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Background and Objective: The use of robotic surgery for managing upper tract urothelial carcinoma
(UTUQC) has increased significantly over the years. Minimally invasive techniques (MIS) are now used for
approximately half of all robot-assisted laparoscopic nephroureterectomy (RAL-NU) performed in the
USA. However, there are currently no specific management guidelines that recommend the use of a robotic
approach, and the available literature on this topic is limited. For this reason, we reviewed the history and
current literature regarding this technique.

Methods: We searched Web of Science and PubMed for articles between 1934 to 2023 using 20 different
search terms and combinations. We restricted our selection to only publications in English language.

Key Content and Findings: Comparative retrospective studies between techniques [open
nephroureterectomy (ONU), laparoscopic nephroureterectomy (LNU), and RAL-NU] and case series of
surgical groups, mostly at short- and mid-term follow-up, were included.

Conclusions: Robotic surgery for UT'UC is on the rise and is predicted to become the preferred method
for nephroureterectomy. A comparison of RAL-NU to LNU and ONU shows several advantages, including
less blood loss, pain, and hospital stay, as well as a quicker recovery time. The safety and effectiveness of
robotic surgery for lymphadenectomy also supports its use in RAL-NU. As more medical facilities adopt the
technique and further studies support its benefits, it is likely that robotic surgery will become the preferred
method for NU.

Keywords: Robotic surgery; nephroureterectomy; bladder cuff excision (BCE); upper tract urothelial carcinoma
(UTUC)

Submitted Feb 07, 2023. Accepted for publication Oct 31, 2023. Published online Nov 23, 2023.
doi: 10.21037/tau-23-73
View this article at: https://dx.doi.org/10.21037/tau-23-73

A ORCID: Laura Zuluaga, 0000-0002-2612-6950; Shirin Razdan, 0000-0002-9098-3447; Kennedy E. Okhawere, 0000-0002-7165-0823.

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73


https://crossmark.crossref.org/dialog/?doi=10.21037/tau-23-73

Translational Andrology and Urology, Vol 12, No 11 November 2023

Introduction

Urothelial carcinoma (UC) can occur anywhere in the
lower (bladder and urethra) or upper (kidneys and ureter)
urothelial lining of the urinary tract. It is the fourth most
common cancer in the United States, with an estimated
164,000 cases in 2022 (1). Upper tract urothelial carcinoma
(UTUC) is less common, accounting for only 5-10% of
all UC (1). The incidence of UT'UC has slowly risen over
the past four decades, likely due to improved survival rates
and diagnostics methods, and the average age of diagnosis
has also risen from age 68 to 73 years (2,3). At the time of
diagnosis, UTUC tends to be more invasive compared to
urothelial carcinoma of the bladder (UCB), with over 60%
of cases with muscle invasion as opposed to 15-25% in
UCB (4,5). The diagnostic approach for UTUC involves a
combination of clinical, laboratory, imaging, and endoscopic
methods like cystoscopy and imaging of the upper tract
and collecting system (4,6). Computed tomography
(CT) urogram is the most accurate imaging technique
for diagnosis. In cases where imaging and cytology are
not sufficient, more invasive diagnostic techniques like
urethrocystoscopy and flexible diagnostic procedures may
be employed to assess tumor architecture and location (4,6).
These tools together allow for risk stratification of UTUC.
Additionally, the NCCN recommends that providers
thoroughly assess the patient’s family history, as recent
evidence suggests a high prevalence of Lynch syndrome
(approximately 8.7 %) among individuals with UTUC (6-8).

Both the European Association of Urology (EAU)
and National Comprehensive Cancer Network (NCCN)
guidelines recommend kidney sparing surgery (KSS) for
patients with low-risk disease and select patients with
solitary kidney or chronic kidney disease (CKD) (4,9). Low
risk UTUC is characterized by unifocal disease, tumor
size <2 cm, low grade cytology and ureteroscopic biopsy,
and the absence of invasive disease on CT urography (4).
However, the majority of patients with UTUC will have
high risk features, such as hydronephrosis on imaging,
tumor size >2 cm, high grade cytology or ureteroscopic
biopsy, multifocal disease, or a history of previous bladder
cancer (6). For these patients, the preferred treatment is
surgery with radical nephroureterectomy, which involves
resecting the entire ipsilateral urinary tract, including the
bladder cuff (4,6,10), as studies have shown a high rate of
tumor formation in the remaining ureteral stump when
only nephrectomy is performed (11).

Traditionally, this procedure was performed using the
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open approach. However, concerns about perioperative
morbidity and postoperative recovery associated with
long incisions prompted the exploration and adoption
of minimally invasive methods (12,13). Laparoscopic
nephroureterectomy (LNU) was first reported in the
literature in 1991 with multiple articles replicating its
feasibility shortly thereafter (14,15). Many surgeons found
pure LNU technically challenging for the management of
the distal ureter and bladder cuff, so these aspects of the
procedure were often performed with an open approach (16).
Initially, there were questions surrounding its oncologic
efficacy, which limited its widespread adoption, but those
have been alleviated by numerous retrospective and
prospective studies, as well as meta-analyses demonstrating
equivalent oncologic outcomes with reduced perioperative
morbidity and complication rates compared to the open
approach (17-20). The favorable oncologic and functional
outcomes spurred increased adoption of this technique (21).
The da Vinci robotic system (Intuitive Surgical, Sunnyvale,
CA, USA) offered improved visualization and mobility,
and in 2006, a combined laparoscopic nephrectomy with
robotic management of the bladder cuff was performed (22).
In 2007, a complete robot-assisted laparoscopic
nephroureterectomy (RAL-NU) was performed for
the first time (23). Subsequent studies have shown
comparable perioperative and short-term outcomes of
RAL-NU vs. LNU (24-26). In recent years, there has
been a growing adoption of minimally invasive options
for nephroureterectomy, with no clear advantages for
either the laparoscopic or robotic technique (27). In this
narrative review article, our aim is to review the relevant
literature regarding the history and current state of
nephroureterectomy for treatment of UTUC, and explore
whether RAL-NU has supplanted the open approach. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://tau.amegroups.com/
article/view/10.21037/tau-23-73/rc).

