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enDourology

IntroDuCtIon

The concept of laparo-endoscopic single-site surgery (LESS) was 
introduced in the urology field five years ago with the description 
of the first nephrectomy cases [1, 2]. Soon after, large series were 
reported, showing its feasibility in a broad spectrum of urological 
procedures [3].

Despite evolving from the techniques of standard laparoscopy, 
LESS defies some basic laparoscopic principles, including 
instrument and external port spacing to decrease clashing. Thus, 
new laparoscopic access devices, optics, and instrumentation 
specifically designed for facilitating LESS have been developed 
in the last few years [4]. Moreover, the application of robotics to 
LESS has been hypothesized to overcome the limitations of the 
technique [5, 6].

Overall, LESS has proved to be immediately applicable in the 
clinical field, being safe and feasible in the hands of experienced 
laparoscopic surgeons in well-selected patients. However, despite 
promising early outcomes, the benefits of LESS are yet to be 
demonstrated.

A comprehensive literature overview was reported almost 
two years ago by Autorino et al. on the status of natural orifice 
transluminal endoscopic surgery (NOTES) and LESS [7]. The authors 
provided a detailed analysis of the clinical and experimental data 
available at that time. Since then, further advances have been 
achieved in our surgical specialty, given the commitment of 
investigators from all over the world.

The aim of the present review paper is to summarize and 
critically analyze the most recent advances in the field of urologic 
LESS.

literature search
A literature review was performed using PubMed to retrieve 

publications related to LESS in urology over the last two years (from 
January 2011 to May 2012). In the free-text protocol, the following 
terms were applied: laparo-endoscopic single-site surgery; single-
port laparoscopy; single-incision laparoscopy. Review articles, 
editorials, commentaries and letters to the editor were included 
only if deemed to contain relevant information. In addition, cited 
references from the selected articles and from review articles 
retrieved in the search were assessed for significant manuscripts 
not previously included.

novel purpose-built instrumentation for leSS

access devices
Several access devices have been developed for single port 

surgery to allow simultaneous use of multiple instruments and their 
clinical application has been shown. Each device presents specific 
features aiming to facilitate LESS. However, the ideal platform is 
yet to be defined [8]. In order to minimize the costs associated with 
LESS, investigators have focused on low cost devices, including 
reusable ones (Fig. 1).

A homemade single port device was initially popularized by 
several groups from Korea [9]. The idea uses a standard wound 
protector and a surgical glove, with a series of little accesses made 
on the tips of the glove-fingers to create a working channel for 
trocars/ instruments. This technique has been more recently adopted 
by others, which shows the feasibility of different procedures [10-
13]. From the same idea, a device called the Gloveport® (Nelis, Korea) 
has been commercialized, and its clinical use demonstrated [14].

A reusable device from Karl Storz, the Endocone®, has been 
shown to be suitable for urologic applications, including LESS 
nephrectomy [15] and partial nephrectomy [16].

A new DuoRotate manual system developed by Richard Wolf 
(KeyPort®) was recently shown to be applicable for LESS radical 
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Significant advances have been achieved in the field of 
urologic laparo-endoscopic single-site surgery (LESS) 
since the first reported clinical series in 2007. The aim 
of the present review paper is to summarize and criti-
cally analyze the most recent advances in the field of 
urologic LESS. A literature review was performed using 
PubMed to retrieve publications related to LESS in urol-
ogy over the last two years (from January 2011 to May 
2012). In the free-text protocol, the following terms 
were applied: LESS; single port laparoscopy; single inci-
sion laparoscopy. Despite unsolved challenges, LESS can 
be regarded as an emerging trend in minimally inva-
sive urologic surgery and it has significantly evolved, 
becoming a widely applicable technique in a relatively 
short time. Outcomes demonstrate that a broad range 
of procedures can be effectively and safely done, given 
a solid laparoscopic surgical background and stringent 
patient-selection criteria. The recent introduction of a 
purpose-built instrumentation is likely to further foster 
the application of robotics to LESS. Further improve-
ments are needed before this technique might reach a 
widespread adoption. Future advances in the field of 
robotic technology are expected to overcome the current 
limitations of LESS.
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prostatectomy by Caceres et al. [17]. They performed 31 procedures 
(10 with and 21 without neurovascular preservation, eight with 
and 23 without pelvic lymph node dissection) by using the tri-
channel reusable KeyPort and one 3.5-mm extra port to facilitate 
urethrovesical anastomosis and drainage extraction. The authors 
concluded that the system allows performance of LESS radical 
prostatectomy with few complications, a low positive-margin rate, 
excellent aesthetic results, and very low postoperative pain levels.

