surgical treatment. Here,
we will discuss the minimally invasive robot-assisted ap-
proach and compare it to the classic open approach and hol-
mium laser enucleation of the prostate.
Recent Findings Literature on robot-assisted simple prosta-
tectomy, in concurrence with our institutional experience,
has shown an overall lower morbidity, shorter hospital stay,
and decreased indwelling catheter time, with equivalent func-
tional outcomes compared to open simple prostatectomy.
Similar operative times and hospital stays were found com-
pared to holmium laser enucleation of the prostate, although a
steep learning curve and cost of new equipment hinder the
wide spread use of this transurethral approach.
Summary On review of current literature in addition to our
institutional experience, we favor robot-assisted simple pros-
tatectomy over open simple, based on associated increased
morbidity/catheter time/hospital stay, and holium laser enucle-
ation of the prostate, based on steep learning curve and cost of
new equipment.

Keywords Robotic simple prostatectomy . Open simple
prostatectomy . Benign prostatic obstruction . Holmium laser
enucleation of the prostate (HoLEP)

Abbreviations
LUTS Lower urinary tract symptoms
BPO Benign prostatic obstruction
BPH Benign prostatic hyperplasia
OSP Open simple prostatectomy
RASP Robotic-assisted simple prostatectomy
HoLEP Holmium laser enucleation of the prostate
MISP Minimally invasive simple prostatectomy
DVC Dorsal venous complex
LOS Length of stay

Introduction

The most common cause of adult male lower urinary tract
symptoms (LUTS) is benign prostatic obstruction (BPO)
caused by benign prostatic hyperplasia (BPH). Worldwide an
estimated 1.1 billion men suffer with BPO-associated LUTS
[1]. Treatment options include behavioral modification, medi-
cal therapy, catheterization (continuous or intermittent), and/or
surgical intervention. Those treatment options for BPO have
expanded dramatically over the last 20 years. Current medical
therapies include the use of α1-andregenic antagonists, 5α-
reductase antagonists, and phosphodiesterase type 5 inhibitors.
Patients who have failed medical therapy and meet indications
for surgical intervention can be considered for invasive inter-
vention. Surgical indications include acute urinary retention;
recurrent or persistent UTIs; significant symptoms not respon-
sive to medical therapy; recurrent gross hematuria of prostatic
origin; pathophysiologic changes of the kidneys, ureters, or
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bladder secondary to BPO, and bladder calculi secondary to
obstruction. Surgical approach is usually dictated by prostatic
size. The transurethral approach is generally recommended for
prostates <80cm3; this includes transurethral incision of bladder
neck (TUIBN), transurethral resection of prostate (TURP). The
open simple prostatectomy (OSP), once considered the “Gold
Standard” for treatment of high volume prostate (>80 ml) dis-
ease, is one of the oldest surgical procedures in the urologic
armamentarium. Recently, advancements in minimally inva-
sive procedures for BPO have been shown to be equal or im-
proved in postoperative functional outcomes. This combined
with overall lower morbidity, shorter hospital stays, decreased
blood loss, and reduced indwelling foley catheter time more
surgeons are leaning toward those transurethral and laparoscop-
ic procedures over OSP [2–4]. Here the robot-assisted simple
prostatectomy (RASP) will be discussed in detail and com-
pared to transurethral holmium laser enucleation of the prostate
[HoLEP] and OSP.

Procedural Origins

Eugene Fuller first performed the classically described OSP in
1894 via a suprapubic approach. Freyer and Proust popular-
ized the transvesical approach in the early 1900s [5, 6]. They
argued that by entering the bladder, one could treat concomi-
tant pathologic findings including removal of bladder stones,
large median lobes, or possible bladder diverticula. In con-
trast, the retropubic transcapsular approach described by
Terrence Millin in 1945 removed undue morbidity by not
entering the bladder at all. Instead, his technique focused on
removing the prostatic adenoma at the apex, provided better
exposure for hemostatic control and protecting the urethral
sphincter [7].