Methods

We conducted a comprehensive literature review using
the PubMed and Web of Science databases in order to
identify the most relevant articles related to the specified
topics. Our inclusion criteria included full-text English
articles published in peer-reviewed journals from 1934
to 2023. The search terms we utilized were as follows:

“robotic nephroureterectomy”, “nephroureterectomy”,

”» o«

“urothelial carcinoma”, “upper tract urothelial cancer”,
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Table 1 Search strategy summary

ltems Specification

Date of search 5" January 2023

Databases and other sources Web of Science, PubMed
searched

”

Search terms

cancer’,

treatment”, “robotic lymphadenectomy

” o«

» o«

“Robotic nephroureterectomy”, “nephroureterectomy”, “urothelial carcinoma”, “upper tract urothelial

LTS

upper tract urothelial carcinoma”, “bladder cancer”, “upper tract urothelial carcinoma

robotic lymphadenectomy versus open lymphadenectomy

in nephroureterectomy”, “robotic surgery”, “bladder cuff excision”, “lymph node dissection AND

nephroureterectomy”, “Intravesical administration of chemotherapeutic agent”, “robotic surgery

” o«

» o«

AND nephroureterectomy”, “open approach AND nephroureterectomy”, “laparoscopic approach

AND nephroureterectomy”, “robotic approach AND nephroureterectomy”, “nephroureterectomy AND

» o«

oncological outcome”, “nephroureterectomy AND perioperative”, “nephroureterectomy AND clinical trial”

Time frame 1934-2023

Inclusion criteria English

Selection process Selection was decided collectively

Any additional considerations, In some cases, highest number of citations was used as a filter

if applicable

“upper tract urothelial carcinoma”, “bladder cancer?”,
“upper tract urothelial carcinoma treatment”, “robotic
lymphadenectomy”, “robotic lymphadenectomy versus
open lymphadenectomy in nephroureterectomy”,
“robotic surgery”, “bladder cuff excision”, “lymph node
dissection AND nephroureterectomy”, “Intravesical
administration of chemotherapeutic agent”, “robotic
surgery AND nephroureterectomy”, “open approach
AND nephroureterectomy”, “laparoscopic approach
AND nephroureterectomy”, “robotic approach AND
nephroureterectomy”, “nephroureterectomy AND
oncological outcome”, “nephroureterectomy AND
perioperative”, “nephroureterectomy AND clinical trial”.
Additionally, we manually examined the reference lists of
the identified articles to identify other pertinent papers
(Table 1).

Open radical-nephroureterectomy

The evolution of the surgical management of upper
urinary tract UTUC has been partly influenced by its
tumor behavior vis-a-vis its multifocal nature and high
recurrence rate (Figure 1). The first technique for open
nephroureterectomy (ONU)—which included the removal
of the kidney and a portion of the ureter—was described
in 2015 by Abbott er al. (28). Subsequently, in 1934,
Kimball and Ferris established the need for a primary
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complete nephroureterectomy following the findings of
high tumor recurrences in the remaining distal portion of
the ureter or ureter stump after initial resection (29). The
ONU is typically performed with a flank or sub-coastal
resection, followed by a distal ureter resection using a
Gibson, low midline, or modified Pfannenstiel incision.
Alternatively, a single incision can be used in conjunction
with an endoscopic resection of the distal ureter. In 1952,
McDonald er al. (30) described the first endoscopic attempt
at nephroureterectomy through a transurethral resection
of the ureteral orifice (pluck approach), which lead to a
shorter operation time. Since then, several novel endoscopic
methods for performing nephroureterectomy have been
described in literature, e.g., modified pluck technique,
intussusception technique or ureteric stripping (31). The
open approach can be used for the management of the distal
ureter after a previous minimally invasive procedure or
open procedure for the excision of the kidney and ureters.
The complete distal ureter down to the intramural ureter
and bladder cuff can be excised en bloc using an extravesical
or transvesical approach. The extravesical approach involves
mobilization of the distal ureter towards the bladder,
whereas the transvesical approach is performed with an
anterior cystotomy providing direct visualization of the
ureter from within the bladder. Currently, there is no
established evidence of significant oncological difference
between the two approaches (32,33). Although there are
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Figure 1 Management options and evolution for radical nephroureterectomy and BCE. BCE, bladder cuff excision.

no absolute contraindications to the use of open technique
for managing UTUC, it may be relatively difficult in obese
patients and patients with history of pelvic surgery or
irradiation. Furthermore, while the open approach yields
comparable oncological outcomes to minimally invasive
approaches, it is associated with poorer peri-operative

outcomes (24,34,35).
LNU

Laparoscopic techniques for urological procedures have
been widely adopted, after its first description by Clayman
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et al. in 1991 (14). Given its minimally invasive nature and
advantages like reduce post-operative pain, early recovery
and better cosmesis, it has been the preferred method for
performing nephrectomy (19,36). In 1993, Kerbl ez al.
presented successful outcomes of their first laparoscopic
radical nephroureterectomy cases (37). However, adoption
and recommendation took more time due to concerns,
particularly regarding the distal ureter, bladder cuff excision
(BCE) and bladder repair. These aspects of the procedure
require advanced laparoscopic skills and pose an increased
risk of breaching into the ureter or renal pelvis during
dissections, which bears the risk of tumor seeding (38).
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ONU is still listed as the mainstay treatment for high risk
and non-organ confined UTUCs, according to the latest
EAU guidelines (4). Numerous studies in the literature have
demonstrated comparable oncological outcomes between
open and minimally invasive/laparoscopic techniques for
organ confined disease. Therefore, the extent of the disease
and surgeons’ laparoscopic experience are important factors
in choosing an approach.

Robot assisted LNU: the beginning

In 2006, Nanigian et al. performed the first robotic
distal ureterectomy, which involved a laparoscopic
nephrectomy and distal excision using the Da Vinci™
system (Intuitive Surgical, Sunnyvale, CA, USA) (22).
Initial case reports focused on combining techniques
of open, laparoscopic and endoscopic approaches in
the early stages of developing the robotic technique
(39-41). In 2010, Eandi et 4/. performed the first total
RAL-NU, where they described a lateral rectus port
configuration for initial nephroureterectomy, and after
kidney and ureter mobilization to iliac vessels the robot
is undocked and patient repositioned for the distal
ureterectomy. Pelvic configuration of the ports was done
to access the distal ureter segment, ureterovesical junction,
and bladder (42). With technological advancements in
robotic platforms, the Da Vinci™ S system provided
features like expanded depth and improved mobility of
robotic instruments. Surgeons were no longer restricted
to working within specific zones (upper tract, lower tract)
and, for the first time, could use the robot in two different
anatomical areas, avoiding longer surgical times and risks
associated with re-docking the robot. Eun ez 4/. published
the first report of a total RAL-NU with concurrent multiple
quadrant urinary tract management using the Da Vinci S
platform in 2007 (23). In 2011, Hemal and collaborators (26)
described a new technique that eliminated the need for
patient repositioning, port reassignment, or redocking of
the robotic arms (43). This novel port placement technique
established a more effective, efficient, and reproducible
method for RAL-NU. Since then, multiple different robotic
techniques have been described (23,26,41,44-47) and, as
result of the advent of da Vinci Xi, further advancement
in controlling the movement of the robotic platform has
allowed greater mobility within the abdominal and pelvic
cavities, leading to the development of the techniques used
nowadays (48).

