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ABSTRACT

Minimally invasive surgical techniques, including laparoscopic and robotic-assisted radical cystectomy (RC), are
emerging as the preferred treatment options for invasive bladder cancer. Mounting evidence has demonstrated that
laparoscopic and robotic-assisted RC with extended pelvic lymph node dissection (PLND) is a viable alternative for
managing invasive bladder cancer. In this review, we summarized recent advances and critically assessed the min-
imally invasive approaches and risk factors associated with extended PLND in patients undergoing laparoscopic or
robotic-assisted RC. The findings indicated that laparoscopic and robotic-assisted PLND, employing either a standard
or extended approach, is technically feasible and offers benefits such as minimal invasiveness, superior visualiza-
tion, reduced blood loss, and expedited recovery. The risk factors involved in the laparoscopic extended PLND are
minimal. Clinically, laparoscopic and robotic-assisted extended PLND is significantly advantageous in that it sticks
to the principles of open surgery and respects anatomical boundaries. Nevertheless, laparoscopic and robotic-as-
sisted extended PLND is technically challenging and necessitate extended operation time. Furthermore, large-scale,
prospective, multicenter trials are warranted to validate the long-term efficacy of laparoscopic and robotic-assisted

extended PLND in terms of disease-specific survival.
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INTRODUCTION

Bladder cancer ranks as the fourth most common cancer in
men and is the eighth most common malignancy in women
in the United States. The incidence of pelvic lymph nodal
metastases in patients with stage T1-T4NOMO bladder cancer
undergoing radical cystectomy (RC) is approximately 25%,
correlating with the depth of invasion of the primary bladder
tumor. Despite lymph node involvement, nearly 31% of these
patients were alive at 5 years and 23% were alive at 10 years.
Meticulous extended pelvic lymph node dissection (PLND)
might contributed to the long-term survival of many of these
patients [1]. In fact, growing evidence supports more extensive
and thorough dissection to enhance nodal yield and ultimately
improve local control and survival.

RC is a classic surgical procedure for the treatment of high-
grade muscle-invasive and recurrent high-grade organ-con-

fined bladder carcinoma. Increasing evidence suggests that
extended PLND during RC not only provides information for
tumor staging and prognosis but also have clinically significant
therapeutic benefits for both node-positive and node-negative
patients [2].

Compared to its open counterparts, laparoscopic and robot-
ic-assisted surgery allows for precise surgical manipulation, with
superior visualization and reduced blood loss. In recent years,
numerous case series have demonstrated the technical feasibility
of laparoscopic radical cystectomy (LRC) and robotic-assisted
radical cystectomy (RRC) in patients with bladder cancer, offer-
ing potential advantages such as less surgical blood loss, faster
recovery, and earlier hospital discharge [3]. Since LRC and RRC
are newly introduced procedures, it is essential to investigate
whether extended PLND, adhering to anatomical boundaries
delineated by open surgery, can be performed laparoscopically
[4]. Current literature suggests that robotic-assisted PLND had
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higher lymph node yield than open surgery and laparoscopic
PLND, while laparoscopic PLND had the lowest lymph node
yield. Consequently, the fewer nodes being removed via the
laparoscopic approach raise oncological concerns [5].

A comprehensive understanding of the anatomic extent of
open PLND plus accumulated experience in laparoscopic and
robotic-assisted surgery has made it possible to apply laparo-
scopic and robotic surgical techniques to RC with extended
PLND. Experienced surgeons have been endeavoring to overcome
technical barriers associated with the extended node dissection.
Some reports demonstrated this approach was feasible [6]. A
non-randomized comparative study also reported similar median
total lymph node yields, with 15 in the ORC group and 16 in the
RRC group [7]. LRC and RRC with extended PLND may serve
as alternative treatments for high-risk or refractory superficial
and muscle-invasive bladder cancer.

In this review, we examined the current data on the technique
of laparoscopic and robotic-assisted extended PLND, as well as
its the clinical outcomes and surgical complications.

MATERIALS AND METHODS

A systematic review was conducted by searching the electronic
databases MEDLINE®/PubMed® using the following keywords:
bladder cancer, radical cystectomy, laparoscopy, robotics, and
pelvic lymph node dissection. A total of 205 references were
retrieved on the two techniques, and 46 articles were selected
on the basis of their abstracts, contents, and study designs. The
candidate articles were evaluated in terms of their contribution
to the field in the following four respects: (1) evolution of pelvic
lymph node dissection; (2) development of LRC and RRC with
PLND techniques; (3) limiting factors/restraints and complica-
tions; and (4) oncological outcomes.

1. Indications and Contraindications of LRC and
RRC [6]

1.1 Indications

1.1.1 Stage T2-T4a muscle-invasive bladder cancer.

1.1.2 High-grade, recurrent, non-muscle-invasive bladder
cancer.

1.2 Contraindications
1.2.1 Bulky lymphadenopathy.
1.2.2 Locally advanced disease (T4).
1.2.3 Uncorrected coagulopathy.
1.2.4 Morbid obesity (body mass index [BMI] > 35).

1.3 Relative Contraindications
1.3.1 Prior abdominal surgery.
1.3.2 Radiotherapy.
1.3.3 Neoadjuvant chemotherapy.
1.3.4 Severe cardiorespiratory compromise.
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2. Techniques of LRC and RRC with extended
PLND

2.1 Position and Trocar

Patients were put under general anesthesia, placed in a steep
Trendelenburg position, and carefully secured and padded to
prevent neuromuscular injury.

A modified version of the classic transperitoneal five-trocar
arrangement is employed, with the optic and right-lateral trocars
repositioned more cephalically. The optic trocar is introduced in/
along the midline, approximately 4 cm (two finger widths) above
the umbilicus. The supraumbilical camera position is crucial
for adequate visualization of the upper limit of the PLND. The
right-lateral trocar is also placed two finger widths above and
medially to its original position for use by the surgeon's dominant
hand, thereby facilitating the performance of the high extended
PLND up to inferior mesenteric artery (IMA) (Fig. 1-2).

Figure 1. The position of Trocar during robotic-assisted radical cys-
tectomy. A: Trocar for assistant; Camera: Trocar for the camera; R1:
Trocar for the first arm of the robot; R2: Trocar for the second arm of the
robot; R3: Trocar for the third arm of the robot.

Figure 2. The position of Trocar during laparoscopic radical cystec-
tomy. 12mm: Trocar for ultrasonic scalpel; 10mm: Trocar for the camera;
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5mm: Trocar for scissors and forceps.

2.2 Extended PLND Procedure

2.2.1 Initiation with Right Lymphadenectomy

The initial surgical step involves identifying and exposing
the external iliac artery and vein. Blunt and sharp dissection
of the peritoneum is performed to expose the anterior sur-
face of the external iliac artery. The vein can then be located
immediately adjacent (posterior and medial) to the artery. It
is essential to dissect into the correct fibroareolar plane just
overlying the artery and the vein. Figure 3 shows the extent
of extended PLND.

