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KEY POINTS

e Upper tract transitional cell carcinoma is a rare malignancy for which surgery is the only definitive

treatment.

e Robot-assisted surgery provides a minimally invasive approach and has become more popular in

recent years.

e Robot-assisted techniques for upper tract urothelial carcinoma seem to have similar outcomes to

open and laparoscopic approaches.

e For select ureteral cancers, the involved kidney can be spared by performing robot-assisted distal

ureterectomy or segmental ureterectomy.

INTRODUCTION AND BACKGROUND

Upper tract urothelial carcinoma (UC), also
referred to as upper tract transitional cell carci-
noma, is a rare disease that makes up approxi-
mately 5% of all UCs and less than 5% to 7%
of all renal tumors." Upper tract UC is two times
more common in men than in women and is
commonly diagnosed in the eighth decade of
life.> The disease is often multifocal at presenta-
tion because the entire urothelial surface has
been exposed to urinary carcinogens resulting in
a “field cancerization” effect.®> Staging of upper
tract UC is based on the tumor, node, metastasis
(TNM) system.* In the eighth edition of the staging
system, stage IV cancers have metastasized to
the lymph nodes or distant sites.® Lower stages
are categorized by the invasiveness of the pri-
mary tumor. Stage Oa and 0Ois refer to tumors
that are papillary and noninvasive carcinoma
(Ta), and carcinoma in situ (Tis), respectively.
Stages 1 to 3 correspond to T1, T2, and T3 tumor

categories, with each category representing an
increase in tumor invasiveness. Survival corre-
lates with tumor stage at diagnosis, with 5-year
survival rates of 100% for stage Ta and Tis versus
41% for stage T3 disease.® Surgery is considered
the only definitive treatment for upper tract UC.
Historically, open nephroureterectomy was
considered the treatment of choice. However,
technological developments have ushered in
newer, minimally invasive techniques, such as
laparoscopic nephroureterectomy and robot-
assisted laparoscopic nephroureterectomy. Clay-
man and colleagues described the first laparo-
scopic  nephroureterectomy in 1991, and
subsequent reports demonstrated comparable
oncologic outcomes with reduced morbidity
when compared with open surgery.”®° The first
robot-assisted nephrectomy was reported in
2000, and the robotic platform rapidly grew in
popularity for numerous urologic procedures in
the following two decades.'®'" Robot-assisted
nephroureterectomies demonstrated comparable
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clinical outcomes to laparoscopic and open ap-
proaches, and were also associated with the
shortest hospital stays.’? Increased use of
robot-assisted surgeries can be attributed to
improved dexterity provided by the da Vinci surgi-
cal system (Intuitive Surgical, Sunnyvale, CA),
increased use of minimally invasive techniques
in training programs, and increased availability
of the robot platform.’”® Techniques, such as
distal ureterectomy with ureteral reimplant, which
has the advantage of sparing both kidneys, can
be performed using the robotic platform.
Segmental ureterectomy with primary ureteroure-
terostomy is an additional method of managing
upper tract UC and also can be performed robot-
ically. Compared with open surgery, robot-
assisted surgery offers the advantage of
improved cosmesis and shorter recovery.'*

OUTCOMES

Historically, open radical nephroureterectomy was
considered the gold standard for definitive treat-
ment of upper tract UC."® Technological develop-
ments led to laparoscopic and robot-assisted
techniques in the management of upper tract
UC. With the increased dexterity offered by the
da Vinci surgical system, minimally invasive ap-
proaches have become more widely available.
Although the robotic approach has not been eval-
uated in prospective, randomized trials, retrospec-
tive data show cancer control outcomes that are
similar to open and laparoscopic approaches.
Clements and colleagues'? performed a compara-
tive survival analysis of 3801 patients undergoing
robot-assisted versus laparoscopic or open sur-
gery for upper tract UC and found that robotic sur-
gery was associated with the shortest length of
hospital stay with no difference in readmission
rates, overall, or cancer-specific survival (CSS)
rates. De Groote and colleagues'® performed a
retrospective review from three high-volume cen-
ters for robotic surgery and assessed periopera-
tive, pathologic, and oncologic outcomes. They
concluded that robot-assisted nephroureterec-
tomy is safe and feasible, has low postoperative
morbidity, is rarely associated with major compli-
cations, and has acceptable oncologic out-
comes.'® Lenis and colleagues’” identified 3116
patients in the National Cancer Database and eval-
uated whether choice of surgical approach had
any effect on decision to perform lymph node
dissection, lymph node yield, and overall survival.
The authors concluded that compared with open
nephroureterectomy, robot-assisted nephroure-
terectomy did not compromise performance of a
lymphadenectomy and that robot-assisted

nephroureterectomy may actually be associated
with improved lymph node yield."”