As for the BCE technique, it has undergone significant
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changes since the introduction of the open technique
in 1898. The transvesical needlescopic technique was
described in 1999 (49), achieving the oncological goals
of en-bloc resection but with limitations such as patient
repositioning and a steep learning curve. Other hybrid
laparoscopic-endoscopic techniques, such as laparoscopic
stapling of the distal ureter and bladder cuff, transurethral
resection of the ureteral orifice, and the intussusception
technique (31,50,51), do not adhere to oncological
principles. These techniques either leave tissue segments at
risk of local recurrence, or involve transurethral removal of
the ureter, posing a risk of tumor seeding (52).

Regarding lymph node dissection (LND), early series
provide limited evidence regarding the importance
of performing retroperitoneal lymph node dissection
(RPLND) during nephroureterectomy. In 2007, Brausi and
associates published an article emphasizing the importance
of RPLND during the nephroureterectomy (53). More
recently, a 2019 study by Zhai demonstrated that only
T3-4 disease benefits from extended LND, which has an
impact on disease free survival and overall survival (OS) (54).
Several other studies have suggested improved survival
when LND is performed (55). In 2013, an initial study
compared LNU with RAL-NU, suggesting the latter as a
viable option for managing UTUC. The study revealed that
RAL-NU resulted in a higher frequency of LNDs and, as
a consequence, RAL-NU had a longer operation time (298
vs. 251 minutes) and greater blood loss (380 vs. 233 mL)
compared to LNU (56).

RAL-NU: the present

Minimally invasive surgery for the management of UTUC
follows the same oncological principles as the open
approach. These principles include complete en-bloc kidney
and ureteral resection, avoiding entering the urinary tract,
avoiding direct contact between instruments and tumor,
and avoiding morcellation of the tumor (43,57). Regardless
of the surgical approach, five main components should be
ensured: nephrectomy, ureterectomy, BCE, LND, and
intravesical administration of chemotherapeutic agent (58)
(Figure 2).

Nephroureterectomy and BCE

The first robotic nephroureterectomy was performed in
2007 (23), followed by a modification in the technique in
2011 (26) to eliminate patient repositioning. This extirpative
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Figure 2 Key oncological principles that must be upheld during surgical interventions for UTUC, aiming to prevent recurrence and

ensure positive cancer-related outcomes, and, essential surgical components that are universally necessary irrespective of the chosen

approach. (A) Oncological principles: the principles guiding minimally invasive surgery for UT'UC management mirror those of the open

approach, encompassing complete en-bloc resection of the kidney and ureter, careful avoidance of urinary tract penetration, preventing

direct instrument-tumor contact, and refraining from tumor morcellation. (B) Irrespective of the chosen surgical method, five key elements

should be performed: nephrectomy, ureterectomy, excision of the bladder cuff, lymph node dissection, and intravesical delivery of a

chemotherapeutic agent. *, in localized high-risk disease. UTUC, upper tract urothelial carcinoma.

portion of the procedure (nephroureterectomy/abdominal
component) has been extensively studied in combination
with other robotic procedures, such as partial and radical
nephrectomy, yielding excellent long-term results that
highlights the benefits of the minimally invasive robotic-
assisted approach. The robot’s easy hilar control, adequate
visibility, and freedom of movement enables precise and
efficient manipulation (59). Although the evidence for this
procedure cannot be directly extrapolated due to intrinsic
differences, some aspects of the technique are partially
replicated in RAL-NU. Several studies have reported
advantages of robotic approach in nephroureterectomy,
demonstrating increased mobility and a simplified process
for isolating the distal ureter and securing the bladder,
thanks to the articulated robotic wrists (60,61).

Leaving the bladder cuff intact at the time of radical
surgery is associated with a known recurrence rate 33-75%
in the ureteric remnant (62,63). In 2015, the first series of
cases involving pure RAL-NU and BCE was described,
demonstrating satisfactory oncologic control at 12months
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of follow-up (64). Recent publications have compared the
rate of complications comparing open, laparoscopic, and
robotic approaches including BCE, and have found no
significant difference in operation time, blood loss, length
of hospital stay, and 90-day complications between the three
groups (65,66). Currently, there are no randomized studies
that have strong statistical evidence to recommend the use
of one of the techniques over another. However, a recent
retrospective study—with the largest study population
to date—showed no difference in OS and cancer-specific
survival (CSS) rates, as well as intravesical recurrence rates,
when a robotic-assisted approach was used in patients
undergoing radical nephroureterectomy and BCE.

LND

Despite the controversy surrounding LND over the years,
both the EAU (67) and the NCCN (12) guidelines currently
recommend considering lymphadenectomy based on to
anatomical location. For cases involving primary disease
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within the kidney, lymphadenectomy within the para-
aortic and hilar lymph nodes is recommended, while cases
involving primary disease within the ureter will require
addition of pelvic lymph node removal. The utilization of
lymphadenectomy templates provided by these guidelines
has demonstrated an improved survival rate and reduced
the likelihood of local cancer recurrence, especially in
advanced-stage conditions (68). Additionally, achieving a
high level of precision is crucial when performing template-
based lymphadenectomy, particularly due to the complex
surgical field surrounding the great vessels. Robotic systems
offer increased control and greater dexterity, enabling
more precise removal of lymph nodes, a higher number of
resected lymph nodes, and a lower risk of complications
(56,69,70). A study conducted by Clements et /. in 2018
revealed that the use of the robotic-assisted approaches
increases the probability of successful lymphadenectomy,
which itself is a predictor of improved survival (71).
Moreover, visibility plays a vital role in performing this
procedure, and the robotic system includes a high-definition
camera that provide a magnified, 3D view of the surgical
field, which can aid in the accurate identification and
removal of lymph nodes (72).

Intravesical administration of chemotherapeutic agent

Between 22% and 47% of patients who undergo radical
nephroureterectomy experience intravesical recurrence
within two years after surgery (33,73). To determine which
patients require intravesical adjuvant therapy, several
studies have examined the risk of recurrence by evaluating
prognostic factors such as tumor location (specifically the
ureter), tumor size, surgical margins, and whether the initial
procedure was performed laparoscopically (74).

