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Research article 

Modified robot-assisted nephroureterectomy with ureteral 
catheterization for radical resection of the distal ureter: 
Procedures and short-term outcomes 

Hao Ji a,1, Qikai Wu a,1, Jianbo Ji a,b,1, Yuhang Qian c, Lingkai Cai a, Kexin Bai a, 
Qiang Cao a, Xiao Yang a, Yongke Cao d, Qiang Lv a,**, Pengchao Li a,e,* 
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c Department of Epidemiology, Fielding School of Public Health, University of California, Los Angeles, CA, USA 
d Department of English, Nanjing Medical University, Nanjing, PR China 
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A R T I C L E  I N F O   
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A B S T R A C T   

Objectives: To describe a bladder cuff excision method modified with ureteral catheterization to 
better visualize the ureteral orifice during robot-assisted nephroureterectomy (RANU). 
Methods: We retrospectively analyzed 66 patients with upper urinary tract urothelial carcinoma of 
the renal pelvis and/or upper-mid ureter treated between January 2020 and January 2023. 
Among them, 32 patients (group A) underwent RANU supported by ureteral catheterization, and 
the remaining patients (group B) received routine transperitoneal RANU. Postoperative cystos-
copy was performed routinely to compare the rates of residual ureteral orifice between the two 
groups. 
Results: Surgeries were completed uneventfully in all 66 patients, without blood transfusion or 
conversion to open procedures. The operative time, estimated blood loss, and postoperative 
length of hospital stay were similar between both groups. However, the mean time required for 
BCE in group A was shorter than that in group B (9.5 min vs. 16.0 min, p = 0.006). Cystoscopy at 
postoperative three months showed no ipsilateral ureteral orifice in group A, but residual ureteral 
orifice was found in 23.5% of patients in group B. During a short follow-up period of 16 months, 
no patients in group A experienced bladder tumor recurrence. However, two patients (5.9%) in 
group B developed bladder tumor recurrence, with one experiencing local tumor recurrence at the 
level of the ureteral stump. 
Conclusions: Our novel technique enables complete ureteral retrieval, accurate and rapid bladder 
cuff excision, which makes the procedure less invasive and safely reproducible during robot- 
assisted nephroureterectomy.  
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1. Introduction 

Radical nephroureterectomy (RNU) with bladder cuff excision (BCE) is a standard therapy for high-risk non-metastatic upper 
urinary tract urothelial carcinoma (UTUC) [1]. Laparoscopic or robotic RNU has been established as a minimally invasive alternative 
to open procedures [2,3]. During minimally invasive BCE, however, a small incision is just made on the bladder wall; only a cephalic 
vision is provided; and the ureteral orifice is sheltered by the bladder wall; all these make it difficult to mimic procedures of open BCE. 
Without repositioning the patient, BCE in a flank position shows certain limitations, such as easy misidentification of the ureteral 
orifice and accidental transection of the ureter in separating along the ureter, which may result in incomplete resection of the ureteral 
orifice and residual intramural segment of the ureter. Incomplete distal ureterectomy is relevant to adverse oncological outcomes, such 
as poor overall survival, cancer-specific survival, and recurrence-free survival [4]. Even without a positive surgical margin, the rate of 
recurrence in the ureteric stump may rise to 33%–75% among patients with the distal ureter mismanaged [5,6]. 

To date, many methods have been explored to manage the bladder cuff, including transvesical, extravesical, and endoscopic ap-
proaches, with each having its pros and cons [7–9]. The transvesical approach is the standard for exposing the ureteral orifice, but may 
result in large cystic trauma that allows for tumor implantation [10,11]. The endoscopic technique is easily manipulated, but may lead 
to tumor cell spillage and incomplete ureteral excision, ultimately increasing the risk of intravesical recurrence [7,9]. The extravesical 
approach can maintain a closed urinary system, but offers poor visualization and inaccessibility to the distal ureter, potentially causing 
incomplete ureteral removal and contralateral ureteral orifice injury [10,12]. In the laparoscopic stapling technique, a cystoscopically 
appreciable remnant of the resected ureteral orifice is noted in 50% of the patients [13]. Besides, clinical use of certain laparoscopic 
forceps, such as bulldog clamps [14], is limited by their blind placement. This technique relies heavily on the surgeon’s experience, 
rather than a direct vision, making it difficult to confirm the complete removal of the affected ureteral orifice. Robot-assisted neph-
roureterectomy (RANU) addresses some of the challenges that surgeons face during laparoscopic BCE [15], but cannot provide a 
sufficient visualization of the ureteral orifice with a small bladder incision. The residual ureteral orifice is detected in 6.6% of patients 
who have undergone RANU [4]. 

