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R E V I E W   A R T I C L E FUNCTIONAL UROLOGY

INTRODUCTION

Lower urinary tract symptoms (LUTS) are common, 
especially in older men, and are most often caused 
by benign prostatic hyperplasia (BPH) which results 
in benign prostatic enlargement (BPE) and bladder 
outlet obstruction (BOO). 
Patients with severe LUTS unresponsive to pharma-
cological management, and those with BPH compli-
cations are candidates for surgical therapy. Trans-
urethral resection of the prostate (TURP) has been 
considered the surgical “gold standard” in terms  
of efficacy and re–treatment rate. However, recent 
scientific and technological advances have chal-
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and allow faster recovery. These procedures have a short learning curve and offer new options for the 
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lenged the traditional surgical approach to BPH. 
The morbidity and late complications of TURP were 
the major impetus driving the development of new 
techniques such as bipolar TURP and laser enucle-
ation or vaporization. However, these techniques 
were not applicable for the treatment of larger pros-
tates. Open prostatectomy, recommended by The 
European Association of Urology for patients with 
prostate volumes >80 mL [1], is associated with  
a prolonged hospital stay and serious complications 
such as severe blood loss and infection. Additionally, 
patients may require subsequent surgical revision. 
Despite the wide acceptance of open prostatectomy; 
blunt dissection from the capsule, particularly in the 
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apical area, may be technically challenging for the 
less experienced surgeons and is frequently associ-
ated with complications. 
Laparoscopic, and more recently robotic techniques, 
have provided a minimally invasive alternative  
to open prostatectomy, with equal efficacy, faster re-
covery, and shorter hospital stay. There is less pain 
and improved cosmetic results, although operative 
time (OT) and estimated blood loss are dependent  
on surgical expertise [2]. These endoscopic proce-
dures allow improved visualization and reduced 
morbidity and are well established in the manage-
ment of prostate carcinoma, providing a rationale  
for their use in the treatment of BPH [3, 4, 5].

METHODS

Articles for this review were identified through 
PubMed searches from January 2004 through De-
cember 2013. Various algorithms were used including: 
“benign prostatic hyperplasia”, “adenomectomy”, 
“simple prostatectomy”, “laparoscopic adenomec-
tomy”, and “robotic–assisted simple prostatectomy.” 
Articles were also identified through the references 
of these articles. Reference lists of retrieved articles 
were reviewed to ensure inclusion of all pertinent 
studies. Only papers published in English were re-
viewed. The final reference list was approved by au-
thors RS and TB based on originality and relevance 
to the scope of this review article.

RESULTS 

Pre– and postoperative evaluation

Prior to endoscopic procedures, patients underwent 
a detailed history assessment, a thorough physical 
examination, and an appropriate laboratory assess-
ment. Transrectal ultrasonography was performed 
to evaluate the prostate and adenoma volume. 
Cystoscopy and urodynamic evaluation were not 
routinely performed. The severity of LUTS was 
evaluated by most authors using the International 
Prostate Symptom Score (IPSS) questionnaire and 
the maximal flow rate (Qmax). For precise postop-
erative functional evaluation, some authors used the 
Sexual Health Inventory For Men (SHIM), typically 
3, 6, and 12 months postoperatively [6, 7]. Pros-
tate biopsy was performed as a standard procedure  
in some studies, but in other studies it was only per-
formed in selected cases [8, 9]. Peri– and postopera-
tive assessment included OT, blood loss, transfusion 
requirements, catheterization time, and duration  
of hospital stay. Complications were evaluated based 
on their severity, usually according to Clavien et al. 

[10]. The longest follow–up period was several years 
in patients after LA, and up to 10 months in patients 
after robotic–assisted adenomectomy [11, 12].

