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many cases. Similar considerations cannot be 
yet addressed with regard to lnD. The only 
available data consist mainly of retrospective 
and few prospective studies and furthermore, 
the level of knowledge achieved, concerning 
indications and anatomical maps, is not uni-
form for all malignancies.

facing the lack of well-designed random-
ized phase iii trials, herein, we provide a sys-
tematic review and critical analysis of the cur-
rent evidence of lnD performed for prostate, 
bladder, kidney, upper tract urothelial, testicu-
lar, and penile cancer.

lymph node dissection (lnD) can play 
different potential roles in uro-oncology: 

reduce or eliminate the risk of regional recur-
rence, improve cancer specific survival, im-
prove staging, and anticipate the identification 
of a metastatic disease in patients who may 
therefore benefit from adjuvant therapy.

The advent of minimally invasive surgery 
has revolutionized the field of urologic oncol-
ogy over the past 25 years, and robotic-assist-
ed technique offers potential perioperative ad-
vantages and equivalent oncological outcomes 
when compared to standard open techniques in 
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procedure for patients diagnosed with organ-
confined prostate cancer (PCa) who undergo 
radical prostatectomy (rP) and may also rep-
resent an effective treatment for high-risk and 
locally advanced patient.2 although standard 
imaging tools have very limited ability (35% 
sensitivity) 3 in predicting lymph node invasion 
(LNI) for lymph node (LN) ≤1cm, to date the 
risk can be assessed relying on predicting no-
mograms and international guidelines strongly 
suggest their use. The european association 
of Urology (eaU) recommends performing 
an extended template (ePlnD) in interme-
diate and high risk whenever the lni risk is 
>5% based on updated Briganti’s nomogram, 
while they do recommend omitting PlnD in 
low risk.4 The national comprehensive can-
cer network (nccn) recommends ePlnD 
when the risk, based on a separate nomogram, 
is greater than 2%.5

To date, the number of nodes removed still 
represents the most reliable measure of the 
accuracy of PlnD, and the most meticulous 
studies show that the mean number of nodes 
removed with an extended template may be 
≥20.6 Prostate has a very complex lymphatic 
pathway that varies widely among men and is 
characterized by typical crossover and proper 
anatomical templates have been so far stan-
dardized (figure 1). However, early results 
of minimally invasive surgery dramatically 
brought down the rate of PlnDs performed at 
the time of rP when compared to open radi-
cal prostatectomy (orP), and this was clearly 
a surgeon’s bias as a consequence of a new 
learning curve process and time savings. More 
recently, standardization of the technique has 
increased compliance, with most recent series 
showing an adherence to guidelines, with ln 
yield, complication rates and oncologic out-
comes comparable to open surgery.2 figure 2 
shows the steps of rPlnD dissection in Pca.

The role played by the learning curve in 
robot assisted radical prostatectomy (rarP) 
was accurately shown by van der Poel et al. 
who observed advancement of the PlnD 
technique after 150 cases for operative time 
(108min vs. 49min), 250 for nodal yield (10 vs. 
18), 300 for node positivity rate (4 vs. 23%), 

Methods

a systematic literature review was performed 
in July 2016 using PubMed and Scopus to iden-
tify relevant studies. a comprehensive elec-
tronic english literature search was conducted 
from January 2001 to July 2016 by applying 
a free-text protocol combining surgical subject 
heading (MeSH) search terms and related ar-
ticles function. Keyword searches included: 
“lymph node Dissection” or “lymphade-
nectomy” anD “robotic-assisted” anD “in-
guinal penis/penile” or “prostate/prostatic” 
or “bladder”, “retroperitoneal kidney” or 
“retroperitoneal transitional cell carcinoma” 
or “retroperitoneal upper tract urothelial car-
cinoma” or “ retroperitoneal testis / testicu-
lar”. Since data on lnD in case of UTUc and 
renal cell carcinoma (rcc) are very scarce we 
search for robotic nephroureterectomy, radical 
nephrectomy and partial nephrectomy. only 
studies describing lnD performed during uro-
logic robot-assisted laparoscopic procedures 
were included for further screening. other pub-
lications on laparoscopic technique were taken 
in account since considered milestones in the 
transition to robotic surgery. in addition, refer-
ences from the selected articles retrieved in the 
search were assessed. conference abstracts and 
single case reports were not included.

Results

After the very first clinical experience of 
robotic-assisted lnD performed in human for 
urologic disease, published in 2001,1 we were 
able to find another 259 articles. The anatomical 
region more often explored was the pelvis, pros-
tate and bladder cancer, with 202 articles, 105 
and 98 articles, respectively; others were retro-
peritoneal lnD (rPlnD) with 50 publications, 
testis 38, kidney 12, and penile 12 articles.

Pelvic lymph node dissection

Robot-assisted pelvic lymph node dissection 
for prostate cancer

Pelvic lymph node dissection (PlnD) rep-
resents the most accurate and reliable staging 
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figure 1.—Template in PlnD dissection in prostate cancer. a) lymph node dissection templates in prostate cancer (courtesy 
of f. gaboardi); B-e) boundaries of extended PlnD. caudally cloquet’s lymph node, laterally genitofemoral nerve, medially 
umbilical obliterated artery, peritoneal sheet and bladder; cranially ureter crossing at level of common iliac artery.
1: limited - external iliac above the obturator nerve; 2: standard - external iliac, obturator, hypogastric (pelvic sidewall 
laterally, the bladder wall medially, the floor of the pelvis posteriorly, Cooper’s ligament distally and the internal iliac artery 
proximally); 3: extended - previous template and common iliac vessels at level of ureter crossing; 4: super-extended - previ-
ous template and presacral, aortic bifurcation, eventually preaortic and precaval.
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figure 2.—Steps in robot-assisted PlnD dissection in prostate cancer. a) lateral lymph node package dissection (left sided) 
at level of external iliac artery (courtesy of g. Pini); B) external iliac vein dissection (left sided) and approaching the obtu-
rator fossa; C) superficial obturator nerve lymph nodes package (left sided); D) deep obturator nerve lymph nodes package 
(left sided); e) Marcille’s triangle/fossa exposition (left sided): after detaching left external iliac vessels from psoas muscle 
the procedure allows for a safer dissection of obturator nerve emergency from lateral wall of pelvic floor. Vessel loop secures 
ureter; F) sacral lymphnode dissection follows a proper dissection of bilateral common iliac artery; G) final result of an 
extended-PlnD (right sided); H) salvage lymph node dissection (right sided) following biochemical relapse and positive 
single node at c-11 choline PeT-cT scan.
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few case reports on robotic-assisted lnD show 
the ability to perform this surgery robotically.11