Accurate visualization of the ureteral orifice during BCE is crucial to ensure complete removal of the distal ureter. Inadequate BCE 
may leave a remnant ureter, and excessive BCE could increase the risk of tumor seeding and contralateral ureteral orifice damage (see 
Fig. 1A and B). In this study, we described our modified technique of RANU, which is supported by ureteral catheterization, for precise 
management of the bladder cuff (see Fig. 1C). Using this technique, the ureteral orifice could be accurately identified, facilitating the 
determination of the resection range. In addition, for those with distal ureteral transection, the radical resection of the ureteral orifice 
and the intramural segment of the ureter could be achieved by slightly expanding the resection scope under the guidance of the 
ureteral catheter. 

2. Patients and methods 

2.1. Patients 

From January 2020 to January 2023, a total of 66 patients with urothelial carcinomas in the renal pelvis and/or upper-mid ureter 
were included. In group A, 32 patients underwent RANU with ureteral catheterization; in group B, 34 patients underwent routine 
transperitoneal RANU. All patients received surgeries performed by the same team, including two urologists with the title of associate 
chief physician or above, both of whom have more than 2 years of experience in robotic surgery. Data from both groups were 
retrospectively analyzed. All tumors were staged by the 2017 TNM classification of malignant tumors [16], and graded based on the 
2016 World Health Organization classification [17]. Table 1 presents patients’ characteristics in our study. The study was approved by 
the institutional review board approval from the ethical committee of the hospital. Participants consented to have their images 
published. 

2.2. Surgical techniques 

Surgeries were performed using the Da Vinci Xi® surgical system. Cystoscopy examination was performed in both groups to 

Fig. 1. Diagrams of different excision scopes of the bladder cuff from a cephalic vision (the dotted line indicates the excision scope). (A, B) 
Inadequate excision scope with the intramural segment of the ureter retained; (C) Proper excision scope under direct visualization of the ureteral 
orifice. UC = ureteral catheter; UO = ureteral orifice. 
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exclude the concurrent bladder tumors. In group A, during the cystoscopy procedure, a ureteral catheter was inserted into the affected 
ureter by 5–10 cm (distal to the tumor location), followed by the placement of a Foley urethral catheter. To facilitate urine drainage 
and decrease the risk of urine spillage in the modified flank position, 5 ml of water was injected into the urethral catheter sac. In both 
groups, the patient was placed in a modified flank position (60◦ oblique) with a 15◦ Trendelenburg tilt. After establishing a pneu-
moperitoneum, six ports were introduced into the sites described as below (see Fig. 2). An 8-mm camera port was placed at the border 
of the ipsilateral rectus muscle superior to the level of the umbilicus. An 8-mm robotic port was placed superior to the level of the 
symphysis, followed by a 12-mm assistant port between the camera and the robotic port. Next, an 8-mm robotic port was placed 
subcostal in the midclavicular line, and an identical robotic port was placed medial to the anterior superior iliac spine. A 12-mm 
assistant port was placed between the camera and the cranial robotic port. 

A routine robotic transperitoneal nephrectomy was performed in both groups, meanwhile keeping the ureter intact. Once the ureter 
was recognized, a Hem-o-loc clip was placed distal to the tumor location and proximal to the tip of the ureteral catheter, to decrease the 
risk of tumor seeding into the bladder. Renal vessels were occluded with Hem-o-loc clips, and then divided. A template-based lymph 
node dissection was performed, according to the risk stratified by the European Association of Urology Guidelines [1,18]. 

