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Introduction

Clinically, various management options can be applied to 
address benign ureteral strictures, depending on the length 
and site of the ureteral stricture segment. Endoscopic 

therapy, such as balloon dilation and endoureterotomy, may 
be useful for short strictures, but endoscopic therapy was 
usually associated with an uninspiring success rate (1,2). 
Undoubtedly, long-segment distal strictures of the ureter 
can be managed with ureteral reimplantation combined 
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with a psoas hitch and/or Boari flap (3-5), and pyeloplasty 
can be used to handle obstruction of the ureteropelvic 
junction (UPJO) with a high success rate (6). However, in 
some cases, autologous onlay/graft technique is necessary, 
such as extended strictures of the proximal or middle ureter, 
and ureteroureterostomy with a failed outcome. Traditional 
management involves ileal ureter replacement or autologous 
kidney transplantation with a high risk of vascular or small 
bowel complications (7,8). Urologists have committed 
to improving the repair effect and perform minimally 
invasive procedures for long-segment ureteral strictures. 
Several innovative methods, such as oral mucosal grafts 
and appendiceal onlay flaps, have been utilized to repair 
ureteral stricture, and encouraging outcomes have been 
reported by some surgeons (9-16). For ureteral strictures 
of appropriate length, the possibility of patients requiring 
ileal ureter replacement can be reduced to a certain 
extent by appendiceal onlay flap ureteroplasty. In general, 
ureteroplasty with an appendiceal onlay flap is still a rare 
surgical intervention, especially on robotic platforms, with 
few reported cases (17). However, this unique procedure 
is usually an option for complex ureteral strictures located 
in the right proximal and middle ureters. We now describe 
our technical experience of robotic appendiceal onlay 
ureteroplasty for complex ureteral stricture disease and 
report the updated analysis of 18-month outcomes.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-21-840/rc).

Methods

Patient selection

After obtaining approval from the Ethics Committee 
of Peking University First Hospital (ethical approval 
number: 2019SR134), we registered a cohort study in 
the Chinese Clinical Trial Registry (registration number: 
ChiCTR2000033884). We established a prospective cohort 
of patients with right long-segment ureteral strictures who 
underwent robotic appendiceal onlay flap ureteroplasty 
(RAUP). The clinical data of patients were collected 
prospectively: demographic characteristics, presenting 
symptoms, preoperative imaging, ureteral stricture 
aetiology, site, and lengths, previous management, operative 
details and postoperative complications (according to 
the Clavien-Dindo classification), postoperative hospital 
stay and follow-up data. The outcomes of patients were 
evaluated through two aspects, including their postoperative 

symptoms and imaging examinations, such as upper urinary 
tract imaging urodynamics examination (IUE) which has 
been described in our previous studies (18,19), functional 
cine magnetic resonance urography (cine MRU), and 
computed tomography urography (CTU). According to 
our experience, the following conditions are considered to 
be complex ureteral stricture diseases. Endoscopic ureteral 
treatment or repair surgery have failed. Severe scar adhesion 
in the stricture segment makes end-to-end anastomosis 
impossible. The double-J stent must be indwelled for a long 
time and cannot be removed. 

Surgical techniques

Surgery was performed under general anaesthesia with 
nasotracheal intubation using da Vinci Si surgical systems 
(Intuitive Surgical, Sunnyvale, CA, USA). The patients were 
placed in a lateral decubitus position with the right side 
elevated by 90°. The port placement included one camera 
trocar, three robot arm trocars and two assistant trocars, as 
shown in Figure 1A,1B.

Once the robot was docked at 90° to the patient and the 
30° camera was equipped, an incision was made along the 
right white Toldt line, and then the colon was mobilized 
and reflected medially. At the same time, the appendix 
was inspected for adequate length and a generally healthy 
appearance. After the retroperitoneum was entered, the 
renal pelvis and ureter were identified by sharp and blunt 
dissection. From our experience, ureteral stenoses can 
be identified via the following techniques. The site and 
length of ureteral strictures were estimated according to 
preoperative anterograde and retrograde urography and 
three-dimensional reconstruction of computed tomography 
(3D-CT), which can also be used for intraoperative real-
time navigation. For patients with nephrostomy, the 
nephrostomy was filled with saline so that the upper ureter 
became distended. Indocyanine green (ICG) can be injected 
intravascularly or intraureterally and combined with near-
infrared fluorescence imaging to observe the ureteral 
stenosis segment.