The first reported laparoscopic radical prostatectomy, by
Schuessler in 1991, paved the way for minimally invasive
techniques involving the prostate. Schuessler used Millin’s
open radical prostatectomy technique as his template for the
new laparoscopic approach [8]. Guillonneau reported in
2002 a posterior approach for radical prostatectomies that
started first by freeing the seminal vesicles, through the
posterior vesical peritoneum, that produced evidence that
subcapsular dissection of the adenoma was possible [9].
Known as the first surgeon to intentionally search for and
use the retroadenomatous plane, Miradolino Mariano uti-
lized a standard laparoscopic technique [10]. Sotelo first
reported a RASP and demonstrated promising results attrib-
utable to the three-dimensional view and wristed instrumen-
tation [11].

During the development and advancement of laparoscop-
ic approaches for treatment of BPO, transurethral laser
technology has evolved to treat larger volume BPO
(>80cm3) once solely treated by OSP. According to the

2013 European Guidelines for Treatment and Follow-up
of Non-neurogenic Male Lower Urinary Tract Symptoms
Including of BPO, HoLEP was the “current standard/first
choice” for transurethral treatment of BPO (>80cm3) [12].
Gilling reported his technique that was fashioned after the
OSP. The holmium laser was used to incise along the pros-
tatic capsule to carve out intact the median lobe and each
lateral lobe in a retrograde fashion. Each intact lobe is
pushed into the bladder. A mechanical morcellator is then
used to remove the prostatic lobes [13, 14]. HoLEP has
shown results that are comparable to OSP with shorter
hospital stays, shorter catheter times, and decreased rate
of transfusion [15–17].

Operative Planning

To assist in making the decision on which therapeutic ap-
proach to take, one must fully evaluate the patient with a
full medical and surgical history, physical exam (including
digital rectal exam, and focused neurologic exam to rule
additional pathology that may be causing LUTS), PSA, and
a urinalysis to evaluate for infection or hematuria.
Symptom assessment is conducted via the AUA symptom
survey or International Prostate Symptom Score (IPSS)
questionnaire.

If considering invasive therapy one can consider the
following diagnostic studies to assist with operative plan-
ning: urinary flow rate, post void residual, pressure flow
urodynamics, cystoscopy, abdominal ultrasound, and
transrectal ultrasound. Upper tract imaging is not recom-
mended unless there is a presence of hematuria, renal in-
sufficiency, history of upper tract surgery, or concern for
calculi. Specific operative approach is dependent on pa-
tient preference, surgeon preference, medical and surgical
history, and/or prostate size. The care provider must rule
out any malignancy prior to proceeding with therapeutic
option. Elevated PSA and/or abnormal DRE may warrant
TRUS and needle biopsy. Upper tract imaging, cystoscopy
and cytology are recommended for those men presenting
with hematuria.

In preparation for the OR, the patient should undergo ap-
propriate evaluation including labs, EKG, and clearance by
primary care physician for significant preexisting medical
conditions. Any medications that would affect the patient’s
normal coagulation should be reviewed and discontinued if
possible. We do not usually obtain a type and screen for pa-
tients undergoing RASP although this would be mandatory
for OSP. Urinalysis and culture should also be completed to
treat any UTI. Perioperative intravenous antibiotics are given
as recommended. Appropriate DVT prophylaxis should also
be performed. [18].
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Technical Approach to Robot-Assisted Simple
Prostatectomy

Prepping and Positioning

General anesthesia is administered. The patient is then secured
to the operating table by cloth tape or security belt across his
chest with arms tucked securely at the side. Care is taken to
pad and protect bony prominences of the upper extremities.
Next, the patient’s legs are secured in low lithotomy position
in stirrups or spreader bars. After placing the patient in a 30°
Trendelenburg position, the patient is prepped and draped in
sterile fashion. A 18F foley catheter is placed, as well as an
orogastric tube.

Insufflation and Port Placement

We prefer a Veress needle for initial insufflation for our
transperitoneal approach. The ports are marked out in the
same fashion as our robotic-assisted radical prostatectomy
cases: supraumbilical camera port (8 mm), four ports (3–
8 mm and one 12-mm lateral assistant port in the left lower
quadrant) separated by 8 cm are laid out in a straight line
across the lower abdomen, and a 5-mm assistant port that is
placed in the upper left quadrant. Our usual da Vinci Surgical
System (Sunnyvale, Ca) instrumentation includes monopolar
cautery scissors, Maryland bipolar forceps and Prograsp
forceps.

