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Abstract

Background To summarize the efficacy of combined robot-assisted laparoscopy and ureteroscopy in treating
complex ureteral strictures.

Methods Eleven patients underwent combined robot-assisted laparoscopy and ureteroscopy for ureteral strictures
between January 2020 and August 2022. Preoperative B-ultrasound, glomerular filtration rate measurement, and
intravenous pyelography showed different degrees of hydronephrosis in the affected kidney and moderate to
severe stenosis in the corresponding part of the ureter. During the operation, stricture segment resection and end-
to-end anastomosis were performed using the da Vinci robot to find the stricture point under the guidance of a
ureteroscopic light source in the lateral or supine lithotomy position.

Results All the patients underwent robot-assisted laparoscopy and ureteroscopy combined with end-to-end
ureterostenosis. There were no conversions to open surgery or intraoperative complications. Significant ureteral
stricture segments were found in all patients intraoperatively; however, stricture length was not significantly different
from the imaging findings. Patients were followed up for 3-27 months. Two months postoperatively, the double-)
stent was removed, a ureteroscopy was performed, the ureteral mucosa at the end-to-end anastomosis grew well,
and the lumen was patent in all patients. Furthermore, imaging examination showed that hydronephrosis was
significantly improved in all patients, with grade | hydronephrosis in three cases and grade 0 hydronephrosis in eight
cases. No recurrence of ureteral stricture was observed in patients followed up for > 1 year.

Conclusion Robot-assisted laparoscopy combined with ureteroscopy is an effective method for treating complex
ureteral strictures and can achieve accurate localization of the structured segment.
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Background

The incidence of ureteral strictures has increased in
recent years. Ureteral strictures are caused by many fac-
tors. In addition to congenital stricture, acquired sur-
gery, especially interventional lithotripsy, has become the
main cause of acquired stricture. Approximately 2.9-3%
of patients present with stricture after ureteroscopy, 1.5%
after shock wave lithotripsy, and 2.6% after shock wave
lithotripsy combined with ureteroscopy [1, 2].

Patients who develop ureteral strictures may have
varying degrees of hydronephrosis or renal obstruction,
which may silently lead to progressive loss of ipsilateral
renal function. Therefore, early and timely interven-
tion is required when ureteral strictures are present [3].
Accurate timing and convenient treatment modalities are
essential for maintaining renal function [4].

Currently, treatment methods for ureteral stricture
include end-to-end ureteral anastomosis, ureteral bal-
loon dilatation, ureteral stricture incision, Permanent
ureteral stent implantation, and various types of mucosal
replacement of the ureter [5]. End-to-end ureteral anas-
tomosis is the most common treatment for ureteral stric-
tures owing to its definite efficacy and low probability
of postoperative restenosis. Midshaft ureteral strictures
of <2 cm in length are usually treated using end-to-end
anastomosis [6]. However, generally, when the ureteral
stricture segment is resected during surgery, it depends
greatly on the surgeon’s subjective judgment, and errors
in judgment often occur, resulting in incomplete resec-
tion of the ureteral stricture segment or misresection of
the normal ureter. The present study used robot-assisted
laparoscopy combined with ureteroscopy for end-to-end
ureteral anastomosis. Notably, a ureteroscopy examina-
tion can accurately locate the narrow segment of the ure-
ter. Furthermore, the light source of the ureteroscope can
play a role in laparoscopy, guiding the surgeon in accu-
rately removing the narrow segment under the robotic
laparoscopic lens. In addition, the robotic platform is
appropriate for ureteral reconstruction because it main-
tains the advantage of minimally invasive surgery and
allows the surgeon to see in magnified three-dimensional
vision, operate in limited space, and suture precisely.
Robot-assisted ureteral reconstruction has been increas-
ingly used because of its good outcomes [7]. We retro-
spectively reviewed the medical records of 11 patients
who underwent combined robot-assisted laparoscopic
and ureteroscopy for ureteral strictures at our center
between January 2020 and August 2022. We described
the surgical technique, summarized the surgical experi-
ence, and explored the efficacy and safety of this surgical
approach in depth.
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Materials and methods

Patient cohort

A total of 68 patients underwent surgery for ureteral
strictures between January 2020 and August 2022. Of
these, 11 underwent combined robot-assisted laparos-
copy and ureteroscopy to treat ureteral strictures. In the
remaining 57 patients, the dilated ureter and stenotic
ring could be observed under direct vision, the stenotic
segment had an obvious anatomical location on imaging,
and the stenotic part could be accurately located during
the operation; consequently, ureteroscopy was not per-
formed during the operation. The indication for dual-lens
combined therapy is stenosis observable on imaging but
cannot be judged by the naked eye under the surgical
field of view.