Robotic surgery provides dexterity to perform
minimally invasive reconstructive surgeries that
can preserve the kidney. Therefore, it is relevant
to review the data supporting the safety and effi-
cacy of kidney-sparing surgeries, such as distal
ureterectomy  with ureteral reimplant and
segmental ureterectomy with primary ureteroure-
terostomy. Fukushima and colleagues'® retro-
spectively reviewed a multi-institution database
of 1329 patients treated for upper tract UC and
found that there was no statistically significant dif-
ference in CSS and recurrence-free survival be-
tween the distal ureterectomy and
nephroureterectomy, even when patients were
stratified by tumor stage. Dalpiaz and colleagues'®
performed a retrospective chart review of 49 pa-
tients who underwent distal ureterectomy and 42
patients who underwent radical nephroureterec-
tomy. Notably, both high- and low-grade cancers
were represented in both treatment groups. The
authors found that CSS and recurrence-free sur-
vival at 5 years did not differ significantly between
the two groups. Jeldres and colleagues®®
compared the outcomes of segmental ureterec-
tomy with nephroureterectomy in an analysis of
2044 patients and found no significant differences
in cancer-specific mortality rates at 5 years.
Seisen and colleagues®' performed a meta-
analysis comparing segmental ureterectomy with
nephroureterectomy and found no significant dif-
ferences in CSS between the two groups at
3 years, 5 years, or last follow-up.

PREOPERATIVE WORK-UP

Patients with upper tract UC often present with he-
maturia as the first clinical sign of disease, with
gross or microscopic hematuria found in 70% to
80% of patients at time of diagnosis. Flank pain
secondary to ureteral obstruction caused by a
mass is another common presenting symptom
and occurs in approximately 20% of patients.??
Physical examination may reveal a flank mass in
a rare cases. Imaging is critical to diagnosing up-
per tract UC. Computed tomography urography
is the most accurate imaging technique for diag-
nosing upper tract UC with a reported sensitivity
of 0.97 and specificity of 0.93.%% In patients who
cannot undergo computed tomography, MRI can
be performed. The sensitivity of magnetic reso-
nance urography is 0.75 for detecting tumors
less than 2 cm.?2 Urine cytology and cystoscopy
provide additional means of evaluating the urothe-
lium. Positive urine cytology with negative cystos-
copy is highly suggestive of upper tract UC and
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further evaluation with upper tract imaging is crit-
ical. However, it is important to keep in mind that
cytology from the bladder is less sensitive for up-
per tract UC when compared with UC of the
bladder, and Messer and colleagues®* recommen-
ded that when upper tract UC is suspected,
cytology be performed using samples obtained
directly from the renal cavities. Fluorescence in
situ hybridization is commonly used in the diag-
nosis of bladder cancer, but like urine cytology,
has a limited role in upper tract UC. Diagnostic
ureteroscopy provides direct visualization and al-
lows for sampling from the renal pelvis for urine
cytology. Furthermore, flexible ureteroscopy al-
lows biopsies to be taken from suspicious lesions
and is critical in diagnosing upper tract UC. When
considering kidney-sparing surgery for ureteral
cancer, it is critical to visually inspect the upper
tract and ensure that there is no visible disease
in the portion of the urothelial being spared.

Following appropriate clinical assessment and
diagnosis, the urologist must decide on the
optimal treatment strategy. Surgery is the only
definitive treatment for nonmetastatic upper tract
UC and open, laparoscopic, and robot-assisted
approaches have all been found to be equally
effective for controlling the cancer.’® Although
not the focus of this article, ablative therapies
are appropriate for some small UCs. Compared
with open surgery, minimally invasive techniques
result in lower morbidity, but the use of these
techniques ultimately depends on surgeon exper-
tise. Nephroureterectomy has long been the gold
standard. However, in carefully selected patients
with disease localized to the ureter, segmental
ureterectomy is a viable alternative.?® Distal ure-
terectomy with reimplantation of the ureter is
ideal for patients with low-grade disease in the
distal ureter. Overall, kidney-sparing surgery
should be strongly considered in patients with
normally functioning kidneys with low-grade dis-
ease, or in patients with solitary kidney and/or
impaired renal function.