Robot-assisted PLND for bladder cancer

Standard treatment of muscle invasive blad-
der cancer (Bc) is radical cystectomy (rc) and 
PlnD.12, 13 although open radical cystectomy 
(orc) still remains the most common approach 
(up tp 80% in USa in 2014), robot-assisted rc 
(rarc) is gradually gaining popularity world-
wide due to the ability to duplicate orc and 
showing promising short- and intermediate 
term results.14 Historical issues concerning lap-
aroscopic treatment of urothelial cancer (name-
ly spreading of tumor, peritoneal seeding, port 
site recurrence) and technically ability to offer 
same PLND as ORC have been demystified.15

it is well known that lni is a well know 
poor prognostic indicator in Bc, leading to a 5 
years overall survival less than 15-30%,13 and 
the extent of PLND, reflection of LN yield, has 
been shown to play an important role in cancer 
control. in their systematic review (19793 pt 
undergoing rc, 23 studies), Bruins et al. con-
cluded that any kind of PlnD is advantageous 
over no PlnD, although in the presence of a 
poor data quality (22/23 retrospective data). 
furthermore, ePlnD appears to be superior 
to lesser degrees of dissection, while super-
extended PlnD offered no additional ben-
efits.16 Table i describes PlnD in Bc. These 
factors show that the degree of extension and 
the ideal proximal limit of PlnD remains 
still controversial, even if at least 10-14 nodes 

and 400 for complication rate (clavien grade 
i and ii complications).7 Similarly, the laP-
Pro study (multicenter prospective control 
trial robotic vs. open prostatectomy, 3544 pa-
tients) 8 showed rarP offering an increased 
ln yield in ePlnD template (21.5 vs. 18.3) 
compared do orP. concerning complications, 
the same study showed that PlnD increased 
the absolute incidence of thromboembolic 
event sevenfold and particularly, orP am-
plified the risk threefold compared to RARP, 
data corroborated by other retrospective and 
populations-based studies. Possible mecha-
nisms that might clarify protection of rarP 
against thromboembolic event must be seen in 
the context of the virchows triad (hypercoagu-
lability, endothelial lesions and blood stasis): 
fewer estimated blood losses and transfusion-
rates, hematomas and lymphorrhea not con-
strained into a limited extraperitoneal space, 
Trendelenburg position which facilitates blood 
flow from the leg, no need of self-retaining re-
tractors that leading to prolonged tissues com-
pression.9

a sentinel lymph node (Sln) biopsy might 
be a safe and efficient way to reduce PLND 
extension and related complication, but its 
role remains to be determined in minimally 
invasive surgery. Recently, near-infrared fluo-
rescence (nirf) imaging has been applied to 
rarP. Transrectal ultrasound- or percutaneous 
robot guided prostatic injection of indocyanine 
green (ICG) allows with fluorescence visual-
ization of ln using the fireflY-system (no-
vadaq Technologies inc, Mississauga, canada) 
integrated in the da vinci robot (intuitive Sur-
gical, Sunnyvale, CA, USA). Potential benefits 
of such modifications include identification of 
relevant primary lymph nodes, avoidance of 
overdissection, and enabling lymphangiogra-
phy without the need for ionizing radiation.10

new imaging tools [PSMa or 11c-choline 
PeT fused with cT or Mri, and diffusion-
weighted Mri imaging (DWi)], seem to sig-
nificantly improve restaging of LN in case of 
biochemical Pca relapse.3 from the perspec-
tive that salvage-lnD can delay clinical pro-
gression and postpone hormonal therapy in 
almost one-third of the patients (figure 2H),4 

Table I.—�Lymph node dissection templates in bladder 
tumor.

lnD template

Standard external iliac, internal iliac, obturator
extended external iliac, internal iliac, obturator, 

common iliac (presacral, presciatic – 
debated inclusion as ePlnD)

Super-extended or 
high-extended

external iliac, internal iliac, obturator, 
common iliac, presacral, presciatic; 
preaortic, interaortocaval, paracaval 
inferior to inferior mesenteric artery 
takeoff

lnD: lymph node dissection; ePlnD: extended pelvic lymph node 
dissection.
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tium (ircc, 800 patients undergone rarc, 
multi institutions, prospective database) re-
ports an increasing number of ln yield when 
compared to orc (18 vs. 19), although high-
lighting the role of surgeons volume and center 
case-load (>100cases/y, 18 vs. 23 ln yield) and 

should be removed to offer an oncologic ben-
efit.13

nevertheless, robot-assisted surgery has 
been able to show abilities to replicate open 
PlnD and even offering a better ln sampling. 
The international radical cystectomy consor-

