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Abstract: This paper examines the current role of robot-assisted renal surgery as complex and
partial nephrectomies, including vena cava thrombus, combined nephroureterectomies, living
donor nephrectomy, autotransplantation, and difficult anatomy as in patients with obesity or
adhesions. Indications for robot-assisted renal surgery are comparable to those of conventional
laparoscopic approaches. A reduction in the learning curve leads to a stabilization of the proce-
dure and further increases the number of minimally invasive procedures performed. A Medline
literature search for publications on the field of robotic kidney surgery has been performed using
the MeSH terms: robotic surgical procedures and kidney. Future directions include progress in
robotic technology and instrumentation with further miniaturization of robotic procedures as
laparoendoscopic single-site interventions and progress in image-guided robotic surgery.
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Introduction

Robot-assisted procedures have become an integral part in renal surgery gaining
importance mirrored by an increase in publications. The da Vinci robot offers several
advances to accelerate the learning curve for nonlaparoscopic surgeons, notably three-
dimensional (3-D) vision and normal surgical manipulation. The six degrees of freedom
can shorten the learning curve for the skilled open, but laparoscopically inexperienced
surgeon.! The laparoscopic approach can be limited by the technical challenges of
tumor dissection and intracorporal suturing. The robotic approach offers advantages
such as magnified stereoscopic vision and fully articulating instruments, which may
reduce these technical challenges. Disadvantages of these procedures are the higher
costs compared to other procedures.

The focus of robotic renal surgery lies rather in technically demanding procedures than
in simple uncomplicated nephrectomies. Advantages of the robotic technology are expected
when it comes to the management of renal procedures. These complex procedures are
indications where robot-assisted surgery will likely gain more relevance in the future.

Materials and methods

A Medline literature search for publications on the field of robotic kidney surgery was
performed using the MeSH terms: robotic surgical procedures and kidney. Reference
lists of retrieved papers were searched for additional references. For robot-assisted
partial nephrectomy (RAPN) results, only studies involving >50 patients were included.
As a review of peer-reviewed studies, no ethical committee approval was obtained.
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Robot-assisted radical nephrectomy

Renal cell carcinoma has the highest incidence in western
countries, representing 2%—3% of all cancers with a trend
to a worldwide increase.? Although laparoscopic radical
nephrectomy is currently the gold standard for the treatment
of a localized renal tumor (cT1-2), with no indications for
nephron-sparing surgery (NSS), open radical nephrectomy
continues to be performed in large numbers as laparoscopy
might not be applicable to all nephrectomies even in experi-
enced hands. The role of robotic radical nephrectomy is still
debatable, and criticisms of routine nephrectomy with robotic
surgery include the cost, setup time, and longer global opera-
tive time over laparoscopic nephrectomy (LN).?

A review of 150 nephrectomies demonstrated that the
costs of robot-assisted radical nephrectomy (RARN) are
comparable to those of LN when a robot is already present.*
In a recent retrospective single institution comparison, the
costs of disposable instruments used in LN were comparable
to those of the disposables used in RARN, leading to the
conclusion that robotic surgery for nephrectomy does not
always require higher cost.’

Nephrectomy including inferior vena cava
thrombectomy

One potential area of a robotic approach for radical nephre-
ctomy is the field of renal cell carcinoma with an associated
thrombus of the inferior cava vein. In this setting, the robotic
approach can help overcome the technical difficulties of
pure laparoscopy. Only small series exist in the literature.>®
RARN is also feasible in the setting of a horseshoe kidney
and/or a renal vein thrombus.” Although laparoscopy is an
established treatment for radical nephrectomy, laparoscopic
management is uncommon, with only one case report of an
entirely laparoscopic management for a short thrombus not
requiring inferior vena cava (IVC) cross-clamping.® Recently,
Abaza et al’ reported 32 cases of robotic nephrectomy among
nine surgeons at nine institutions with n=30 IVC level II or

Table I Outcome after RARN

n=2 IVC level III tumor thrombectomy. The IVC required
cross-clamping in 24 cases. The mean operative time was
292 minutes (range 180—411 minutes) with a mean blood
loss of 399 cc (range 25-2,000 cc). There were no conver-
sions to open surgery or aborted procedures, and there were
three transfusions of 1-3 U. All but two patients ambulated
by postoperative day 1 and the mean hospital stay was
3.2 days. The authors concluded that robotic nephrectomy
in the setting of IVC tumor thrombus is feasible and can be
performed safely. However, it should be kept in mind that
their favorable results reported represent a limited experience
in selected cases.