Ureteral stents can promote periureteral inflam-
mation, making surgery more challenging. There-
fore, if a ureteral stent is present, it can be
removed 3 to 7 days before the procedure; howev-
er, in patients with symptomatic ureteral obstruc-
tion this may not be possible. A urine culture
should be strongly considered preoperatively and
culture-specific antibiotics given at least 3 to
5 days before surgery, because these patients
are more susceptible to becoming septic during
the perioperative period. Historically, bowel prep-
aration to decompress the colon was routinely
performed; however, the surgery can be safely
performed without a formal bowel preparation.
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The role of neoadjuvant and adjuvant chemo-
therapy has not been definitively defined for upper
tract UC. For stage lI-llla bladder cancer, neoadju-
vant chemotherapy has been shown to improve
survival.?>26 Therefore, it is reasonable to consider
neoadjuvant chemotherapy in select patients with
high-grade upper tract disease, particularly if im-
aging suggests at least stage Il disease. Another
important consideration is the benefit of neoadju-
vant chemotherapy for bladder cancer that has
been associated with cisplatin-based chemo-
therapy, which requires adequate renal function.
Therefore, some patients may have adequate
renal function to tolerate neoadjuvant chemo-
therapy but not adjuvant chemotherapy.

ROBOT-ASSISTED NEPHROURETERECTOMY

Radical nephroureterectomy involves removal of
the kidney and ureter along with bladder cuff exci-
sion and is recommended for UC of the renal
pelvis and upper ureter. The patient is positioned
in a lateral decubitus position with the umbilicus
at the level of kidney rest. The surgical table is
partly flexed to open the space between the thorax
and hip. An axillary role is placed two finger-
breadths below the axilla. A gel roll is placed
against the back to keep patients in a 45° to 90°
flank position. Three-inch cloth tape may be strap-
ped across the upper chest and hip to help secure
the patient (Fig. 1). The contralateral, lower arm
should be placed on an arm board, supported by
foam and loosely secured to the arm board with
tape. The ipsilateral arm should be loosely secured
with tape to an arm rest, which may be composed
of pillows stacked on top of the lower arm. After
the patient has been secured to the operating ta-
ble, the abdomen and flank are shaved, prepared,
and draped in standard sterile fashion.

Fig. 1. Positioning of patient on table for robot-
assisted nephroureterectomy.
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The robot provides the greatest advantage
when performing the distal ureterectomy and
bladder repair. With older generations of the da
Vinci robot, such as the da Vinci S and Si, it was
often necessary to dock the robot separately for
the nephrectomy and the distal ureterectomy. To
avoid having to dock twice, it was often simpler
to perform the nephrectomy laparoscopically and
dock the robot for the distal ureterectomy. Howev-
er, with the da Vinci Xi, it is possible to dock the
robot once because the robotic arms have greater
mobility.

Pneumoperitoneum is established using any va-
riety of techniques. Fig. 2 shows the port place-
ment for a left nephroureterectomy using the da
Vinci Xi. It is often helpful to plan port placement
after establishing pneumoperitoneum, which can
distend the abdominal wall. The camera port
should be placed superior to the umbilicus and
immediately lateral to the rectus muscle. The
fourth arm is the inferior-most port and care should
be taken to avoid inadvertently entering the
bladder. A 12-mm assistant port is required. All
trocars should be placed under vision if possible.
For a right-sided nephroureterectomy, an addi-
tional 5-mm port is placed in the midline, just
below the xyphoid and used to retract the liver
(Fig. 2).

