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Abstract: Urothelial carcinoma of the upper tract (UTUC) is a malignancy that accounts for 5–10% of 
all urothelial carcinomas. Radical surgery is the primary treatment option due to the high rate of invasive 
stages at the time of diagnosis. Nephroureterectomy (NU) with bladder cuff excision is the current standard 
of care. While laparoscopic NU has been established since 1991, many centres still perform open surgery 
due to the complexity of laparoscopic instrumentation and the steep learning curve for excising the bladder 
cuff. With the increasing adoption of the multi-port (MP) robotic surgery, NU has increasingly been 
performed using this platform. The use of MP robotic systems for NU has been challenged by the need 
for patient repositioning and/or redocking of the robot, which can consume valuable operative time. The 
transition from the daVinci Si to the daVinci Xi system has seen a noticeable reduction in redocking and 
patient repositioning. However, owing to the multi-quadrant nature of the surgery in question, the use of 
multiple ports and external instrument clashing are still persistent problems. Moreover, there is a growing 
interest in utilizing a retroperitoneal approach for robot-assisted NU due to its potential benefits such 
as improved control of hilar structures, reduction of blood loss, shorter operative time and hospital stay, 
reduced complications and decreased postoperative discomfort. The application of the daVinci single-port 
(SP) robotic platform during radical NU for UTUC is feasible and has the potential to improve the current 
surgical approach. Indeed, the use of a SP platform may solve the problem of patient repositioning and 
redocking of the robot, improve superficial aesthetic outcome and minimize external instrument clashing. 
While maintaining an optimal oncological control, the retroperitoneal approach, which has been difficult 
to replicate and adopt using the MP approach, may become standard practice. However, more studies are 
needed to confirm the benefit of this approach and ultimately determine the impact of the daVinci SP on the 
management of UTUC.
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Introduction: the challenges faced by the multi-
port (MP) robotic systems

Urothelial carcinoma of the upper tract (UTUC) is a 
malignancy that accounts for 5–10% of all urothelial 
carcinomas and its incidence is increasing, driven mostly 
by demographic changes. Radical surgery is the primary 
treatment option due to the combination of a unique 
anatomy of the upper urothelial tract (no muscular layer 
coupled with a thin lamina) and intrinsic oncological 
aggressiveness, resulting in a high rate of invasive stages at 
the time of diagnosis (1).

Nephroureterectomy (NU) with bladder cuff excision 
is the standard of care for most cases of UTUC (1). While 
laparoscopic NU has been established since 1991, many 
centres still perform open surgery due to the complexity 
of laparoscopic instrumentation and the steep learning 
curve for excising the bladder cuff (2). With the increasing 
adoption of MP robotic surgery, NU has increasingly 
been performed using this platform. Various approaches 
for robot-assisted NU have been reported, with the most 
common being the transperitoneal approach (3). Here, 
patients are typically positioned in the lateral/modified 
lateral flank position as it allows for better surgical exposure 
and access to the kidney via mobilization of the bowel by 
paracolic incision of the dorsal peritoneum.

In the past—as well as in present-day—a combination 
of robotic and open or laparoscopic approaches were used 
to complete the NU and bladder cuff excision (3). This 
may also require repositioning the patient from lateral 
flank to lithotomy position (4). Naturally, as the technique 
progressed, there have been reports of entirely robotic-
assisted nephroureterectomy (RANU) being performed 
without intra-operative patient repositioning. Even in these 
instances, a time-consuming redocking of the robot to 
isolate the distal ureter and excise bladder cuff is necessary 
(5,6). Overall, intra-operative patient repositioning 
or redocking of the robot can consume approximately  
30 minutes of valuable operative time (7). The transition 
from the daVinci Si to the daVinci Xi system has 
seen a noticeable reduction in redocking and patient  
repositioning (6). Indeed, there are numerous techniques 
described in literature to attempt to solve these problems. 
For instance, various port configurations have been 
proposed to avoid patient repositioning and redocking and 
allow multi-quadrant surgery minimising external collisions. 
Darwiche et al. proposed a configuration of four 8 mm 
robotic ports positioned in an oblique straight line starting 

below the costal margin just lateral to the rectus abdominis 
muscle (8). On the other hand, Patel et al. a port placement 
configuration which utilizes four 8 mm robotic ports placed 
linearly along the lateral border of the rectus muscle in 
addition to one 12 mm assistant port placed 2–3 cm cranial 
to umbilicus (6). Most techniques reported require at least 
four to six ports to perform a trans-peritoneal RANU. 
Moreover, owing to the bulky robotic framework, external 
instrument clashing is a persistent problem.