Operative Approach

Once the robot is docked, all adhesions are taken down as to
fully expose the deep pelvis. The sigmoid colon is mobilized
to allow the bladder to fully drop. The space of Retzius is
developed after incising the peritoneum. The superficial dor-
sal vein is cauterized then divided and the anterior
periprostatic fat is cleared and removed through the assistant
port. The endopelvic fascia is incised bilaterally but in limited
fashion in order to allow clear vision to assess the full size of
the prostate. A running stitch of 3-0V-Lock suture is used to
ligate the runoff of the main dorsal vein at the level of the
anterior apex of the prostate.

After changing the 0° camera for the 30° and the
monopolar scissors for the permanent spatula cautery, the
bladder neck dissection is then performed. We prefer to ap-
proach the adenoma in this fashion, as it is identical to our
radical prostatectomy technique, rather than in a transvesical
fashion. This dissection is commenced by incising the fat
encasing the bladder neck lateral and proximal to the
prostatovesical junction. This dissection allows precise visu-
alization of the lateral edges of the bladder that can be traced
distally and medially to spare the bladder neck. We feel this
method consistently provides adequate bladder preservation

regardless the shape of the intravesical lobe such that bladder
neck reconstruction rarely needs to be performed. Once the
bladder is entered, the foley catheter is retracted anteriorly
with the Prograsp. In a similar fashion to a radical prostatec-
tomy, we completely mobilize the bladder from the prostate
except directly posteriorly toward the vasa. This dissection
plane is carried distally along the adenoma to leave the vasa
and seminal vesicles in place. The plane along the interior of
prostatic capsule is established (Fig. 1). This plane is carefully
continued laterally and distally, all the while checking the
incision of the endopelvic fascia to ensure an adequate depth
of dissection is being continued. Any bleeding that is encoun-
tered is usually easily controlled with spot monopolar or bi-
polar cautery. Thus, the blood loss during the case is usually
very low. As judged by the contour of the prostate, the apex of
the prostate is approached and the plane is carried anteriorly.
The anterior commissure of the prostate is then divided care-
fully in a caudal direction so that the verumontanum can be
seen. Using the verumontanum as a landmark, an incision is
carried posteriorly through the apex of the prostate to the
posterior plane to deliver the adenoma. The now detached
adenoma is placed into a laparoscopic entrapment sac.

Careful inspection of the bed of the adenoma is performed
to ensure that there is no bleeding or unresected adenoma.
Further dissection can still be easily performed if necessary.
We take great care to ensure that the dissection plane does not
go distal to the verumontanum even if some residual lateral
apical tissue still remains. We feel that this tissue is very un-
likely to be obstructive. The instruments are changed to needle
drivers, and 3-0 Quill suture, composed of monocryl, is used
to reanastomose the bladder neck to the remaining prostatic
urethra. General bites are taken through the distal apical tissue

Fig. 1 Utilizing the Prograsp, the median lobe is lifted anteriorly and the
posterior adenoma (blue line) is dissected free of the capsule (green-
dotted line with an arrow). Blunt dissection and cautery are used to
develop plane interior to prostatic capsule. Note bladder is completely
mobilized from prostate (yellow line)
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to ensure a solid approximation. An 18 French 2-way foley
catheter is placed and the bladder is irrigated to ensure there is
no leak from the anastomosis. Continuous bladder irrigation is
never required postoperatively. The anterior fat overlying the
prostatovesical junction is then reattached to the anterior blad-
der wall using a 3–0 V-lock suture. Prior to specimen removal,
we perform a transperitoneal transversus abdominis plane
(TAP) block by injecting 0.5%Marcaine with a butterfly nee-
dle under direct vision. We have demonstrated that this pro-
vides improved postoperative pain control when compared to
local anesthetic injected at each port site [19]. No drain is left.
The ports are removed and the specimen is retrieved through
the camera port. Patients are usually discharged the next day
with planned catheter removal in 4 to 6 days.