We used descriptive statistics to analyze patient demo-
graphics and perioperative outcomes. Before operation,
we estimated the stenosis length by imaging methods
such as radiography or computed tomography(CT).

Surgical technique

Patient positioning and robot set-up

All procedures were performed using the da Vinci® Si or
Xi Surgical System (Intuitive Surgery, Sunnyvale, CA,
USA) and ureteroscopy. Peritoneal and transurethral
routes were used. After general anesthesia, the surgical
position was selected based on the preoperative assess-
ment of the ureteral stricture location.

Positioning

When the stenosis was located above the crossing of the
ureter and iliac vessels, a lateral lithotomy position was
used (Fig. 1A), whereas when the stenosis was located
below the crossing of the ureter and iliac vessels, a supine
lithotomy position was used, with the head low and foot
high (Fig. 1B).

Distribution of puncture cannula

1. Lateral lithotomy position (Fig. 2A): A paraumbilical
approach was generally used. After pneumoperitoneum
was established, a longitudinal incision of 10 mm was
made at the lateral border of the rectus abdominis muscle
of the two transverse fingers above the umbilicus, and a
12 mm puncture sheath was inserted as a laparoscopic
channel. Another proximal 8 mm cannula was located
in two transverse fingers below the costal margin of the
midclavicular line, approximately 10 cm from the laparo-
scopic channel. The distal 8 mm cannula was placed at
the midpoint of the line between the laparoscopic chan-
nel and anterior superior iliac spine. The assistant chan-
nel positioning was connected with three points of the
laparoscopic channel and operation hole, forming an
equilateral triangle, one on the left and another on the
right. Furthermore, a 5-mm cannula was placed under
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Fig. 1 Patient positioning A: Lateral lithotomy position; B: Supine lithotomy position

the xiphoid process during right ureteral surgery to ele-
vate the liver.

2. Supine lithotomy position (Fig. 2B): After pneumo-
peritoneum was established, a longitudinal incision of
10 mm was made in the transverse finger just above the
umbilicus, and a 12 mm puncture sheath was inserted
as a laparoscopic channel. Operating ports on both sides
were selected at the level of the flat umbilicus, approxi-
mately 8—10 cm from the umbilicus. The assistant port
was selected approximately 10 c¢cm above the lateral
aspect of the left robotic arm to form an equilateral

triangle with the laparoscopic channel and left operating
port.

Release and ureter incision, narrow part localization
Ureteral separation

The surgeon used the da Vinci surgical robot to free the
ureter from the surrounding tissue.

Middle and upper ureteral separation: The lateral
peritoneum was opened along the paracolic ligament,
the hepatic (splenic) colonic ligament was divided, and
the ascending (descending) colon was turned inward and
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Fig. 2 A Distribution of puncture cannula A: Lateral lithotomy position; B: Supine lithotomy position

downward to fully expose the middle and lower poles of
the kidney, respectively. The perirenal fascia and surface
tissue of the renal pelvis were opened. The renal pelvis
was fully freed, and the middle and upper ureters were
freed by separating them inferiorly along the renal pelvis.
This frees and protects the blood supply to the ureter.

Middle and lower ureteral separation: The lateral
peritoneum was opened from the external iliac artery to
locate the ureter across the external iliac artery, and the
middle and lower ureters were separated superiorly and
inferiorly along the ureter.

Stricture location

While the chief surgeon was operating the da Vinci surgi-
cal robot, another group of surgical team members was
preparing for ureteroscopy beside the operating table.
As the chief surgeon was about to complete dissociation
of the ureter, a ureteroscope was inserted through the

urethra into the affected ureter using a guidewire. A sig-
nificant stricture ring was observed, and the guidewire
could not pass through. The luminance of the laparo-
scopic light source was lowered, guided by ureteroscopic
light, which guided the surgeon to divide the distal end
of the narrow segment. (Fig. 3) Urine outflow from the
proximal ureter was observed. Under the direct vision
of the robot lens hole, the proximal ureteral stenosis was
stripped until the guidewire could pass smoothly. One F6
double-]J tube was placed over the guidewire.