Gill et al'® presented the initial series of completely
intracorporal robotic levels Il and II1 IVC tumor thrombec-
tomy in seven patients and nine patients, respectively. The
median operative time was 4.9 hours (range 4.5—6.3 hours),
the median estimated blood loss (EBL) was 375 cc (range
200-7,000 cc), and the median hospital stay was 4.5 days.
All surgical margins were negative. There were no intraop-
erative complications and one postoperative complication
(Clavien 3b). At a median 7 months of follow-up, all patients
are alive. Compared to level II thrombi, level III cohort had
a greater operative time (4.5 hours vs 4.9 hours) and blood
loss (290 cc vs 375 cc). They concluded that level IIT IVC
thrombectomy is feasible and can be performed efficiently.
However, the absence of severe complications in a small
series performed by recognized experts in that field does
not allow the conclusion whether this approach is more
or less safe than the open technique or if outcomes are
reproducible.

Oncological outcome

Compared to open or laparoscopic radical nephrectomy,
robotic radical nephrectomy is comparable regarding the
oncological outcome (Table 1). Hemal and Kumar'' compared
RARN vs LN. In both groups, neither local recurrences nor
port-site or distant metastases were detected. However, the

Study n Tumor size OT (minutes), EBL Conversion PSM FU (months)
(cm) median®

Rogers et al'* 35 5.1 291 223 None None 15.7

Hemal and Kumar!' 15 6.7 221 210 I: O NR 83

Boger et al'® 13 4.8 168 100 I:L NR NR

Lorenzo et al' 38 NR 128 274 None None 12

Dogra et al'” 23 6.4 133 270 3:0 None 29.4

Petros et al>* 101 82 172 67 None | NR

Note: *Ninety cases with renal tumors and 80 cases with malignancies, including complex cases as nine cava thrombectomy and partial additional organ resections.
Abbreviations: EBL, estimated blood loss; FU, follow-up; L, laparoscopic; n, number of patients; NR, not reported; O, open; OT, operation time; PSM, positive surgical

margin; RARN, robot-assisted radical nephrectomy.
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number of patients was low with a short follow-up. Similar
results were seen in observational cohort studies. Periopera-
tive outcomes were similar.!%!3

Although randomized data are lacking, the so far larg-
est single-center study from Petros et al®> demonstrated that,
regardless of complexity, RARN compared favorably with
the large series of LN. Nevertheless, although robotic neph-
rectomy is a safe and feasible technique, there is no clear
advantage shown in literature compared to the LN approach.¢
However, advantages of the robotic approach compared to
a laparoscopic approach may be a better retraction of the
kidney when using the fourth robotic arm and, thus, a poten-
tial reduction in operation time and an easy ligation of the
kidney vessels similar to the open approach.

Complications

Compared to open and LN, RARN is comparable regarding
the peri- and postoperative complications.!'! In the largest to
date series, including 101 RARN cases, Clavien grades [11-V
complications occurred in 5%.° No patient had to be con-
verted to open surgery. This compares well with ~5% con-
version rates in the larger reported LN series. The rate of
open conversions found in 200 laparoscopic nephrectomies
was 13.8% for tumors >10 cm.!® The robotic series from
Petros et al® included 24 patients with tumors >10 cm and
no conversions. Ivey et al investigated the conversion rates in
different laparoscopic renal surgery techniques. The conver-
sion rates were 1.8% in robotic cases, 10.4% in conventional
laparoscopic cases, 17.1% in hand-assisted laparoscopic
cases, and 15.8% in retroperitoneoscopic cases.'” However,
the potential benefit of adding robotics to uncomplicated LN
is not proven yet. Indications for complex cases of RARN
should be investigated in experienced hands, such as the
invasion of adjacent organs and the presence of an associ-
ated IVC thrombus.

Robot-assisted partial nephrectomy

NSS is currently considered as the gold standard of treatment
for tumors <4 cm (T1a). The main advantages of minimally
invasive NSS are lower blood loss and thus transfusion rates,
lower postoperative pain, and faster recovery time. Open
partial nephrectomy (OPN) has been the reference standard
for the management of the small renal mass regarding a
potential benefit for functional and oncological outcomes.
The morbidity of OPN, such as open flank incision and
muscle cutting, has led to significant advances in minimally
invasive NSS with the laparoscopic partial nephrectomy
(LPN) as a reference standard.?’ High technical skills are

necessary for LPN, possibly leading to an underutilization
of these procedures.?! The laparoscopic approach can be
limited by the technical challenges of tumor dissection and
intracorporal suturing.

According to recent EAU guidelines, minimally invasive
procedures, such as LPN and RAPN, are alternatives to OPN
based on surgeon’s expertise and skills.? Dissemination of
RAPN is increasing. The shorter learning curve with compa-
rable results is one explanation for this development.'-?