Varying Approaches

Several techniques have been described in the literature. They
can be roughly classified into transcapsular and transvesical
(posterior and anterior). The transcapsular technique is simply
described as a transverse capsular incision 1–2.5 cm distal to
the anterior prostatovesical junction [20, 21]. Alternatively,
transvesical approaches include vertical or horizontal
cystotomies at or near the bladder dome or proximal to the
prostatovesical junction, respectively. The vertical cystotomy
can be performed, either anteriorly after entering the space of
Retzius or posteriorly without bladder mobilization and can
assist with bladder calculi removal and diverticulectomy.
Descriptions of this technique utilized stay sutures at the
cystotomy edges tacked laterally, to provide visualization
[22]. The anterior horizontal transvesical approachwas report-
ed more often as it is very closely related to the classically
described OSP [11, 21, 23–26]. After accessing the space of
Retzius, access to the adenoma is completed through a wide
transvesical transverse incision just proximal to the
prostatovesical junction. Additionally, several descriptions re-
ported using traction sutures placed into the lateral lobes [11,
21, 24]. With any approach, care must be taken to not inad-
vertently injure the ureteral orifices especially when encoun-
tering a large intravesical lobe.

Another point of variation across techniques was the man-
agement of the incised edge of the bladder neck.
Retrigonization has been described as advancing the posterior
bladder mucosa into the now empty prostatic pseudo-capsule.
Interrupted absorbable sutures or continuous running
urethrovesical anastomosis, as is our preference, can improve
hemostasis obviating the need for CBI, greatly simplify cath-
eter placement, and decrease rate of bladder neck contractions
[2, 11]. Clavijo described use of a hemostatic agent into the
prostatic fossa if troublesome post-resection bleeding
persisted. [27]. Coelho reported on other modifications in-
cluding a posterior prostatic capsule plication (similar to a
Rocco stitch), a modified vanVelthoven continuous

vesicourethral anastomosis and suturing of the anterior pros-
tatic capsule to the anterior bladder surface. In his study of six
patients, no blood transfusions or CBI were required, and
hospital stays were shortened [23].

Extraperitoneal approaches have also been described.
Joseph et al. reported that this approach can avoid
intraabdominal adhesions and compartmentalize any potential
hematoma or urinoma to the space of Retzius which may
decrease morbidity [28]. Clavijo proposed an intrafascial ap-
proach, which results in a complete subcapsular prostatecto-
my. Although this approach may result in fewer cases of re-
sidual adenocarcinoma, this benefit would be counterbalanced
against the increased handling of the neurovascular bundle
and urethra, resulting in an increased risk of erectile dysfunc-
tion and incontinence [27].

Comparative Outcomes

Overall, there is a paucity of comparative studies between
OSP and RASP surgical approaches. Recently, a comparative
single institution non-randomized retrospective study was
published comparing RASP to HoLEP [29]. HoLEP has been
extensively studied over the past 20 years including numerous
randomized controlled trials against OSP that revealed overall
comparable functional outcomes but with reduced hospital
stays, catheterization times, blood loss, and transfusion rates
[14–17] (Table 1).

Learning Curve

Robert et al. examined the learning curve of surgeons during
their adoption of HoLEP by conducting a prospective, mul-
ticenter clinical study. Participating surgeons had no experi-
ence with HoLEP but were experienced in TURP and OSP.
Success was cumulatively defined as follows: complete enu-
cleation and morcellation, <90 min duration, without con-
version to TURP in four consecutive cases. After initial
instruction (self study and two supervised cases), almost
50% of centers abandoned HoLEP. Those surgeons who
successfully completed the procedure subjectively reported
that around 50 cases were needed to “feel comfortable”.
Several retrospective studies also concluded that approxi-
mately 50 cases were needed to see significant changes in
efficiency rates of enucleation and morcellation [30, 31]. In
conclusion, they recommended only a specialized, HoLEP-
trained urologist to complete the procedure rather than a
surgeon without dedicated training, especially with larger
prostate glands [32]. In contrast with the widespread adop-
tion of RARP, the learning curve for RASP is likely much
shorter than described for HoLEP.
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Operative Time

Multiple studies have reported onmean RASP operative times
and these operative times range from 90 to 228 min [21–23,
28, 33]. When compared to OSP, several large multicenter
studies showed the mean operative time ranged from 54 to
85 min [34–37]. Several large HoLEP studies showed mean
operative times ranging from 73 to 115 mins, similar to RASP
[15, 17, 29].