SpIDer
The SPIDER (Single Port Instrument Delivery Extended Reach) 

surgical system (TransEnterix, Morrisville, NC, USA) is comprised of 
a multichannel port connected to flexible instrument delivery tubes. 
The main cannula has four instrument channels. The superior and 
inferior channels are 5mm in diameter and allow for the passage 
of a bariatric-length endoscope and rigid laparoscopic instruments. 
The two lateral channels contain the instrument delivery tubes, 
which are the conduits for the passage of specialized flexible 
instruments designed specifically for the SPIDER device. The lateral 
channels provide for true left- and right-handed control over 
instruments (Fig. 2).

Haber et al. reported an initial laboratory experience using the 
SPIDER surgical system and its first clinical application in urology 
[18]. The SPIDER system was tested in a laboratory setting and 
used for a clinical case of renal cyst decortication. Three tasks 
were performed during the dry lab session, and different urologic 
procedures were conducted in a porcine model. The surgeons had a 
positive experience with the SPIDER system, and were able to gain 
proficiency in performing tasks regardless of their level of expertise. 
The highest scores recorded were for ease of device insertion, 
instrument insertion and exchange, and triangulation. During the 
clinical case, the platform provided good triangulation without 
instrument clashing. However, retraction was challenging because 
of the lack of strength and precise maneuverability with the tip of 
the instruments fully deployed. The authors concluded the SPIDER 
system offers intuitive instrument maneuverability and restored 
triangulation without external instrument clashing.

After an initial experience in the porcine model [19], Leveillee 
et al. described an initial clinical case of simple nephrectomy with 
the SPIDER system in a patient with a nonfunctioning kidney 
secondary to a ureteropelvic junction obstruction [20]. The SPIDER-
LESS nephrectomy was performed successfully without additional 
skin incisions for laparoscopic ports, instrument clashing, or the 
need for open conversion. Total operative time was 210 minutes 
with minimal blood loss and no perioperative complications.

daVinci Single-site instrumentation
Intuitive Surgical developed a novel set of single-site 

instruments and accessories specifically dedicated to LESS (Fig. 3). 
The set includes a multichannel access port with room for four 
cannulae and an insufflation valve. Two curved cannulae are for 
robotically controlled instruments. The other two cannulae are 
straight; one is 8.5mm and accommodates the high-definition 
and 3-dimensional endoscope and the other is a 5-mm bedside-
assistant surgeon port. Triangulation is achieved by crossing the 
curved cannulae midway through the access port. Same-sided 
hand-eye-control of the instruments is maintained through the use 
of software, the Si system, that enables the surgeon’s right hand to 
control the screen-right instrument even though the instrument is 
in the left robotic arm and reciprocally the left hand controls the 
screen-left instrument even though the instrument is in the right 
robotic arm. The second part of the platform is a set of semi-rigid, 
non-wristed instruments based with standard da vinci instrument 
tips. The semi-rigid flexible shaft allows for insertion down the 
curved cannula and triangulation of the anatomy. Robotic arm 

fig. 1. Reusable access devices for LESS: (a) EndoCone® (Karl Storz); Keyport® 
(Richard Wolf)

fig. 2. SPIDER system for LESS (Transenterix).

fig. 3. da vinci Single Site® surgery instrumentation (Intuitive Surgical).

a b



Central european Journal of urology 2012/65/4207Central european Journal of urology 2012/65/4 206

RICCARDO AUTORINO, ROMAN SOSNOWSKI, MARCO DE SIO, OMERO SIMONE, ALI KHALIFEH, JIHAD H. KAOUK  

collisions are minimized externally because the curved cannulae 
angle the robotic arms away from each other. Internal collisions 
with the camera are avoided because the camera is designed to be 
placed into the middle of the curved cannula zone and is not in a 
parallel arrangement. The Intuitive Surgical single-port instruments 
and accessories are intended to be used with the da vinci® Si 
Surgical System. The single-site instruments and accessories are 
of similar construction to existing EndoWrist® instruments, except 
they do not have a wrist at the distal end of the instrument.

In 2010, Haber et al. described the first laboratory experience 
with veSPA robotic instruments by assessing their feasibility and 
efficiency for urological applications [21]. Sixteen procedures 
(including 4 pyeloplasties, 4 partial nephrectomies, and 8 
nephrectomies) were performed without additional ports or need 
for conversions. Mean total operative time was 110 minutes and 
no intraoperative complications occurred. There were no instances 
of extracorporeal conflict between robotic arms nor were there 
instances of intracorporeal conflict between the laparoscope and 
robotic instruments. Significant gas leakage was experienced in 
half of the procedures and partial tearing of the multichannel 
port was noted in six procedures. During this feasibility evaluation, 
limitations of the platform were noted, including the lack of 
articulation at the tip of the instruments compared with the 
Endowrist™ instruments afforded by the current davinci Si, making 
intracorporeal suturing more challenging.