Master—slave systems as the da Vinci system demo-
nstrate a steep learning curve. Several new advances
have emerged to accelerate the learning curve for non-
laparoscopic surgeons, notably 3-D vision and normal
surgical manipulation. Notably, the six degrees of freedom
can shorten the learning curve for the skilled open, but
laparoscopically inexperienced surgeon.” The robotic
approach offers advantages, such as magnified stereo-
scopic vision up to 12X and simplified maneuvers with
the EndoWrist (Intuitive Surgical, Sunnyvale, CA, USA)
and fully articulating instruments, which may reduce these
technical challenges. These advantages lead to a steeper
learning curve compared to conventional laparoscopy.?
According to Mottrie et al, a good level of proficiency on
the console, blood loss, and warm ischemic time (WIT) is
reached after 25-40 interventions.?**

To address the levels of expertise and reduce the compli-
cations and optimize the outcomes, treatment decisions for
renal malignancies need a standardized description of tumor
anatomy. Surgical decision-making and data set comparisons
would be significantly enhanced by a consistent, reproduc-
ible system.

Different systems, such as the Radius (tumor size), Exo-
phytic/endophytic properties of the tumor, Nearness of tumor
deepest portion to the collecting system or sinus, Anterior
(a)/posterior (p) descriptor and the Location relative to the
polar line (RENAL) score,* the preoperative aspects and
dimensions used for an anatomical classification,”’ centrality
index,”® and contact surface area,?® are used for preopera-
tive planning, which is necessary for optimizing operative
outcomes. A literature review of renal surgical anatomy and
surgical strategies for partial nephrectomy has been recently
published by Klatte et al.*°

The potential negative impact of ischemia on renal
function led to the development of techniques to minimize
or completely avoid renal ischemia, such as minimally isch-
emic and off-clamp partial nephrectomies. However, these
techniques are technically demanding and require experience
in partial nephrectomy. Minimally ischemic and off-clamp
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partial nephrectomies show an increased risk for higher blood
loss and a compromised visualization of the surgical field,
possibly resulting in positive margins. Known minimally
ischemic techniques are preoperative superselective transarte-
rial embolization, selective clamping, zero-ischemia partial
nephrectomy with controlled hypotension, and parenchymal
clamping.

Simone et al*’ demonstrated in a review of 52 studies
that off-clamp partial nephrectomy is commonly applied to
small and peripheral renal tumors, whereas minimally isch-
emic methods are best used for hilar and medially located
tumors. Selective clamping of the tumor-feeding artery is
one of the minimally ischemic techniques. In this approach,
global ischemia can be avoided (Figure 1A—D). For better
visualization, robotic near-infrared fluorescence with the
administration of indocyanine green confirms the devascu-
larized area and helps determining the resection area.’? One
of the advantages of using indocyanide green is to confirm
that the tumor is truly ischemic.

This method demonstrated comparable perioperative
outcomes to on-clamp partial nephrectomy (operative time

176.1 minutes vs 195.6 minutes, WIT 20.4 minutes vs
22.9 minutes, and EBL 211 mL vs 207 mL) in a matched-pair
analysis of 42 robotic partial nephrectomy cases with near-
infrared fluorescence selective clamping compared to 42
on-clamp partial nephrectomy cases. A significantly lower
decrease in estimated glomerular filtration rate (¢GFR) at
discharge was demonstrated (1.9% vs 16.8%, P<<0.01).*!
Akca et al recently investigated the possible detrimental
effects of clamping main vs segmental renal arteries for the
achievement of renal global ischemia during RAPN. Patient
groups consisted of cases where one main renal artery (or
hilum) was clamped vs cases where multiple arteries or
multiple branches of arteries were individually clamped.®
Including 579 patients, they found that blood loss and WIT
were comparable between both groups. There was no statis-
tically significant difference between the groups regarding
postoperative complications (19% vs 12.6%). On multivari-
able analysis, WIT and preoperative eGFR remained the only
significant predictors of early eGFR preservation.*

Desai et al retrospectively compared a total of 52 con-
secutive patients undergoing robotic partial nephrectomy

Figure | Selective clamping of three arterial branches supplying the dorsal right-sided 6 cm upper pole RCC.

Notes: (A) Contrast-enhanced CT image demonstrating the upper pole 6 cm tumor of the right kidney preoperative and 6 months postoperative. (B) A dorsal segmental
branch is clamped. The renal artery is put on tension with a vessel loop to improve exposure of the anterior upper pole arterial branches and a second bulldog is prepared to
clamp. (C) Selective clamping of another two arterial branches supplying the dorsal right-sided 6 cm upper pole RCC. The lower pole is visible on the left side of the image.
Gerotas fascia is covering the mid portion of the kidney. The tumor is encircled on the right side. (D) After application of indocyanine green, the perfusion of the lower pole
of the kidney is visible, whereas the upper pole tumor is not perfused and therefore not visible.