Although LNU and RAL-NU yield similar oncological
outcomes and shorter postoperative recovery times
(4,75-77), a systematic review conducted by Seisen ez al.
in 2015 revealed an association between intravesical
recurrence and the use of laparoscopic approach
[hazard ratio (HR) 1.62; P=0.003] (78). This finding has
contributed to the shift from the use of laparoscopic
surgery to robotic specifically for this procedure. In a
recent systematic review, it was demonstrated that a single-
dose of intravesical chemotherapy instillation may reduce
the risk of bladder cancer recurrence compared to no
instillation over time [HR: 0.51 95% confidence interval
(CI): 0.32, 0.82]. Additionally, factors such as surgical
approach, pathological stage, and bladder management
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techniques were identified as significant factors affecting
the outcome (79). This review was based on two studies,
and one for them reported that in the multivariable Cox
regression analysis laparoscopic surgical technique, along
with others variables like advanced age, male gender,
ureteral tumor location were all significantly associated
with intravesical recurrence (P=0.04) (80).

Current evidence

In 2019, Lee et al. (24) conducted a single institution
study involving 422 patients who underwent open,
laparoscopic, or RAL-NU for non-metastatic UTUC.
The study included 161 patients in the open group, 137 in
the laparoscopic group, and 124 in RAL-NU group. The
results demonstrated that RAL-NU and LNU had better
perioperative outcomes compared to open surgery. Robotic-
assisted surgery showed better oncologic outcomes in
bivariate analysis, but these advantages were not observed in
the multivariate analysis (81). Both laparoscopic and robotic
approaches both had shorter length of stay (LOS), longer
operative time, and less estimated blood loss compared to
open surgery (all P values <0.001), with no differences in
intraoperative or early postoperative complications rates.
Regarding oncologic outcomes, RAL-NU demonstrated
significantly longer progression-free survival (PFS), OS, and
CSS compared to both LNU and ONU in bivariate analysis.
However, these differences were not seen when taking into
account others variables in the multivariate analysis (24). In
the same year, Veccia et 4l. conducted a systematic review
and meta-analysis of 80 studies on open, laparoscopic, and
robotic nephroureterectomy (82). Their findings indicted
that RAL-NU had superior perioperative outcomes without
compromising oncologic success (66). The study revealed
that intracorporeal BCE was performed for all RAL-NU
procedures, but only in 50% of LNU. RAL-NU was also
more commonly performed in patients with multifocal
tumors (19%), but there were no differences in baseline
characteristics. Operative time was shortest in the open
group (224.98 min; 95% CI: 212.26, 237.69). RAL-NU
had the lowest EBL of any group (163.31 mL; 95% CI:
88.94, 237.68). The rate of intraoperative complications
was lowest in RAL-NU (2%), while the open group had
the highest rates of transfusions (20%). There was no
significant difference in overall or major complication rates
among the different surgical techniques. Notably, RAL-NU
had the shortest LOS of 5.35 days, while open surgery had
the longest at 10.27 days. RAL-NU was more commonly
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performed for high-grade pathology (70%), but there were
no other differences in pathologic outcomes. There was no
correlation between surgical technique and recurrence free
survival (RFS) or CSS, except for one study that assessed
these parameters for RAL-NU. Furthermore, no statistical
difference was found among hand-assisted laparoscopic,
open, and RAL-NU in terms of 2- and 5-year RFS and
CSS. Hand-assisted laparoscopic nephroureterectomy (NU)
had the lowest overall risk of recurrence (22%), metastasis
(7%) and cancer-related death (3%), while ONU showed
the lowest 5-year CSS (77%) (40,64).

In one of the most recent studies in 2021, Zeuschner
et al. analyzed 131 radical nephroureterectomies (66 RAL-
NU vs. 65 ONU) for UC of the upper urinary tract at
a single tertiary referral center. The study revealed that
RAL-NU had superior perioperative outcomes without
compromising oncologic outcomes. With similar baseline
characteristics, RAL-NU had less EBL (150 mL vs. 250,
P=0.004) and fewer positive surgical margins (PSMs) (1.5%
vs. 15.4%, P=0.004), with similar operating room (OR) time
(188 vs. 178 min). The open surgery group experienced
more complications (63.1% vs. 40.9%, P=0.011) and longer
LOS (12 vs. 9 days, P<0.001). These differences remained
significant after propensity score matching, except for the
complication rate. The median follow up was 30.9 months.
The 2-year PES was 66.7% in RAL-NU and 55.3% in open
surgery, but this difference was not statistically significant.
The 2-year OS was 76.2% in RAL-NU vs. 68.4% in open,
which was also not statistically significant. Regression
analysis revealed that the surgical approach did not impact
the PFS or OS (35).

In 2022, Veccia et al. published data collected from
17 centers worldwide regarding RAL-NU and LNU
procedures performed between 2015 and 2019 (82). The
study included 185 patients, and a multivariate analysis was
conducted to evaluate a “tetrafecta” of variables (occurrence
of BCE, LND, no complications, and negative surgical
margins) to predict outcomes. The integration of robotics
technology was found to potentially lead to the achievement
of a “tetrafecta” outcome. RAL-NU had lower overall
complications (24.9% vs. 42.9%; P=0.003) and a shorter
LOS {3.5 [2-5] vs. 5 [4-7]; P<0.001} compared to LNU.

In a most recent study comparing LNU vs. RAL-NU,
Huang et al. (83) conducted an observational retrospective
study involving a total 231 patients. They found similar
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perioperative and oncological outcomes but superiority of
RAL-NU in terms of LOS and intraoperative blood loss.
The RAL-NU group had a reduced estimated blood loss
compared to LNU (30 vs. 150mL, P<0.001). Additionally,
their LOS was shorter (8 vs. 9 days, P=0.009). However,
there was no significant difference between the groups in
terms of total operative time or postoperative catheter time.
At a total follow-up time of 29 vs. 20 months, there was no
significant differences in incidence of bladder recurrence,
adjuvant chemotherapy, disease progression, local
recurrence, distant metastasis, cancer-specific mortality rate,
or overall mortality rate between the groups (82) (Table 2).

Conclusions

The adoption of robotic surgery for managing UTUC
has grown exponentially over the years. A recent study by
Bae et al. demonstrated that minimally invasive surgery
(MIS) techniques were utilized in half of all radical
nephroureterectomies performed in the USA. While the
trend in LNU has leveled off, the number of RAL-NU has
continued to rise (65). Despite the widespread adoption
of robotic surgery in UT'UC management, it is crucial to
prioritize scientific rigor and conduct robust studies within
this context, acknowledging the limitations imposed by the
disease’s prevalence.