More recently, Kaouk et al. also reported the use of a second 
generation of davinci single-site instruments for robotic LESS to 
perform different kidney procedures in the cadaver model [22]. 
Three types of left side kidney procedures were performed (one 
pyeloplasty, one partial nephrectomy, and one nephrectomy) in a 
female cadaver model by a surgeon. The curved cannulae for the 
robotic instruments were shorter than the previous ones (35 vs. 
55 mm), in order to make them more suitable for urologic single-
site surgery. Time for setup, including positioning, multichannel 
port insertion, robot docking, and insertion of instruments, was 
40 minutes. The procedures were completed successfully without 
the addition of extra ports. Time to complete the ureteropelvic 
anastomosis during pyeloplasty was 39 minutes. For partial 
nephrectomy, simulated warm ischemia time was 21 minutes. For 
nephrectomy, time to complete the procedure was 13 minutes. No 
tearing of the multichannel port, no significant gas leakage, and no 
injuries to intra-abdominal organs or vessels occurred. The working 
space was not problematic for the surgeon, but the assistant 
experienced significant collision against the robotic arms, which 
at times restricted retraction and suction. A positive feature was 
the easy insertion and exchange of the instruments through the 
multichannel port and curved trocars. The lack of wrist articulation 
was confirmed as the main limitation of these instruments, 
particularly for procedures involving suturing.

outcomes of leSS: recent evidence

worldwide experience
Until recently, most of the evidence supporting LESS has been 

limited to small case series or case-control studies from selected 
centers [4]. A recent collaborative analysis was reported by Kaouk et 
al. with the aim of providing an analytical overview of indications, 
techniques, and outcomes of urologic LESS in various hospital 
settings worldwide [23]. Overall, 1,076 consecutive cases were 
done between 2007 and 2010 at 18 participating institutions that 
were included in this analysis. Each group had performed a variety 
of LESS procedures according to its own protocols, entry criteria, 
and techniques. The most common procedures were extirpative 
or ablative operations of the upper urinary tract. The da vinci 

robot was used to operate on 143 patients (13%). A single-port 
technique was most commonly used and the umbilicus represented 
the most common access site. An additional port was used in 23% 
of cases. This study provided a global view of the evolution of LESS 
in the field of urologic surgery by showing that a broad range 
of procedures have been effectively performed, primarily in the 
academic setting, and that when LESS is performed by experienced 
laparoscopic surgeons, the risk of complications remains low when 
stringent patient-selection criteria are applied.

Complications
Regardless of all it advantages, LESS must also be scrutinized 

for its inherent risk of conversions and complications. To date, 
only a few studies focusing on this important aspect have been 
published.

Irwin et al. reported a study of complication and conversion 
rates in 125 LESS procedures of the upper urinary tract from a total 
of six institutions [24]. Conversion to laparoscopy was necessary 
in seven patients (5.6%), but none required open conversion. 
Complications, on the other hand, occurred in 15.2% of cases. Irwin 
et al. concluded that LESS appeared to be associated with a higher 
complication rate than in an experienced laparoscopic series, but 
conversion from LESS was rare and was thought to reflect stringent 
patient selection. The limitations of that study included the inability 
to standardize LESS patient selection criteria, instrumentation, and 
surgical technique, as well as the lack of available complete data on 
a control group for comparison. A risk analysis was more recently 
done by Greco et al, who looked at risk factors for complications 
in a multi-institutional series of LESS done for upper urinary 
tract disease [25]. The overall complication rate in this series was 
17% with conversion to open surgery considered a complication. 
Multivariable analysis revealed that a higher ASA score and 
malignant disease on pathological evaluation were risk factors for 
complications. Greco et al. concluded that surgeons approaching 
LESS should start with benign diseases in patients at low surgical 
risk.

Best et al. reviewed their initial series of LESS pyeloplasty, 
focusing on the 30-day complication rate [26]. Seven patients 
(25%) experienced complications with 71% of complications in 
the initial 10 patients. Best et al. concluded that LESS pyeloplasty 
is a technically challenging procedure even for an experienced 
laparoscopic surgeon. Ramasamy et al. compared the postoperative 
complications of LESS and standard laparoscopic living donor 
nephrectomy using a standardized complication reporting system 
[27]. At 30-days there was no difference in the overall complication 
rate between the two groups (7.1% vs. 7.9%, p>0.05). Multivariable 
binary logistic regression analysis revealed that estimated blood 
loss was the only predictor of fewer complications.