Figure 3. The extent of extended PLND and the location of lymph
nodes. 1: Right common iliac lymph node; 2: Right external iliac lymph
node; 3: right internal iliac and obturator lymph node; 4: Left external
iliac lymph node; 5: Left external iliac lymph node; 6: Left internal iliac
and obturator lymph node; 7: Presacral lymph node; 8: Para-aortic
lymph node.

2.2.2 Lateral Dissection Border of the Genitofemoral Nerve

Dissection proceeds along the genitofemoral nerve, dividing
the fibroareolar tissue and exposing the iliopsoas muscle. The
lymphatic tissue packet is entirely lifted en bloc off the surface
of the iliopsoas muscle and moved medially.

2.2.3 Anterior Dissection to the External Iliac Artery and
Vein

The dissection longitudinally splits and skeletonizes the two
vessels circumferentially. It begins along the external iliac ves-
sels from the node of Cloquet up to the aortic bifurcation. Close
attention is paid to the location of the collapsed external iliac
vein to avoid injury.

2.2.4 Identification and Dissection Along the Obturator
Nerve

This step starts by locating and delineating the medial border
of the external iliac vein, thereby exposing the obturator fossa
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posteriorly. With the medial edge of the external iliac vein iden-
tified, the plane between the vein and the obturator packet can be
extended to the pubic bone distally. Dissection of the umbilical
ligament goes down to its origin on the internal iliac artery. The
dissection then continues over the internal iliac vessels. Lymphatic
tissues from the obturator fossa, including the lymphatics caudal
to the node of Cloquet, is clipped and transected. The Triangles
of Marcille and tissues along the internal iliac vessels (including
the presacral nodes) are removed. Care must be exercised in
identifying the circumflex vein distally and any aberrant branches
of the external iliac or obturator veins.

2.2.5 Cephalad Dissection Along the Proximal Common
Iliac Artery

The circumferentially mobilized common iliac artery is
retracted with a vessel loop to completely retrieve fatty tissues
in the area distal to the aortic bifurcation. The hypogastric
artery is carefully mobilized, with care taken not to injure the
internal iliac vein.

2.2.6 Mobilization of the Sigmoid Colon

Optimal exposure necessitates mobilization of the sigmoid
colon. This process begins with the dissection of the later-
al attachments of the sigmoid colon from the neighboring
ureter deep down into the pelvis. The posterior attachments
(mesocolon) of the colon are then freed, starting at the sacral
promontory and continuing caudally down to the rectosig-
moid junction. A similar dissection of the sigmoid colon is
performed on the right side.

2.2.7 Dissection and Exposure of Proximal Boundary of
the IMA

The boundaries of extended PLND range from the bifur-
cation of the common iliac vessel to the root of the inferior
mesenteric artery. A pelvic peritoneotomy incision is made
along the right iliac vessel to the aorta. Dissection proceeds
from the bifurcation of the aorta along the surface of the aorta
and its left side, cephalad to the root of the inferior mesenteric
artery. The psoas muscle is exposed, but care is taken to avoid
damaging the lumbar vein. The inferior vena cava is exposed
on the right side of the aorta. Dissection continues along the
left common iliac artery to the segment below the sigmoid
mesentery. The presacral nodes are also removed. Dissection
should be gentle to prevent bleeding due to the abundance of
venous plexus in the presacral area.

RESULTS

1.0Operative outcomes
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Table 1 PLND results from laparoscopic radical cystectomy

References PLND tem- No. Age (yr) BMI (kg/m?) OR time (min) Median No. Complications due to
plate Pts (n) of LND PLND (n)
Finelli et al. [8]. Extended 11 N/A N/A 1.5 h LND 21 (6-30) 1 deep pelvic vein injury
2004 2 unilateral deep venous
thrombosis
1 concomitant pulmonary
embolus
Haber et al. [9] Limited 11 66 26 (17.4-34.6) N/A LND 6 (2-15) None
2007 Extended 26 (37-81) 8.3 (5.5-12) h Total 21 (11-24)
Hemal etl. [10]  Standard 48 59 25 (21-33) N/A LND 14 (4-24) 1 external iliac vein injury
2008 Extended (24-80) 178 (140- 210)Total 1 Deep vein thrombosis
1 Obturator nerve paresis
Ghazietal. [11]  Extended 10 63.5 25.3(21.8- 143 (115-165) LND 255 3 pelvic lympoceles
2010 (54-75) 29.1) (19-32) 1 protracted bowel ileus
Shao et al. [12] Extended 43 58 23.6 (19.2- 125 (90-185) LND 313 2 major bleeding
2010 (47-71) 29.1) 329(280-470) Total (19-53) 17 lymphatic leakage
Huang et al. Standard 142 63 21.3 (15.0— N/A LND 13(5-32) 1 Right external iliac vein
[13] Extended 29 (27-84) 26.4) 325 (210-605) Total 25 (18-46) injury
2010 1 Deep vein thrombosis

11 Lymphatic leakage

2. Complications

The typical complications associated with LRC and RRC
extended PLND include vascular injury, lymphoceles, lymph-
edema, venous thrombosis, and pulmonary embolism. However,
with extended PLND, no increase in morbidity or complication
rates was observed .

2.1 The Most Common Intraoperative Complication: Vascular
Injury

Clear visualization of anatomic structures during dissection is
essential to minimizing the possibility of vessel injuries, especially
in the dissection of the para-aortic and paracaval regions. Anatomic
landmarks, such as the root of the inferior mesenteric artery and
the psoas muscle, can facilitate estimation/identification of the
position during dissection. Most injuries to large vessels can be
managed laparoscopically by suturing with 5-0 polypropylene
(monofilament), even in the case of the vena cava and iliac artery,
under clear vision and with suction and laparoscopic pressure
from gauze [12]. In one case, a left deep pelvic vein injury was
controlled with intracorporeal suturing, resulting in a blood loss
of 200 mL [8]. Occasionally, immediate postoperative vascular
complications require transfusion and re-operation to control
bleeding from a small arterial source, such as the 5-mm pelvic
sidewall artery [14].

2.2 The Second Most Common Postoperative Complication:
Lymphatic Leak

Lymphatic leaks often arise from lymphatic vessels that were
transected with electrocautery instead of clips during dissection.
Postoperatively, clear pelvic lymphatic drainage is frequently
observed, and a creatinine level test can exclude a urine leak.
Lymphatic leakage typically heals after 2-3 weeks of drainage
without further intervention [12]. In the cases of persistent leak-
age, the drainage tube can be removed, allowing the peritoneum
to absorb the lymphatic fluid. Even when pelvic lymphoceles
occur, they can often be managed conservatively [11].