Laparoscopic adenomectomy (LA): Initial studies

In 2002, Mariano et al. described the first LA  
in a 71–year–old man with an ultrasonography–esti-
mated 173–mL prostate and a 26.6 ng/mL prostate–
specific antigen (PSA) level [13]. The procedure was 
performed with five intraperitoneal trocars, with 
anterior prostate capsulotomy and placement of he-
mostatic sutures at the 5 and 7 o’clock positions af-
ter adenoma removal. Mean OT was 138 min, and 
blood loss was estimated at 330 mL. IPSS and Qmax 
showed definite improvement. 
In 2004 Van Velthoven et al. described their tech-
nique of LA, which included hemostatic control of the 
lateral venous vesicoprostatic pedicles, transverse 
anterior incision of the prostatic capsule, adenoma 
enucleation using the harmonic scalpel, and recon-
struction of the posterior bladder neck and prostatic 
capsule [14]. The mean OT was 145 min and blood 
loss was 192 mL. The authors reported very good 
functional outcomes; mean Qmax was increased  
by 4.3 mL/s postoperatively. 
In 2005, Sotelo et al. presented 17 cases of lapa-
roscopic simple retropubic prostatectomy using  
5 ports [15]. Stepwise, the technique included trans-
verse cystotomy just proximal to the prostatovesical 
junction, subcapsular plane development, prostatic 
adenomectomy, prostatic fossa trigonization, and 
prostatic capsule suture repair. The mean OT was  
156 min and blood loss was 516 mL (100–2500 ml).  
A 7 mL/s increase in Qmax was noted postoperatively.
Since these initial reports, laparoscopic simple pros-
tatectomy has been more widely adopted, offering 
surgeons an extra– or intraperitoneal approach, fol-
lowing a transcapsular or transvesical route. In se-
lected patients, finger assistance has been used for 
rapid enucleation of large adenomas [2, 16, 17, 8].

LA procedure 

Several laparoscopic techniques are used to create  
a preperitoneal space. One technique involves  
an incision under the umbilicus with carbon dioxide 
insufflation into the extraperitoneal space via a Ver-
ess needle to 12 mmHg [19]. A second technique in-
volves making a 2–cm vertical midline incision above 
the pubic arch followed by blunt dissection of the 
preperitoneal and Retzius space with an index fin-
ger and a 700–mL self–dilating balloon [2]. In a third 
technique, the preperitoneal space is created after 
insertion of a balloon dissector. The retroperitoneal 
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space is then bluntly dissected with an 800–1200–mL 
infusion of sterile saline solution into the balloon [4]. 
A Hasson trocar is introduced under the umbilicus. 
The operation can also begin with the primary inser-
tion of a 10–mm infraumbilical port and laparoscope. 
Then, dissection of the preperitoneal space is com-
pleted with the aid of the laparoscope and insuffla-
tion. Usually, 4 trocars, 5 mm or 12 mm, are inserted 
in a fan shape, to introduce a needle for suturing,  
as in extraperitoneal radical prostatectomy [4].  
A single 10–mm port is inserted infraumbilically  
as the camera port (Figure 1). The pneumoextraperi-
toneum is usually created at 12 mm Hg. The pelvic 
fascia and the anterior wall of the prostate are ex-
posed. The dorsal vein complex is assessed and then 
carefully coagulated using bipolar forceps cranially, 
keeping an appropriate distance from the pubopros-
tatic ligaments. In a fourth technique, two hemo-
static sutures are applied to these vessels [2]. Using 
the bladder catheter or a special metal guide inserted 
into the urethra as a reference point, the interface 
between the bladder neck and prostate base is iden-
tified. If necessary, two cross–stitch hemostatic su-
tures are placed on the lateral surface of the prostate 
at the level of the bilateral vesicoprostatic vessels.
The prostatic capsule is opened 3–4 cm transversally 
and 1 cm distal to the bladder neck. The pubopros-
tatic ligaments are avoided to prevent bleeding from 
the dorsal vascular plexus. Hemostatic sutures are 
placed at the 5 and 7 o’clock positions [19]. The cap-
sular incision is carried to a depth that first reveals 
the off–white tissue of the adenoma [17]. Monopolar 
scissors and the suction–irrigation cannula are used 
to develop the plane between the prostatic adeno-
ma and the capsule (Figure 2). The anterior plane  
is then developed, followed by lateral and posterior 
dissection. In some cases, where improved exposure 
is required, the incision is extended in the shape  
of an inverted “T” on the prostatic capsule [21].  
To enucleate the lateral lobes, a circumferential in-
cision is made in the urethral mucosa at the blad-
der neck. The lateral lobes are grasped using a lap-
aroscopic claw grasper. A harmonic scalpel is used  
to develop the surgical avascular capsular plane in 
the distal projection towards the apex, the lateral 
projection to the posterior plane, and the cranial 
projection to the bladder neck, in a fashion similar 
to that used in open surgery. In a modified version  
of the procedure, two lateral stay sutures are used 
between the cut prostatic capsule and the Cooper 
ligament, providing a clear visualization of the fossa 
and the cleavage plan [11].
Any bladder stones are removed during the inter-
vention through a capsular incision. The adenoma 
is excised, and then one or two corresponding speci-