From the already mentioned worldwide multi-institutional 
project, Autorino et al. recently reported a detailed analysis of the 
incidence of and risk factors for complications and conversion of 
urological LESS, including upper tract and pelvic surgical procedures 
[28]. Included in analysis were 1,163 cases. Intraoperative 
complications occurred in 3.3% of cases. The overall conversion rate 
was 19.6% with 14.6%, 4.0%, and 1.1% of procedures converted 
to reduced port laparoscopy, conventional laparoscopic/robotic 
surgery, and open surgery, respectively. On multivariable analysis, 
the factors significantly associated with the risk of conversion 
were oncological surgical indication (p = 0.02), pelvic surgery (p 
<0.001), robotic approach (p <0.001), high difficulty score (p = 
0.004), extended operative time (p = 0.03), and an intraoperative 
complication (p <0.001). A total of 120 postoperative complications 
occurred in 109 patients (9.4%) with major complications in only 
2.4% of the entire cohort. Reconstructive procedure (p = 0.03), 
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high difficulty score (p = 0.002) and extended operative time (p = 
0.02) predicted high-grade complications. The authors concluded 
that urological LESS can be done with a low complication rate 
resembling that in laparoscopic series.

randomized studies
Over the last two years, three small, randomized trials have been 

reported in the field of urologic LESS. The first one was reported by 
Tugcu et al. [29] in which twenty-seven patients were randomized 
to either LESS or standard laparoscopic simple nephrectomy. All 
procedures in both groups were performed by the same experienced 
surgeons. There was no difference in median operative time (117.5 
vs. 114 min, p = 0.52), blood loss (50.71 vs. 47.15 mL, p = 0.60), 
transfusion rates (0% for both), and hospitalization time (2.07 vs. 
2.11 days, p = 0.74) between the groups. Time to return to normal 
activities was shorter in the LESS group (10.7 vs. 13.5 days, p = 
0.001). Both the visual analogue scale and the postoperative use of 
analgesics were significantly lower during postoperative days 1, 2, 
and 3 in patients who underwent LESS. There were no intraoperative 
or postoperative complications in both groups. LESS-SN was more 
expensive, but all patients undergoing LESS-SN were very pleased 
with the cosmetic outcome.

More recently, Kurien et al. enrolled fifty renal donors and 
randomized them into a standard laparoscopic and LESS donor 
nephrectomy group [30]. The primary end point of the study was 
patients’ postoperative pain. The operative times were similar in 
both groups (175.83 ±47.57 vs. 172.20 ±38.33 minutes, p = 0.38). 
The postoperative patient pain scores were similar until 48 hours 
following surgery (3.84 ±1.68 vs. 3.68 ±0.75, p = 0.33), but later the 
patients in the LESS group had improved pain scores (2.08 ± 0.91 
vs. 1.24 ± 0.72, p = 0.0004). Analgesic requirements were similar 
in both groups (p = 0.47). The warm ischemia times in the LESS 
group (5.11 ±1.01 vs. 7.15 ±1.84 minutes, p <0.001) was longer 
but the total ischemia times in both groups were similar (62.55 
±9.46 vs. 62.71 ±12.14 minutes, p = 0.48). Intraoperative (8% vs. 
16%, p = 0.2) and postoperative complications (20% vs. 16%, p = 
0.99) were comparable. The patients in the LESS group had shorter 
hospital stay (4.56 ±0.82 vs. 3.92 ±0.76 days, p = 0.003). There 
was no graft loss in either group except for one recipient in the 
standard laparoscopy group who sustained sudden cardiac death. 
The estimated glomerular filtration rates of recipients at 1-year 
were comparable for both groups (80.87 ±22.12 vs. 81.51 ±29.01 
mL/minute, p = 0.46). The donor’s quality of life, body image, and 
cosmetic scores were comparable for both groups. Thus, LESS donor 
nephrectomy, although challenging and with longer warm ischemic 
times, was found to give early pain relief with shorter hospital stay 
and comparable graft function.

The last small, randomized trial was the one reported by Lee 
et al. to compare the outcomes of transperitoneal laparoscopic 
and transumbilical LESS varicocele ligation [31]. The study sample 
included 82 male patients with 92 clinically palpable varicoceles. 
The operating room time and hospital stay of the two study 
groups were comparable, but time to return to normal activity 
was significantly shorter in the LESS group. Both vAS and the 
postoperative use of analgesics were significantly lower during 
postoperative days 2 (p = 0.005) and 3 (p = 0.047) in patients 
who underwent LESS. Significant improvements in sperm count, 
motility, and morphology were observed in both groups (p <0.001; 
at each of the variables in both groups).

advanced indications for leSS
Adrenalectomy has been regarded among one of the most 

challenging procedures for LESS due to the anatomical location 
of the adrenal gland. However, LESS adrenal surgery has been 

effectively performed for a number of indications with a wide 
variety of approaches (transperitoneal versus retroperitoneal, 
multichannel trocar versus multiple ports, trans- or extraumbilical) 
[32]. The procedure seems to be safe, taking more time than the 
standard laparoscopic counterpart, but appears to offer the 
patient less postoperative discomfort. Technical difficulties of the 
procedure include the requirement of more time for adjustment 
of articulating instruments, longer one-handed manipulation 
time, and a high perioperative tissue re-grasping rate. Only long-
term follow-up outcomes will prove its benefits over conventional 
laparoscopy and define the role and the oncological safety of LESS 
adrenal surgery.