Finally, despite the prevalence of the transperitoneal 
approach, there is a growing interest in utilizing a 
retroperitoneal approach for RANU due to its potential 
benefits such as improved control of hilar structures, 
reduction of blood loss, shorter operative time and hospital 
stay, reduced complications and decreased postoperative 
discomfort (9). Moreover, a retroperitoneal approach might 
be preferred for patients with previous abdominal surgery 
to avoid intraperitoneal adhesions (10). However, to date, 
there have been very few reported cases of a complete 
RANU with bladder cuff excision using the retroperitoneal 
approach, owing mostly to the aforementioned issues, 
coupled with the added difficulty of working within a small 
area such as the retroperitoneum, noticeably reducing MP 
instrument triangulation and dexterity. Indeed, a major 
hurdle to this approach is difficulty in MP placement and 
subsequent instrument clashing, making the operation 
burdensome and difficult to replicate. Of note, at the time 
of publishing this article, there is only a single publication 
describing a completely retroperitoneal robotic NU with 
bladder cuff excision, authored by Sparwasser et al., who 
performed surgery on 5 patients using the daVinci Xi (11). 
Here, the patient was placed in a lateral flank position and 
the trocars were placed parallel to the costal arch, following 
a line mimicking Kocher’s incision, with subsequent balloon 
dilation used to create space to accommodate the different 
robotic arms. Intra-operative redocking was necessary, 
with the authors noting that initial trocar placement took 
approximately 30 minutes, while intra-operative redocking 
took 7 minutes. Notwithstanding this novel port placement, 
the authors reported noticeable instrument clashing during 
the procedure.

The initial impact of the daVinci single-port (SP) 
in urology

The predecessor of the daVinci SP system in urologic 
surgery was the robot-assisted laparoendoscopic single-
site (LESS) NU. When compared to traditional multiport 
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techniques, LESS NU was found to have similar oncological 
and perioperative outcomes, however, it had higher levels 
of intraoperative blood loss (12). The adoption of LESS-
NU has been limited due to the need for specialized 
instruments and reduced instrument triangulation, making 
the procedure technically challenging.

There is currently limited literature on NU with bladder 
cuff excision using the daVinci SP robotic system, and 
the studies available have fewer than 5 patients which had 
undergone the procedure and are retrospective in nature. 
The two studies describe a technique similar to that 
adopted by the daVinci Xi. The patient is placed in the 
lateral/modified lateral position and access to the kidney 
and ureter is obtained with a transperitoneal approach. No 
patient repositioning or redocking is necessary, however the 
operating time is comparable to multiport techniques, likely 
due to the novelty and to the learning curve of the daVinci 
SP (13,14).

Despite being a relatively new technology, the daVinci 
SP system has immediately demonstrated an advantage over 
multiport systems in surgeries involving confined spaces, 
due to easy access and single port placement. A study by 
Abaza et al. showed that among patients who underwent 
partial nephrectomy, those who had surgery with the SP 
had a higher chance of same-day discharge compared to 
multiport, 83% versus 17% (13).

A recent meta-analysis compared the role of the 
daVinci SP with conventional daVinci Si/Xi in partial 
nephrectomies (15). The analysis included 586 patients 
across 6 studies. They showed that the two methods had 
comparable outcomes with regards to safety, with SP partial 
nephrectomies associated with a marginally shorted length 
of hospital stay and less blood loss, 0.35 days and 27 mL, 
respectively. There were no differences in operative time, 
transfusion rates and intraoperative and post-operative 
complications.

Therefore, at first glance one may conclude that the 
SP is simply a less invasive alternative to the already well-
established MP. On this regard, when considering the use of 
the daVinci SP system, there are a few key points to keep in 
mind. Firstly, it is important to note that the learning curve 
for any new surgical system can be significant, especially 
when compared to established methods. Secondly, the 
advantages of the SP system may be particularly pronounced 
in small and confined spaces such as the retroperitoneum, 
an area where the study did not perform a sub-analysis 
comparing MP and SP. Finally, it is worth noting that 
the study examined partial nephrectomies, which require 

a single surgical quadrant. Performing a retroperitoneal 
RANU is technically challenging due to its multi-quadrant 
nature.