mens are placed outside the capsule in the lateral 
prostatic fossa, e.g., in close proximity to the obtura-
tor fossa, to be removed later. Hemostasis is obtained 
with stitches for transcapsular arteries and bipolar 
or monopolar electrocoagulation for minor vessels. 
The prostatic fossa is inspected for any remaining 
adenoma nodules. 
To facilitate the re–epithelialization of the pros-
tatic fossa and to achieve more effective control  
of hemostasis, the prostatic fossa is trigonized using  
2–4 stitches between the sacral lip of the bladder 
neck and posterior surgical capsule [19]. The bladder 
catheter is then replaced, usually by an irrigation  
or Foley catheter. An interrupted or running su-
ture is used for prostatic capsule reconstruction, 
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Figure 1. Location of the ports during extraperitoneal 
laparoscopic adenomectomy. 

Figure 2. Laparoscopic enucleation of adenoma tissue from 
the surgical capsule.
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started after closure of the suprapubic incision  
[2, 22].
Laparoscopic techniques have a learning curve, and 
require more time when first performed. Increased 
prostate weight, and hence prostate volume, have 
been correlated with increased OT [15]. Excellent 
visualization and bloodless resection of the adenoma 
limits complications and decreases OT, especially with 
larger lesions [11]. The use of vascular control, bladder 
neck and capsular incisions, and ultrasonic scissors as 
a sharp and blunt dissection instrument allow easier 
enucleation of larger adenomas [11]. There have been 
no reports of conversion to open surgery due to un-
expected difficulties corresponding to prostate size.  
In a recently published series, after excluding the 
first 10 cases of LA, univariate analysis of the next 
78 patients with a large prostate (>90 mL) showed  
a correlation of prostate volume and OT with complica-
tions. However, multivariate analysis did not confirm 
this result [7]. Even with a large prostate (>90 mL),  
LA provides excellent operative and perioperative re-
sults and patient satisfaction (Table 1).
A major benefit of LA includes improved control  
of bleeding, possibly because of improved visualiza-
tion and vascular compression from insufflated gas. 
Morbidity and pain are reduced compared to those 
in the open, procedure as incisions are smaller and 
there is no need for retraction [19]. LA has better 
esthetic results, reduced need for analgesics, fewer 
wound infections, shorter hospital stay, and an ear-
lier return to normal activities compared with the 
open procedure (Table 1).
Intraoperative complications, mostly bleeding, are 
rare (<2.5%) with no effect on clinical outcome and 
a decreased need for transfusion [4, 22]. Intraopera-
tive blood loss does not usually correlate with the 
amount of enucleated tissue [4] (Table 1). Decreased 
blood loss is achieved via gas compression of the ve-
nous system, aiding hemostasis, and allowing more 
precise dissection and coagulation of the adenoma-
tous cleavage plane [11, 13]. Furthermore, better 
visualization improves hemostasis [14]. The early 
complication rate of 14% is acceptable, particularly 
since most are less than Clavien grade II [5].
Long–term complications rarely occur (2.5% at the 
12–month follow–up, <5% at the 30–month follow– 
up), and mainly include new obstructive urinary 
symptoms including urinary tract infections such 
as pyelonephritis, prostatitis, or epididymitis that 
are usually treated with conservative methods, and 
short presphincteric urethral stenosis usually treat-
ed with endoscopic urethrotomy [7].
Functional outcomes of LA confirm the efficacy  
of this procedure for treating large prostates. Most 
researchers observed a significant increase in the 