Abbreviations: RCC, renal cell carcinoma; CT, computed tomography.
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with superselective vs main artery clamping in 61 patients.>
All margins were negative, and both groups had similar
perioperative complication rates, although the postoperative
transfusion rate was significantly higher (24% vs 6%) in
the superselective group, but differences decreased with
experience. The superselective devascularization resulted
in higher glomerular filtration rates (11% vs 17% loss).
The authors confirm the noninferiority of this demanding
technique compared to main artery clamping during RAPN.
This technique is probably best in selected patients requiring
urgent preservation of renal function.

Functional outcome
The main challenge of PN regarding the functional out-
come is to keep the ischemic time low. The limit for WIT
is 20 minutes, and cold ischemic time should be kept as
short as possible — at best within 35 minutes — but can be
prolonged up to 2 hours. To date, there is no dose-response
curve available to predict the risk of kidney damage caused
by renal arterial clamping.®

Although the resection of small tumors without clamp-
ing the kidney vessels provides an oncologically adequate
surgery and minimizes the perioperative complications or
loss of renal function, intraoperative ischemia often becomes
necessary. Ischemia diminishes intraoperative renal hemor-
rhage and improves access to the collecting system and also
allows better visualization of the tumor extent and complete
tumor resection.’> However, the number of arterial vessels
clamped during the procedure and clamping of the renal vein
at the time of arterial clamping were not the predictors of
early eGFR preservation.™

Even minor loss of kidney function can reduce life
expectancy and increase cardiovascular morbidity. Thus,
preservation of renal function is the main challenge besides
the oncological outcome.* Results of RAPN outcome of
selected studies including >50 patients are summarized in
Table 2.

In a multicenter matched-pair comparison by Kim et al,*’
a total of 1,032 patients were included for evaluation. This
resulted in 195 LPNs matched to 195 RAPNSs. Operative time
(P<<0.001) and WIT (P<0.001) were significantly shorter in
the RAPN group. No significant differences were found in
the overall change in eGFR (P=0.768) or positive surgical
margin (PSM; P=0.653). Similarly, surgical outcomes after
robotic or pure laparoscopic PN in moderate-to-complex
renal tumors resulted in a significantly lower EBL and a
shorter WIT in the robotic group.* Two meta-analyses dem-
onstrated comparable perioperative outcomes and shorter
WIT for RAPN. 40

A systematic review by Choi et al,” including 23 studies
and a total of 2,240 patients, showed a significantly lower rate
of conversion to open surgery (P=0.02) and radical surgery
(P=0.0006), shorter WIT (P=0.005), smaller change of eGFR
(P=0.03), and shorter length of stay (P=0.004) in the RAPN
group vs the LPN group. There were no significant differ-
ences regarding the operative time (P=0.35), EBL (P=0.76),
change of serum creatinine (P=0.65), and positive margins
(P=0.75).

Partial nephrectomy for tumors >4 cm may pose additional
technical challenges during surgery. Patel et al** published
data for 71 consecutive patients who underwent transperito-
neal RAPN-56 patients with tumors <4 cm, 15 patients with

Table 2 RAPN results regarding tumor size, operation time, WIT, EBL, and PSM rates of selected studies including >50 patients

Study N Mean tumor Mean operative Mean WIT Mean EBL PSM
size (cm) time (minutes) (minutes) (mL) (%)
Benway et al* 129 29 189 19.7 155 4
Mottrie et al?? 62 2.8 91 20 140 2
Benway et al*’ 183 2.9 210 239 132 3.8
Dulabon et al*®* 446 2.9-35 187-194 19.6-26.3 208-262 1.6
Spana et al*’ 450 291 188 20.2 213 NR
Scoll et al® 100 2.8 206 25.5 127 5.7
Rogers et al'® 148 2.8 197 27.8 183
Haber et al*! 75 2.8 200 18.2 323 0
Patel et al? 71 2.1-5 238-275 20-25 100 42
Petros et al*® 95 2.3-2.5 246-250 16-21 100-150 NR
Lorenzo et al'® 65 NR 171 NR 243 9.2
Naeem et al* 97 2.3-25 242-265 22.5-26.5 100-150 2
Wang et al® 8l 3.8 136 20.5 197 1.2
Ting et al* 76 35 240 8 NR 1.3

Note: *Nonhilar (405) vs hilar (n=41) tumors.