figure 3.—robot-assisted PlnD dissection in bladder cancer. a) High extended pelvic lymph node dissection (courtesy of 
M. Desai); B) final view following a high extended pelvic lymph node dissection (courtesy of M. Desai). The distal aorta, 
common iliac arteries (cias), and presacral (PS) regions are completely dissected off lymphatic tissue; c) Pre- and paracaval 
lymph node dissection dissection (courtesy of g. Pini), lumbar vein are easily visible.
1: right external iliac; 2) right internal iliac/ obturator; 3) right common iliac; 4) preparacaval and preparaaortic; 5) presacral 
(PS); 6) left common iliac; 7) left external iliac; and 8) left internal iliac/obturator.
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men (age 30-40 yr). inguinal orchiectomy, 
ultimately followed by active surveillance or 
adjuvant chemiotherapy, is the gold standard 
and offers excellent cure rates.20 However, 
up to 35% of patients could present meta-
static lni despite negative imaging at clini-
cal staging (cS).21 Primary rPlnD has the 
ability to precisely detect ln micrometastasis, 
staging the extent of disease and hence iden-
tify patients who may benefit from adjuvant 
treatment. grounded on solid long-term on-
cologic results, open rPlnD is endorsed by 
international guidelines as a valid alternative 
to chemotherapy in patients with low-clinical 
stage (cS 1) nonseminomatous germ cell tu-
mor (nSgcT), low-volume cS iia disease, 
and residual disease after chemotherapy.22 
However, while 3-4 cycles of adjuvant plati-
num-based chemotherapy is strongly linked to 
long-term risks of cardiovascular toxicity, sec-
ondary malignancy, and infertility,23 orPlnD 
requires invasive and debilitating skin inci-
sions. laparoscopic rPlnD, made his debut 
in 1992 showing in experienced hand not only 
comparable staging precision and interme-
diate-oncologic results as orPlnD, but also 
potential lower morbidity, namely shorter hos-
pital stays, quicker return of bowel function, 
and faster convalescence, central condition to 
allow appropriate candidates to receive che-
motherapy sooner.24 However, the widespread 
of the technique has been hampered by classic 
limitation of laparoscopy, steep learning curve, 
and technical challenges. Table ii reports the 
few retrospective single-center and one recent 
multi-institutional series that followed the first 
rrPlnD, described in 2006.20, 22, 25-27 in case 
of unilateral template dissection, the historical 
approach, followed a transperitoneal 4-robot-
ic-arms with patient in a lateral flank position 
and robot docked posterior to the patient.28 
However, this method did not allow a full bi-
lateral dissection without the need to un-dock 
and reposition the patient and makes otherwise 
impossible to access the contralateral field in 
case of bilateral disease or accorded to intra-
operative frozen section results. To overcome 
these issue, a supine approach with patient in 
Trendelenburg position has been described 

importance of learning curve (30 cases to reach 
20 ln yield).15 Similarly, Tang et al. report in 
their metanalysis the ability of robot-assistance 
to increase node count of 2.18 nodes than open 
approach.14 recently, Desai et al report the ca-
pabilities to perform an high-extended (super 
extended) technique (Figure 3) defined as ex-
tending proximally up to the inferior mesenter-
ic artery (iMa) and including external iliac, ob-
turator, presciatic, hypogastric, common iliac, 
presacral, preaorticortic, pre-, para-caval, and 
interaortocaval nodes.17 although the extent of 
PlnD (extended vs. super-extended) does not 
seem to increase the relative-risk of complica-
tions,12 it exponentially rises operative time and 
costs. With the aim of reducing the unnecessary 
extension of the dissection, preliminary senti-
nel node biopsy studies (tracer injected peritu-
morally via cystoscope before surgery) showed 
feasibility, a detection rate of 87% and ability 
to find micrometastasis (<2mm).18 However, as 
in the case of RARP, near-infrared fluorescence 
(nirf) imaging [transuretral peritumoral in-
jection of indocyanine green (ICG)] is rapidly 
taking over in rarc, showing feasibility and 
identification of sentinel drainage in 90% of 10 
patients with a median of 30 minutes after the 
injection.19

PlnD performed in Bc reproduces the same 
technique followed in PCa, first type of sur-
gery in which the surgeon engages in its own 
learning curve. only greater attention must 
be taken into account to eliminate risk of lo-
cal spillage of malignant urothelial cells, well 
known source of early local recurrence and 
peritoneal seeding: following a split-and-roll 
technique, the direct incision of lns should 
be avoided, while the retrieval of ln package 
within a specimen bag should take place as 
soon as possible, included each single piece of 
lymphoid tissue still present in operative filed.

Retroperitoneal lymph node dissection

Robot-assisted retroperitoneal lymph node 
dissection (RPLND) for testicular cancer

Testicular cancer is commonly known to 
be the most frequent malignancy in young 
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iliac nodes and gonadal vein. Within the limits 
of a proper oncologic respect, a nerve sparing 
approach can be attempt to maintain antegrade 
ejaculation 26 by preservation of sympathetic 
chain and lumbar splanchnic nerves within 
inteartocaval and pre- and paraortic nodal tis-
sue.29

Up to date due to limited caseload and only 
short/intermediate follow-up, no formal indi-
cations can be drawn, except that r-rPlnD 
it is a safe technique, able to postpone possi-
ble further chemo-therapy and seems to be on 
the right pathway to retrace oncologic results 
of orPlnD.20 Small laparoscopic feasibil-
ity studies on sentinel nodes detection at time 
of orchiectomy has been motivated to define 
which patients could benefit from adjuvant 
therapy and potentially reduce radiation ex-
posure (cT scans) and follow up schedule for 
large part of patients with stage 1 cancer.21

RPLND for upper tract urinary cancer

a different embryological origin and ex-
pansive geographical range marks the nature 
of lnD of upper tract urothelial carcinoma 