followed by the introduction of a bag via the lateral  
10–mm port for collection of the fragmented ade-
noma [17]. When the adenoma is too large to be re-
moved as a whole, morcellation is performed before 
extraction. A drain (Redon type) is inserted via the 
port, the infraumbilical incision is enlarged to en-
able intact retrieval, and the bag with the specimen 
is removed. The catheter is removed in 1–5 days.  
The prostatic capsule can also be opened through 
a longitudinal opening in the anterior aspect of the 
bladder and extended to the anterior aspect of the 
prostatic capsule using bipolar diathermy, scissors, 
or a harmonic scalpel [11]. Stay sutures are placed 
between the edges of the open bladder on each side 
of the Cooper ligament [16].
Most published series describe the extraperitoneal 
technique for LA, but a transperitoneal approach 
has also been described. With the patient in a steep 
Trendelenburg position, the pneumoperitoneum  
is created, and five intraperitoneal trocars are placed 
in a “W” fashion [22]. After the peritoneum is in-
cised and the Retzius space is dissected, the bladder 
and prostate are taken down. A midline incision cov-
ering the anterior aspect of the prostatic capsule and 
bladder neck exposes the adenoma [11]. The hyper-
plastic tissue is bluntly dissected and the adenoma 
is removed. Retrigonization of the mucosa and he-
mostatic sutures of the bladder neck are performed 
with intracorporeal sutures [11].
Some authors described another modification with 
an extraperitoneal transvesical approach [17, 23]. 
In this case, a transverse cystotomy incision is made 
proximal to the junction of the bladder and prostate. 
In this manner, the anterior bladder neck is incised 
and entry is gained into the bladder lumen[19]. 
Next, a circular incision is made on the vesicle mu-
cosa overlying the prostate lobes, and made deeper 
to reach the prostatic adenoma. Then the adenoma  
is surgically exposed using the subcapsular approach. 
The procedure ends with closure of the transverse 
cystotomy to ensure water tightness [19].
In some patients, when the layer for surgical expo-
sure of a large adenoma is unclear, or if the surgeon 
is inexperienced, the adenoma can be dissected us-
ing the finger–assisted technique [2, 7, 16, 18, 22]. 
After opening the prostatic capsule and developing 
the plane of cleavage between the prostatic adenoma 
and capsule, gas flow is stopped and the index fin-
ger is introduced through a 2–3 cm suprapubic inci-
sion into this developed plane. The adenoma is then 
digitally enucleated. This can be performed easily 
and is assisted by digital rectal examination (DRE) 
[18, 19, 23]. Insufficient finger reach may be a prob-
lem, particularly in obese patients. The specimen  
is removed via the incision, and insufflation is re-
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[11, 13, 17], but is associated with a risk of ileus, 
peritonitis, and bowel injuries along with urine leak-
age and possible urine peritonitis from the bladder 
suture. No studies have compared extra– and trans-
peritoneal laparoscopic adenomectomy in the way 
laparoscopic or robotic radical prostatectomy has 
been compared [24, 25, 26]. However, in LA, these 
two approaches give comparable results (Table 1).
LA has a relatively short learning curve in compari-
son with radical laparoscopic prostatectomy, and 
has been estimated at 5–10 surgeries [19]. If conver-
sion is required during a procedure using the pre-
peritoneal access, no new access is needed because  
the surgery can be continued within the same space. 
As the number of surgeries performed and laparo-
scopic skills increase, there is a clear reduction in OT 
[11, 15, 21].