Abbreviations: EBL, estimated blood loss; NR, not reported; PSM, positive surgical margin; RAPN, robot-assisted partial nephrectomy; WIT, warm ischemic time.
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tumors >4 cm (mean size 5.0 cm; range 4.1-7.9 cm). The
median WIT was longer for tumors >4 cm (25 minutes vs
20 minutes; P=0.011), the median total operative time was
also longer for larger tumors (275.5 minutes vs 238 minutes;
P=0.068, no statistical significance).

Although prospective evidence would be ideal, clinical
trial comparisons with LPN and OPN will be fraught with
accrual challenges and are not expected in the near future.’!

Oncological outcome
The oncological outcome after laparoscopic and OPN is
similar regarding positive margins or recurrence rates.

In the large unicentric studies, positive margins are
described in 1.5%—5.7% of patients with RAPN, which is
comparable to the positive margins rates of LPN and OPN.*!
The oncological follow-up is too short to allow a retrospec-
tive analysis of the long-term data. Gorin et al** showed an
upstaging from cT1 to cT3a in 4.8%. The median follow-up
was 17.3 months (range 8—-30 months). After 2 years, a local
recurrence rate for pT1-2 and pT3a tumors was shown in
0.8% and 8.2%, respectively (P=0.003). Risk factors for an
upstaging are complex tumors, large tumor diameters, and
a hilar tumor localization.

PSMs after RAPN were evaluated in a multicenter study
including 943 RAPNs.** A low prevalence of 2.2% (n=21)
PSMs after RAPN was reported. These patients presented
with 18.4-fold higher recurrence and metastasis rates. These
results are based on a small number of margin-positive
patients and need to be confirmed in a larger series.

Khalifeh et al> investigated 204 patients with a mean
follow-up of 3 years. The overall survival (OS) was 97%
at 3 years and 90% at 5 years. The recurrence-free survival
(RFS) was 98.9% at 3 years and 5 years; cancer-specific
survival (CSS) was reported to be as high as 99%. A 20%
upstaging of chronic kidney disease postoperatively was
demonstrated.

Outcome reporting systems

To summarize the perioperative outcomes of RAPN, two
systems have been described. Lista et al*® described the
margin, ischemia, and complications system (MIC) to report
the perioperative outcomes of RAPN. The study popula-
tion consisted of 339 patients who underwent RAPN for
cT1 tumors at three centers. Ideal WIT was considered as
<20 minutes. Safety was defined as the absence of major
complications (Clavien classification grades III and IV).
Cancer control was defined as the absence of PSMs. The
achievement of MIC is the fulfillment of all three outcomes.
The median WIT was 17 minutes (range 7—51 minutes) with

WIT of >20 minutes in 88 cases (26%). PSMs were observed
in 22 patients (6.5%), and the major complication rate was
3.8%. The overall MIC rate was 67%. Both continuously
and categorically coded preoperative aspects and dimensions
used for anatomical scores were independent predictors of
MIC achievement.

A similar reporting system is the Trifecta system.
Zargar et al®® retrospectively reviewed 2,392 consecutive
cases of RAPN and LPN performed in five high-volume
centers from 2004 to 2013. The Trifecta system was
defined as negative surgical margins, no perioperative
complications, and a WIT of <25 minutes. They also
defined a new measure of optimal outcome, pentafecta of
outcomes, such as the presence of Trifecta plus no chronic
kidney disease and 90% eGFR preservation. Inclusion
criteria were met by 1,185 RAPNs and 646 LPNs. The
RAPN group demonstrated a reduced WIT (18 minutes vs
26 minutes) and a lower overall complication rate (16.2%
vs 25.9%) and PSM rate (3.2% vs 9.2%). The Trifecta rate
was significantly higher for RAPN (70% vs 33%), and
the pentafecta rate was achieved in 38.5%. Both systems
can be helpful in the future; however, external validation
is needed.

Perioperative complications

Complications are classified according to the Clavien—Dindo
classification of complications.’” RAPN is a safe surgical
technique with an intraoperative complication rate between
1.4% and 2.9%.%7 In a large multicenter series with 886
patients, Tanagho et al demonstrated that RAPN is com-
parable to other nephron-sparing modalities regarding the
complications. The postoperative complication rate was 13%,
which is comparable to other LPN studies.***%* Benway
et al* showed no significant differences of complication rates
between 129 patients with RAPN and 118 patients with LPN
(8.5% vs 10.2%).