(2011, Dr. James l’esperance of the US naval 
Hospital in San Diego - personal communica-
tion). figure 3 shows robot docking and ports 
configurations. While Da Vinci Si is docked 
over the left shoulder, the davinci Xi adopts 
a four-port linear configuration with dock-
ing alongside the patient. adopted in case of 
cS i nSgcT, unilateral templates retrace the 
classic template of orPlnD.22 on the left 
side it includes the removal of gonadal vein, 
nodal tissue surrounding left common iliac, 
pre-, para-, retro-aortic, interaortocaval and 
inferior mesenteric artery. on the right side, it 
includes nodal tissues close to gonadal vein, 
proximate to right common iliac, para-, pre 
and retro-caval, interaortocaval, and preaortic 
to the level of the inferior mesenteric artery. 
for both sides, the superior and lateral borders 
of dissection are the renal hilum and the ure-
ter respectively. Due to lymphatic cross-over, 
a frozen section is suggested and in case of 
invasion it is recommended the extend of the 
rPlnD contralaterally. Bilateral rPlnD re-
fers to the excision of all nodal tissue between 
the ureters from the renal hilum to the inferior 
mesenteric artery in addition to the ipsilateral 

Table II.—�Robotic assisted retroperitoneal lymph node dissection (RPLND) in testicular cancer.

autor (yr) Pearce SM 
(2016) 20

Stepanian S 
(2016) 22

Harris  
(2015) 25

cheney  
(2015) 26

Williams  
(2011) 27

Study Multicentric (4 
centers), retro-, retro-
spective (le3)

Single center, 
retrospective, 
(le3)

Single center, 
retrospectove 
(le3)
comparative, 
laparoscopic vs 
robotic

Single center, 
retrospectove 
(le3)

Single center,

cases (n) 47 20 16 18 3
age (Yr) 30 31.2 29.8 32.2 31
BMi (Kg/m2) 28 25.6 28.9 27.3 nD
oT(min) 235 293 271 329 187
eBl (ml) 50 50 75 103 167
loS (d) 1 1 nD 2.4 2
Transfusion cases (n) nD 0 nD 1 0
Post-chemotherapy cases, n (%) 4 (20) 0 8 (44) 0
Bilateral cases, n (%) 0 5 (25) 0 11(61) 0
lymph node yeld, (n) 26 19.5 30 20 25
Patient with positive nodes, n (%) 8 (17) 8 (42) 2 (12.5) 8 (44) 0
follow-up (mo) 16 49 13.5 22 nD
rPD recurrence (cases, n) 1 0 0 0 nD
clavien iii-iv complication (n) 2 1 1 0 0
BMi: Body Mass index; nD: no data; oT: operating time; eBl: estimated blood loss; loS: length of hospital stay; rPD: retroperitoneal 
disease, nSgcTS: nonseminomatous germ cell testicular cancer.
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currence.34 rPlnD is strongly recommended 
when clinically indicated and, while not fully 
proven, in presence of high risk features such 
as high grade on biopsy or sessile tumors. 
PlnD (and possibly a higher rPlnD accord-
ing to limited data) 32, 49 should be considered 
in high-grade UTUc of the lower third of the 
ureter. evidence of clinical local or lymph node 
invasion, indicated chemotherapy as primary 
option; salvage surgery can be considered in 
case of clinical relapse.

Because of this ambiguity, literature and 
guidelines are far from exhaustive, but can 
be inferred indirectly by analyzing case 
studies on nU. This multiquadrant, mul-
tiorgan surgery has historically required a 

(UTUc), slightly dissimilar from bladder 
urothelial carcinoma (BC). Definitely rarer, 
UTUc are more commonly invasive at the 
time of initial diagnosis in approximately 60% 
of cases, compared to 15-25% of bladder can-
cers.30 furthermore, about 30% of patients 
with muscle-invasive UTUc present with lni 
at surgery a well know independent prognos-
tic factor in UTUc [31]. Diversely from Bc,12 
the benefit of RPLND performed at time of 
radical nephroureterectomy (nU) and “en-
bloc” bladder cuff excision (Bce) remains 
unclear.32 Based on retrospective evaluation, 
high-risk patients would benefit from a NU-
rPlnD, with evidence of higher cSS (89.8% 
vs. 51.7%) 33 and reduction of loco-regional re-

Table III.—�Robotic assisted nephroureterectomy (RNU) series including Retroperitoneal Lymph Node Dissection 
(RPLND).

autor (yr) Melquist JJ  
(2016) 35

ambani Sn 
 (2014) 41

Hemal  
(2011) 38

aboumohamed 
(2015) 42

Study (level of evidence) rnU+rPlnD, Single center, 
retrospective (le3)

rnU+rPlnD, Single center, 
retrospective (le 3), rPlnD 
performed in high risk tumor

rnU + 
rPlnD, Sin-
gle center, ret-
rospective (le 
3), rPlnD 
performed in 
high risk tumor

rnU+rPlnD, 
single-center 
prospective 
(le 3)

Pure robot 
single docking

lap + gibson* robot, redock-
inga

lap, hand as-
sisted

robot, single 
redockinga

Pure robot sin-
gle dockinga,b

cases (n) 37 63 22 22 15 60
rPlnD performed, n (%) 37 (100) 63 (100) 13 (59) 6 (27) nD 32 (53)
age (Yr) 68 72.6 70.1 70.8 63 69
BMi (Kg/m2) 28 28 nD nD 30.4 27.3
Tumor location
Pelvicalyceal only 21 (57) 29 (46) 14 (64) 14 (64) 12 (80) 22 (36.7)
Ureter only 9 (24) 23(37) 6 (28) 6 (28) 2 (13.3) 23 (38.3)
Pelvicalyceal and ureter 7 (19) 11 (17) 2 (9) 2 (9) 1 (6.7) 15 (25)
Neoadjuvant chemoterapy 19 (51) 34 (54) 3 (14) 0 (0) nD nD
Histology Urothelial 

carcinoma
30 (81) 44 (70) nD nD 15 (100) nD

carcinoma in situ 8 (22) 20 (32) nD nD 8 (13.3)
oT (h) 5.1 3.9 5.0 4.2 3.1 nD
eBl (ml) 150 200 380 233 103 nD
Transfusion cases, n (5) 3 (8) 19 (30) 2 (9) 0 (0) nD nD
loS (d) 5 3 3.1 3.1 2.73 nD
clavien ii-v 5 (14) 15 (24) nD nD 0 4 (6.7)
clavien iii-v 4 (11) 3 (5) nD nD 0 2 (3.4)

lymph node yeld (n) 21 11 5.5 1.0 4-9 5.3
Positive pathologic lymph 

nodes (pn+), n (%)
2 (5) 13 (21) 2 (17) 2 (29) nD 7 (21.9)

follow-up (mo) 8.5 30.9 nD nD nD 25.1
rPlnD: retrotperitoneal lymoh node dissection, BMi: Body Mass index; nD: no data; oT: operating time; eBl: estimated blood loss; loS: 
length of hospital stay.