Taking into account all currently available evidence
discussed in this paper, we can summarize the reasons
behind the increasing popularity of robotic surgery in
UTUC and anticipate its continued growth. Comparing
LNU to RAL-NU reveals an additional degree of freedom
and technically easier manipulation of the tissues, along with
instruments offering improved visualization and precision.
These factors contribute to better patient outcomes.
Furthermore, as previously mentioned, RAL-NU results in
reduced blood loss and post-operative pain, shorter hospital
stays, quicker recovery times, and the inherent benefit in
cosmesis of MIS. Most importantly, the fact that a safe
and effective lymphadenectomy can be performed using
robotic surgery strongly supports its use. We consider that
just like other urologic cancers, it is expected that robotic
surgery will become the preferred method for NU as
more medical facilities adopt this technique and new, well
conducted studies are published to support future guideline
recommendations.
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Study, year (design) Sample size, N Study goal Follow-up Outcomes
Lee et al. 2019, (24), n=422: Compare the oncological and 24 months LNU and RAL-NU approaches involved significantly less blood loss (P=0.001), shorter hospital stay (P<0.001), and longer operation time (P<0.001) compared with the ONU approach
1! ti t NU =161 i ti t f diff t (IQR, 10— th
retrospective study ONU =161, perioperative outcomes of di erer.1 (IQR, 10-59 months) No significant differences in intraoperative complications (ONU, 8.1%; LNU, 5.1%; RAL-NU, 7.3%; P=0.363)
LNU =137, nephroureterectomy approaches in
RAL-U =124 patients with non-metastatic UTUC No significant differences early postoperative complications (ONU, 14.9%; LNU, 14.6%; RAL-NU, 13.7%; P=0.880)
LNU and RAL-NU groups showed significantly less postoperative analgesic use (P=0.015)
RAL-NU group showed significantly longer progression-free, cancer-specific, and overall survivals than the ONU approach group on univariate Kaplan-Meier analysis
Surgery type was not significantly associated with survival outcomes per multivariate Cox proportional tests (all P values >0.05)
Zeuschner et al. 2021, (35), n=131: ONU Compare the perioperative 30.9 months RAL-NU had less blood loss (150 mL vs. 250, P=0.004) and less positive surgical margins (1.5% vs. 15.4%, P=0.004) at a comparable operating time (robotic 188 vs. 178 min)
t tive stud =65, RAL-N d logical out f ,1.4-129.5 th L
retrospective study ’ v and oncological ou 'comes 0_ (range months) Any grade complications were more frequent after ONU (40.9% vs. 63.1%, P=0.011)
=66 open and robot-assisted radical
nephroureterectomies The length of stay was shorter after RAL-NU (9 vs. 12 days, P<0.001)
These differences remained significant in the propensity score matched analysis, except for the complication rates, which were still lower for the robotic approach, but no longer significant
PFS at 2-year was: RAL-NU 66.7% vs. ONU 55.3%
OS was (0OS, 2-year: robotic 76.2% vs. open 68.4%). None of them significant
In the Cox regression, the surgical approach did not impact the PFS or OS
Lymph node metastases (HR 3.32, P=0.008) had the strongest impact on the PFS besides patient age (HR 1.51 per 10 years, P=0.025) and prior cystectomy (HR 2.42, P=0.026) in the
multivariate analysis
Veccia et al. 2022, (82), n=877: Compare the outcomes of robotic  Low number of oncologic RAL-NU patients were more likely to undergo bladder cuff excision (81.9% vs. 63.7%; P<0.001) compared to the LNU group
t tive stud RAL-NU =185, dical h t 1 ts aft tching did . _— ) ) ) - .
retrospective study v radical hep rou!'e erelc omy events atter m.a ching I_ A statistically significant difference was found in terms of overall postoperative complications (24.9% vs. 42.9%; P=0.003) and LOS {3.5 [2-5] vs. 5 [4-7]; P<0.001} in favor of RAL-NU
LNU =91 and laparoscopic radical not allow survival analysis
nephroureterectomy within a Pathology showed no statistically significant differences between the two groups. Patients in the multivariable analysis demonstrated that LNU was the only independent predictor negatively
large multi-institutional worldwide associated with achievement of “tetrafecta” (OR: 0.09; 95% CI: 0.02-0.45; P=0.003)
dataset
Veccia et al. 2020, (34), 80 studies, Perform a systematic review N/A RAL-NU was more likely to be performed in those patients with multifocal tumor location (proportion: 0.19; 95% CI: 0.14, 0.24) and high-grade disease (proportion: 0.70; 95% CI: 0.53, 0.68).
systematic review 87,291 patients  and meta-analysis of the Lowest EBL was recorded in the RAL-NU group (WM 163.31 mL; 95% Cl: 88.94, 237.68)
included: literature inherent robotic
Highest EBL in the ONU 414.99 mL; 95% Cl: 378.52, 451.46
ONU n=45,601, nephroureterectomy (RAL-NU) 'ghes was inthe group ( m ? )
HALNU n=442, and to compare its outcomes with Operative time was shorter for ONU (224.98 mL; 95% CI: 212.26, 237.69)
LNU n=31,093, th f other NU techni . . L . .
RAL—;U ose ot other echniques RAL-NU had lower rate of intraoperative complications (0.02; 95% CI: 0.01, 0.05). ONU showed higher odds of transfusions (0.20; 95% CI: 0.15, 0.25)
n=10,155 LOS was statistically significantly shorter for the RAL-NU group (5.35 days; 95% ClI: 4.97, 5.82). LNU seemed to present lower risk of PSM (0.02; 95% CI: —-0.01, 0.05), and lower risk of

recurrence (0.22; 95% CI: 0.15, 0.30), metastasis (0.07; 95% CI: 0.05, 0.10), and cancer-related death (0.03; 95% CI: 0.01, 0.06)
ONU showed the lowest 5 years cancer specific survival (proportion: 0.77; 95% CI: 0.74, 0.80)

No correlation was found between the surgical technique and recurrence-free and cancer-specific survival

ONU, open nephroureterectomy; LNU, laparoscopic nephroureterectomy; RAL-NU, robot-assisted laparoscopic nephroureterectomy; UTUC, upper tract urothelial carcinoma; IQR, interquartile range; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; LOS, length of stay; OR, odds ratio;
Cl, confidence interval; HALNU, hand assisted laparoscopic; NU, nephroureterectomy; N/A, not applicable; EBL, estimated blood loss; WM, weighted mean; PSM, positive surgical margin.