2.3 Other Postoperative Complications

Unilateral deep venous thrombosis, including concomitant
pulmonary embolism, may develop. Bowel complications are
not uncommon and may be associated with persisting pneumo-
peritoneum and retraction.

DISCUSSION

Radical cystectomy with bilateral PLDN is the standard treat-
ment for high-grade, muscle-invasive bladder cancer, and can
achieve optimal recurrence-free and cancer-specific survival
[21]. However, the extent or absolute limits of lymph node dis-
section have not been well-defined or standardized and remain
a subject of debate. Evidence from the literature suggests that
a more extended PLND may provide important staging infor-
mation, therapeutic benefits, and a survival advantage for both
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node-positive and node-negative patients [22].

Table 2 PLND results from robotic-asisted radical cystectomy

References PLND No. Pts  Age (yr) BMI (kg/m?)  OR time (min) Median No. Complications due to PLND
template (n) of LND (n)
Guru et al. [14] Extended 58 67 (36—90) 27 (17-45) 44(19-85) LND 18 (6—43) 1 Artery vascular injury
2008
Woods et al. [15] Extended 27 67.1 (49-80) N/A N/A LND 12.3 (7-20) 3 Deep venous thrombosis
2008 400 (225-660)
Total.
Pruthi et al. [16] Standard 28 N/A N/A N/A 19 (8-33) None
2009 Extended 22 N/A N/A N/A 30 (12-39)
Pruthi et al. [17] Standard 100 65.5 (33-86) 27.3 N/A 19 (8-40) N/A
2010
Kasraeian et al. Extended 9 63 (44-82) 30 (24-32) 60 LND 11 (4-21) 1 Pelvic hematoma
[18] 2010 270 (210-330)
Total
Lavery et al. [19] Extended 15 66 (46-87) 29 (22-43) 107 (66-160) 41.8 (18-67) None
2011 LND
423(300-506)
Total
Akbulut et al. [20] Extended 12 60 (43-80) 24.5 N/ALND 21.3 (8-38) 1 Right external iliac vein
2011 (19.3-31.2) 10 (8.1-11.5) h injury
Total
Richards et al. [7] Extended 85) 65 (59-73) 27 (23-31) N/A LND 16 (11-24) 1 Lymphocele
2010 530 (458-593)
Total

1. Anatomic PLND Background

One of the earliest studies reported a long-term survival in
approximately 30% of node-positive patients who underwent
meticulous LND at RC [23]. Some researchers labeled removed
lymph nodes in terms of their anatomic location of dissection
and subsequently analyzed. Thanks to these mapping studies,
common sites of pelvic lymph node metastases were identified.
Early mapping studies revealed that the lymph node involvement
was primarily in obturator, external iliac, common iliac, hypo-
gastric and perivesical nodes, respectively. The detection rate of
positive lymph nodes gradually decreased from distal (pelvic)
to more proximal (aortic) sites. Nonetheless, the importance of
an extended PLND was mentioned by a stage-specific lymph
node metastasis mapping study, which included a total of 176
patients who underwent extended PLND during RC. Metastases
were found in the lymph nodes of 43 patients (24.4%). Positive
lymph nodes were discovered in the perivesical fat and in the
pelvic region in 22.7% of the patients, in the common iliac nodes
in 8%, in the presacral region in 5.1%, and at or above the aortic
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bifurcation in 4%. Of patients with pT3 or pT4, 16% had lymph
node metastases outside the common extent for standard PLND
[24]. Most importantly, extended pelvic lymph node dissection
could be curative in patients with metastasis or micrometastasis
to a few nodes [25].

1.1 Limited PLND Template
This template encompasses the external iliac vessels and
obturator fossa.

1.2 Standard PLND Template

Boundaries for this template include the common iliac artery
bifurcation (proximally), the genitofemoral nerve (laterally),
the circumflex iliac vein and lymph node of Cloquet (distally),
and the hypogastric vessels (posteriorly). The template covers
the obturator/hypogastric fossa and the presacral lymph node
bilaterally [26].

1.3 Extended PLND Template
The extended template includes all lymph nodes within the
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boundaries of the IMA origin from the aorta, the aortic bifurca-
tion and common iliac vessels (proximally), the genitofemoral
nerves (laterally), the circumflex iliac vein and lymph node of
Cloquet (distally), and the internal iliac vessels (posteriorly).
This template comprises the obturator fossa, presciatic (fossa
Marcille) lymph nodes, and the presacral lymph nodes overlying
the sacral promontory [27].

1.4 Controversy over Anatomic Extended PLND

Despite substantial data supporting the prognostic and thera-
peutic value of PLND, no definitive consensus has been reached
regarding the cephalad extent of the LND template, even in
open surgery. There exists a unanimous agreement that any RC
should include an adequate PLND. While the medial, lateral, and
distal borders of PLDN have remained consistent, the anatomic
extent of PLND is still a subject of debate. The proximal extent
has varied from the bifurcation of the common iliac artery to
the distal aorta.

Early mapping studies demonstrated that the lymph nodes
involved mainly occurred in in obturator, external iliac, common
iliac, hypogastric, and perivesical nodes, respectively. In the ab-
sence of grossly positive nodes, nodes above the common iliac
bifurcation were rarely involved, suggesting that these nodes
may not entail a routine resection during RC. Interestingly, up to
16% of lymph node metastases included nodes above the aortic
bifurcation, while 8% involved the presacral region. Metastasis to
common iliac and more proximal nodes in the absence of pelvic
nodal metastasis is uncommon but can occur via the posterior
lymphatic collecting ducts, which may drain directly to the com-
mon iliac nodes. Proteins associated exclusively with epithelial
tissue, such as cytokeratin (CK-19, CK-20) and uroplakin II,
have been observed in reportedly negative nodal specimens,
indicating that routine microscopic analysis of nodal tissues may
miss small foci of metastatic cancer [28].

Multi-modality single-photon emission computed tomography
(SPECT) in combination with computed tomography (CT) and
intraoperative gamma probe revealed that the template of the
bladder's primary lymphatic landing sites is larger than previously
thought. Standard PLND, limited/confined to the ventral portion
of the external iliac vessels and obturator fossa, removes only
about 50% of all primary lymphatic landing sites. In contrast,
extended PLND along the major pelvic vessels, including the
internal iliac, external iliac, obturator, and common iliac regions
up to the uretero-iliac crossing, removes approximately 90% [29].