Specific complications of partial nephrectomy

Typical complications of RAPN are bleeding, urinoma,
and acute renal failure due to WIT. The larger series show
bleeding requiring transfusion in 3.7%-4.2%. Pseudoaneu-
rysms are complications after RAPN predominantly seen in
central localized tumors with an incidence between 0.2%
and 3.8%.3%36!

There is a correlation found between perioperative
complications and tumor size.**¢' However, the main factor
to minimize the perioperative complications, despite better
technical equipment and 3-D vision, is the experience of
the surgeon.®
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Robot-assisted nephroureterectomy
Upper tract urothelial carcinoma (UTUC) has an estimated
incidence of 3%—5% of all urothelial cancers.® Radical
nephroureterectomy, including bladder cuff excision, is the
current gold standard in the management of high-grade
disease. The safety and feasibility of a minimally invasive
approach in organ-confined disease vs open nephroureterec-
tomy has been demonstrated in a randomized controlled
trial, while its effectiveness in patients with advanced stage
diseases remains to be proven.®

Rose et al® reported the first robot-assisted nephroure-
terectomy (RANU) for left ureteral urothelial carcinoma in
2006. Lee et al® implemented a unique port placement strat-
egy based on a modified paramedian line, which allowed
sufficient access to both the upper abdomen and the deep
pelvis for RANU with bladder cuff excision and concomi-
tant lymphadenectomy. Yang et al®” included 20 patients
with UTUCs undergoing RANU by redocking the robot
after the nephrectomy for the excision of the distal ureter
and bladder cuff. Recently, Aboumohamed et al®® reported
the oncological outcomes of initial 65 patients undergoing
RANU with bladder cuff excision using a single docking
technique. Different techniques of bladder cuff excision
exist, and since randomized controlled trials are lacking,
no recommendation for a certain technique can be given.
Xylinas et al® studied the management of the distal ureter
during radical nephroureterectomy. In patients undergoing
the transvesical approach, the extravesical approach, and the
endoscopic approach, there was no difference in terms of
RES, CSS, and OS. Patients who underwent the endoscopic
approach were at significantly higher risk of intravesical
recurrence compared to those who underwent the transvesi-
cal (P=0.02) or extravesical approaches (P=0.02); the latter
two groups did not differ from each other (P=0.40).®

Perioperative outcome

In 43 RANUSs performed at three institutions for UTUC,”
the mean operating time was 247 minutes (range
128-390 minutes), the mean blood loss was 131 mL (range
10-500 mL), and the median (range) length of stay was 3 days
(range 2—87 days). None of the procedures were converted
or required blood transfusions. Lymphadenectomy was per-
formed on 16 of the 20 patients, with a mean yield of 14.1
(range 2—-35) lymph nodes removed. There were 14% post-
operative complications: bleeding requiring a blood transfu-
sion (Clavien II), splenic bleeding (Clavien 1V), two cases
of pneumonia (Clavien II), and two cases of rhabdomyolysis
(Clavien I and IV). Yang et al reported that the mean opera-
tive time was 251.6+126.7 minutes (range 110—540 minutes)

and the mean EBL was 50.0+42.9 mL (range 10-200 mL).
Aboumohamed et al reported only 6.6% (n=3) of one Clavien
2 and two Clavien 3a complications.

Oncological outcome

In the study from Pugh et al, pathology was pTa in nine
patients, pT1 in 14 patients, pT2 in three patients, pT3
in 15 patients, and pT4 in two patients. Lymph node dis-
section was performed in 51% with a mean lymph node
count of eleven (range 4-23). Nine recurrences (six bladder
recurrences, two within the retroperitoneum, and one in the
contralateral collecting system) have been found to date on
routine surveillance with a mean follow-up of 9 months.”
Yang et al found 19 high-grade urothelial carcinoma and one
low-grade urothelial carcinoma: staged Ta for three, T1 for
five, T2 for five, and T3 for seven. There were no PSMs. After
amean follow-up of 14.7 months (range 2—34 months), three
bladder recurrences developed, and additional four patients
developed metastatic disease. The CSS rate was 75%. It
should be considered that, Taiwan having a high incidence
rate of UTUC, the conclusions that can be drawn for com-
parative effectiveness with other techniques are limited.®’
The recent study by Aboumohamed, including 65 RANUSs
with bladder cuff excision pathology, demonstrated 65% of
pT2 stage or lower, 28.3% of pT3 stage, and 6.7% of pT4
stage. High-grade pathology was present in 85%, 13.3% with
concomitant CIS and 30% with lymphovascular invasion. The
median follow-up was 25.1 months (range 6—68.9 months).
At 2 years and 5 years, the OS was 86.9% and 62.6%, the
CSS was 92.9% and 69.5%, and the RFS was 65.3% and
57.1%, respectively. A total of 23 patients experienced
disease recurrence, while 15 patients developed bladder
recurrences: 12 had isolated bladder recurrences and eight
patients developed metastatic disease. Only lymphovascular
invasion was associated with a reduced CSS on multivariate
analysis (P=0.048).