Group B received standard procedures of bladder cuff excision reported in the literature [19]. In group A, after full mobilization of 
the kidney, the dissection was performed caudally to the ureterovesical junction. Special care was taken in ligating and dividing the 
uterine artery in females. The distal ureter and the bladder cuff were adequately dissected, and the ureter was retracted in the cranial 
and lateral directions, till the bladder mucosa was tented. The tent-shaped bladder mucosal cuff was incised very close to the ureter, 
and the ipsilateral ureteral orifice was visualized through the previously inserted ureteral catheter (see Fig. 3A and B). The anterior 
wall of the ureteral orifice was incised clockwise from 8 to 4 o’clock, and then the ureteral catheter was removed. Subsequently, the 
distal ureter along with the bladder cuff was circumferentially excised (see Fig. 3C). In males, the vas deferens was carefully dissected 
and then distanced by the forceps to make an approach for easier bladder cuff dissection (see Fig. 3D). In the case of ureteral tran-
section, the resection scope was slightly expanded along the distal ureter to ensure total resection of the ureteral orifice and the 
intramural segment of the ureter. The vesical defect was then closed in a running manner using a 3-0 barbed suture. The time from 
dissociation at the ureterovesical junction to bladder wall suturing was recorded as the BCE time. After retrieval of the specimen, the 
ureteral catheter was inserted into the specimen to examine the presence of the bladder mucosa around the ureteral orifice (see 
Fig. 4A). 

2.3. Follow-up 

The Foley catheter was retained for two weeks. For T3 patients with a glomerular filtration rate greater than 50 ml/min, adjuvant 
systemic chemotherapy with gemcitabine plus cisplatin was administered postoperatively, along with intravesical instillation of 50 mg 
epirubicin per week for six times. All patients were followed up with regular cystoscopy to confirm complete resection of the ipsilateral 
ureteral orifice (see Fig. 4B). Other follow-up strategies included postoperative urine cytology, abdominal enhanced computed to-
mography (CT), pelvic magnetic resonance imaging, and chest CT. 

2.4. Data analysis 

The data collected in this study involved patients’ age, sex, body mass index (BMI), tumor location, TNM classification, grade, 
operative time, postoperative hospital stay, perioperative complications according to Dindo-clavien classification [20], residual 

Table 1 
Demographics and pathologic data of patients.  

Characteristics Group A (n = 32) Group B (n = 34) P value 

Age, yearsa 67.5 (57.0–71.8) 68.0 (58.8–76.2) 0.329 
Sex, n (%) 

Males 20 (62.5) 20 (58.8) 0.760 
Females 12 (37.5) 14 (41.2)  

BMI, kg/m2a 24.0 (21.5–27.4) 25.4 (23.3–27.4) 0.323 
Side, n (%) 

Right 18 (56.2) 17 (50.0) 0.611 
Left 14 (43.8) 17 (50.0)  

Tumor location, n (%) 
Renal pelvis 22 (68.8) 21 (61.8) 0.552 
Upper-mid ureter 10 (31.2) 13 (38.2)  

TNM staging, n (%) 
pT1 7 (21.9) 9 (26.5) 0.855 
pT2 3 (9.4) 2 (5.9)  
pT3 22 (68.8) 23 (66.6)  

Grade, n (%) 
Low grade 5 (15.6) 7 (20.6) 0.601 
High grade 27 (84.4) 27 (79.4)  

BMI = body mass index. 
a Continuous variables were expressed as medians (interquartile ranges). 
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ureteral orifice, and bladder tumor recurrence. The operative time referred to the robotic console time. Statistical analyses were 
conducted using the software SPSS (IBM Corporation, Armonk, NY, USA). Continuous variables were compared using Mann-Whitney U 
test, and categorical variables using Chi-square or Fisher’s exact test. Significance was set at p < 0.05. 

3. Results 

The distributions of sex, age, and BMI were similar between the two groups (Table 1). The two groups were homogenous in terms of 
tumor side, location, TNM classification, and grade (all p > 0.05). 

Surgeries went smoothly without blood transfusion or conversion to open procedures in all 66 patients. Perioperative outcomes and 
follow-up data are shown in Table 2. The mean time required for cystoscopy examination was 7 min, whereas group A requires an 
additional average time of 3 min for ureteral catheterization. No statistically significant differences were observed in median operative 
time, median estimated blood loss, and median postoperative length of hospital stay between the two groups (all p > 0.05). However, 
BCE in group A was faster than that in group B (9.5 min vs. 16.0 min, p = 0.006). No intraoperative or postoperative complications, 
such as urinary fistula, lymphatic leakage, hemorrhage, intestinal obstruction, or infection, were noted in either group. 