A study compared two consecutive series of 336 patients
receiving limited PLND and 322 undergoing extended PLND at
RC. The overall lymph node positive rate was 13% in patients
with limited PLND and 26% in those who had extended PLND.
The 5-year recurrence-free survival in patients with lymph node
positive disease was 7% with limited PLND and 35% with
extended PLND. Evidence suggests that limited PLND is asso-
ciated with suboptimal stages and poorer outcomes. Extended
PLND allows for more accurate staging and improved survival

=

of patients with non-organ-confined and lymph node positive
disease [30]. Clinical studies showed that primary lymph node
metastases went beyond the limit of a standard LND. A group of
290 patients undergoing RC and extended PLDN were prospec-
tively analyzed. The mean total number and standard deviation
of lymph nodes removed was 43.1£16.1. Nodal metastases were
present in 27.9% of patients. The percentage of metastases at
different sites ranged from 14.1% (right obturator nodes) to 2.9%
(right paracaval nodes above the aortic bifurcation). In the cases
of limited PLND (obturator spaces only), 74% of positive lymph
nodes would have been left behind, and roughly 7% of patients
would have been under-staged as node-negative. Therefore, it
is strongly recommended to perform extended PLDN for all pa-
tients to fully remove all metastatic tumor deposits [31]. Another
group/cohort of 336 consecutive patients who underwent RC
was prospectively evaluated for lymph node metastasis above
the bifurcation of the common iliac vessels. Overall, 34% of
patients with lymph node metastases had nodal involvement in
the common iliac, periaortic, and presacral regions outside the
template of the standard lymph node dissection. When a standard
template below the bifurcation of the common iliac vessels were
performed, 34% of the lymph node metastases would have been
left behind and 6.25% of cases would be incorrectly staged for
negative lymphatic metastasis. This finding underscores the
argument that extended dissection based on anatomical bound-
aries, including the common iliac and presacral nodes, not only
provides the most accurate staging but also gives the patient the
best chance of survival [32].

2.Development of Laparoscopic Surgery with Ex-
tended PLND

Recently, interest has been growing in laparoscopic approaches
to extended PLND during RC. The extended PLND template
dissection up to the highest proximal extent (IMA) can be con-
sistently accomplished by using both robotic and laparoscopic
techniques. Finelli et al. were the first to report that laparoscopic
extended PLND could attain adequate lymph node retrieval.
The median number of nodes retrieved was 21 in a group of 11
consecutive patients who underwent extended PLDN. Laparo-
scopic extended PLDN for bladder cancer can be performed with
anatomical boundaries and nodal yields comparable to those of
current recommendations for open surgery [8].

In recent years, robot-assisted approaches have been gaining
popularity as a minimally invasive alternative to pure laparoscopic
surgery. Robot-assisted laparoscopic surgery enables the surgeon
to manipulate the tips of the laparoscopic instruments with a
precision similar to that with open surgery, thus facilitating the
shifting of standard open surgical procedures into a minimally
invasive approach, particularly in the narrow confines of the
pelvis. Robot-assisted laparoscopic radical cystectomy (RRC)
has emerged as a minimally invasive alternative to pure LRC.
Robot-assisted extended PLND during RC can be safely and
effectively performed on the robotic platform, yielding results

Bladder | 2023 | Vol. 10 | 21200004

POL SCIENTIFIC



REVIEW

comparable to open cystectomy series at other centers [19]. The
latest findings demonstrated that RRC consistently achieved
adequate clearance. The median nodal yield with the extended
template up to the IMA was 42.5 (range: 16—78), which com-
pares favorably with other large series of open RC and satisfies
the recommended minimum of 25 lymph nodes needed for an
adequate dissection [33]. Thus, it appears that robot-assisted
PLND, utilizing an extended PLND template up to the aortic
bifurcation, is technically feasible with comparable nodal yields
and intraoperative morbidity similar to open cystectomy series.

3.Restraints of Laparoscopic Surgery with Extend-
ed PLND

Although accumulating evidence supports the removal of more
lymph nodes via extended LND, as an essential component of the
surgical management of patients with muscle-invasive bladder
cancer, controversy remains regarding the exact extent of PLND.
There is a uniform agreement that when performing LRC or RRC
aimed for a cure, it must include adequate laparoscopic PLND
that mirrors/ in line with the anatomical boundaries established
in open surgery. Despite the increasing use of laparoscopic and
robotic RC for the treatment of invasive bladder cancer, valid
concerns remain about the feasibility of minimally invasive
techniques for achieving adequate nodal clearance, particularly
in relation to the associated risks of extended PLND during RC.

3.1 Technical Challenges of LRC

Technically, PLND rarely poses a challenge for laparoscopic or
robotic surgeons familiar with the instrumentation, surgical ma-
neuvers, and pelvic anatomy. However, the lack of proprioception
and poor ergonomics in a narrow pelvis may compromise crucial
steps of the operation. The laparoscopic or robotic technique
for PLND should learn open techniques to achieve equivalent
oncological results without raising morbidity.

RRC is a similarly complex and demanding procedure that
may benefit from the enhanced optical and ergonomic features
of the robotic surgical system. Generally, both LRC and RRC
resemble the standard ORC procedure. It is a prolonged proce-
dure that includes technical training steps and requires highly
developed laparoscopic skills, such as intracorporeal suturing.

Despite the great enthusiasm for new technologies like LRC
and RRC, these techniques should be adopted only if they bring
clear advantages over existing techniques without compromising
traditional surgical standards. Given that a significant percentage
of patients have nodal involvement at the time of surgery, patient
survival may depend on meticulous PLND during RC. To date,
it remains to be determined whether laparoscopic surgery can
provide the same potential therapeutic benefits as open surgery by
sticking to its principles and anatomical boundaries, and answer
to this question requires further investigations in a substantial
number of patients on long-term basis.

3.2 Prolonged Operation Time
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A significant body of evidence suggests that laparoscopic
PLND is technically demanding and requires a longer operation
time compared to its open counterpart. Laparoscopic extended
PLND has been shown to increase operative time by 1-1.5 hours
when compared to standard PLND at RC [14].

3.3 Difficulty of Good Exposure

The technical challenge of laparoscopic PLND is most conspic-
uous in the area of the common iliac vessels, the aortic bifurcation,
and up to the IMA, where achieving a good exposure is difficult.
Several factors contribute to this problem: the rectosigmoid
colon and, to some extent, the small bowel hinder/obstruct the
access to the lower aorta, aortic bifurcation, and common iliac
vessels. Furthermore, optical or laparoscopic instruments have
difficulty accessing tissues above the mid common iliac arteries.
These obstacles render simple surgical tasks at the area of the
cranial nodes virtually impossible. However, the robotic sys-
tem's instruments are longer, and the arms have a broader range
of motion, improved visibility and magnification, stereoscopic
3-dimensional vision, and fine movements that allow for access
to more lymph node zones [34].