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73


https://www.zotero.org/google-docs/?Qw9l0S
https://www.zotero.org/google-docs/?Qw9l0S
https://www.zotero.org/google-docs/?iSBX4F
https://www.zotero.org/google-docs/?iSBX4F
https://www.zotero.org/google-docs/?B4vl2T
https://www.zotero.org/google-docs/?B4vl2T

Translational Andrology and Urology, Vol 12, No 11 November 2023

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editors (Ram A. Pathak and Ashok K. Hemal)
for the series “Upper Tract Urothelial Cancer” published
in Translational Andrology and Urology. The article has

undergone external peer review.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
tau.amegroups.com/article/view/10.21037/tau-23-73/rc

Peer Review File: Available at https://tau.amegroups.com/
article/view/10.21037/tau-23-73/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tau.amegroups.
com/article/view/10.21037/tau-23-73/coif). The series
“Upper Tract Urothelial Cancer” was commissioned by the
editorial office without any funding or sponsorship. The
authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics,
2022. CA Cancer ] Clin 2022;72:7-33.

2. Soria E, Shariat SE, Lerner SP, et al. Epidemiology,
diagnosis, preoperative evaluation and prognostic
assessment of upper-tract urothelial carcinoma (UTUC).

© Translational Andrology and Urology. All rights reserved.

10.

11.

12.

13.

14.

15.

1749

World ] Urol 2017;35:379-87.

Raman JD, Messer J, Sielatycki JA, et al. Incidence and
survival of patients with carcinoma of the ureter and renal
pelvis in the USA, 1973-2005. BJU Int 2011;107:1059-64.
Rouprét M, Babjuk M, Burger M, et al. European
Association of Urology Guidelines on Upper Urinary
Tract Urothelial Carcinoma: 2020 Update. Eur Urol
2021;79:62-79.

Margulis V, Shariat SE, Matin SE, et al. Outcomes of
radical nephroureterectomy: a series from the Upper
Tract Urothelial Carcinoma Collaboration. Cancer
2009;115:1224-33.

Flaig TW, Spiess PE, Agarwal N, et al. Bladder Cancer,
Version 3.2020, NCCN Clinical Practice Guidelines in
Oncology. ] Natl Compr Canc Netw 2020;18:329-54.
Metcalfe MJ, Petros FG, Rao P, et al. Universal Point of
Care Testing for Lynch Syndrome in Patients with Upper
Tract Urothelial Carcinoma. ] Urol 2018;199:60-5.

Carlo MI, Ravichandran V, Srinavasan P, et al. Cancer
Susceptibility Mutations in Patients With Urothelial
Malignancies. ] Clin Oncol 2020;38:406-14.

Seisen T, Peyronnet B, Dominguez-Escrig JL, et al.
Oncologic Outcomes of Kidney-sparing Surgery Versus
Radical Nephroureterectomy for Upper Tract Urothelial
Carcinoma: A Systematic Review by the EAU Non-muscle
Invasive Bladder Cancer Guidelines Panel. Eur Urol
2016;70:1052-68.

Azémar MD, Comperat E, Richard F, et al. Bladder
recurrence after surgery for upper urinary tract urothelial
cell carcinoma: frequency, risk factors, and surveillance.
Urol Oncol 2011;29:130-6.

Strong DW, Pearse HD, Tank ES Jr, et al. The ureteral
stump after nephroureterectomy. ] Urol 1976;115:654-5.
Rodriguez JF, Packiam VT, Boysen WR, et al. Utilization
and Outcomes of Nephroureterectomy for Upper Tract
Urothelial Carcinoma by Surgical Approach. ] Endourol
2017;31:661-5.

Hall MC, Womack S, Sagalowsky Al et al. Prognostic
factors, recurrence, and survival in transitional cell
carcinoma of the upper urinary tract: a 30-year experience
in 252 patients. Urology 1998;52:594-601.

Clayman RV, Kavoussi LR, Figenshau RS, et al.
Laparoscopic nephroureterectomy: initial clinical case
report. ] Laparoendosc Surg 1991;1:343-9.

Rassweiler JJ, Henkel TO, Potempa DM, et al. The
technique of transperitoneal laparoscopic nephrectomy,
adrenalectomy and nephroureterectomy. Eur Urol
1993;23:425-30.

Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73


https://tau.amegroups.com/article/view/10.21037/tau-23-73/rc
https://tau.amegroups.com/article/view/10.21037/tau-23-73/rc
https://tau.amegroups.com/article/view/10.21037/tau-23-73/prf
https://tau.amegroups.com/article/view/10.21037/tau-23-73/prf
https://tau.amegroups.com/article/view/10.21037/tau-23-73/coif
https://tau.amegroups.com/article/view/10.21037/tau-23-73/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

1750

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

© Translational Andrology and Urology. All rights reserved.

Phé V, Cussenot O, Bitker MO, et al. Does the surgical
technique for management of the distal ureter influence
the outcome after nephroureterectomy? BJU Int
2011;108:130-8.

Favaretto RL, Shariat SE, Chade DC, et al. The effect

of tumor location on prognosis in patients treated with
radical nephroureterectomy at Memorial Sloan-Kettering
Cancer Center. Eur Urol 2010;58:574-80.

Simone G, Papalia R, Guaglianone S, et al. Laparoscopic
versus open nephroureterectomy: perioperative and
oncologic outcomes from a randomised prospective study.
Eur Urol 2009;56:520-6.

Ni S, Tao W, Chen Q, et al. Laparoscopic versus open
nephroureterectomy for the treatment of upper urinary
tract urothelial carcinoma: a systematic review and
cumulative analysis of comparative studies. Eur Urol
2012;61:1142-53.

Walton TJ, Novara G, Matsumoto K, et al. Oncological
outcomes after laparoscopic and open radical
nephroureterectomy: results from an international cohort.
BJU Int 2011;108:406-12.

Tinay I, Gelpi-Hammerschmidt F, Leow JJ, et al. Trends
in utilisation, perioperative outcomes, and costs of
nephroureterectomies in the management of upper tract
urothelial carcinoma: a 10-year population-based analysis.
BJU Int 2016;117:954-60.

Nanigian DK, Smith W, Ellison LM. Robot-assisted
laparoscopic nephroureterectomy. ] Endourol
2006;20:463-5; discussion 465-6.

Eun D, Bhandari A, Boris R, et al. Concurrent upper and
lower urinary tract robotic surgery: strategies for success.
BJU Int 2007;100:1121-5.

Lee H, Kim HJ, Lee SE, et al. Comparison of oncological
and perioperative outcomes of open, laparoscopic, and
robotic nephroureterectomy approaches in patients with
non-metastatic upper-tract urothelial carcinoma. PLoS
One 2019;14:¢0210401.

Won Lee J, Arkoncel FR, Rha KH, et al. Urologic robot-
assisted laparoendoscopic single-site surgery using a
homemade single-port device: a single-center experience
of 68 cases. ] Endourol 2011;25:1481-5.