Initial single institution experience of 
retroperitoneal SP surgery

We may translate the benefits captured during other 
urologic procedures and hypothesize that the daVinci 
SP may allow for an effective way to develop a fully 
retroperitoneal RANU. At our institution, we started 
performing SP RANU using a traditional transperitoneal 
approach, with the patient positioned in the traditional 
lateral decubitus position (16). Briefly, a 3 cm vertical 
incision lateral to the umbilicus was used as an entry point. 
Once access to the peritoneal cavity was obtained, the 
Alexis retractor and ‘Access Port kit’ were inserted into 
the incision. A 12 mm Airseal assistant port was placed in 
a “sidecar” fashion, where the port was inserted into the 
same skin incision as the SP trocar but was then diverted 
into a separate fascial incision. The SP robotic camera 
was then inserted into the SP trocar at the 12 o’clock 
position. Here, the white line of Toldt was incised and 
the colon was reflected to expose the kidney. A plane just 
above the psoas muscle was dissected superior to the iliac 
vessels, and the ureter was identified. The ureter was then 
followed proximally until the renal hilum was dissected out 
and exposed. The artery and the vein were then ligated. 
Once satisfaction with hemostasis was achieved, the fascial 
attachments around the kidney were released until it was 
fully mobilized. The ureter was then dissected down to 
the bladder level, and subsequent bladder cuff excision 
and bladder closure were performed. With this technique, 
compared to the MP trans-peritoneal RANU, we have 
noted that there is a large amount of mobility within the 
abdomen. Thanks to the ability of the boom to pivot 360 
degrees around the SP trocar, allowing the instruments 
access to both quadrants easily via a single incision. 
Moreover, the 12 mm sidecar allows safe operation with the 
Gia with acceptable articulation. Obviously, the range of 
motion is not comparable to a plus one (separate skin and 
fascial incision), albeit we found it to meet our needs.

However, more recently we have started performing all 
RANU cases with a retroperitoneal approach. Briefly, we 
use a novel anterior retroperitoneal access (17), all while 
maintaining the patient in a supine position, without the 
need of intra-operative patient repositioning. This allows 
a rapid, optimal and replicable port placement. The initial 
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retroperitoneal space is obtained through finger-assisted 
blunt dissection. After which, we position the ‘SP Access 
Port kit’ and introduce the camera and robotic arms. No 
balloon dilation is needed, as the initial space required for 
SP operation is minimal, unlike its MP counterpart. This 
ensures an accurate dissection from the start, avoiding 
unnecessary trauma otherwise caused by the balloon.

Switching from the renal to bladder cuff quadrant is 
simple and rapid, albeit requires assistance to relocate. 
Initial impressions using this novel retroperitoneal approach 
are promising and we will shortly have sufficient data to 
establish a pilot feasibility study. Figure 1 shows a typical 
port placement using the SP during RANU.

Conclusions

In conclusion, the application of the SP robotic platform 
during RANU for UTUC is a feasible option that has the 
potential to improve the current surgical approach. The 
use of a SP platform may solve the problem of patient 
repositioning and redocking of the robot and eliminate the 
issue of external instrument clashing. Taken together, this 
should allow a greater adoption of a standard retroperitoneal 
approach, possibly improving patient experience and 
making outcomes more homogenous between surgeons.

As we have presented, the SP robotic platform has 

advantages over the MP robotic systems for patients such 
as reduced surgical trauma, smaller incision, improved 
cosmesis, reduced pain and faster recovery. On the other 
hand, for surgeons, the retroperitoneal approach offers 
benefits such as improved control of hilar structures, 
reduction of blood loss, shorter operative time and hospital 
stay, reduced complications and decreased postoperative 
discomfort, and should therefore pursued (9).

However, it is important to note that the SP robotic 
platform is a relatively new technology and further studies 
with larger patient populations, preferably in a multi-
institutional setting, are needed to confirm the feasibility 
and safety of the SP robot in the multi-quadrant setting. 
The learning curve for any new surgical system can be 
significant even for experienced surgeons, especially 
when compared to established methods. Therefore, it is 
important for surgeons to be well-trained and experienced 
with the SP robotic platform before performing complex 
surgeries such as RANU, as it requires an extensive 
knowledge of the powerful features unique to the SP 
platform.

Finally—as always—the priority when discussing 
novel oncological techniques should be its oncological 
effectiveness. Further studies are needed to assess the long-
term oncologic outcomes, including recurrence and survival 
rates, of the SP robotic platform compared to traditional 
open and MP surgery. To this end, it is also important to 
note that lymph node dissection during SP-RANU has not 
been studied extensively, and there are no data regarding 
this. Further research is needed to determine the feasibility, 
lymph node yield and safety of lymph node dissection 
during such procedure.

In summary, the SP robotic platform may be a viable 
option for the treatment of UTUC. We feel this holds 
true especially in the retroperitoneal approach. It offers 
improved patient outcomes, reduced surgical trauma and 
improved surgical access. However, more studies are needed 
to confirm the safety and efficacy of the SP robotic platform 
in the multi-quadrant setting.
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