roBoT aSSiSTeD lYMPHaDenecToMY in UrologY Pini

vol. 69 - no. 1 Minerva Urologica e nefrologica 47

figure 4.—robotic-assisted nephro-
ureterectomy, bladder cuff excision 
and rPlnD in upper tract urothe-
lial carcinoma (courtesy of Sf Matin). 
a-D) Port placement and robot dock-
ing for a single-docking approach with 
the da vinci Si. The robotic cart is 
placed over the patient’s hip at a 45° 
angle, facing the contralateral shoulder. 
The patient is positioned in a modified 
flank position (45-60°) with the dis-
ease side up, in a slight Trendelenburg 
position (15°) and table flexed; E, F) 
modified template suggested in right- 
and left-sided UTUc; g) bladder cuff 
excision. The single-docking approach 
allows for an easy ureteral dissection. 
Before excision of the bladder cuff, the 
ureter is secured with clips to prevent 
tumor migration. cystostomy is then 
closed with running suture. α. Cystos-
tomy β. Pelvic ureter; H) peri, pre- and 
interaorto-caval rPlnD in right sided 
tumor. following circumferential cava 
dissection, a vessel loop helps for ret-
rocaval RPLND. Ω. cava; γ. Peri-, 
pre- and interaorto-caval ln package; 
i) aorta and cava completely skeleton-
ized. Ω. Cava; μ: Aorta; J) interaorto-
caval RPLND in left sided tumor. Ω. 
Cava; μ: Aorta; €: Interaortocaval LN 
package; $: clipped left renal artery; 
K) para- and peri-aortic rPlnD from 
left side. μ: aorta; ¥: LN package, $: 
clipped left renal artery.
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Table IV.—�Minimally invasive primary radical of partial nephrectomy performed with Lymph Node Dissection 
(LND) in renal solid cancer.

laparoscopy robot-assisted

autor (yr) Simmons (2007) 47 chapman (2008) 49 rosoff (2009) 48 abaza (2011) 50

Study, level of evidence Single center, retro-
spective, case report,
(le 3)

Single center, retro-
spective, case report,
(le 3)

Single center, retro-
spective, case report,
(le 3)

Single center, retro-
spective, case report,
(le 3)

rPlnD in advanced 
renal cancer & 
cn+1-2, Hilar lnD

rPlnD in cn0, rPlnD in cn+, rPlnD in cn0 (6/36) 
and cn+ (30/36),

Procedures, n 14 50 6 36
oT (h) 199 (152-260) 210 (lrn); 217 

(lPn)
175.7

eBl (ml) 250 (100-2100) 140 (lrn); 150 
(lPn)

275.5

number of nodes (range) 2.7 (1-9) 7.8 (0-25) (overall)
12.1 (last 10 patient 

of the series

5 (2-10) 13.9 (4-36)

Positive nodes % 57 10 17 2.8
loS (d) 2.5 (2-5) 1.9 (lrn); 1.7 (lPn) 2.4 1.03
lnD related complication, (%) 1 (7.4) 4 (8) 2 (32) 2 (5.6)
complication by type, n (%) generalized ileus 2 (4) chylous ascites

1 (2) ileus
1 (2) ivc tear

1 (16) ileus
1 (16) Postoperative 

Bleeding

1 (2.3) asymptomatic 
lymphocele

1 intraoperative small 
bowel injury

oT: operating time; eBl: estimated blood loss; loS: length of hospital stay; lnD: lymph node dissection.

Table V.—�Series of robotic robot assisted video endoscopic inguinal lymphadenectomy (RAVEIL) and most promi-
nent video endoscopic inguinal lymphadenectomy (VEIL) and open inguinal lymph node dissection (ILND).

autor (yr)
raveil veil ilnD

Josephson 56 (2009) Dogra 57 (2011) Matin 60 (2013) Thyavihally 58 (2013) Sotelo 59 (2013) Tobias-Machado (2008) 53 Sotelo (2007) 54 canter (2012) 55 Koifman (2013) 61 Stuiver (2013) 62

Study, level of 
evidence

raveil, Single 
center, retrospec-
tive, case report,
(le 3)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

raveil, Single 
center, prospective
(le1b)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

veil, Single center, 
retrospective, case 
report, (le 3)

veil, Single center, 
retrospective, case 
report,
(le 3)

veil, Single center, 
retrospective, case 
report,
(le 3)

ilnD, Single center, 
retrospective, case 
report,
(le 3)

ilnD, Single center, 
retrospective, case 
report,
(le 3)

Procedures, n 2 4 15 5 2 20 14 19 340 237
oT (h) 125 90-110 90-120 140 (120-190) 360 (both) 120 (90-160 91 (50-150) 177.5 (132-140) 94 nD
eBl (ml) 75 50-100 10-200 30-100 100 (50-150) nD nD
number of nodes 

(range)
5.5 superficial

4 deep
nD 9.5 (5-21) nD 14-19 10.8 (7-16) 9 (4-15) 11 (3-26) 10.9 (6-19) 9 (1-25)

loS (d) 1 2 nD nD 3 1 na 1 (1-12) 6.4 (4-27) 9 (1-62)
Duration of drainage, 

in days
12 8.5 nD 14 21 4.9 (3-12) na 25 (8-101) na 11 (1-57)

overall postoperative 
complications, n (%)