Access to the retroperitoneum is gained via inci-
sion lateral to the colon along the white line of
Toldt.?” Excision of this avascular tissue lateral to
the colon allows the colon to then be reflected
medially, providing access to the retroperitoneum.
Depending on the laterality of the nephroureterec-
tomy, either the spleen or the liver must then be
manipulated. For a left-sided nephroureterectomy,
the spleen is mobilized after excision of its lateral
attachments. If the spleen is sufficiently mobilized,
it will remain off the kidney during the remaining

dissection without having to apply any instruments
to the spleen. For a right-sided nephroureterec-
tomy a blunt, locking grasper is inserted through
the 5-mm trocar below the xyphoid to lift the liver
and lock onto the abdominal wall near the lateral
attachment of the liver. The duodenum is also
mobilized and deflected medially to provide expo-
sure to the inferior vena cava and renal hilum.
Attention is then directed toward the lower pole
of the kidney where the ureter and gonadal vein
can be readily identified (Fig. 3). The ureter should
be identified as early as possible so that a locking
clip can be placed below the tumor to prevent
distal seeding of cancer during manipulation of
the kidney. The ureter is superiorly retracted as
the dissection is continued to the hilum. The renal
vein should be clearly identified and separated
from tissue posterior to the vein, which is expected
to contain the renal artery. A laparoscopic vascular
stapler can be used to staple and cut the artery
and vein separately (Fig. 4). Using this approach,
it is not necessary to completely mobilize and visu-
alize the renal artery as long as the renal vein has
been lifted off the structures immediately posterior
to it and hilar tissue containing the artery has been
thinned out sufficiently to accommodate the lapa-
roscopic vascular stapler. The adrenal gland
should be spared. On the left, the adrenal vein
should be visualized, and care should be taken
to divide the renal vein distal to the adrenal vein.
The importance of performing a retroperitoneal
lymph node dissection (RPLND) has not been
established. However, it is likely that an RPLND
will improve nodal staging and help determine
prognosis.?® During an RPLND, bulky nodes and
nodes visible on preoperative imaging should be
prioritized for removal. A complete nodal dissec-
tion may include the retroperitoneal package
extending from the crus of the diaphragm down

® 12mm (Assistant)
® 3 mm (Robot)

S5mm (Liver)

Fig. 2. Port placement for robot-assisted nephroureterectomy. (A) Right-sided port placement. (B) Left-sided port

placement.
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Right kidney

Gonadal vein

Inferior vena cava

to pelvic nodes. However, the template can be
modified based on the location of the tumor. For
a left renal pelvis tumor, our practice is to perform
an RPLND using the following structures to define
the template: crus of the diaphragm, the left ureter,
the aortic bifurcation, and the vena cava. For a
right renal pelvis tumor, the following structures
define our template: crus of the diaphragm, the
right ureter, bifurcation of the vena cava, and
aorta. Patients undergoing RPLND are at risk for
developing a chyle leak. Therefore, all lymphatic
vessels should be clipped using metal clips before

Right kidney o

4

Ureter / /
Py

Right gonadal vein /

Right renal vein

Right renal artery

Robot-Assisted Surgery

Fig. 3. Identification of ureter and
gonadal vein at lower pole of kidney
during a right-sided
nephroureterectomy.

being divided. The assistant can apply the clips
using a multifire laparoscopic clip applier.

The goal is to remove kidney, ureter, and
bladder cuff en bloc. To complete the distal ureter-
ectomy and bladder cuff excision, the ureter is
traced down to its entry into the bladder. Before
doing this, it is helpful to move the three working
robotic trocars from the top three 8-mm trocars
to the bottom three 8-mm trocars. While tracing
the ureter, the vas deferens should be ligated
where it crosses the ureter anteriorly. As dissec-
tion of the ureter is continued distally, the

Fig. 4. Exposure of vessels of renal hi-
lum during robot-assisted
nephroureterectomy.
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obliterated umbilical artery and bladder pedicles
are encountered lateral and perpendicular to the
course of the ureter (Fig. 5). These structures
should be divided between Hem-o-lok clips to
facilitate the ureteral dissection. When the detru-
sor is encountered, 2-cm incisions are made at
the 12- and 6-o’clock positions. This should
expose the underlying mucosal layer. A full-
thickness apical stitch is placed at the top of this
incision. The mucosal layer can be pulled into the
surgical field by gently pulling on the ureter. This
facilitates resection of the bladder cuff and helps
identify the mucosal layer for the subsequent
bladder closure (Fig. 6). Care should be taken to
avoid damaging the contralateral ureter. The
bladder is closed in two layers with a 2-0 polyglac-
tin 910 barbed stitch placed in a running fashion. A
leak test is performed through a urethral catheter.
A Foley catheter should remain in place for
approximately 1 week; however, if the patient
passes the intraoperative leak test, some sur-
geons remove the Foley catheter as early as post-
operative Day 1. The 12-mm assist port may be
used to insert a specimen bag and the specimen
may be removed through a Pfannenstiel incision.
It should be noted that the distal ureterectomy
and bladder repair can be performed before the
nephrectomy and this provides the advantage of
keeping the kidney and upper ureter in their