End-to-end anastomosis

One centimeter each of the proximal and distal ends of
the transected ureter were longitudinally dissected, and
tension-free anastomosis was performed using robot-
assisted laparoscopic surgical procedures. Abdominal
drains were left in place after checking for the absence
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Fenestrated Bipolar Forceps

Fig. 3 Intraoperative picture

of active bleeding, and the procedure was completed by
suturing the incisions on each side.

Postoperative management and follow-up

Patients were routinely administered symptomatic and
supportive treatment such as antibiotics, analgesics, and
fluid replacement postoperatively. On postoperative day
2, an abdominal radiograph was performed to check if
the double-J tube was in place. After the postoperative
drainage volume reached <100 mL, the drainage tube was
removed. The urinary catheter was removed 2-3 weeks
postoperatively, and the double-J catheter was removed
under a ureteroscope 2 months postoperatively. All
patients underwent ureteroscopy to observe wound heal-
ing after end-to-end ureteral anastomosis. Three months
after double-J catheter removal, computed tomography
urography (CTU) was repeated.

Consequently, patients were reviewed every 6 months.
The criteria for a successful operation was good anasto-
motic healing observed using the ureteroscope. Imaging
examination showed that hydronephrosis on the affected
side had significantly reduced or disappeared.

Results

Of the 11 patients, six were males and five were females.
Their age range was 29-56 years (median, 39 years). Eight
patients had a history of transurethral ureteroscopic ure-
teral laser lithotripsy before stricture (no evidence of
ureteral stricture before lithotripsy), whereas the remain-
ing three had strictures of unknown cause. All patients
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Monopolar Curved Scissors

underwent preoperative CTU examinations to confirm
the diagnosis of ureteral stricture and different degrees
of hydronephrosis. We graded the degree of hydrone-
phrosis using Onen’s Alternative Grading System [8, 9].
A stricture segment<2 cm met the surgical indications
for this operation. Regarding the stricture site, there were
eight left-sided and three right-sided cases. Regarding
the stricture location, it was located in the upper ureter
in three cases, the middle ureter in seven cases, and the
lower ureter in one case. Stenosis length was 0.6-1.8 cm
(median 1.1 cm) [Table 1].

In the remaining 57 patients, the dilated ureter and ste-
notic ring could be observed under direct vision or the
stenotic segment had an obvious anatomical location on
imaging, and the stenotic part could be accurately located
during the operation. Consequently, ureteroscopy was
not performed during the operation.

All the patients underwent robot-assisted laparos-
copy and ureteroscopy combined with end-to-end ure-
terostenosis anastomosis. There were no conversions to
open surgery or intraoperative complications. Significant
ureteral stricture segments were found in all patients
intraoperatively; moreover, stricture length was not sig-
nificantly different from the imaging findings. Opera-
tion time was 105-195 min (median, 150 min), and
intraoperative bleeding was 10-120 ml (median, 50 ml).
Postoperative drain removal time and length of hospi-
tal stay were 1.8-2.8 days (median, 2.1 days), and 2-7
days (median, 4 days), respectively. Postoperative uri-
nary catheter removal time was 12-29 days (median,