0 0 3 (20) 0 0 4 (20) 3 (21) 7 (36.8) 35 (10.3) 137 (58)

complication by type, 
n (%)

0 0 2 (13.3) cellulitis
1 (6.7%) Wound 

necrosis

0 0 1 (5) lymphorrhea
1 (5) skin necrosis
1 (5) hematoma
1 (5) lymphocele

3 (21) lymphocele 3 (15.8) seroma
1 (5.3) wound infection
1 (5.3) pneumomedi-

astinum
1 (5.3) lymphedema
1 (5.3) cellulitis

14 (4.1) lymphedema
4 (1.2) seroma
3 (0.9) scrotal edema
3 (0.9) skin necrosis
3 (0.9) lymphocele
2 (0.6) wound infection
2 (0.6) flap necrosis
2 (0.6) wound abscess
2 (0.6) DvT

102 (43) wound infec-
tion

57 (24) seroma
38 (16) skin-flap

raveil: robot assisted video endoscopic inguinal lymphadenectomy; veil: robot assisted video endoscopic inguinal lymphadenectomy; 
ilnD: inguinal lymph node dissection; BMi: Body Mass index; nD: no data; oT: operating time; eBl: estimated blood loss; loS: length 
of hospital stay.
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forms (da vinci Si and Xi) with elimination 
of arm collisions.43 RNU is first performed 
and until the pedicle is sectioned and the ure-
ter clipped, the kidney should not be manipu-
lated to prevent migration of tumor cell into 
the bladder during mobilization. Before fur-
ther dissection of the distal ureter and Bce 
(figure 4g), robotic rPlnD is undertaken 
using a conventional split and-roll technique. 
extensive use of bipolar and metal or locking 
clips is done to minimize lymphatic leakage 
(figure 4H-K), or alternatively, the vessel 
sealer can be used in lieu of bipolar and clip-
ping. on the right side for renal pelvis and 
proximal ureter tumors, rPlnD includes the 
hilar, pre-, para-, retro-caval, and interaor-
tocaval regions (figure 5e); while for left-
sided disease, hilar, retro-, peri-, para-aortic 
tissues (figure 5f); interaortocaval dissection 
for left sided disease does not seem neces-
sary and its incremental yield for detection 
of lni is minimal.32 Patients with distal ure-

single large or 2 separate incisions in order 
to approach the retroperitoneal and pelvic 
regions.35 laparoscopic technique, while im-
proving morbidity and showing similar onco-
logic results, showed difficulty in the step of 
Bce and required often combined technique 
(open, laparoscopic or endoscopic) to com-
plete the procedure.36 robotic-nU (rnU) se-
ries, described first in 2006,37 required often 
a redocking in order to complete the pelvic 
dissection, but allowed an easier complete 
laparoscopic procedure. recently a single-
docking technique has simplified the op-
eration 38-40 albeit very few data on concur-
rent rPlnD are available. Table iii shows 
the most significant case series of unified 
rnU-rPlnD-Bce.35, 38, 41, 42 among those, 
Melquist et al. described a simplified single-
docking technique and first emphasizes the 
rPlnD.35 figure 4a-D shows ports con-
figuration and docking. Recently, Patel et al 
described benefit of the newest robotic plat-

Table V.—�Series of robotic robot assisted video endoscopic inguinal lymphadenectomy (RAVEIL) and most promi-
nent video endoscopic inguinal lymphadenectomy (VEIL) and open inguinal lymph node dissection (ILND).

autor (yr)
raveil veil ilnD

Josephson 56 (2009) Dogra 57 (2011) Matin 60 (2013) Thyavihally 58 (2013) Sotelo 59 (2013) Tobias-Machado (2008) 53 Sotelo (2007) 54 canter (2012) 55 Koifman (2013) 61 Stuiver (2013) 62

Study, level of 
evidence

raveil, Single 
center, retrospec-
tive, case report,
(le 3)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

raveil, Single 
center, prospective
(le1b)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

raveil, Single 
center, retrospec-
tive, case report, 
(le 3)

veil, Single center, 
retrospective, case 
report, (le 3)

veil, Single center, 
retrospective, case 
report,
(le 3)

veil, Single center, 
retrospective, case 
report,
(le 3)

ilnD, Single center, 
retrospective, case 
report,
(le 3)

ilnD, Single center, 
retrospective, case 
report,
(le 3)

Procedures, n 2 4 15 5 2 20 14 19 340 237
oT (h) 125 90-110 90-120 140 (120-190) 360 (both) 120 (90-160 91 (50-150) 177.5 (132-140) 94 nD
eBl (ml) 75 50-100 10-200 30-100 100 (50-150) nD nD
number of nodes 

(range)
5.5 superficial

4 deep
nD 9.5 (5-21) nD 14-19 10.8 (7-16) 9 (4-15) 11 (3-26) 10.9 (6-19) 9 (1-25)

loS (d) 1 2 nD nD 3 1 na 1 (1-12) 6.4 (4-27) 9 (1-62)
Duration of drainage, 

in days
12 8.5 nD 14 21 4.9 (3-12) na 25 (8-101) na 11 (1-57)

overall postoperative 
complications, n (%)

0 0 3 (20) 0 0 4 (20) 3 (21) 7 (36.8) 35 (10.3) 137 (58)

complication by type, 
n (%)

0 0 2 (13.3) cellulitis
1 (6.7%) Wound 

necrosis

0 0 1 (5) lymphorrhea
1 (5) skin necrosis
1 (5) hematoma
1 (5) lymphocele

3 (21) lymphocele 3 (15.8) seroma
1 (5.3) wound infection
1 (5.3) pneumomedi-

astinum
1 (5.3) lymphedema
1 (5.3) cellulitis

14 (4.1) lymphedema
4 (1.2) seroma
3 (0.9) scrotal edema
3 (0.9) skin necrosis
3 (0.9) lymphocele
2 (0.6) wound infection
2 (0.6) flap necrosis
2 (0.6) wound abscess
2 (0.6) DvT

102 (43) wound infec-
tion

57 (24) seroma
38 (16) skin-flap

raveil: robot assisted video endoscopic inguinal lymphadenectomy; veil: robot assisted video endoscopic inguinal lymphadenectomy; 
ilnD: inguinal lymph node dissection; BMi: Body Mass index; nD: no data; oT: operating time; eBl: estimated blood loss; loS: length 
of hospital stay.
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teric tumors are subjected to at least ipsilat-
eral PlnD, and possibly paracaval (right) or 
paraaortic (left) dissection owing to potential 
upward migration, but these templates re-
quire further validation.