In view of the current evidence, RANU is a safe and
feasible minimally invasive alternative to laparoscopic and
open procedures for UTUCs. The sutured closure of the
bladder cuff and regional lymphadenectomy are facilitated
with the use of robot-assisted surgery. Prospective ran-
domized controlled studies comparing open, conventional
laparoscopic, or hybrid open/laparoscopic techniques to
assess the clinical efficacy are lacking. Another major
limitation is the short follow-up in current studies. RANU
for UTUC demonstrated satisfactory oncological results
on intermediate-term follow-up. However, early experience
appears promising, but long-term outcomes will be required
to assess for true efficacy.
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Robot-assisted living donor nephrectomy
For living donor nephrectomy, the use of a robotic system
is potentially beneficial. Again, laparoscopy is associated
with a significant learning curve.’"’? The largest series to
date has been performed hand-assisted 273 robotically
assisted left donor nephrectomies.” The mean hospital
stay was 2.3 days (range 1-8 days) and the mean blood
loss was 82 mL (range 10-1,500 mL). The operative time
was 103 minutes for the last 70 cases. Giacomoni et al™
compared hand-assisted robotic nephrectomy using the
technique described by Horgan et al vs totally robotic
nephrectomy. Each patient suitable for living donor neph-
rectomy was suitable for the minimally invasive approach
with the only relative contraindication of more than one
previous abdominal procedure.” Intraoperative bleeding
was similar between both groups (90 mL vs 100 mL).
Switching to the open procedure was never required. The
median operative time was not significantly longer (175
minutes vs 250 minutes). The median WIT was significantly
shorter in the hand-assisted group than in the robotic group
(2.3 minutes vs 5.1 minutes). Similarly, Horgan et al” could
demonstrate WITs of <2 minutes and a graft survival rate
of 98%. These results remained stable even in the presence
of vessel anomalies.

Complications

Horgan et al reported a significant decrease in complica-
tions after the first 74 cases. The 1-year patient survival
rate was 100%.7 Giacomoni et al reported only one
Clavien 2 complication with a post-discharge subocclu-
sion syndrome. No patient developed Clavien 3 or higher
complications.” Hubert et al reported their experience
of robot-assisted living donor nephrectomies stating
its safety. All nephrectomies were carried out without
complications and with minimal blood loss. The mean
surgery time was 181 minutes. The average WIT and
cold ischemic time were 5.84 minutes and 180 minutes,
respectively.”

Renal function

All donors demonstrated a normalized renal function within
9 days of surgery. No cases of graft loss were observed,
and between 94% and 100% of transplanted kidneys had
an immediate function.”’*”® They concluded that using a
robotic-assisted approach, living kidney recovery is a safe
and effective procedure enhancing the laparoscopic skills.
It is the method of choice for surgeon’s ergonomic comfort
and donors’ safety.”*7

Robot-assisted kidney transplantation
Robotic approaches to renal transplantation have shown
promising results compared to open renal transplantation.”
A variety of techniques are described.”®! A significant
reduction in wound infections in patients with morbid
obesity vs standard open renal transplantation (0% vs 28.6%,
P<0.004) was observed compared to laparoscopic renal
transplantation by Modi et al®* Similarly, Tzvetanov et al
performed robot-assisted kidney transplantation (RAKT) in
patients with morbid obesity as the increased risk of infection
in open surgery negatively impacts the graft survival.**% Ina
matched-pair cohort of 28 patients each, there were no surgi-
cal site infections in the robotic group compared to 28.6%
in the control group. However, patient and graft survival
were comparable.” After 135 RAKTS, the authors report no
surgical site infections in the robotic group in patients with
a mean body mass index (BMI) of 43 kg/m?.%® Sood et al®
also noted similar reductions in analgesic use, blood loss,
and complications in patients undergoing robot-assisted
transplantation vs open renal transplantation. RAKT seems
to be a safe approach with a reduced complication rate in
patients with obesity.