f 9
6 O
Page

1161

2311

logy

CUro

I. BM:

eta

Yang

r; how-
d a feve ’l after
a
ients ha orm. —27
atien to n for 3
0 p ned d up aphy
twi tur e . gr
o e it e ble-]
era ratu ere ina dou _
Postop temper: nts w bdom nd a opera
ys). ody Patie ). Abc ly, a ost y
19 da heir b ent. onths rative nths lDt foscopd
© t tm m e o e
> al 5 top m re -en
& ver, ic tre ) 1 0s WO d u -to
S € ibiotic n, T ed,
$ ntibiot (media 2 days I:j[ients. remov the end t in all
g a ths d 1_. 1l pa was at aten that
o ) mon peate din a theter ucosa was p howed ts
RS v s re lace -J ca al m enw sho ients,
IR >G_m) . g Wabe was pdoublel_I ureterd the lum inatlofl all patl de O
o9 > e m in a
o u e t n a I
R = 2 ] t' ely’ th med, ell, a ing e).( roved and & teral
5 ] g . % tivi e[‘for rew w lmag tlY mp cases f ure 1
. .
6 £ 3588 " 2 e germof‘?’ nificant three SR
-§ % 2@ o8 é s % anastots Furtl.l was Slghrosis 1IINO reCLhOwed P
(-3 S 9 > < = ients. SIS P . fo
s o9 > N £ tie hro ne ses S
S 9 > aq¢ 5 pa ep dro t ca ient
g 8 8 2 13 on hy igh in pati
A $88¢ m 2o 3 hydr grade IsiS in elged np m-
— P .
2 ¢ s T2, F with oo ore com-
'5 a 22z S 2 hydro re was become m Seriesds
o 0 . s 2 ictu a )
2 N &N E & 35 stric s have roscopy’t metholaf~
“ % g N o O 3 year. al stone f urete atmen popu r
§ L S 5L = S £ .on reter ent o d tre ming r lase
as ] u m is an CcO fte
RN g Discus tyears’d Velop 0sis is be ion a 0] The
© © g3 e iagn . icati 10].
- o @ £3 cen e diag ipsy, lica ( ition,
3 oo SE ith th stone nthOtr.pcomp icture additio
¢ g TN 2z on. \X/tiona1 | laser genic ral Str[l] In reases
3% Sy S m n iatro te . : inc
29 = S rve tera ia ure ial rs Iso
€ < inte re n ) or se da
€8 2 such as N COI’“m(:a,condarY ultifact ower lla wall, an hown
[ T su 0s is as be m igh-p era en s d
n S == e m is ay f hig ret be lea
2 o _ ] = Th ipsy is m e o the uw has may _
go o ° < ithotr thi t us ts hich nd ro
> o C a p i
£ é_ o o o ‘é % lltason forprevalenctly affeature; Wdamage matory cipi-
c ° : e
g e v e ] re ore dire peratu ue flam t pr to
2 5 3 - _ 2 m ich id tem tiss ]. In tha ion
S = IS o S the hi id se 12]. tes S10
%38 g w flu au 1 da dhe s
3 > C) €3 rgy, he oc (11, xudat adhes ure
ST = ) ne t Is t isease illar e ng ict
a > = o S e ses de disea illa ot str. e-
. = > g q increa mo e fibr rom ely, f ur
o == thereas us ictur ce prom at o
v o - >3 rio tric du eby Itim ces due
> = = = c g in va ls ro ther u en ion
- = - < n tera injury p as, nd, equ ctio
® g b = = N = g ure r inj d are as a cons 1 fun
8s5s = = & 2 to fte ize lom e na it
$So = e sa ati nu isom f re i
°© 5 “ = < S 9 SSe. um ) ra rri e} .ﬁed,
e e 3 cesse tra ic g wo loss ti
S ~ <z in on st he iden we
a ~ 5% te hr o is t is i
< . 29 ta C m . is is udY’
" S E] duce f the ion re t st re
: o~ i T £ ro o at ictu en mo
© S5 "o T 2T p One form 2]. 1 str resen ns a es
8 Esg ~ S v 3]. On ure for n [ era he p tions a tur
o 23 N e = 2 [1 ict tio ret t t op tric
o 23 < o v o— = . str ruc u . In en l § the
8 2% 28R8R 2 |8 & teral nt obst hen a omptly. treatm uretera and
a & R8g R Sz to sile fore, wted pr isting ious ications
x T8 .
s 2 3 |3 £ There trea o var mplic stric
o, g3 28 |4 o o selont oo e enative o e
£ g wn o A = >3 hou e I ti I tr
: g | - S =3 s ble ra tu to
T 5= K 338° o2 s d to ita pe ea d d-
s 2 £ 3 R — 4 ime ui sto tr se ra
v 35 £ 0 I im d s o to u g
L3 n © & - g a n . P S ften en f
@ 8 & e l a ing ay 0 be o
T8 TS 8 idea d w s as se
EARSY — I S 2 ide edu any wa h cau
g LT S |5 H ile r te. e m ery rgery be lood
5 o g AR ™ S = - whl is ra e ar Surg su e['y b
oz N & S 2 5% 0s her n en urg rge -
Qe ~ " & n t e op ive s la ro
g EE S <3 = 5 reste rently, ast, op ever, invasive time, Lapa -
&g E _ 3 g 2 CuI'I the P s. How auY n ation ations. he com
AR 22 n . res. inim er lic t f
" il es. ictu n op mp. 1l as CODpY,
o X - & 25 tur 1 str bY m long co we ros
S _ © ERIES- ra d s ive as ete 14].
2E ¥ @ o NIEE rete lace h a rati ry, d ur s [
C 2 § |= g Q RN g9 u rep suc tope urge an tage d
S - icate
555 m SN N g8 ally ages 0s ive s opy vanta icat
&5 T80 8% 35 disadvantag e ien PR tind ily
o ™M A a8 disa d m uy d 1aP to is no Da
g o2 N g g8 s, an inima ssiste ry due ment i ictures. com-
N S EEIN | T = SS, m -a e r
~ & X S N & g\é loopiC or f robot n Surgfent plac eteral st rolapse, [15].
S PN A £< sc ion o ope ls int ur dp tion
= o~ » 3 < c inatio to eta oin ion an uc
=% o 35 bina red Im inp tion bstr
P L 2A 2o fer tera ep isloca do
m = S8 S 5 . pre ure VEer dislo an
QN 3 is on ith se nt ion
o se m it te . t
o B R g 58 o e ct infec
> 2 T T S 2 = for Pa, may, ry tra
7] < £ = @ 23 ivities rina
2 v L ¢ < Y = v 2 tiv: u
8 < © g R H ] @ ac ted bY
° o < ica
T @ % E ® = S 3% pllc
£ v e = S o =
5|, £33 85 |
o= [ [
Sl = - =£
S| B
A o (@} —
v =
L ~oo
o O
a <
o
- 2 o~
Q9L =
2|5
S| S
[