During the first follow-up cystoscopy, which was routinely conducted three months after surgery, it was found that group A had no 
residual ipsilateral ureteral orifice. In contrast, residual ureteral orifice was observed in eight cases (23.5%) of group B (p = 0.005). 
This indicates that our modified robotic technique achieved a 100% complete ureteral resection rate. Over the median follow-up 
period of 16 months (range 3–40 months), none of the patients in group A experienced bladder tumor recurrence. However, 
bladder tumor recurrence developed in two patients (5.9%) in group B, including one case of simultaneous local tumor recurrence of 
the ureteral stump. The patient with simultaneous local tumor recurrence of the ureteral stump suffered a T1 bladder tumor, which was 
treated by transurethral resection of bladder tumors (TURBT) and resection of the residual ureteral stump. The other recurrent patient 
experienced a Ta tumor and was treated by TURBT. 

4. Discussion 

Regardless of its location, high-risk nonmetastatic UTUC is routinely treated with RNU combined with BCE [1]. However, with a 
high reported rate of retained ureteral stump [4,13], BCE remains to be improved during minimally invasive RNU [21]. Robots, 
especially the Da Vinci Xi® system, with their 3D high-definition images and enhanced dexterity and precision, promise to mitigate the 
limitations of conventional laparoscopic techniques [15,22]. In a routine robotic surgery, BCE needs to be accomplished by en bloc 
resection of the distal ureter along with the bladder cuff around the ureteral orifice, after the bladder cuff has been adequately 
mobilized and shown a characteristic tapered appearance [23,24]. However, the presence of the tent-shaped bladder cuff structure 
seems insufficient to ensure complete resection of the intramural segment of the ureter (see Fig. 1A and B). Surgeons may have 
different interpretations of the tapered appearance of the bladder cuff, and their experience plays a significant role in selecting the 
resection range. Insufficient resection leaves a remnant ureter, while excessive resection brings about massive bladder trauma and an 
increased risk of tumor seeding. Without reliable anatomical markers, there is a risk of inadvertently transecting the intramural 
segment of the ureter. Consequently, the limited visibility provided by a small incision on the bladder wall makes it difficult to remove 
the distal stump of the ureter, which also increases the risk of ureteral stump tumor recurrence. 

Here, we proposed a novel method for adequate bladder cuff retrieval using ureteral catheterization during RANU. Through our 
modified robotic BCE, the ureteral orifice can be fully visualized, which overcomes the inherent drawbacks of traditional robotic BCE. 
Unlike the traditional RANU method that relies on the surgeon’s experience, this method, guided by the ureteral catheter, saves time in 
locating the ureteral orifice and can achieve BCE more quickly. By completely removing the intramural segment of the ureter and 

Fig. 2. Patient positioning and port placement for RANU performed by da Vinci Xi® Surgical System (eg, left side).  
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ureteral orifice, this method can eliminate ureteral stump tumor recurrence, which is often associated with local progression or distal 
metastasis. In addition to complete excision of the ureter, the modified method enables accurate and minimal BCE, thus avoiding 
damage to the contralateral ureteral orifice and reducing the risk of urine extravasation. Less water is injected into the urethral 
catheter sac (just 5 ml in our study), which facilitates urine drainage and decreases the risk of urine extravasation into the peritoneal 
cavity in the modified flank position. The Da Vinci Xi® robotic system allows for quick water-tight closure of the bladder wall under 
direct vision, thus reducing the risk of postoperative urinary fistula. With the reduced risk of urine spillage, our novel method 
potentially minimizes the risk of intraperitoneal tumor seeding. 

In summary, one of the main benefits of this technique is its ability to provide complete visualization of the ureteral orifice during 
RANU, which facilitates BCE procedures and ensures complete removal of the ureter, thereby eliminating the risk of ureteral stump 
tumor recurrence. The precise BCE achieved through this technique can potentially minimize the risk of tumor seeding. However, it 
may not be suitable for distal ureteral tumors, as the inserted ureteral catheter may come into contact with the tumor, increasing the 
risk of intravesical recurrence. Compared to the laparoscopic approach, the flexibility of robotic arms during this surgical technique 
provides significant advantages in exposing the renal vessels and dissecting the distal ureter, especially in the more precise process of 
bladder cuff excision and bladder defect suturing. Consequently, this ensures that the distal ureter is completely resected in 100% of 
the cases, much higher than the 50% achieved by laparoscopic stapling technique [13]. Our minimally invasive method may avoid 