RPLND for renal cell carcinoma

The value of lnD in the management of re-
nal cell carcinoma (rcc) is still controversial 
and to date, no data have clearly proven ben-
efit in terms of cancer control, which patients 
should undergo lnD and moreover which 
template should be used.

While AUA does not argue the subject and 
the nccn considers lnD only to help in stag-
ing the disease, eaU strongly suggest an ex-
tended lnD in case of clinical enlarged ln.44

among other causes, current imaging tech-
niques do not allow for detection of small me-
tastases in normal-sized lns and high false-
positive rates, with only 40% of lni, have 
been shown in case of clinically enlarged 
nodes.45 The existing evidence suggests that 
only primary tumor size seems to be the best 
predictor of lni and therefore an extended 
pattern may be beneficial with a 15% overall 
survival benefit at 5 years in candidates with 
locally advanced disease (T3-T4). Protective 
role was shown as well in unfavorable clinical 
and pathologic characteristics (high fuhrman 
grade, larger tumors, presence of sarcoma-
toid features, and/or coagulative tumor necro-
sis).44 regional lnD in the remaining cases 
(T1-2n0M0) can offers limited staging infor-
mation and no benefit in terms of oncologic 
benefit.45 Minimum number of ln to achieve 
a 90% chance of finding a positive LN is 15, 
with more required in the presence of unfavor-
able tumor features.46

However, lacking of an established indica-
tion, the widespread increase of minimally 
invasive procedure (which makes lnD a chal-
lenging procedure), and the stage migration 
(increased detection of incidental small re-
nal masses) made urologist avoid performing 
lnD at time of nephrectomy with a drop rate 
below 5% of all surgery for rcc.44

Table iv shows few minimally invasive fea-
sibility case series available.47-50 node yields 
with standard laparoscopy do not exceed a 
mean of 7.8, though chapman and associates 
could extended their lnD template to mean 
of 12.1 nodes in the last part of their series 
(50 patients).49 The first robot assisted series, 
reported by abaza and lowe with 36 cases, 
showed the ability to increase lnD yield from 
13.9 to 16.8 ln in the second half of the series, 
witnessing the possible standardization of the 
technique and the role of the learning curve.50

Despite a wide variation in the anatomical 
localization of lymph node metastases from 
rcc, possible lnD template encompasses for 
the left kidney the para- and pre-aortic and in-
teraortocaval ln, between the crus of the dia-
phragm and the inferior mesenteric artery; for 
the right kidney the para-, retro-, and pre-caval 
and interaortocaval ln, between adrenal vein 
to inferior mesenteric artery.

Robot-assisted video endoscopic 
inguinal lymphadenectomy

radical inguinal lymph node dissection 
(ilnD) is strongly supported in patient af-
fected by penile cancer presenting palpable 
enlarged inguinal nodes. Similarly, patients 
with clinical normal nodes could harbor a 25% 
risk of micro-metastases.51 given the fact that 
current imaging techniques are not trustworthy 
in identifying micro-metastases, ilnD gained 
also a role in intermediate and high risk pa-
tients (≥pTaG2) showing the best overall sur-
vival when compared to other modalities (sur-
gery vs. radiotherapy vs. surveillance, 74% vs. 
66% vs. 63%).52

considering that lymphatic spread from any 
primary penile cancer follows a cross-over 
pathway and the superficial and deep ingui-
nal lymph nodes are the first nodes reached, 
a bilateral ilnD is the standard of care. Un-
fortunately, this procedure is anything but non-
invasive, associated with 10 to 46% rate of 
complications in contemporary series even in 
the most experienced hands, primarily wound 
dehiscence, cellulitis, skin necrosis, leg edema 
and deep vein thrombosis.51
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ports placement, robot docking and dissection 
templates. Matin et al. 60 offered the only pro-
spective study (15 cases) and included an inde-
pendent surgeon’s assessment of the procedure’s 
oncologic adequacy, by direct visual evaluation 
of the dissection field through a small inguinal 
incision. A first cadaveric experience is as well 
reported on single site raveil.63

With the exception of the high-risk cases, 
authors suggest frozen section in order to de-
termine whether deep ipsilateral dissection 
will be required. The down time will be used to 
create the working space in the other leg while 
waiting for the results.

oncologically, limited but promising data 

With the aim of reducing the morbidity with-
out compromising oncologic results, endoscopic 
ILND has been first described in a cadaveric 
model by Bishoff et al. (2003), and subsequently 
refined by Tobias-Machado (2006),53 who bap-
tized the technique video-endoscopic inguinal 
lymphadenectomy (veil), Sotelo in 2007 54 
and canter.55 These feasibility cases report were 
marked by an absence or limited intraoperative 
or wound related complications (Table v).53-62

in 2009, Josephson 56 described the very first 
robot assisted veil (raveil). To date a total 
of 28 procedures were described and collected 
in 5 case-reports and mainly focused on feasi-
bility and technical aspect.56-60 figure 4 shows 