3.4 Lower Lymph Node Yield

More importantly, most studies to date indicate that fewer
nodes are removed with laparoscopic PLND than with an open
approach, raising oncological concerns. Applying a similar LND
template, other researchers reported a median lymph node yield
of 18 nodes (Range 6—43) with laparoscopic LND [14],and 31.3
nodes (Range 19-53) with robotic LND [8]. The laparoscopic
or robotic lymph node yields are lower than those of open series
from high-volume centers. These open series had a mean lymph
node yields of 43 nodes [31], a mean of 31 nodes (Range 1-96)
with en bloc submission, or a median of 68 nodes (Range 14-132)
with separate nodal packages [35]. It seems likely that technical
difficulties in removing lymphatic tissues along the hypogastric
artery and presacral nodes by laparoscopy may be partially
responsible for the lower node yield reported with laparoscopic
LND. Recently, a randomized prospective trial comparing open to
robotic-assisted laparoscopic radical cystectomy with a primary
endpoint of lymph node yield found a mean of 18 nodes removed
in the open group and 19 nodes removed in the robotic cohort.
The robotic approach demonstrated no statistically significant
difference in the number of lymph nodes removed compared to
the open approach. The robotic approach also compared favorably
with the open one in terms of several perioperative parameters,
including blood loss and inpatient narcotic requirements [36].

To investigate the correlation of nodal yield with surgeon expe-
rience and surgical volume, the International Robotic Cystectomy
Consortium conducted a retrospective multi-institutional study.
Of the 527 patients, 437 (82.9%) underwent PLDN. A mean of
17.8 (Range 0—68) lymph nodes were examined. Surgeon volume
was most significantly associated with PLDN on multivariate
analysis. High-volume surgeons (> 20 cases) were practically three
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times more likely to perform PLDN than lower-volume surgeons.
The decision to perform a PLDN was ultimately dependent on
the responsible surgeon and was mandated by familiarity with
anatomy and skill in perivascular dissection [37].

3.5 The comparison between laparoscopic and robotic extended
PLND

Generally, differences exist between LRC and RARC due
to factors such as the learning curve, surgeon's experience, and
surgical equipment performance. Recent research demonstrated
that the primary distinction between laparoscopic extended PLND
and robotic extended PLND lies in lymph node yield. Robotic
extended PLND has a higher lymph node yield than laparoscopic
extended PLND. Consequently, the robot-assisted method led to
more accurate staging after RC and PLND [38]. This is likely
attributable to the higher probability of adequate dissection in
robotic extended PLND than in laparoscopic extended PLND.
The robotic system is equipped with stable mechanical arms
and leaves no dead space within the cavity. In confined spaces,
the robotic system's high-definition three-dimensional visual
system more clearly visualizes anatomical structures, thereby
outperforming laparoscopic surgery.

4. Oncological Outcomes of Laparoscopic Sur-
gery with Extended PLND

4.1 Factors Associated with Oncological Outcomes

Removing large numbers of lymph nodes lowers the likelihood
of leaving/missing positive nodes undetected, resulting in more
favorable prognoses for patients undergoing extended PLND,
compared to those receiving limited PLND, in whom some
positive nodes might go undetected. Recent studies suggested
that the anatomical/dissection extent of PLDN and the number
and density of lymph nodes in metastatic disease are crucial
independent prognostic factors for bladder cancer.

4.1.1 Number of Lymph Nodes

In patients with nodal metastasis, the number of nodes removed,
the number of positive nodes, and the percentage of positive nodes
may all be independently predictive of recurrence and survival.
Expanding the boundaries of lymph node dissection increases
nodal yield, improves staging accuracy, and has been shown
to enhance survival. Some researchers recommend excising a
predetermined minimum number of lymph nodes (10—14) as a
surrogate quality measure of lymphadenectomy or for pathological
examination for staging purposes [39]. Bladder cancer patients
who had positive common iliac lymph node metastasis removed
during RC demonstrated similar outcomes to those with nodal
disease confined to the true pelvis. The number of positive lymph
nodes was an independent predictor of worse oncological out-
comes [40]. In a prospective comparison of robotic versus open
RC series, equivalent numbers of lymph nodes were removed
in the robotic and open cohorts (17 and 20), and the result indi-
cated that the robotic approach allowed for an upper common
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iliac node dissection and that the total number of lymph nodes
removed was not reduced compared to the open technique [41].

Unfortunately, translating the findings of different LND tem-
plates into a node count that can serve as a criterion for com-
paring different LND patient series is problematic. Numerous
potentially confounding factors, including the surgeon's skills,
specimen presentation (packets versus en bloc) to the pathologist,
specimen processing, and methodology of counting nodes, all
reportedly impacted the number of lymph nodes removed and
enumeration of node metastases [35].

4.1.2 Lymph Node Density

Lymph node density is defined as the number of lymph nodes
involved with the tumor divided by the total number of lymph
nodes removed. Patients with a lymph node density of 20% or
less enjoyed a 10-year recurrence-free survival rate of 43% ,
against a mere 17% survival rate at 10 years when lymph node
density exceeded 20%. Hence, lymph node density may work
better in stratifying lymph node-positive cases since it accom-
modates both the total number of positive lymph nodes (tumor
burden) and the total number of lymph nodes removed (extent
of lymphadenectomy) [42].

A retrospective review of the medical records of 248 patients
with lymph node metastases at the time of RC plus PLND for
bladder cancer suggested that LND out-did TNM nodal status
in predicting disease-specific survival for patients with lymph
node-positive disease after RC, even in the context of adjuvant
chemotherapy [43]. In anothr study, clinical and histopathological
data from 477 patients with positive lymph node bladder cancer
were analyzed, with results supporting the prognostic relevance
of lymph node density (threshold value =20%) in the prediction
of cancer-specific survival for both limited PLND and standard/
extensive PLND [44]. A multi-institutional retrospective study
showed that lymph node density was a significant prognostic
marker. While the number of lymph nodes removed and the
raw number of positive lymph nodes may depend on the quality
and extent of lymph node dissection, lymph node density may
be less influenced by surgical quality [45]. Despite compelling
evidence, similar to total lymph node count, lymph node density
relies heavily on the surgeon's ability or preferences, patient's
disease burden, and non-standardized pathological evaluation.

4.2 Oncological Outcomes of Laparoscopic Surgery

The feasibility and efficacy of extended PLND in LRC and
RRC are well-established. More focus should be directed on
extended PLND to consistently achieve higher node yields. From
an oncological point of view, intermediate oncological outcomes
of LRC and RRC are promising/encouraging and comparable to
contemporary open RC series [46].

The first laparoscopic oncological outcomes were available
from 37 patients undergoing LRC followed up for <5 years.
Overall, the median (range) number of lymph nodes excised was
14 (2-24). An extended PLND was used in 26 patients (70%),
with an increased median yield of 21 (11-24) nodes. The 5-year
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actuarial overall, cancer-specific, and recurrence-free survival
rates were 63%, 92%, and 92%, respectively. The data suggested
that LRC with extended PLND, following established oncological
principles could achieve oncological outcomes comparable to
those attained in contemporary series of open RC [9].