Laparoscopic living-donor nephrectomy has become an 
established alternative to open surgery, with equivalent allograft 
outcomes, quicker recovery, and superior cosmesis [33]. Gill 
et al. first reported the successful completion of single-port 
transumbilical live-donor nephrectomy [34]. Recently, the largest 
single center experience with this procedure was reported by Wang 
et al. [35], who studied 100 consecutive LESS donor nephrectomies 
performed by a single surgeon through a periumbilical incision 
using the GelPoint® system. No extraumbilical incisions or punctures 
were made. A comparison was made using a matched cohort of 
conventional live donor nephrectomies done by the same surgeon. 
Mean operative time was longer in the LESS group, but there was 
no difference in estimated blood loss or warm ischemia time as 
well as no difference in the complication rates between the groups. 
Mean hospital stay and visual analog pain scores were similar in the 
groups, but the LESS group showed improved convalescence with 
faster return to work, normal activity, and 100% recovery. Recipient 
graft function was equivalent in the two groups. The authors 
concluded that, despite the benefits of LESS over conventional 
laparoscopy being limited, they may nevertheless prove beneficial 
to decrease barriers to live kidney donation.

Increasing experience and the proven safety and feasibility 
of LESS have allowed for the expansion of indications to include 
complex reconstructive procedures [36]. Recently, Khanna et al. 
reported intermediate-term outcomes for patients undergoing 
reconstructive LESS procedures at a single institution. Thirty-two 
reconstructive procedures were identified, including pyeloplasty 
(n = 25), ileal interposition (3), ureteroneocystostomy (3), and 
retrocaval ureter repair (1). Median follow-up was 24.4 months 
for pyeloplasty, 35 months for ileal interposition, 29.4 months for 
ureteroneocystostomy, and 20 months for retrocaval ureter repair. 
At last follow-up, 24 of 25 patients treated with pyeloplasty, two of 
three with ileal ureter, three of three with ureteroneocystostomy, 
and one of one with retrocaval ureter reported being asymptomatic 
or improvement after the procedure. Delayed incisional hernia 
repair was required in one patient.

After the first report by Kaouk et al. [37], another group 
from China described the outcomes of a small series (five cases) 
of LESS radical cystectomy at a single institution. They used a 
homemade single-port device composed of an inverted cone 
device of polycarbonate and a powder-free surgical glove [10]. All 
of the procedures were completed successfully. The mean operative 
time was 208.2 minutes, estimated blood loss was 270 mL, bowel 
recovery time was 9.75 days, and postoperative hospital stay was 
19.5 days. The pathologic evaluation revealed negative margins and 
negative lymph node involvement. After the operations, one patient 
had a bowel obstruction, while another patient died from cardiac 
disease. Mean follow-up time was short (143 days).

robotic applications to leSS
The amount of available clinical outcomes of robotic LESS has 

grown considerably since the pioneering description of the first 
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successful clinical series of single-port robotic procedures [5]. So 
far, a cumulative number of roughly 150 robotic urologic LESS 
cases have been reported by different institutions across the globe 
with a variety of techniques and port configurations (Table 1).

White et al. detailed the technique of robotic LESS radical 
nephrectomy and reported the comparative outcomes versus the 
current gold standard laparoscopic procedure [38]. Two single-
port devices, the SILS port and the GelPort or GelPoint, were 
used equally and the da vinci S or da vinciSi System (in a three-
arm approach) was employed. A three to 7 cm skin incision was 
concealed within the umbilicus. There was no difference between 
R-LESS and conventional laparoscopy in terms of operative time, 
estimated blood loss, visual analogue scale, or complication rate. 
The robotic LESS group had a lower median narcotic requirement 
during hospitalization (25.3 vs. 37.5 morphine equivalents; p = 
0.049) and a shorter length of stay (2.5 vs. 3.0 days; p = 0.03). The 
study’s limitations included a small sample size, short follow-up 
period, and the retrospective design of the study.

Han et al. described their experience with robotic LESS partial 
nephrectomy through a homemade transumbilical port to treat 
14 cases of renal cell carcinoma. All surgical margins after partial 
nephrectomy were negative for malignancy. No port-related 
complications were reported. Two cases required conversion to 
mini-incisional partial nephrectomy. We note our use of an extra 
12-mm trocar below the subxyphoid or alongside the homemade 
single port to facilitate suturing [39]. The same group later 
reported a matched pair comparison with standard robotic partial 
nephrectomy [40]. Main surgical outcomes were comparable 
in both groups. Moreover, pain scores, in-hospital morphine 
requirement, and length of hospital stay were likewise similar in 
both groups. The authors suggested that a two-port technique is 
a viable option until a more advanced robotic platform specifically 
designed for LESS is developed and the need for extra ports can be 
safely overcome.