Fig. 3. Procedures in modified BCE (the corresponding schematic diagrams are shown as below). (A) The tent-shaped bladder mucosal cuff is 
incised, and the ureteral orifice tends to be sheltered by the bladder mucosa. (B) Guided by a ureteral catheter, the sheltered ureteral orifice is 
visualized clearly. (C) The bladder cuff is circumferentially excised around the ureteral orifice. (A, B, and C) The uterine artery is ligated and divided 
to facilitate bladder cuff excision in females. (D) In males, the vas deferens is carefully dissected and then distanced by the forceps to make an easier 
approach for bladder cuff dissection. BC = bladder cuff; UA = uterine artery; UC = ureteral catheter; UO = ureteral orifice; VD = vas deferens. 

H. Ji et al.                                                                                                                                                                                                               



Heliyon 10 (2024) e29198

6

extensive trauma by utilizing a small incision on the bladder wall compared to the open approach. In the open approach, excision of the 
ureter by tenting up was inadequate, with 28% of patients retaining the ureteral orifice and intramural segment of the ureter [25]. In 
contrast, our technique achieves complete distal ureterectomy in 100% of cases. 

We used two ways to evaluate the completeness of the ureteral orifice resection. First, we inserted a ureteral catheter into the 
specimen after its retrieval, and checked the presence of the bladder mucosa around the ureteral orifice. Second, cystoscopy was 
routinely performed to confirm complete resection of the ipsilateral ureteral orifice. We reported a complete ureteral resection rate of 
100% among patients undergoing our modified RANU by specimen examination and routine cystoscopy during follow-up. Together, 
our modification is simple, and can be easily mastered by urologists. 

The limitations of this study included a small patient size and a short follow-up period. In addition, this is a single-center, retro-
spective study, which may bring about selection bias. To verify the better outcomes of this modified technique, prospective studies 
with larger patient cohorts and longer follow-up periods are required. 

5. Conclusion 

Our modified RANU with ureteral catheterization can provide a full visualization of the ureteral orifice to facilitate BCE procedures, 
thereby achieving complete ureter retrieval and reducing the risk of ureteral stump tumor recurrence. This method allows for accurate 
and minimal BCE, which makes the management of the bladder cuff less invasive and safely reproducible during RANU. 

Ethics statement 

This study was reviewed and approved by the Ethics Committee of The First Affiliated Hospital of Nanjing Medical University, with 
the approval number: 2023-SR-017. All participants provided informed consent to participate in the study. 

Fig. 4. Two ways to evaluate the completeness of the ureteral orifice resection. (A) Insertion of the ureteral catheter into the specimen to examine 
the presence of the bladder mucosa around the ureteral orifice. (B) Follow-up cystoscopy to confirm complete resection of the ipsilateral ureteral 
orifice. UO = ureteral orifice. 

Table 2 
Perioperative parameters and follow-up data.  

Parameters Group A Group B P value 

Operative time, minutesa,b 144.5 (129.2–159.8) 152.0 (135.5–172.0) 0.223 
Time for BCE, minutesb 9.5 (7.0–13.0) 16.0 (8.8–24.0) 0.006 
Estimated blood loss, mlb 110.0 (90.0–150.0) 120.0 (87.5–160.0) 0.576 
Postoperative hospital stay, daysb 3.5 (2.0–5.0) 4.0 (3.0–5.0) 0.311 
Complications, n (%) 0 0 1.000 
Visible UO in follow-up, n (%) 0 8 (23.5) 0.005 
Intravesical recurrences, n (%) 0 2 (5.9) 0.493 
Recurrences at ureteric stump, n (%) 0 1 (2.9) 1.000 

BCE = bladder cuff excision; UO = ureteral orifice. 
a Operative time refers to the robotic console time. 
b Continuous variables were expressed as medians (interquartile ranges). 
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BCE Bladder cuff excision 
BMI Body mass index 
CSM Cancer-specific mortality 
CT Computed tomography 
IQR Interquartile range 
RANU Robot-assisted nephroureterectomy 
RNU Radical nephroureterectomy 
UTUC Upper urinary tract urothelial carcinoma 
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