Yang et al. BMC Urology (2023) 23:161

Therefore, ureteral stents are generally used after vari-
ous stone surgeries, short-term temporary obstruction
treatment, or very few cases that cannot tolerate major
surgery. Ureteral balloon dilatation and ureteral stricture
endopyelotomy are prone to excessive mucosal tears or
perforations during surgery, resulting in urine leakage,
hematuria, and other conditions. Furthermore, various
studies have shown that the success rate of these two
surgical methods is low [16, 17]. Mucosal replacement
of the ureter is more suitable for patients with strictures
of >2 cm and high ureteral tension after resection of the
ureter stricture, in whom end-to-end ureteral anastomo-
sis cannot be performed. It is more appropriate to replace
the ureter with the mucosa of autologous tissue [5, 18].

Therefore, end-to-end ureteral anastomosis is more
appropriate for patients with strictures of <2 c¢m, and the
ureteral tension remains within the appropriate range
after resection [5, 6]. End-to-end ureteral anastomosis
can maximize the remodeling of ureteral morphology,
maintain ureteral function, and reduce the risk of uri-
nary system infection. Furthermore, because end-to-end
anastomosis is an autologous tissue anastomosis, the
postoperative ureteral mucosa recovers faster, and the
probability of tissue rejection is smaller.

In the last few years, there have been rapid and contin-
uously evolving technological developments in the surgi-
cal field. One of the most revolutionizing breakthroughs
was the introduction of the Internet of Things(IoT) con-
cept within the surgical practice [19]. The da Vinci robot
operating system used in our surgery is one of the typi-
cal representatives of the Internet of Surgical Things.
The superimposed real-time image guidance provided by
the Internet of Things can provide surgeons with audio-
visual guidance to observe the operation site and facili-
tate the implementation of the operation. It is important
achieve the goal of faster suturing and less bleeding dur-
ing the operation, which is necessary for postoperative
recovery of patients and reduces the occurrence of peri-
operative complications [18].