Park et al. were the first to recently report a case of 
retroperitoneoscopic robotic LESS adrenalectomy for an adrenal 
cortical adenoma [41]. A 3 cm transverse skin incision was 
made just below the 12th costal arch and, after exposing the 
retroperitoneal space, a Glove port was applied to the skin incision 
and CO2 insufflated to create an adequate working space. A 10 mm 
robotic camera with 30° up view and three 5mm robotic ports were 
inserted through the Glove port. The total operation time was 188 
minutes and the patient recovered uneventfully.

By adopting the principle of the “chopstick technique” [42], 
Olweny et al. used a setup including a Gelpoint access device, a 30° 
up robotic scope, and the da vinci Si surgical robot to enhance the 
applicability of the robotic platform to LESS pyeloplasty and reduce 
its learning curve [43]. The authors compared their initial 10 cases 
of robotic LESS pyeloplasty with the last 10 cases of conventional 
LESS pyeloplasty done by a single surgeon. Mean operative time 
was significantly longer for robotic LESS, but this was probably 
related to the stent insertion time. Conventional LESS alone 
required an accessory port for the anastomosis in all the cases. 
Two conversions to standard laparoscopy and two postoperative 
complications occurred in 30% of LESS patients, whereas there 
were no conversions and one postoperative complication in the 
robotic LESS group.

When first reporting an initial feasibility study of LESS 
radical prostatectomy in humans, Kaouk et al. acknowledged the 
limitations of embarking on this procedure due to challenges 
related to ergonomics and intracorporeal suturing. They reported 
the first claim of a potential application of robotics [44].

White et al. detailed the surgical technique and reported the 
outcomes of 20 robotic LESS radical prostatectomies [45]. Most 
of the study population was represented by low/intermediate risk 
patients with baseline erectile dysfunction. A 3-4.5 cm incision 
was created intraumbilically, and a 2 cm incision through the linea 
alba. The initial robotic 8mm port was placed at the most caudal 

table 1. Robotic LESS procedures: major* clinical series in urology

reference procedure 
(n of cases) access device or, min Conversions, 

n (to what)

Major (Clavien 
grade >3) postop. 
complications, n 

(%)

Comments

38 RN (10) SILS or Gelpoint 167.5^ 0 0

With SILS port, robotic trocars placed inside the same 
skin incision, and tunneled before piercing the fascia. 

With the Gelpoint, robotic trocars inserted at the 
most cephalad and caudal aspects of the device

39 PN (14) Homemade 205^ 2 (open PN) 0
Median tumor size 3.2 cm. Median WIT 30 min. All 

margins negative. Additional port used. 

40 PN (35) Homemade 187.5^^ 0 1 (3)
WIT 29.5 min. One positive margin. Additional port 

used (two-port technique). 

43 Pyelo (10) Gelpoint 226^^ 0 1 (10)

Two 5-mm robotic ports, a 12-mm camera port, and 
a 12-mm assistant trocar through GelPOINT in a 

diamond-shaped configuration. Robotic instruments 
crisscrossing at umbilicus. 

45 RP (20) SILS 187.6^^ 1 (RALP) 1 (5)
Skin incision measuring 3–4.5 cm, mostly concealed 

within the umbilicus. Instruments not crossed. Use of 
“marionette” sutures.

46 STEP (9) Gelport 234^ 1 (open SP) 4 (44)
Initial transurethral incision of the prostatic apex. 
Two patients requiring digital rectal assistance for 

enucleation. No suturing.