Bladder pedicle

Left external ilig

Left internal ilig

Left ureter

orthotopic position, allowing more tension to be
applied to the ureter.

ROBOT-ASSISTED DISTAL URETERECTOMY
WITH REIMPLANT

Although nephroureterectomy is considered the
gold standard for treatment of upper tract UC,
kidney-sparing surgery may be considered in pa-
tients with distal ureteral tumors, particularly
when renal function is compromised. The preoper-
ative evaluation must include ureteroscopy of the
proximal collecting system that will be preserved
to ensure that this portion of the urothelium is
free of visible cancer. Uberoi and colleagues?®® first
described the robot-assisted distal ureterectomy
with ureteral reimplantation and since then,
various retrospective studies have compared
distal ureterectomy with nephroureterectomy,
and identified similar outcomes.

For surgery, the patient is placed supine and
near-maximum Trendelenburg position. Foam
pads should be placed under all pressure points
and the surgeon should verify that the patient is
secured to the operating table. A urinary catheter
is inserted into the bladder, which is drained after
the balloon is inflated. Once positioned, the
abdomen is shaved, prepared, and draped in stan-
dard sterile fashion. Pneumoperitoneum is
achieved with Veress needle. Five to six robotic

Fig. 5. Exposure of distal ureter during
nephroureterectomy.
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Fig. 6. Bladder cuff excision during nephroureterectomy. (A, B) Placement of a holding stitch into the detrusor
muscle. (C) Tenting of the bladder mucosa before incision.

arm ports are placed (Fig. 7). The robot is then
docked along the side of the bed.

In most cases, the ureteral tumor should be
identifiable based on a bulging appearance. Pre-
operative imaging should provide additional guid-
ance on location of the tumor. However, for
smaller masses where no appreciable mass may
be detected via the robotic scope, a ureteroscope
may be used. In these cases, a guidewire is placed
cystoscopically and advanced to the renal pelvis
before docking. During the robotic portion of the
case, a ureteroscope is introduced and advanced

over the guidewire to the level of the tumor. At this
point, the light from the ureteroscope should be
visible laparoscopically and help the surgeon
localize the tumor.*°

Once the robot is fully docked, the surgeon
should mobilize the colon to access the retroperi-
toneum. The ureter should be identified, and the
distal ureter should be dissected along with a
cuff of bladder. The ureteral lesion should be iden-
tified, and the ureter tied off or clipped proximal
and distal to the tumor to prevent tumor spillage.
When dissecting the distal ureter, the vas deferens

()
@ 12mm (Assistant)
—_— s ® 8mm (Robat)
@
k=2 o °

J

Fig. 7. Port placement for distal ureterectomy.
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(round ligament in women), obliterated umbilical
artery, and bladder pedicle are divided between
Hem-o-lok clips. The bladder detrusor is then
incised and opened adjacent to the ureter. A
retracting stitch can be placed in the bulging mu-
cosa, just inside the detrusor, or in the full thick-
ness of the bladder to help provide traction
during subsequent bladder closure. The bladder
cuff is excised circumferentially around the ure-
teral orifice. The ureter is divided proximal to the
ureteral tumor and the proximal margin of the ure-
ter is sent for frozen section analysis. Because of
the small size of most ureteral tumors, a specimen
retrieval bag is usually not required. The specimen
may be removed through a trocar, but if the trocar
needs to be removed to enlarge the incision, a
specimen bag should be used to prevent tumor
spillage and port-site seeding by tumor. The
bladder is then closed with a 2-0 polyglactin 910
barbed suture. A pelvic lymph node dissection is
performed within the borders of the genitofemoral
nerve, aortic bifurcation, obturator nerve, and
lymph node of Cloquet. Following confirmation
from frozen section analysis that the proximal ure-
teral margin is negative, the surgeon can prepare
for ureter reimplantation.