Comparison studies between LA and open 
prostatectomy

Studies comparing LA and open surgery have shown 
that both procedures offer the same benefits in terms 
of functional results, but that LA performed by expe-
rienced surgeons [4] provided greater perioperative 

Qmax in comparison to preoperative values (mean 
increased Qmax 14.4 mL/s) and a marked decrease 
in IPSS (mean decrease 17.2) postoperatively. IPSS, 
IPSS in the quality of life domain, and the Expand-
ed Prostate Cancer Index Composite (EPIC) ques-
tionnaire score remained stable at 3, 6, and >12 
months postoperatively. Patient satisfaction was 
high throughout the follow–up period [7]. Erec-
tile function, evaluated with IIEF–5 or other tools,  
did not change significantly as a result of LA [20]. 
Persistent retrograde ejaculation was a conse-
quence of the surgery, but had no significant impact 
on sexual function [11]. PSA levels were signifi-
cantly different preoperatively and postoperatively,  
and later PSA levels remained stable during fol-
low–up [7]. The demand for analgesics after LA was 
significantly lower.
Most investigators use the extraperitoneal technique 
based on the Millin technique employed in open pro-
cedures [7, 11, 14, 15, 17–19]. With this approach, the 
risk of bladder tamponade by clots is avoided along 
with the additional anesthesiology risks associated 
with the steep Trendelenburg position that is nec-
essary in the transperitoneal approach. The trans-
peritoneal technique was used by some investigators  

Table 1. Series (with >15 cases) on laparoscopic simple prostatectomy

Table 2. Comparative series between open and laparoscopy adenomectomy from published series

Reference N Operation 
approach

Prostate size 
(ml)

Operative time 
(min)

Catheter 
(days)

Hospital stay 
(days)

I–PSS Qmax Blood loss, 
mlpre post pre post

Van Velthoven, 2004 [14] 18 E 95 145 NR 7 NR NR 4.3 17.9 192

Sotelo, 2005 [15] 17 E 93 156 6.3 2 24.5 9.9 7 22.8 516

Mariano, 2006 [11] 60 T 144.5 138.5 4.6 4.6 28.3 5.15 4.78 19.9 330

Zhou, 2009 [18] 45 E 85.4 105 4.6 NR 25.5 2.4 6.1 18.7 360

Castillo, 2011 [24] 59 E 108.5 123 4.2 4.2 18 2 NR NR 415

Porpiglia, 2011 [7] 78 E 96 103 3.5 5.4 18.1 8.1 9.8 22.7 333

Reference N Operative 
time (min)

p Value  
for operative 

time

Hospital stay 
(days)

p Value  
of Hospital 

Stay

Catheter 
(days)

P Value  
of Catheter

Blood loss, 
(ml)

p Value  
of Blood loss

Porpiglia, 2006 [4] 0–20
L – 20

0–95.5
L – 107.2 0.6 0–7

L – 7.8 0.8 0–6.6
L – 6.3 0.9 0–687

L – 411 0.004

Baumert, 2006 [21] 0–30
L – 30

0–54
L – 115 <0.01 0–8

L – 5.1 0.003 0–6.8
L – 4 0.004 0–643

L – 367 0.045

McCullough, 2009 [27] 0–184
L – 96

0–54.7
L – 95.1 <0.0001 0–7.7

L – 6.3 <0.0001 0–6.4
L – 5.2 0.001 0–400

L – 350 0.387

Garcia–Segui, 2012 [20] 0–18
L – 17

0–101
L – 135 0.022 0–6.6

L – 3.7 0.006 0–7.5
L – 5.5 0.030 0–493

L – 250 0.004

N – number of patients; T – transperitoneal approach; E – extraperitoneal approach; Catheter – catheterization time after the procedure; I–PSS – International Prostate 
Symptom Score; Qmax – the maximal flow rate; NR – not received