Once the length of the ureteral stricture was revealed 
and deemed to be too long for end-to-end anastomosis, 
the narrow segment was incised longitudinally along the 
anterior wall until healthy pink ureteric mucosa was seen 
on both sides of the stricture (Figure 1C,1D). If the ureteral 
lumen was obliterative, we resected the ureteral obliterative 
segment and then anastomosed the normal ureteral tissue 
with the posterior wall to create a new ureteral plate 

https://tau.amegroups.com/article/view/10.21037/tau-21-840/rc
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(Figure 1E,1F). The length of defect of the ureteral anterior 
wall was accurately measured using a ureteric catheter. 
After the root of the appendix was clamped by Hem-o-
lok, the appendix was separated from the caecum with 
its mesoappendix preserved. The length was equal to the 
ureteral defect and detubularized along its antimesenteric 
border. A 6-F double-J ureteral stent was placed over a wire 
within the ureter before anastomosis of the ureteral defect 
and appendiceal onlay flap (Figure 1D,1F). The caecal 
end of the appendiceal onlay flap was anastomosed to the 
distal ureter, and the opposite end was anastomosed to the 
proximal ureter. A 5-0 Monocryl suture (Ethicon, USA) 

was used for continuous anastomoses (Figure 2). Finally, the 
omentum was wrapped around the onlay flap and ureter, 
and a drain was placed near the anastomosis.

Postoperative management and follow-up

Generally, the patient was given injectable antibiotics for 
five days. The drain was removed once the output was 
less than 50 mL (4–6 days) after the operation. The Foley 
catheters were usually removed after one week. Kidney-
ureter-bladder (KUB) was performed routinely before 
patient discharge to confirm that the double-J stent was in 

Figure 1 Patient position & port placement, and the examples of different degrees of ureteral strictures. (A) Patients were placed in a lateral 
decubitus position with the right side elevated by 90°. Laparoscopic trocar was marked as a red dot. Robotic arm trocars were marked as 
blue dots. Assistant trocars were marked as black dots. General anaesthesia with nasotracheal intubation (yellow arrow); (B) port placement 
for robotic appendiceal onlay flap ureteroplasty; (C) the posterior wall of the ureteral stricture was smooth and flat (yellow arrow); (D) the 
appendiceal onlay flap with mesentery was anastomosed on the anterior wall (white arrow) to cover the posterior wall (yellow arrow); (E) the 
lumen of the ureteral stricture was obliterative, the obliterative segment was resected, and normal ureteral tissue of the posterior wall was 
anastomosed. Then, a new ureteral plate was created (yellow arrow); (F) the appendiceal onlay flap with mesentery was anastomosed on the 
anterior wall (white arrow) to cover the posterior wall (yellow arrow).
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the proper position. For patients with nephrostomy, the tube 
was clamped but not removed two weeks after surgery. The 
preoperative urography of case 7 was shown in Figure 3A.  
And this patient with nephrostomy underwent IUE after 
removing double-J stents (Figure 3B), which has been 
described previously (19). The preoperative urography of 
case 4 was shown in Figure 3C. And this patient without 
nephrostomy underwent functional cine MRU after 
removing the double-J stents (20) (Figure 3D). According 
to our experience, ureteroscopy was not recommended 
for postoperative patients. Then, patients underwent an 
ultrasound examination three months after surgery. Finally, 

patients paid attention to their symptoms, such as flank pain 
or fever, and repeat ultrasound or CT was performed six 
months later and then annually. The patient outcome was 
evaluated by two criteria. Subjective success was defined as 
the resolution of flank pain without a double-J stent and 
nephrostomy. Objective success was defined as the absence 
of ureteral obstruction on imaging examinations.