The surgeon first removes the previously placed
clip on the ureter and then proceeds to spatulate
the ureter for approximately 1.5 cm using robotic
Potts scissors. Next, the bladder is dropped from
the abdominal wall by incising the peritoneum
lateral to the obliterated umbilical ligaments and
dividing the obliterated urachal structures. The
contralateral bladder pedicle should be preserved
because the ipsilateral bladder pedicles will have
been divided while mobilizing the ureter. On
adequate mobilization of the bladder, a psoas
hitch or a Boari flap can be performed to allow
for a tension-free ureterovesical anastomosis.

For a psoas hitch, 2-0 polyglactin 910 suture is
used to hitch the bladder superiorly to the psoas
tendon with special care taken to avoid the genito-
femoral and ilioinguinal nerves. Once the bladder
is appropriately fixed, the surgeon proceeds to
ureteral reimplantation, using either running or
interrupted sutures. A 1.5-cm incision is made
through the bladder muscle and mucosa. Once
half of the anastomosis is complete, a double-J
ureteral stent is placed. A guidewire is placed
through the assistant’s trocar and up the ureter.
The proximal end of the stent is advanced up the
ureter using robotic arms. The guidewire is then
removed and the robotic arms are used to insert
the distal end of the stent into the bladder without
need for a guidewire. The anastomosis is then
completed (Fig. 8). Anastomosis patency can be
tested by filling the bladder.

ROBOT-ASSISTED SEGMENTAL
URETERECTOMY WITH PRIMARY
URETEROURETEROSTOMY

Robot-assisted segmental ureterectomy with ure-
teroureterostomy is considered for mid-ureteral
tumors. Ideal candidates have low-grade, mid-
ureteral tumors that are not amenable to endo-
scopic ablation.®' High-grade tumors are treated
with this approach when there is a solitary kidney
or poor renal function, and distal ureterectomy is
not technically feasible. The preoperative evalua-
tion must include ureteroscopy of the collecting
system, which is preserved to ensure that the uro-
thelium is free of visible cancer.

The patient is positioned on the operating table
in lateral decubitus position with ipsilateral side
up.®? Patient positioning and trocar placement is
the same as described for robotic nephroureterec-
tomy. A urinary catheter is inserted into the
bladder. On entry into the abdomen, the colon
should be mobilized and the white line of Toldt
incised to expose the retroperitoneum. The ureter
should be visualized, and the tumor may be
located based on its bulging appearance. Howev-
er, if tumor location is not completely clear, a ure-
teroscope may be advanced over a guidewire to
locate the ureteral tumor as described for robotic
distal ureterectomy. The surgeon should then be
able to identify the location of the ureteral tumor
laparoscopically from the light emitted by the ure-
teroscope. Once the ureter has been sufficiently
mobilized to completely excise the tumor and
perform a tension-free anastomosis, the ureter
can be clipped above and below the tumor to mini-
mize the risk of tumor spillage. Proximal and distal
margins are sent for frozen section before pro-
ceeding with ureteroureterostomy. The surgeon
ensures that the ureteral ends may be anasto-
mosed in a tension-free manner. Ureteral resec-
tions larger than 2 cm may require a more
complex reconstruction, such as ileal interposi-
tion.>> A segmental ureterectomy may be the
best option for a small high-grade ureteral tumor
with a solitary kidney; lymphadenectomy in the
draining lymph area is performed for high-grade
tumors. For the primary ureteroureterostomy, the
proximal and distal ends of the divided ureter
should be spatulated on opposing sides by 1 cm
and stay sutures should be placed on each end.
Care must be taken to avoid twisting the ureteral
ends during this process. The ureteral ends are
then positioned so that the spatulated side of
one ureter is sewn to the unspatulated side of
the other ureteral end. A stent is placed after the
first side of the anastomosis is complete, the ure-
ter is flipped, and the anastomosis is completed.
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SUMMARY

Upper tract UC is a rare malignancy for which sur-

Robot-Assisted Surgery

Fig. 8. Reimplantation of ureter onto
bladder with psoas hitch following
distal ureterectomy.

Left kidney
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Ureteral implantation
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