Conventional laparoscopic or robot-assisted laparo-
scopic surgery for ureteral stricture resection and end-to-
end anastomosis have limitations, such as a large amount
of fibrous exudation around the ureter of the stricture
segment, inaccurate localization of the ureteral stricture
segment, and blindness. Consequently, when double-
] stenting is performed, it is not guided and can easily
cause secondary injury to the ureteral wall. Furthermore,
many international researchers have performed specific
staining or fluorescent agent localization techniques to
address localization problems. This approach presents
difficulties in surgical implementation in patients with a
history of retroperitoneal fibrosis, previous abdominal or
pelvic surgery, and radiotherapy. It is difficult to identify
the narrow segment of the ureter because the underlying
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pathological factors lead to the disappearance of nor-
mal fascial planes or ureteral fibrosis encasement. In the
absence of tactile feedback, fluorophore or stain localiza-
tion relies primarily on visual cues and is not as intuitively
observed as under direct ureteral visualization, which
may lead to blindness, and iatrogenic injury may lead
to devastating complications [20]. Furthermore, some
reagents are expensive, and the operation is more com-
plex, making it difficult to perform in China. Therefore,
end-to-end anastomosis of the ureteral stricture segment
is more appropriate for ureteroscopic light-source guid-
ance. Using a ureteroscope, the stenosis can be reached
under direct vision, and the guidance of the light source
makes the resection of the stenosis more precise, avoid-
ing the blindness of manual subjective operation [21]. At
the same time, ureteroscopy is an advanced technology,
and the preoperative positioning and addition of ureteral
examination steps during the operation will not prolong
the operation time. The direct vision guidance of the ure-
teroscope light can be said to be minimal effort that pro-
duces huge benefits [22].

When laparoscopy and ureteroscopy are combined
with end-to-end ureteral anastomosis, the problem of
positioning the ureteral stricture segment can be solved.
However, common laparoscopic surgery often takes
longer to separate the stricture segment than robotic
laparoscopic surgery. In patients who experience severe
adhesion between the ureter and surrounding tissues
during complex ureteral stricture surgery, laparoscopic
separation and deployment are often difficult to sepa-
rate quickly. Furthermore, the robotic arm can achieve
control of the ureteral clamp force, reduce unnecessary
clamping and excessive force, and avoid the problem of
postoperative ureteral edema. Under light-source guid-
ance, precise resection of the stenotic segment is possi-
ble. When performing end-to-end anastomosis, the robot
has faster suture speed and more precise anastomosis
docking, which can effectively reduce intraoperative
urine leakage and promote postoperative ureteral recov-
ery [7]. Patients benefit from this minimally invasive
approach, which reduces blood loss, hospital stay, and
postoperative pain. Robot-assisted laparoscopic distal
ureteral reconstruction has shown efficacy and feasibil-
ity in contemporary urological practice in appropriately
selected patients [23].

The present study retrospectively analyzed 11 patients
who underwent laparoscopy combined with ureteral
stricture treatment at our center between January 2020
and August 2022. All the patients underwent open sur-
gery without infection or postoperative urine leakage.
During postoperative follow-up, ureteroscopy showed
good mucosal growth of the ureteral wall and smooth
lumen, and imaging examination showed that hydrone-
phrosis was significantly reduced. No ureteral stricture
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was found in any patients who were followed up for 1
year postoperatively. The proposed treatment was safe
and effective in all patients.

The results showed the safety and efficacy of the pro-
posed treatment procedure; however, our surgical
approach had some limitations. First, end-to-end anas-
tomosis could not be used to treat patients with ureteral
strictures of >2 cm. Second, at a later stage, it is neces-
sary to explore the method of accurate intraoperative
localization, safety, and efficacy of robot-assisted lapa-
roscopy combined with ureteroscopy in the treatment of
long ureteral stricture segments for mucosal replacement
plastic.

Surgical key

1. The proximal and distal ends of the ureteral stricture
segment must be fully freed, and the lumbar bridge
may not be pulled in the lateral decubitus position
to avoid hyperextension of the lumbar region and
ensure a tension-free anastomosis.

2. Preserving the surrounding fascial layer and
protecting the ureteral blood supply is essential
during ureteral mobilization.

3. A posterior peritoneal reconstruction should be
performed after ureteral anastomosis to restore the
retroperitoneal anatomy of the ureter.

Conclusion

Robot-assisted laparoscopy combined with ureteroscopy
is an effective method for treating complex ureteral stric-
tures and can achieve accurate localization of the struc-
tured segment. The localization method is simple and
easy to perform in China. Further studies with larger
cohorts and longer follow-up periods are required to
clarify the role of robot-assisted laparoscopy in managing
complex ureteral strictures.
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