Intracorporal renal autotransplantation
Gordon et al presented a complete robot-assisted intracorpo-
real renal autotransplantation. The WIT was 2.3 minutes, and
cold ischemia was achieved by intracorporeal hypothermic
renal perfusion for 95.5 minutes. The venous and arterial
anastomosis times were 17.3 minutes and 21.3 minutes,
respectively. The EBL was <50 mL. There were no complica-
tions, and the patient was discharged home on postoperative
day 1 after normal Doppler renal ultrasound.® Postoperative
renal scan at 6 weeks, intravenous urogram at 8 weeks, and
computerized tomography urography at 5 months revealed
normal function and successful ureteral reconstruction.
A completely intracorporal renal autotransplantation is a fea-
sible approach to renal preservation after major ureteral injury
for selected patients and in the hands of experienced robotic
surgeons.® However, these approaches, although promising,
should be considered as experimental at present.

Robotic-assisted pyeloplasty

The ureteropelvic junction obstruction (UPJB) is the most

common congenital anomaly of the ureter. An open pyelo-

plasty was the gold standard of treatment for a long time until

the first laparoscopic pyeloplasty was performed in 1993.
This approach led to a comparable success rate together with

less morbidity. Gettman et al®’ reported the first robot-assisted
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pyeloplasty (RAPP) series in 2002. Unfortunately, prospec-
tive randomized data comparing laparoscopic and robotic
pyeloplasties do not exist. The largest retrospective multicenter
study was published by Lucas et al with 259 included cases
(274 laparoscopic cases and 465 robotic cases). There were no
significant differences in operative time, complication rate, and
radiographic success at 6 months.* The feasibility and efficacy
of RAPP has been demonstrated by both the retroperitoneal and
the transperitoneal approaches.® Overall, 55 patients underwent
retroperitoneoscopic and transperitoneal RAPPs for UPJO. The
overall success rate using the diuretic renal scan and/or imaging
techniques was 96% with two recurrences in the retroperito-
neal group with a follow-up of at least 6 months. In adults, a
minimally invasive approach is the gold standard for primary
pyeloplasty. The robotic approach itself shows no distinct
advantage regarding clinical and functional outcomes.”

Future directions

Image-guided robotic surgery

Image-guided surgery aims at improving anatomic visual-
ization. Computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasound (US) are more suitable for
image-guided surgery (IGS) because of their deeper pen-
etration compared to optical visualization. However, soft-
tissue deformation makes it difficult to implement IGS in
robotic urology. In 2012, Ukimura et al®! first reported the
3-D reconstructions of renovascular-tumor anatomy for zero
ischemia in RAPN. Since then, several reports on 3-D imag-
ing reconstruction offering accurate anatomical identification
of important intrarenal structures were published.”>”> At
present, feasibility of IGS is limited and requires random-
ized controlled trials for assessing its feasibility on clinical
outcome.”

Contrast-enhanced ultrasound combines contrast consist-
ing of microbubbles with ultrasound. Referring to a recent
systematic review by Alenezi and Karim,” it has the potential
to facilitate imaging of renal tumors during RAPN, espe-
cially in patients with impaired renal function who cannot
be given the other contrast agents used in current imaging
techniques. Contrast-enhanced ultrasound has the potential
to aid in selective arterial clamping and to image the renal
microvasculature, without affecting renal function.

Robotic laparoendoscopic single-site
surgery

Laparoendoscopic single-site (LESS) surgery has been intro-
duced as a next step to further miniaturize laparoscopic renal
procedures. Difficulties interfering with the dissemination of

LESS include an in-line view with clashing of instruments
and loss of triangulation. To overcome these obstacles, robotic
LESS (R-LESS) fits instruments and camera within a single-
site port and uses remote center technology to minimize
cannula collisions, arm interferences, and port-site move-
ment. The da Vinci system software (Intuitive Surgical, Inc.
Sunnyvale, CA, USA) automatically detects and reassociates
user’s hands with the instrument tips to create collision-free
movements through crossed trokars. The first clinical applica-
tion of R-LESS was performed by Kaouk and Goel in 2009.%
Since then, there have been additional reports of R-LESS,
including prostatectomy, radical nephrectomy, partial neph-
rectomy, pyeloplasty, and other urologic procedures.’*!%
Recently, platform-specific instruments (VeSPA; Intuitive
Surgical, Sunnyvale, CA, USA) have been developed for
LESS surgery.'”" Although R-LESS is a feasible technique
with good cosmetic results, multicentric studies are required
to gain more evidence regarding the effectiveness, feasibility,
and cost considerations of this technique.

Conclusion

Overall, robotic kidney surgery is a technique in evolution,
and the prospects of robotic staplers, EndoWrist ligature, and
robotic single-port techniques may further increase robotic
penetration in minimally invasive surgery.

In recent comparative studies, robotic renal surgery is
associated with favorable perioperative outcomes when com-
pared with the conventional laparoscopic procedures. Further
studies are needed to compare the results of complex robotic
cases with open procedures. The current high cost is the most
prohibitive factor for its widespread distribution.
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