Estimated Blood Loss and Transfusion

Two large studies comparing OSP to minimally invasive sim-
ple prostatectomy (MISP) concluded that intraoperative blood
loss and postoperative transfusions rates were much higher in
the OSP patient population. The collective of studies on
RASP report a transfusion rate of 0–5% [38]. Lucca et al.
found a 20–25% rate of transfusion for OSP [22]. A
Nationwide Inpatient Sample review indicated a 17% transfu-
sion rate in OSPs done from 1998 to 2010 [21]. In two large
HoLEP studies, no postoperative transfusions were required
for intraoperative blood loss [17, 39]. Of note, El Tayeb et al.
completed a comparative analysis of those patients undergo-
ing HoLEP that required intermittent or continuous
anticoagulation versus those not. Beside a slightly prolonged
length of hospital stay and duration of CBI, no significant
findings affecting the recovery of the patients were found.
Given those findings, they suggest HoLEP is a safe option
for patients on intermittent or continuous anticoagulation
[40]. No such analysis has been done for RASP.

Length of Hospital Stay

Since Sotelo’s initial RASP publication in 2008, the published
data reports a mean range of 1–4 days with an average of
2.3 days [11, 15, 16, 20–22, 24–26, 38, 41]. Gratzke et al.
reported a mean of 11.9 days for hospital stay after surgery
inmen undergoing OSP. Naspro et al. reported a shorter length
of stay at 2.7 days for patients undergoing HoLEP versus
5.4 days for OSP [15]. Compared to RASP, HoLEP studies
revealed mean ranges of length of stay (LOS) from 1 to 2 days
[17, 29, 39]. We routinely discharge our patients after RASP
on postoperative day 1.

Length of Catheterization

Mean catheterization periods in RASP studies range from 3 to
9 days (11, 20, 35, 34, 39, 42). Kuntz et al. reported a mean
catheter duration of 2.9 days following HoLEP [17]. Naspro
et al. reported that when compared to HoLEP, OSP indwelling
catheter was extended; 1.5 versus 4.1 days, respectively [15].
Indwelling catheter time is also variable between surgical
techniques within each surgical approach. The need forT
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continuous bladder irrigation is not required in the newer
RASP techniques compared its widespread use with HoLEP
and OSP [15, 23, 29].

Functional Outcomes

Lucca et al. reportedMISP reduced IPSS scores by 17.2 points
and improved Qmax improvement by 14.3 ml/s. No signifi-
cant differences, in terms of outcomes, were found between
OSP and MISP. This included preoperative and postoperative
Qmax in addition to preoperative and postoperative IPSS be-
tween the two groups (42). Kuntz and Naspro showed com-
parable long-term functional outcomes (Qmax, PVR, AUA
symptom score) for HoLEP versus OSP. Of significance,
Naspro et al. revealed in his study that HoLEP had a higher
rate of dysuria (68.2 vs 41%; P < 0.001) at 3 months postop-
eratively compared to OSP [15, 17]. Umari reported that both
HoLEP and RASP showed improvements in flow rate, a re-
duction in post-void residuals, and improved IPSS scores,
although multivariate analysis showed no statistically signifi-
cant differences for these findings between surgical ap-
proaches [29].

Cost

Sutherland et al. performed a cost comparison that revealed
that the average RASP cost was $5212 versus $2415 for OSP
in 2011. Matei et al. reported a cost of €3840 ($4013 US
Dollars) per RASP compared to €5000 ($5226 US Dollars)
for OSP [25]. This difference could be accounted for in shorter
hospital stays, lower transfusion rates, and lower rates of blad-
der irrigation. Salonia et al. reported a HoLEP cost of €2356
($2462 US Dollars) in 2011 [16]. In spite of the lower case by
case cost, this benefit could be mitigated for hospitals that
already own a da Vinci system to utilize RASP rather than
considering purchase of a high-power holmium laser and
morcellator.

Conclusion

When considering surgical intervention in those men with
>80cm3 prostate glands, RASP is an excellent choice for sur-
geons experienced in robotic surgery. When compared to
OSP, RASP has improved perioperative morbidity, decreased
hospital stay, lower rates of transfusion, and shorter indwell-
ing catheter time. In comparison to HoLEP, the learning curve
is not nearly as steep and access to already established robotic
instrumentation may be more cost effective. In conclusion,
given similar functional outcomes, ease of adapting tech-
niques and utilizing already purchased equipment, RASP,
when compared to OSP and HoLEP, becomes the more

attractive approach for most patients, surgeons, and institu-
tions alike.
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