Statistical analysis

Data were analyzed using SPSS software version 22.0 
(IBM Corporation, Armonk, NY, USA). Measurement 

A B C
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Figure 2 Schematic diagram of appendiceal onlay flap ureteroplasty. (A) Exposing the area of operation and probing the appendix;  
(B) mobilizing the right colon; (C) resecting the appendix from the caecum with the mesoappendix preserved; (D) managing the ureteral 
strictures, rebuilding the posterior wall, and leaving a defect in the anterior wall; (E) creating an appendiceal onlay flap with its mesoappendix 
preserved, and its length was the same as the defect of the anterior wall; (F) the appendiceal onlay flap was anastomosed on the anterior wall.
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data are expressed as the mean (range), and enumeration 
data are expressed as numbers (percentages). The variables 
mentioned in the manuscript were all in accordance with 
the normal distribution.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Ethics Committee of Peking University First 
Hospital (No. 2019SR134) and informed consent was taken 
from all the patients.

Results

Since May 2019, nine patients with right ureteral strictures 
have undergone RAUP in our medical centre. One patient 
was excluded in present study because his postoperative 
follow-up period was less than 6 months. The demographic 
and characteristics are summarized in Table 1. Eight patients 
were between 28 and 46 years old (mean age 38.5), including 
5 men and 3 women, and the mean body mass index (BMI) 
was 24.3 kg/m2 (range, 22.0–31.5 kg/m2). All patients were 
given an American Society of Anesthesiologists score (ASA) 
of II. Of the ureteral strictures, six patients had iatrogenic 
injuries with urolithiasis treatment, two patients were 

Figure 3 Imaging examinations of case 4 and case 7. (A) Preoperative anterograde and retrograde urography of case 7; (B) the postoperative 
IUE of case 7 showed that the ureter was unobstructed; (C) preoperative anterograde and retrograde urography of case 4; (D) the 
postoperative cine MRU of case 4 showed that the ureter was unobstructed. IUE, imaging urodynamics examination; MRU, magnetic 
resonance urography.
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idiopathic in origin, and the causes were unclear. The sites 
of strictures were the proximal ureter in 5 patients and the 
mid-ureter in 3 patients. The mean stricture length, as 
measured during the operations, was 4.3 cm (range, 3.0– 
6.0 cm). All patients had right flank pain and hydronephrosis 
present on ultrasound preoperatively. Nephrostomy was 
performed in 4 patients and the other 4 patients had 
indwelling double-J ureteral stents before they came to our 
hospital. The right renal functions were significantly lower 
than the contralateral side, but both were greater than 20% 
of total renal function.

All operations were performed successfully without 
intraoperative complications.

The preoperative and postoperative data of all patients 
are summarized in Table 2. The mean operative time was 
162 minutes (range, 135–211 minutes), and the mean 
estimated blood loss was 78 mL (range, 30–200 mL). None 
of the patients needed a blood transfusion. The mean length 
of postoperative hospital stay was 8 days (range, 4–12 days).  
No high-grade postoperative complications (Clavien-Dindo 
III and IV) occurred within 30 days of surgery. One male 
patient developed fever during hospitalization after surgery, 
and responded well to injectable antibiotics. One female 
patient found that her double-J ureteral stent protruded 
out of the body two months after the operation, and she 
experienced urethral pain when she urinated. She started 
oral antibiotics, and her cine MRU 3 months after the 
operation showed that the right renal calyces and pelvis, 
and right proximal and middle ureter were dilated; regular 
peristalsis could be seen in the right renal pelvis and ureter. 
Then, ultrasound was performed, which showed that the 

right renal pelvis and ureter were slightly dilated, and a 
hypoechoic mass with no blood flow in the right ureteral 
orifice, considering that it was an appendiceal mucus plug, 
was observed continuously. Six months after the operation, 
the right back pain of this patient disappeared completely. 
Ultrasound and CT showed that the right hydronephrosis 
was significantly relieved before the operation (Figure 4). 
We believe that patients need time to recover after surgery, 
and individual differences are obvious. The mean follow-
up duration was 18 months (range, 6–28 months), and all 
patients’ double-J ureteral stents and nephrostomy tubes 
were removed two or three months after the operations. 
The upper urinary tracts of all patients were unobstructed, 
as shown by imaging examinations which meant that the 
objective success rate was 100%. But 2 cases still have 
stable mild hydronephrosis without symptoms such as 
flank pain or fever. Symptoms such as flank pain and 
fever disappeared in all patients, and no further surgical 
intervention were required. The subjective success rate 
was considered to be 100%.