figure 5.—robot-assisted rPlnD in testicular cancer. a, B) Port placement for a supine approach with the da vinci Si for 
right, left, and bilateral templates (courtesy of J. Porter). Four arms approach and inverted U-shaped configuration. Two 
8-mm robotic ports are placed in the left lower quadrant, while an 8-mm robotic port and a 12-mm assistant port are placed 
in the right lower quadrant; c, D) port placement for a supine approach with the da vinci Xi (courtesy of Porter J). four arms 
approach with a linear port configuration. The assistant port placed in the lower quadrant opposite the side of the template.
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figure 6.—raveil in penile cancer. a) left surgical pro-
cedures template (courtesy of r. Sotelo). The femoral (in-
verted) triangle delineate port positioning and dissection 
template; B) schematic view of a deep dissection results on 
left side (courtesy of S. f. Matin); c) comparison of standard 
open incision and raveil (courtesy of r. Sotelo); D, e) pa-
tient position, robot docking and assistant position (courtesy 
of r. Sotelo). Split-leg and low lithotomy position (allen-
Stirrups) allows bilateral dissection without repositioning 
the robot. for the right raveil, the robot is located at 45° 
contralateral to procedure and bed-side assistant and the right 
side. for the left raveil cart is parallel to the table and as-
sistant between the patient’s leg; f, g) schematic and intraop-
erative blunt subcutaneous dissection (courtesy of r. Sotelo). 
a 2-cm incision is made 3 cm below the apex of femoral tri-
angle, (25 cm below the inguinal ligament). Scarpa’s fascia is 
identified and finger dissection or balloon dissection allow to 
to develop the potential space to insert two additional robotic 
(8-mm) ports. further subcutaneous workspace is obtained 
under vision by sweeping the endoscope cranially; H) dissec-
tion of the superficial LND package (courtesy of R. Sotelo). 
With blunt dissection, the node packet can be rolled inwards 
on both sides. This manoeuvre is continued inferiorly as 
much as possible from both sides to define inferior apex of 
the nodal packet. The saphenous vein will be identified, sec-
tion when necessary, even if its preservation reduce the risk 
of postoperative lymphedema; i) dissection of the deep lnD 
package (courtesy of r. Sotelo). fascia lata is opened me-
dial to the saphenous arch and the saphenofemoral junction 
isexposed. Deep inguinal nodes dissection should be contin-
ued to the level of the femoral canal and until the pectineus 
muscle is seen to insure complete nodal retrieval.
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show that raveil appears to be effective 
and safe when performed with careful quality 
control. in the absence of an intermediate and 
long term follow-up data, both raveil and 
especially the more substantial veil series are 
capable for ln yield similar to the standard 
ilnD, with a potentially lower morbidity rate 
than that of open surgery. More prospective 
studies, especially focused on peri- and postop-
erative parameters, (e.g. intermediate and long 
term complications rate) and with longer fol-
low-up will be critical to assess 5-year cancer 
specific survival and recurrence rates in these 
relatively new procedures (figure 6).

Conclusions

The rapid expansion of robotic-assisted 
laparoscopic technique in the treatment of 
urological cancer showed excellent ability to 
reproduce the open approaches. neverthe-
less, facing very few well designed large 
clinical trials, we must carefully evaluate the 
oncologic efficacy of the LND. Well known 
benefits of robotic surgery, greater visualiza-
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 9. Van Hemelrijck M, Garmo H, Holmberg L, Bill-Axelson 
a, carlsson S, akre o, et al. Thromboembolic events fol-
lowing surgery for prostate cancer. eur Urol 2013;63:354.
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robotic radical prostatectomy using real-time lymphangi-
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robotic Salvage lymph node Dissection after radical 
Prostatectomy. int Braz J Urol 2015;41:819; discussion 
820.

12. Alfred Witjes J, Lebret T, Compérat EM, Cowan NC, De 
Santis M, Bruins HM, et al. Updated 2016 eaU guide-
lines on Muscle-invasive and Metastatic Bladder cancer. 
eur Urol. 2016 Jun 30. pii: S0302-2838(16)30290-1.

13. crozier J, Papa n, Sengupta S, Bolton DM, lawrentschuk 
n. changing practice of pelvic lymph node dissection in 
management of primary bladder cancer. Minerva Urol 
nefrol 2016;68:106-11.

14. Tang K, Xia D, li H, guan W, guo X, Hu Z, et al. ro-
botic vs. open radical cystectomy in bladder cancer: a 
systematic review and meta-analysis. eur J Surg oncol 
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a, et al. international robotic radical cystectomy con-
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tion through three dimensional high defini-
tion source and enhanced dexterity given by 
endowrist-technology, incorporate the ability 
of safely dissect around vessels and provid-
ing enhanced dexterity in case of unpleasant 
vascular damages. These facts are guaranteed 
even in extreme dissection surgery by permit-
ting access to nodal tissue located posteriorly 
to the great vessels, which can be challenging 
with conventional laparoscopy. The newborn 
davinci Xi could help increase these skills in 
difficult case scenarios by easily reassigning 
camera port in order to get better view angula-
tion without the need to change in port’s place-
ment or patient re-positioning.

robotic assisted surgery can properly re-
place open rP in nomograms based ePlnD 
both with a staging and curative purpose, while 
conferring a protective role in thromboembolic 
event. A similar ePLND can be beneficial in 
patients with bladder cancer and robot assisted 
surgery showed comparable abilities in ln 
yield as open surgery, without compromising 
oncologic safety in intermediate term follow-
up.

Use of robot-assistance in rPlnD for tes-
ticular cancer may reduce morbidity, but repre-
sent still a complex surgery and performed only 
at expert centers. reproducing the experience 
covered in testicular cancer, template-based 
robotic rPlnD performed at time of rnU 
for high risk UTUc and radical nephrectomy 
for high burden, locally advanced or high risk 
rcc is gaining support, but still requires high-
er level studies to identifies proper dissection 
templates and whether a therapeutic role can 
rely besides staging. routine lnD does not 
appear to yield benefit in RCC, especially in 
small renal masses when metastatic risk is re-
ally limited. Minimally invasive inguinal lnD 
is still at its infancy even if has shown high po-
tentiality to reduce wound complication rate.
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