50 Pyelo (9)
davinci Single-
site instrument 

160^ 0 0

*of at least 5 cases; ^Median value; ^^Mean value; Legends. RN=Radical Nephrectomy; PN=Partial Nephrectomy; Pyelo=Pyeloplasty; RP=Radical Prostatectomy; 
STEP=Suprapubic Transvesical enucleation of the prostate; RALP=Robot Assisted Laparoscopic Prostatectomy; SP=Simple prostatectomy
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portion of the incision on the right side and directed as far laterally 
as possible; this was repeated on the opposite side with a 5mm 
pediatric or standard 8 mm robotic port. A SILS port was inserted 
and the patient positioned in steep Trendelenburg. The da vinciS or 
Si system in a three-arm approach was docked and the robotic 12 
mm scope introduced through the SILS port with a 5 mm channel 
free for suction or sutures to be passed through. The steps of the 
procedures resembled those of the standard robotic procedure. 
During the bladder neck dissection, a suture was placed through 
the abdominal wall and then through the distal bladder neck or 
prostatic base and then exited out of the abdominal wall to serve as 
a retractor in a “marionette” fashion. The vas deferens and seminal 
vesicles were mobilized with the 5 mm harmonic scalpel in a non-
nerve-sparing approach and athermally with Hem-o-lok clips 
in a nerve-sparing approach, which was adopted in three cases. 
Prostatic dissection was obtained using a 5-mm harmonic scalpel 
in a non-nerve-sparing procedure. Otherwise, an interfascial 
nerve-sparing approach was accomplished with a combination of 
sharp dissection and robotically applied Hem-o-lok clips. Complete 
dissection of the prostate apex was accomplished in a retrograde 
fashion. A standard lymph node dissection was performed including 
external iliac nodal tissues, as well as nodes from the obturator 
fossa. vesicourethral anastomosis was done with two sutures in a 
semicircular “running” fashion. A positive margin was found in four 
cases, two of them being in the first three cases, so it is likely the 
result of the learning curve. The limited follow-up did not allow a 
reliable oncologic assessment, but early postoperative continence 
rates were encouraging.

Within the field of prostate surgery, Fareed et al. reported the 
perioperative and short-term outcomes of their initial series of 
robotic single port transvesical enucleation of the prostate (R-STEP) 
[46]. Nine patients with symptomatic BPH were scheduled for the 
procedure. A 3 cm lower midline incision was made, a cystotomy 
created, and a GelPort positioned in the bladder. The da vinci S 
operating system was docked through the GelPort platform. There 
was significant postoperative improvement in the flow rates. But 
a high-grade (Clavien III-Iv) complication was observed in three 
patients (37.5%). The authors concluded that despite providing 
adequate relief of bladder outlet obstruction, the procedure carries 
a high risk of complications and its role remains to be determined.

Khanna et al. reviewed the Cleveland Clinic’s experience with 
robot-assisted LESS for renal surgery [47]. Twenty-eight procedures 
were analyzed, including radical nephrectomies (n = 11), partial 
nephrectomies (5), nephroureterectomies (3), pyeloplasties (7), 
simple nephrectomy (1), and renal cyst decortication (1). In four 
cases (14%) a conversion was needed to complete the procedure. 
Patients who underwent radical nephrectomy, partial nephrectomy, 
and nephroureterectomy all had negative surgical margins and 
have remained disease free during the follow-up period. Six of 
seven patients who underwent pyeloplasty reported resolution or 
significant improvement of symptoms. From the same institution, 
White et al. presented their cumulative experience [48]. Overall, 50 
patients were scheduled to undergo robotic urological LESS during 
the study period, representing 36% of the total patients undergoing 
LESS. Specifically, 24 patients underwent renal surgery and 26 
patients pelvic surgery. Four cases were converted to laparoscopy 
and six cases required at least one additional trocar outside of 
the single-site incision. A rectal injury occurred during a radical 
cystectomy, which was recognized intraoperatively and closed 
primarily without sequelae. Postoperative complications occurred 
in eight cases, including one Clavien grade Iv. This outcome analysis 
remains preliminary because of the small sample and the limited 
follow-up. Nevertheless, technical nuances and learning points that 
the authors experienced during the study period are of interest. 

The Si system was preferable due to its enhanced visualization and 
ability to customize the console settings ergonomically. Among 
the several commercially available ports, the SILS Port allowed 
free exchange of varying cannula sizes and passage of sutures, 
staplers, clip appliers, and entrapment bags directly through the 
port. Instrument clashing, as well as gas leak and insufficient tissue 
retraction were experienced. To reduce clashing, crossing of the 
instruments was avoided by maintaining the robotic arms in parallel 
to the robotic camera. This subsequently required the camera lens 
and instruments to be moved in near unison to optimize range 
of motion. The incidence of gas leak was significantly reduced by 
tunneling the robotic trocars. Petroleum impregnated gauze or a 
strategically placed fascial suture can be used to overcome leakage 
occurring at the multichannel port due to an enlarged fascial 
incision. As tissue retraction can be difficult due to lack of use of 
the fourth robotic arm, the use of internal retraction sutures in a 
marionette fashion was adopted to compensate.

Another large single center cumulative experience was 
reported by Lee et al. [49]. They analyzed 68 consecutive robotic 
LESS urologic operations, including: partial nephrectomy (n 
= 51), nephroureterectomy (12), radical nephrectomy (2) and 
adrenalectomy (2), and simple nephrectomy (1). The mean operative 
time was 219 minutes and mean estimated blood loss 319mL. For 
partial nephrectomy, mean ischemia time was 27 minutes. Three 
intraoperative complications occurred. At a mean follow-up of 
eight months, there were no port-related complications, and 
cosmesis was excellent. The homemade single-port device provided 
adequate range of motion and flexibility in port placement.