Discussion

Ureteral replacement is an important procedure for 
addressing complex ureteral strictures in the field of 
ureteral reconstruction. At the present time, autologous 
tissues can be used to repair ureteral strictures, including 
the intestines (ileum and colon), oral mucosa (lingual 
mucosa and buccal mucosa), and appendix (11,13,21-23).  
Melnikoff first attempted to use the appendix to replace 
the ureter in 1912 (15). Gradually, some surgeons have 

Table 1 Demographic and preoperative characteristics 

No. Sex Age, years Body mass index, kg/m2 Stenosis aetiology Stenosis location/length, cm Previous management P N or D

1 F 39 24.8 Iatrogenic Proximal/3.5 None N

2 M 36 22.0 Iatrogenic Middle/4.0 Balloon dilatation D

3 M 41 23.1 Iatrogenic Proximal/4.0 Balloon dilatation N

4 M 33 24.2 Idiopathic Middle/5.0 Balloon dilatation D

5 M 37 24.1 Iatrogenic Proximal/4.5 Balloon dilatation D

6 F 46 31.5 Idiopathic Proximal/6.0 None D

7 F 28 22.5 Iatrogenic Middle/4.5 None N

8 M 48 22.3 Iatrogenic Proximal/3.0 Endoureterotomy N

Mean – 38.5 24.3 – 4.3 – –

P N or D, preoperative nephrostomy or double-J stents.
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reported a few cases of this procedure, appendiceal 
interposition (end-to-end anastomosis), mainly for ureteral 
strictures in paediatric patients (19). The concept of onlay 
grafts, which were first used to manage urethral stricture 
disease, was first applied to ureteral reconstruction in 2009. 

Reggio et al. described laparoscopic appendiceal onlay flap 
ureteroplasty, which was successful with 8 months of follow-
up (14). However, there were no more than several cases of 
either the appendiceal interposition or appendiceal onlay 
technique. Duty et al. reported on a series of six patients 

Table 2 Intraoperative and postoperative data

No.
Operation  
time, min

Estimated  
blood loss, mL

Posterior augmented 
anastomosis, yes/no

Postoperative  
hospital stays, days

Follow-up, 
months

Postoperative 
complications

1 135 50 No 9 28 None

2 145 100 No 6 25 None

3 211 50 Yes 8 25 Fever

4 182 200 No 12 24 None

5 182 30 Yes 12 14 None

6 137 30 No 6 12 D-J stent prolapse

7 139 100 Yes 4 12 None

8 163 60 Yes 5 6 None

Mean 162 78 – 8 18 –

Figure 4 Imaging examinations of case 6. (A) Preoperative retrograde urography of case 6, which had the longest ureteral strictures (6 cm) 
in our cohort; (B) the cine MRU at 3 months after the operation showed that the right renal calyces, pelvis, and the proximal and middle 
ureters were dilated (white arrows); (C) the preoperative enhanced CT showed right hydronephrosis; (D) enhanced CT 6 months after 
surgery showed that right hydronephrosis was significantly relieved. MRU, magnetic resonance urography; CT, computed tomography.
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in which all patients achieved objective success (defined as 
absence of obstruction on imaging) after appendiceal onlay 
ureteroplasty. They believed that the method of appendiceal 
interposition carries a significant risk of stricture recurrence 
compared with the appendiceal onlay flap technique (15). 
However, Yarlagadda et al. first tried to perform robotic-
assisted laparoscopic appendiceal interposition for a 5 cm 
obliterative right ureteral stricture and achieved success (24).  
In the world literature, the longest ureteral stenoses 
repaired with an appendiceal onlay flap and the appendiceal 
interposition were 6 and 12 cm, respectively (15,16). From 
this perspective, end-to-end anastomosis with a section of 
appendix can repair longer ureteral defects in contrast with 
the appendiceal onlay technique. In addition, Burns et al.  
reported eleven adult patients who underwent ureteral 
appendiceal interposition for right or left ureteral strictures 
and achieved an 83.3% success rate (25). Objectively 
speaking, we only perform appendiceal onlay flap 
ureteroplasty at present but do not deny the feasibility of 
appendiceal interposition.