Recent studies reported laparoscopic recurrence-free survival
rates ranging from 83% to 85% at 1 to 2 years and 60% to 77% at
2 to 3 years, while robotic-assisted studies reported recurrence-free
survival rates of 86% to 91% at 1 to 2 years [47]. The early
survival rates among unselected bladder cancer patients treated
with RRC were as follows: extended PLDN was performed in
98% of patients, and disease-free, cancer-specific, and overall
survival rates at 2 years were 74%, 85%, and 79%, respectively.
Early survival outcomes were similar to those reported in recent
open RC series, with a notably low incidence of local recurrence
[48]. The oncological outcomes of LRC for 171 cases with a
median follow-up of 37 months (3—83) revealed that 54 patients
(31.6%) completed a 5-year follow-up. The estimated 5-year
overall survival, cancer-specific survival, and recurrence-free
survival rates were 73.7%, 81.3% and 72.6%, respectively [13].
Although the adoption of minimally invasive approaches for RC
is on the rise, the long-term functional and oncological outcomes
ofthese techniques have yet to be proven. Prospective controlled
studies and long-term follow-up are needed to determine the
proper use of laparoscopic and robotic-assisted techniques in
RC with extended PLDN.

4.3 Patients Eligible for Extended PLND

The available evidence indicates that radical cystectomy
with an extended PLND can enhance overall survival and can-
cer-specific survival [49]. Pathological findings from extended
PLND specimens provide valuable prognostic data that inform
treatment decisions for this patient population. However, as a
more extensive lymph node dissection, the technique may lead
to lengthier surgical time and higher complication rates, and
high-risk patients typically undergo standard or limited lymph
node dissection. Conversely, patients with fewer comorbidities
and good functional status are suitable candidates for an extended
PLND [50]. Additionally, there is evidence to suggest a thera-
peutic benefit of extended PLND in patients with > pT3 disease,
regardless of lymph node status (positive or negative) [51].

CONCLUSIONS

A growing body of evidence suggests that LRC and RRC with
extended PLND are feasible and safe, with low perioperative
morbidity but longer operative time compared to open surgery.
The short-term oncological outcomes appeared to be compara-
ble to those of the open approach. Despite increasing interest in
minimally invasive techniques, they should be considered inves-
tigative at this stage, and a systematic learning approach to these
procedures will serve one well in accomplishing a successful,
anatomic PLND, reducing the risk of morbidity and complications.

Bladder | 2023 | Vol. 10 | €21200004

In the future, long-term survival studies are needed to confirm
the oncologic efficacy of LRC and RRC with extended PLND
for the treatment of invasive bladder cancer.

REFERENCES

1. Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, Boyd S,
et al. Radical cystectomy in the treatment of invasive bladder
cancer: long-term results in 1,054 patients. J Clin Oncol. 2001
Feb;19(3):666-75. https://doi.org/10.1200/JC0O.2001.19.3.666
PMID:11157016

2. Brunocilla E, Pernetti R, Martorana G. The role of pelvic lymph
node dissection during radical cystectomy for bladder cancer.
Anticancer Res. 2011 Jan;31(1):271-5. PMID:21273609

3. Clement KD, Pearce E, Gabr AH, Rai BP, Al-Ansari A,
Aboumarzouk OM. Perioperative outcomes and safety of robotic
Vs open cystectomy: a systematic review and meta-analysis of
12,640 cases. World J Urol. 2021 Jun;39(6):1733—46. https://doi.
org/10.1007/s00345-020-03385-8 PMID:32734460

4. Lerner SP. The role and extent of pelvic lymphadenectomy in
the management of patients with invasive urothelial carcinoma.
Curr Treat Options Oncol. 2009 Aug;10(3-4):267—74. https://doi.
org/10.1007/s11864-009-0107-3 PMID: 19565335

5. LisinskiJ, Kienitz J, Tousty P, Kaczmarek K, Leminski A, Stojewski
M. Comparison of Laparoscopic and Open Radical Cystectomy for
Muscle-Invasive Bladder Cancer. Int J Environ Res Public Health.
2022 Nov;19(23):15995. https://doi.org/10.3390/ijerph 192315995
PMID:36498068

6. Challacombe BJ, Bochner BH, Dasgupta P, Gill I, Guru K, Herr
H, et al. The role of laparoscopic and robotic cystectomy in the
management of muscle-invasive bladder cancer with special
emphasis on cancer control and complications. Eur Urol. 2011
Oct;60(4):767-75. https://doi.org/10.1016/j.eururo.2011.05.012
PMID:21620562

7. Richards KA, Hemal AK, Kader AK, Pettus JA. Robot assisted
laparoscopic pelvic lymphadenectomy at the time of radical
cystectomy rivals that of open surgery: single institution report.
Urology. 2010 Dec;76(6):1400—4. https://doi.org/10.1016/j.
urology.2010.01.019 PMID:20350755

8. Finelli A, Gill IS, Desai MM, Moinzadeh A, Magi-Galluzzi C, Kaouk
JH. Laparoscopic extended pelvic lymphadenectomy for bladder
cancer: technique and initial outcomes. J Urol. 2004 Nov;172(5 Pt
1):1809-12. https://doi.org/10.1097/01.ju.0000140994.72981.20
PMID: 15540725

9. Haber GP, Gill IS. Laparoscopic radical cystectomy for cancer:
oncological outcomes at up to 5 years. BJU Int. 2007 July;100:
137-142. https://doi.org/10.1111/j.1464-410X.2007.06865.x PMID:
17552961
Hemal AK, Kolla SB, Wadhwa P, Dogra PN, Gupta NP. Laparoscopic
radical cystectomy and extracorporeal urinary diversion: a single
center experience of 48 cases with three years of follow-up. Urology.
2008 Jan;71:41-46. https://doi.org/10.1016/j.urology.2007.08.056
PMID: 18242362
11. Ghazi A, Zimmermann R, Al-Bodour A, Shefler A, Janetschek
G. Optimizing the approach for lymph node dissection during
laparoscopic radical cystectomy. Eur Urol. 2010 Jan;57(1):71-8.
https://doi.org/10.1016/j.eururo.2009.06.024 PMID:19577355

10.