Hemal AK, Stansel I, Babbar P, et al. Robotic-assisted
nephroureterectomy and bladder cuff excision without
intraoperative repositioning. Urology 2011;78:357-64.
Leow JJ, Liu Z, Tan TW, et al. Optimal Management of
Upper Tract Urothelial Carcinoma: Current Perspectives.
Onco Targets Ther 2020;13:1-15.

Abbott JE, Cicic A, DiMatteo AD, et al. Contemporary

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zuluaga et al. Robotic nephroureterectomy vs. open approach in UTUC

Management and Trends in the Treatment of Upper
Tract Urothelial Carcinoma. World J Nephrol Urol
2015;4:189-200.

Kimball FN, Ferris HW. Papillomatous Tumor of the
Renal Pelvis Associated with Similar Tumors of the Ureter
and Bladder. Review of Literature and Report of Two
Cases. J Urol 1934;31:257-304.

Mcdonald HP, Upchurch WE, Sturdevant CE. Nephro-
ureterectomy: a new technique. ] Urol 1952;67:804-9.
Clayman RV, Garske GL, Lange PH. Total
nephroureterectomy with ureteral intussusception and
transurethral ureteral detachment and pull-through.
Urology 1983;21:482-6.

Li WM, Shen JT, Li CC, et al. Oncologic outcomes
following three different approaches to the distal ureter
and bladder cuff in nephroureterectomy for primary
upper urinary tract urothelial carcinoma. Eur Urol
2010;57:963-9.

Xylinas E, Rink M, Cha EK, et al. Impact of distal ureter
management on oncologic outcomes following radical
nephroureterectomy for upper tract urothelial carcinoma.
Eur Urol 2014;65:210-7.

Veccia A, Antonelli A, Francavilla S, et al. Robotic versus
other nephroureterectomy techniques: a systematic review
and meta-analysis of over 87,000 cases. World J Urol
2020;38:845-52.

Zeuschner P, Vollmer SG, Linxweiler J, et al. Robot-
assisted versus open radical nephroureterectomy for
urothelial carcinoma of the upper urinary tract: A
retrospective cohort study across ten years. Surg Oncol
2021;38:101607.

Nadu A, Mor Y, Chen J, et al. Laparoscopic nephrectomy:
initial experience in Israel with 110 cases. Isr Med Assoc J
2005;7:431-4.

Kerbl K, Clayman RV, McDougall EM, et al. Laparoscopic
nephroureterectomy: evaluation of first clinical series. Eur
Urol 1993;23:431-6.

Viprakasit DP, Macejko AM, Nadler RB. Laparoscopic
nephroureterectomy and management of the distal ureter:
a review of current techniques and outcomes. Adv Urol
2009;2009:721371.

Rose K, Khan S, Godbole H, et al. Robotic assisted
retroperitoneoscopic nephroureterectomy -- first
experience and the hybrid port technique. Int J Clin Pract
2006;60:12-4.

Hu JC, Silletti JP, Williams SB. Initial experience with
robot-assisted minimally-invasive nephroureterectomy. ]
Endourol 2008;22:699-704.

Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73



Translational Andrology and Urology, Vol 12, No 11 November 2023

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

© Translational Andrology and Urology. All rights reserved.

Park SY, Jeong W, Ham WS, et al. Initial experience of
robotic nephroureterectomy: a hybrid-port technique.
BJU Int 2009;104:1718-21.

Eandi JA, Nelson RA, Wilson TG, et al. Oncologic
outcomes for complete robot-assisted laparoscopic
management of upper-tract transitional cell carcinoma. ]
Endourol 2010;24:969-75.

Saini S, Pathak RA, Hemal AK. Robotic
nephroureterectomy in the management of upper tract
urothelial cancer: inching toward standard of care? Int
Urol Nephrol 2022;54:1777-85.

Patel MN, Hemal AK. Does Advancing Technology
Improve Outcomes? Comparison of the Da Vinci
Standard/S/Si to the Xi Robotic Platforms During Robotic
Nephroureterectomy. ] Endourol 2018;32:133-8.

Zargar H, Krishnan J, Autorino R, et al. Robotic
nephroureterectomy: a simplified approach requiring

no patient repositioning or robot redocking. Eur Urol
2014;66:769-77.

De Groote R, Decaestecker K, Larcher A, et al. Robot-
assisted nephroureterectomy for upper tract urothelial
carcinoma: results from three high-volume robotic surgery
institutions. ] Robot Surg 2020;14:211-9.

Patel MIN, Aboumohamed A, Hemal A. Does transition
from the da Vinci Si to Xi robotic platform impact
single-docking technique for robot-assisted laparoscopic
nephroureterectomy? BJU Int 2015;116:990-4.

Lee Z, Cadillo-Chavez R, Lee DI, et al. The technique of
single stage pure robotic nephroureterectomy. ] Endourol
2013;27:189-95.

Gill IS, Soble JJ, Miller SD, et al. A novel technique

for management of the en bloc bladder cuff and distal
ureter during laparoscopic nephroureterectomy. ] Urol
1999;161:430-4.

Shalhav AL, Dunn MD, Portis AJ, et al. Laparoscopic
nephroureterectomy for upper tract transitional cell
cancer: the Washington University experience. ] Urol
2000;163:1100-4.

Wong C, Leveillee RJ. Hand-assisted laparoscopic
nephroureterectomy with cystoscopic en bloc excision of
the distal ureter and bladder cuff. ] Endourol 2002;16:329-
32; discussion 332-3.

Wein AJ, Kavoussi LR, Partin AW, et al. Campbell-Walsh
Urology: 4-Volume Set (11th Ed.). Faculty Bookshelf;
2016;69.

Brausi MA, Gavioli M, De Luca G, et al. Retroperitoneal
lymph node dissection (RPLD) in conjunction with
nephroureterectomy in the treatment of infiltrative

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

1751

transitional cell carcinoma (T'CC) of the upper urinary
tract: impact on survival. Eur Urol 2007;52:1414-8.

Zhai TS, Jin L, Zhou Z, et al. Effect of lymph node
dissection on stage-specific survival in patients with

upper urinary tract urothelial carcinoma treated with
nephroureterectomy. BMC Cancer 2019;19:1207.
Peyrottes A, Califano G, Ouzaid I, et al. Lymph Node
Dissection During Radical Nephro-Ureterectomy for
Upper Tract Urothelial Carcinoma: A Review. Front Surg
2022;9:852969.

Ambani SN, Weizer AZ, Wolf JS Jr, et al. Matched
comparison of robotic vs laparoscopic nephroureterectomy:
an initial experience. Urology 2014;83:345-9.

Pathak RA, Hemal AK. Fate of residual ureteral

stump in patients undergoing robot-assisted radical
nephroureterectomy for high-risk upper tract urothelial
carcinoma. Transl Androl Urol 2020;9:856-62.