N – number of patients; O – open adenomectomy, L – laparoscopy adenomectomy, catheter – catheterization time after the procedure
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rior prostatic capsule, suturing the anterior prostatic 
capsule to the anterior bladder wall, and performing 
a modified Van Velthoven continuous vesicourethral 
anastomosis [6].
Patients treated with RASP show significant increas-
es in Qmax and reductions in IPSS after surgery. 
OT is usually slightly longer or comparable to that  
in LA, although in some reports, OT was >3 h. Blood 
loss has also been comparable to that reported in LA, 
and in most cases no blood transfusions were neces-
sary [30, 32]. Hospital stays were short, and most pa-
tients were discharged 1–2 days after surgery (range 
1–3.2 days) [6, 9, 30, 32]. Reported follow–up periods 
have been short and it is difficult to precisely define 
the long–term outcome and complications.
The laparoendoscopic single site (LESS) procedure  
is also used to remove prostatic adenomas [33, 34]. 
The initial procedures used classical laparoscopic 
instruments with modifications, including the use  
of a port device for pre– or transvesical access to 
the prostate [35–38]. To avoid the basic limitations  
of LESS, collision of the robot’s arms and small op-
erative space, single–site instruments designed for 
the da Vinci® Surgical System were used to perform 
single port transvesical enucleation of the prostate 
(STEP) [36, 37]. In recent years, several clinical 
studies and case reports have been published on 
LESS [35, 37–42]. Preliminary functional outcomes 
are encouraging, but the procedure is associated 
with a high risk of complications, and its role has yet 
to be determined [37].

CONCLUSIONS

Despite its recent development, LA has become  
a well–established option for the surgical treat-
ment of BPH patients. LA is standardized and re-
producible and offers good functional results and  
a minimal complication rate along with other benefits  
of minimally invasive surgery. RASP offers the ben-
efits of robotic surgery, and a shorter hospital stay, 
faster recovery, and quicker return to work than 
LA. Additionally, robotic surgery offers a number  
of benefits including stereoscopic vision and 6 de-
grees of freedom. Longer terms studies of the func-
tional outcomes, complications, and cost analysis  
of RASP will further define this procedure’s place  
in the urological surgeon’s armamentarium. 

benefits such as reduced bleeding and transfusions, 
shorter irrigation and catheterization times, shorter 
hospital stays, lower analgesic requirements, shorter 
recovery times, and improved cosmetic results [4, 20, 
21, 27] (Table 2). 

Robotic–assisted simple prostatectomy (RASP)

The introduction of the da Vinci® Robotic Surgical 
System [Intuitive Surgical, Inc., Sunnyvale, CA, USA]  
for urological procedures, including radical prosta-
tectomy, has been a major step towards a minimally 
invasive approach. In 2008, Sotelo et al. used a new-
ly developed technique for RASP in 7 patients with  
a mean prostate volume of 77.66 mL [28]. Mean OT 
was 205 min and mean intraoperative blood loss was 
298 mL. The functional outcomes were very good 
with reduction in the IPSS by 14.5 points and an in-
crease in the Qmax by 37.75 mL/min The authors 
concluded that robotic simple prostatectomy is a fea-
sible and reproducible procedure for symptomatic 
BPH [28]. In the same year, Yuh reported RASP us-
ing a technique similar to conventional Millin sur-
gery [9]. Subsequently, RASP has become popular as 
another option for endoscopic prostatectomy. Many 
clinical studies and case series using RASP have 
been published, but all have a small sample size and 
non–comparative designs. 
Port placement and surgical access in RASP are sim-
ilar to those used in robotic–assisted radical prosta-
tectomy [6]. After exposure of the retropubic space, 
the endopelvic fascia is opened bilaterally to expose 
the puboprostatic ligaments. The dorsal venous com-
plex is ligated and access to the adenoma is achieved 
through the transvesical [28–31] or prevesical ap-
proach [9, 12]. In the prevesical approach, the ante-
rior bladder neck is horizontally incised just proxi-
mal to the vesicoprostatic junction [6]. The plane 
between the adenoma and the prostatic capsule  
is identified and dissected, and the prostatic urethra 
is carefully transected to prevent external sphincter 
damage. Finally, the adenoma is removed and retri-
gonization is achieved by suturing the posterior edge 
of the bladder neck mucosa to the posterior edge  
of the urethra [12]. In another technique, a horizon-
tal cystotomy of the prostatic capsule is made [28]. 
After removing the adenoma, some authors suggest 
a modification of retrigonization by folding the poste-
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