)

POL SCIENTIFIC



REVIEW

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10

Shao P, Meng X, LiJ, Lv Q, Zhang W, Xu Z, et al. Laparoscopic
extended pelvic lymph node dissection during radical cystectomy:
technique and clinical outcomes. BJU Int. 2011 Jul;108(1):124-8.
https://doi.org/10.1111/j.1464-410X.2010.09774.x PMID:20950309

Huang J, Lin T, Liu H, Xu K, Zhang C, et al. Laparoscopic radical
cystectomy with orthotopic ileal neobladder for bladder cancer:
oncologic results of 171 cases with a median 3-year follow-
up. Eur Urol. 2010 Sep; 58:442-449. https://doi.org/10.1016/j.
eururo.2010.05.046 PMID: 20554372

Guru KA, Sternberg K, Wilding GE, Tan W, Butt ZM, Mohler JL, et
al. The lymph node yield during robot-assisted radical cystectomy.
BJU Int. 2008 Jul;102(2):231-4. https://doi.org/10.1111/j.1464-
410X.2008.07589.x PMID:18325058

Woods M, Thomas R, Davis R, Andrews PE, Ferrigni RG, Cheng J,
et al. Robot-assisted extended pelvic lymphadenectomy. J Endourol.
2008 Jun;22(6):1297-302. https://doi.org/10.1089/end.2008.0075
PMID: 18498233

Pruthi RS, Wallen EM. Robotic-assisted laparoscopic pelvic
lymphadenectomy for bladder cancer: a surgical atlas. J Laparoendosc
Adv Surg Tech A. 2009 Feb;19(1):71-4. https://doi.org/10.1089/
lap.2008.0207 PMID:19288592

Pruthi RS, Nielsen ME, Nix J, Smith A, Schultz H, Wallen EM.
Robotic radical cystectomy for bladder cancer: surgical and
pathological outcomes in 100 consecutive cases. J Urol. 2010
Feb;183(2):510—4. https://doi.org/10.1016/j.juro.2009.10.027
PMID:20006884

Kasraeian A, Barret E, Cathelineau X, Rozet F, Galiano M, et al.
Robot-assisted laparoscopic cystoprostatectomy with extended
pelvic lymphadenectomy, extracorporeal enterocystoplasty, and
intracorporeal enterourethral anastomosis: initial Montsouris
experience. J Endourol. 2010 Mar;24(3): 409-13. https://doi.
org/10.1089/end.2009.0209 PMID: 20218885

Lavery HJ, Martinez-Suarez HJ, Abaza R. Robotic extended pelvic
lymphadenectomy for bladder cancer with increased nodal yield.
BJU Int. 2011 Jun;107(11):1802-5. https://doi.org/10.1111/j.1464-
410X.2010.09789.x PMID:21070571

Akbulut Z, Canda AE, Ozcan MF, Atmaca AF, Ozdemir AT,
Balbay MD. Robot-assisted laparoscopic nerve-sparing radical
cystoprostatectomy with bilateral extended lymph node dissection
and intracorporeal studer pouch construction: outcomes of first 12
cases. J Endourol. 2011 Sep;25(9):1469-79. https://doi.org/10.1089/
end.2010.0632 PMID:21830910

Perera M, McGrath S, Sengupta S, Crozier J, Bolton D,
Lawrentschuk N. Pelvic lymph node dissection during radical
cystectomy for muscle-invasive bladder cancer. Nat Rev Urol.
2018 Nov;15(11):686-92. https://doi.org/10.1038/s41585-018-
0066-1 PMID:30104615

Stein JP. Lymphadenectomy in bladder cancer: how high is “high
enough”? Urol Oncol. 2006;24(4):349-55. https://doi.org/10.1016/j.
urolonc.2005.07.013 PMID: 16818190

Skinner DG. Management of invasive bladder cancer: a meticulous
pelvic node dissection can make a difference. J Urol. 1982
Jul;128(1): 34-6. https://doi.org/10.1016/s0022-5347(17)52740-
8 PMID: 7109065

Vazina A, Dugi D, Shariat SF, Evans J, Link R, Lerner SP. Stage
specific lymph node metastasis mapping in radical cystectomy
specimens. J Urol. 2004 May;171(5):1830—4. https://doi.
0rg/10.1097/01.ju.0000121604.58067.95 PMID:15076287

=

POL SCIENTIFIC

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Karl A, Carroll PR, Gschwend JE, Kniichel R, Montorsi F, Stief
CQG, et al. The impact of lymphadenectomy and lymph node
metastasis on the outcomes of radical cystectomy for bladder
cancer. Eur Urol. 2009 Apr;55(4):826-35. https://doi.org/10.1016/].
eururo.2009.01.004 PMID:19150582

Park J, Kim S, Jeong IG, Song C, Hong JH, Kim CS, et al. Does
the greater number of lymph nodes removed during standard lymph
node dissection predict better patient survival following radical
cystectomy? World J Urol. 2011 Aug;29(4):443-9. https://doi.
org/10.1007/s00345-011-0644-9 PMID:21240505

Dorin RP, Daneshmand S, Eisenberg MS, Chandrasoma S, Cai J,
Miranda G, et al. Lymph node dissection technique is more important
than lymph node count in identifying nodal metastases in radical
cystectomy patients: a comparative mapping study. Eur Urol. 2011
Nov;60(5):946-52. https://doi.org/10.1016/j.eururo.2011.07.012
PMID:21802833

Svatek R, Zehnder P. Role and extent of lymphadenectomy during
radical cystectomy for invasive bladder cancer. Curr Urol Rep.
2012 Apr;13(2):115-21. https://doi.org/10.1007/s11934-012-0235-
3 PMID:22328190

Roth B, Wissmeyer MP, Zehnder P, Birkhduser FD, Thalmann GN,
Krause TM, et al. A new multimodality technique accurately maps
the primary lymphatic landing sites of the bladder. Eur Urol. 2010
Feb;57(2):205-11. https://doi.org/10.1016/j.eururo.2009.10.026
PMID:19879039

Dhar NB, Klein EA, Reuther AM, Thalmann GN, Madersbacher S,
Studer UE. Outcome after radical cystectomy with limited or extended
pelvic lymph node dissection. J Urol. 2008 Mar;179(3):873-8.
https://doi.org/10.1016/j.juro.2007.10.076 PMID:18221953

Leissner J, Ghoneim MA, Abol-Enein H, Thiiroff JW, Franzaring
L, Fisch M, et al. Extended radical lymphadenectomy in patients
with urothelial bladder cancer: results of a prospective multicenter
study. J Urol. 2004 Jan;171(1):139—44. https://doi.org/10.1097/01.
ju.0000102302.26806.fb PMID: 14665862

Steven K, Poulsen AL. Radical cystectomy and extended pelvic
lymphadenectomy: survival of patients with lymph node metastasis
above the bifurcation of the common iliac vessels treated with
surgery only. J Urol. 2007 Oct;178(4 Pt 1):1218-23. https://doi.
org/10.1016/j.juro.2007.05.160 PMID:17698113

Desai MM, Berger AK, Brandina RR, Zehnder P, Simmons M, Aron
M, et al. Robotic and laparoscopic high extended pelvic lymph node
dissection during radical cystectomy: technique and outcomes.
Eur Urol. 2012 Feb;61(2):350-5. https://doi.org/10.1016/].
eururo.2011.09.011 PMID:22036642

Davis JW, Gaston K, Anderson R, Dinney CP, Grossman HB, et
al. Robot assisted extended pelvic lymphadenectomy at radical
cystectomy: lymph node yield compared with second look open
dissection. J Urol. 2011 Jan;185(1): 79-83. https://doi.org/10.1016/].
juro. 2010.09.031 PMID: 21074799

Stein JP, Penson DF, Cai J, Miranda G, Skinner EC, Dunn MA, et
al. Radical cystectomy with extended lymphadenectomy: evaluating
separate package versus en bloc submission for node positive bladder
cancer. J Urol. 2007 Mar;177(3):876-81. https://doi.org/10.1016/j.
juro.2006.10.043 PMID: 17296365

Nix J, Smith A, Kurpad R, Nielsen ME, Wallen EM, Pruthi RS.
Prospective randomized controlled trial of robotic versus open
radical cystectomy for bladder cancer: perioperative and pathologic
results. Eur Urol. 2010 Feb;57(2):196-201. https://doi.org/10.1016/j.