Robotic assistance for ureteral reconstruction has 
incomparable advantages: magnified view, three-dimensional 
visualization, and articulated instruments, which facilitate 
delicate suturing. To our knowledge, we report herein the 
largest cohort of patients undergoing appendiceal onlay 
flap ureteroplasty with da Vinci Si surgical systems in a 
single centre. We have published an appendiceal onlay 
ureteroplasty case series with four robotic procedures 
previously (19). The present manuscript provided a mean 
18-month follow-up on previous patients and experience 
with four additional cases. Appendix was used as an onlay 
flap to repair ureteral strictures and has several advantages. 
The wall of the appendix is similar to that of the ureter. 
The appendiceal mucosa in contact with urine is not large, 
resulting in minimal urine absorption and avoidance of 
electrolyte imbalances in patients compared with patients 
who underwent ileal ureter replacement. The appendix 
also has peristalsis directed to its base and allows urine to 
pass smoothly. The blood supply of the appendiceal onlay 
flap is better than that of the oral mucosa graft because the 
appendix mesoappendix is preserved completely. However, 
its disadvantages are as follows. The length of the appendix 
is limited, so the length of ureteral stricture that can be 
repaired are limited. Given the limitations of anatomical 
proximity, and the mobility of the appendix which allowed 
by mesoappendix, the appendiceal onlay is only suitable 
for repairing the right ureteral stricture, especially in 
adults. However, the oral mucosa can be used on both 

sides. Deyl et al. reported the first case of total left ureteral 
reconstruction with appendix interposition for a 3-month-
old child (26). Komyakov et al. reported their experience 
with four successful cases with appendix interposition repair 
of left pelvic ureteral stricture in adults (16). Based on our 
experience, an appendiceal onlay flap is mainly applicable 
to repair right proximal and middle ureter long-segment 
strictures. However, Jun et al. believed that appendiceal 
ureteral reconstruction for distal ureteral stricture was 
suitable for patients already with a small bladder capacity or 
patients who have undergone pelvic radiation, which cannot 
be treated with a Boari flap (17). Asghar et al. reported that 
they had success with an appendiceal bypass (interposition) 
procedure to repair radiation-induced distal ureteral 
strictures (27).

In our institution, for complex strictures of the 
right proximal and middle ureters, we tend to perform 
RAUP. However, nasotracheal intubation and oral 
cavity disinfection were prepared in advance for lingual 
mucosa graft ureteroplasty because the conditions of the 
appendix may not be suitable for repairing the ureter 
due to, for example, inadequate length or surrounding 
fibrosis secondary to previous inflammation. Moreover, 
for long-segment or multi-segment ureteral strictures 
caused by pelvic radiotherapy, which cannot be treated 
with appendiceal or oral mucosal onlay ureteroplasty, to 
improve the success rate of ureteral reconstruction, we 
tend to perform ileal ureter replacement for patients. Of 
course, bilateral long-segment ureteral strictures can only 
be reconstructed with ileal ureter replacement (28). We 
believe that an individualized management strategy must 
be developed for each patient with ureteral stricture. For 
patients with 3–6 cm right proximal and middle ureteral 
stenoses that were not eligible for direct anastomosis, 
RAUP could be an effective option and ought to be familiar 
to reconstructive urologists.

The major limitations of this study were the small 
sample size and lack of comparison with other surgical 
methods, although the data on the patients were collected 
prospectively. A larger patient cohort, longer follow-up 
period and comparative studies are needed. In addition, this 
study is a report of single center experience with RAUP. 
In order to formulate more reasonable ureteral repair 
strategies, multi-institutional studies should be conducted 
in future studies. 

Conclusions

RAUP is a workable option for managing long-segment  
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(3–6 cm) proximal and middle ureteral strictures of the right 
side. The outcomes of 18-month follow-up are satisfactory.
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