In urology, the only clinical series with the use of the da vinci 
Single-Site instrumentation so far has been reported by Cestari et 
al, who tested the technical feasibility and short-term perioperative 
outcomes of LESS pyeloplasty [50]. Exclusion criteria for these 
preliminary series were a BMI >30 kg/m2, previous abdominal 
and renal surgery, concomitant renal stones, an extremely large 
renal pelvis, pelvic kidney, and horseshoe kidney. In three cases 
aberrant crossing vessels were found and transposed. To ease the 
plasty reconfiguration, a barbed suture was used. The needles were 
inserted and removed under direct vision through the assistant 
port. Once the posterior plate of the anastomosis was completed, 
a DJ stent was inserted retrogradely using a flexible cystoscope 
in order to avoid undocking/redocking of the robotic arm system 
and to save time. An auxiliary 3-mm trocar was deemed necessary 
to retract the liver properly and expose the surgical field in one 
patient.

patients’ perception of leSS
Besides a more reliable assessment of the outcomes and the 

need for better instrumentation, a major issue for any novel surgical 
procedure is represented by the patient’s demand and perception 
of techniques [51].

Despite the limitations inherent to LESS and a paucity of 
evidence to support its superiority as compared to standard 
laparoscopy, there has been increasing public interest for this 
technique. The larger question then becomes the public’s perception 
and expectations of LESS and how we as providers should address 
the role of these techniques during surgical counseling.

Lucas et al. surveyed patients returning to the clinic after 
transperitoneal laparoscopy [52]. Patients were first asked to rate 
certain factors and how these factors impacted their choice to 
pursue open surgery, laparoscopy, or LESS.  Patients were likewise 
asked whether they preferred LESS or laparoscopy, assuming 
equivalence of outcomes. Respondents were thereafter asked their 
opinions on LESS assuming comparative surgical naivety on the 
part of the operating surgeon, and how increased complication 
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rates and/or surgical failure would impact their decision to pursue 
LESS. In the second survey, a validated cosmesis and body image 
impact survey was administered. The findings of the surveys were 
intriguing. First, surgical success and complications were considered 
the driving factors among patients. Pain and convalescence were 
of moderate importance while scars carried less importance. 
Post-operative cosmesis was valued more heavily among women, 
younger patients, and those with benign surgical indications. 
Finally, the authors found a slight preference for laparoscopy (39%) 
as compared to LESS (30%).

Olweny et al. evaluated the importance of scarring in urology 
patients relative to other surgical outcomes [53]. Patients 
scheduled for laparo-endoscopic single-site, laparoscopic, or open 
kidney surgeries were recruited for the study. Overall, 90 patients 
completed surveys. The LESS cohort was younger and more likely to 
be undergoing surgery for benign indications. Before surgery, the 
most important surgical consideration was “surgeon reputation” 
while the least important factors were “delay in resuming normal 
diet” and “size/number of scars”. After surgery, the most important 
considerations were “surgeon reputation” and “no complications” 
while “size/number of scars” represented the second least important 
consideration. Among the subset of patients who completed 
surveys both before and after surgery, there was no significant 
change in median scores for any of the outcomes except “duration 
of hospital admission”. The median score for “size/number of 
scars” was significantly higher for the LESS cohort before surgery, 
but there was no significant difference among the cohorts after 
surgery. The median preoperative score for “size/number of scars” 
was significantly higher for younger patients and those with 
benign surgical conditions. Overall, the authors demonstrated 
that, when compared with surgeon reputation or avoidance of 
complications, surgical scarring was a relatively unimportant 
outcome for most patients before and after undergoing kidney 
surgery. younger patients and those undergoing surgery for benign 
indications ranked scarring higher than older patients and those 
with oncologic indications before surgery, but these differences 
were insignificant after surgery. Given that patients had decided on 
a particular surgical approach prior to completion of the study, the 
primary study limitation was a response bias.

ConCluSIonS

Significant advances have been achieved in the field of 
urologic LESS since the first reported clinical series in 2007. Despite 
unsolved challenges, LESS can be regarded as an emerging trend in 
minimally invasive urologic surgery and it has significantly evolved, 
becoming a widely applicable technique in a relatively short time. 
Outcomes demonstrate that a broad range of procedures can be 
effectively and safely preformed, given a solid laparoscopic surgical 
background and stringent patient-selection criteria. The recent 
introduction of a purpose-built instrumentation is likely to further 
foster the application of robotics to LESS. Further improvements are 
needed before this technique might reach a widespread adoption. 
Future advances in the field of robotic technology are expected to 
overcome the current limitations of LESS.
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