Bladder | 2023 | Vol. 10 | 21200004



REVIEW

37.

38.

39.

40.

41.

42.

43.

44,

eururo.2009.10.024 PMID: 19853987

Hellenthal NJ, Hussain A, Andrews PE, Carpentier P, Castle
E, Dasgupta P, et al. Lymphadenectomy at the time of robot-
assisted radical cystectomy: results from the International Robotic
Cystectomy Consortium. BJU Int. 2011 Feb;107(4):642—6. https://
doi.org/10.1111/j.1464-410X.2010.09473.x PMID:20575975

Arora A, Pugliesi F, Zugail AS, Moschini M, Pazeto C, Macek P, et al.
Higher nodal yield with robot-assisted pelvic lymph node dissection
for bladder cancer compared to laparoscopic dissection: implications
for more accurate staging. Arab J Urol. 2020 Oct;19(1):92—7.
https://doi.org/10.1080/2090598X.2020.1824570 PMID:33763254

Herr H, Lee C, Chang S, Lerner S, Bladder Cancer Collaborative
Group. (2004) Standardization of radical cystectomy and pelvic
lymph node dissection for bladder cancer: a collaborative group
report. J Urol. 2004 May;171(5):1823-8. https://doi.org/10.1097/01.
ju.0000120289.78049.0¢ PMID: 15076285

Tarin TV, Power NE, Ehdaie B, Sfakianos JP, Silberstein JL,
Savage CJ, et al. Lymph node-positive bladder cancer treated with
radical cystectomy and lymphadenectomy: effect of the level of
node positivity. Eur Urol. 2012 May;61(5):1025-30. https://doi.
org/10.1016/j.eururo.2012.01.049 PMID:22342773

Wang GJ, Barocas DA, Raman JD, Scherr DS. Robotic vs open
radical cystectomy: prospective comparison of perioperative
outcomes and pathological measures of early oncological
efficacy. BJU Int. 2008 Jan;101(1):89-93. https://10.1111/j.1464-
410X.2007.07212.x PMID: 17888044

Stein JP, Cai J, Groshen S, Skinner DG. Risk factors for patients
with pelvic lymph node metastases following radical cystectomy
with en bloc pelvic lymphadenectomy: concept of lymph node
density. J Urol. 2003 Jul;170(1):35-41. https://doi.org/10.1097/01.
ju.0000072422.69286.0¢ PMID:12796639

Kassouf' W, Agarwal PK, Herr HW, Munsell MF, Spiess PE, Brown
GA, et al. Lymph node density is superior to TNM nodal status in
predicting disease-specific survival after radical cystectomy for
bladder cancer: analysis of pooled data from MDACC and MSKCC.
J Clin Oncol. 2008 Jan;26(1):121-6. https://doi.org/10.1200/
JCO0.2007.12.9247 PMID: 18165646

May M, Herrmann E, Bolenz C, Tiemann A, Brookman-May S,
Fritsche HM, et al. Lymph node density affects cancer-specific

Bladder | 2023 | Vol. 10 | €21200004

45.

46.
47.

48.

49.

50.

51.

=

survival in patients with lymph node-positive urothelial bladder
cancer following radical cystectomy. Eur Urol. 2011 May;59(5):712—
8. https://doi.org/10.1016/j.eururo.2011.01.030 PMID:21296488

Osawa T, Abe T, Shinohara N, Harabayashi T, Sazawa A, Kubota
K, et al. Role of lymph node density in predicting survival of
patients with lymph node metastases after radical cystectomy: a
multi-institutional study. Int J Urol. 2009 Mar;16(3):274-8. https://
doi.org/10.1111/.1442-2042.2008.02221.x PMID: 19087211

Haber GP, Crouzet S, Gill IS. Laparoscopic and robotic assisted
radical cystectomy for bladder cancer: a critical analysis. Eur Urol.
2008 Jul;54(1):54-62. https://doi.org/10.1016/j.eururo.2008.03.076
PMID: 18403100

Chade DC, Laudone VP, Bochner BH, Parra RO. Oncological
outcomes after radical cystectomy for bladder cancer: open versus
minimally invasive approaches. J Urol. 2010 Mar;183(3):862-9.
https://doi.org/10.1016/j.juro.2009.11.019 PMID:20083269

Kauffman EC, Ng CK, Lee MM, Otto BJ, Wang GJ, Scherr DS.
Early oncological outcomes for bladder urothelial carcinoma
patients treated with robotic-assisted radical cystectomy. BJU
Int. 2011 Feb;107(4):628-35. https://doi.org/10.1111/j.1464-
410X.2010.09577.x PMID:20883479

Hwang EC, Sathianathen NJ, Imamura M, Kuntz GM, Risk MC,
Dahm P. Extended versus standard lymph node dissection for
urothelial carcinoma of the bladder in patients undergoing radical
cystectomy. Cochrane Database Syst Rev. 2019 May;5(5):CD013336.
https://doi.org/10.1002/14651858.CD013336 PMID:31111956
Perera M, McGrath S, Sengupta S, Crozier J, Bolton D,
Lawrentschuk N. Pelvic lymph node dissection during radical
cystectomy for muscle-invasive bladder cancer. Nat Rev Urol.
2018 Nov;15(11):686-92. https://doi.org/10.1038/s41585-018-
0066-1 PMID:30104615

Dhar NB, Klein EA, Reuther AM, Thalmann GN, Madersbacher S,
Studer UE. Outcome after radical cystectomy with limited or extended
pelvic lymph node dissection. J Urol. 2008 Mar;179(3):873-8.
https://doi.org/10.1016/j.juro.2007.10.076 PMID:18221953

This work is licensed under a Creative Commons Attribution-Non-
Commercial-ShareAlike 4.0 International License: http://cre-
ativecommons.org/licenses/by-nc-sa/4.0

"

POL SCIENTIFIC



	_Hlk130460804
	_Hlk130460840
	OLE_LINK2