Pathak RA, Dutta R, Williams J, et al. Robotic radical
nephro-ureterectomy for high-risk upper tract urothelial
carcinoma: Step-by-step illustrative video of surgical
technique. Urol Video J 2020;8:100068.

Jeong IG, Khandwala YS, Kim JH, et al. Association of
Robotic-Assisted vs Laparoscopic Radical Nephrectomy
With Perioperative Outcomes and Health Care Costs,
2003 to 2015. JAMA 2017;318:1561-8.

Autorino R, Zargar H, Kaouk JH. Robotic-assisted
laparoscopic surgery: recent advances in urology. Fertil
Steril 2014;102:939-49.

Taylor BL, Scherr DS. Robotic Nephroureterectomy. Urol
Clin North Am 2018;45:189-97.

McCarron JP, Mills C, Vaughn ED Jr. Tumors of the renal
pelvis and ureter: current concepts and management.
Semin Urol 1983;1:75-81.

Kim MS, Koom WS, Cho JH, et al. Optimal management
of recurrent and metastatic upper tract urothelial
carcinoma: Implications of intensity modulated radiation
therapy. Radiat Oncol 2022;17:51.

Aboumohamed AA, Krane LS, Hemal AK. Oncologic
Outcomes Following Robot-Assisted Laparoscopic
Nephroureterectomy with Bladder Cuff Excision

for Upper Tract Urothelial Carcinoma. J Urol
2015;194:1561-6.

Bae H, Chung JH, Song W, et al. Robotic Radical
Nephroureterectomy with Bladder Cuff Excision for
Upper Tract Urothelial Carcinoma: A Trend Analysis

of Utilization and a Comparative Study. Cancers (Basel)
2022;14:2497.

Saini S, Lukas V, Pathak RA, et al. Robot-Assisted

Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73



1752

67.

68.

69.

70.

71.

72.

73.

74.

75.

Laparoscopic Ureteral Reconstruction for Malignant
Pathology: Single-Center Experience with Analysis of
Perioperative, Functional, and Oncologic Outcomes. J
Endourol 2023;37:42-9.

Peyronnet B, Cornu JN, Rouprét M, et al. Trends in the
Use of the GreenLight Laser in the Surgical Management
of Benign Prostatic Obstruction in France Over the Past
10 Years. Eur Urol 2015;67:1193-5.

Dominguez-Escrig JL, Peyronnet B, Seisen T, et al.
Potential Benefit of Lymph Node Dissection During
Radical Nephroureterectomy for Upper Tract Urothelial
Carcinoma: A Systematic Review by the European
Association of Urology Guidelines Panel on Non-muscle-
invasive Bladder Cancer. Eur Urol Focus 2019;5:224-41.
Prasad SM, Shalhav AL. Comparative effectiveness of
minimally invasive versus open lymphadenectomy in
urological cancers. Curr Opin Urol 2013;23:57-64.

Lenis AT, Donin NM, Faiena I, et al. Role of surgical
approach on lymph node dissection yield and survival in
patients with upper tract urothelial carcinoma. Urol Oncol
2018;36:9.e1-9.

Clements MB, Krupski TL, Culp SH. Robotic-Assisted
Surgery for Upper Tract Urothelial Carcinoma: A
Comparative Survival Analysis. Ann Surg Oncol
2018;25:2550-62.

Diana M, Marescaux J. Robotic surgery. Br J Surg
2015;102:e15-28.

Lee CH, Ku]JY, Jeong CW, et al. Predictors

for Intravesical Recurrence Following Radical
Nephroureterectomy for Upper Tract Urothelial
Carcinoma: A National Multicenter Analysis. Clin
Genitourin Cancer 2017;15:e1055-61.

Mbeutcha A, Rouprét M, Kamat AM, et al. Prognostic
factors and predictive tools for upper tract urothelial
carcinoma: a systematic review. World ] Urol 2017;35:337-
53.

Golombos DM, Chughtai B, Trinh QD, et al. Minimally

Cite this article as: Zuluaga L, Rich JM, Razdan S,
Ucpinar B, Okhawere KE, Saini I, Badani KK. Robotic

nephroureterectomy supplanting open and laparoscopic

approach for upper tract urothelial carcinoma management: a
narrative review. Transl Androl Urol 2023;12(11):1740-1752.
doi: 10.21037/tau-23-73

© Translational Andrology and Urology. All rights reserved.

76.

77.

78.

79.

80.

81.

82.

83.

Zuluaga et al. Robotic nephroureterectomy vs. open approach in UTUC

invasive vs open nephrectomy in the modern era: does
approach matter? World J Urol 2017;35:1557-68.

Hanna N, Sun M, Trinh QD, et al. Propensity-score-
matched comparison of perioperative outcomes between
open and laparoscopic nephroureterectomy: a national
series. Eur Urol 2012;61:715-21.

Proietti S, Marchioni M, Eisner BH, et al. Conservative
treatment of upper urinary tract carcinoma in patients
with imperative indications. Minerva Urol Nephrol
2021;73:245-52.

Seisen T, Granger B, Colin P, et al. A Systematic Review
and Meta-analysis of Clinicopathologic Factors Linked to
Intravesical Recurrence After Radical Nephroureterectomy
to Treat Upper Tract Urothelial Carcinoma. Eur Urol
2015;67:1122-33.

Hwang EC, Sathianathen NJ, Jung JH, et al. Single-dose
intravesical chemotherapy after nephroureterectomy for
upper tract urothelial carcinoma. Cochrane Database Syst
Rev 2019;5:CD013160.

Xylinas E, Kluth L, Passoni N, et al. Prediction of
intravesical recurrence after radical nephroureterectomy:
development of a clinical decision-making tool. Eur Urol
2014;65:650-8.

Pathak RA, Hemal AK. Techniques and Outcomes of
Robot-assisted Nephro-ureterectomy for Upper Tract
Urothelial Carcinoma. Eur Urol Focus 2018;4:657-61.
Veccia A, Carbonara U, Djaladat H, et al. Robotic vs
Laparoscopic Nephroureterectomy for Upper Tract
Urothelial Carcinoma: A Multicenter Propensity-

Score Matched Pair "tetrafecta” Analysis (ROBUUST
Collaborative Group). ] Endourol 2022;36:752-9.
Huang YP, Huang EY, Chung H]J, et al. Is Robotic
Superior to Laparoscopic Approach for Radical
Nephroureterectomy with Bladder Cuff Excision in
Treating Upper Urinary Tract Urothelial Carcinoma? J
Endourol 2023;37:139-46.

Transl Androl Urol 2023;12(11):1740-1752 | https://dx.doi.org/10.21037/tau-23-73



