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Case Report: Robot-assisted laparoscopic bladder diverticulectomy: a case series and initial experience
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Objectives: To explore the experience of tumor control technique in robot-assisted laparoscopic bladder diverticulectomy (RALBD) in the treatment of bladder diverticulum tumor, intraoperative tumor control and postoperative comprehensive treatment.



Patients and methods: We treated three male patients with bladder diverticulum tumors. Case 1 involved a 63-year-old with a 3.0 cm tumor in the diverticulum on the right bladder wall. Case 2 involved a 70-year-old with a 1.0 cm cauliflower-like tumor in the diverticulum on the left bladder wall. Case 3 involved a 64-year-old with a 3.0 cm tumor in the diverticulum on the right bladder wall. Each patient underwent robot-assisted laparoscopic partial cystectomy (PC) with ureteral Double J (D-J) stent placement. To minimize the risk of intraoperative tumor spread, we implemented enhanced surgical techniques. Systemic chemotherapy and adjuvant intravesical chemotherapy were recommended to reduce the risk of tumor recurrence and metastasis.



Results: Postoperative pathology confirmed papillary urothelial carcinoma in all three cases. Each patient was followed up for over 20 months, with no evidence of recurrence or distant metastasis observed through cystoscopy and chest and abdominal CT scans.



Conclusion: For patients with urothelial carcinoma in a bladder diverticulum, robot-assisted laparoscopic bladder-sparing surgery is a viable option when appropriate cases are selected. Effective intraoperative tumor control and comprehensive postoperative treatment are crucial to minimizing recurrence and metastasis risks. The robotic approach offers enhanced precision and visualization compared to traditional open or laparoscopic techniques, potentially leading to improved outcomes regarding intraoperative tumor control and reduced postoperative complications. However, this study is limited by its small sample size of only three patients and short-term follow-up. A larger sample of patients is needed to confirm the advantages of the robotic approach.
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Introduction

Bladder cancer is the most common urinary tract malignancy, with at least 1% of cases occurring within a diverticulum (1, 2). A bladder diverticulum is a herniation of the bladder mucous membrane lacking a muscular layer, resulting in loss of muscle contractility and urinary stasis (3). Congenital diverticulum, caused by developmental defects in bladder muscle during embryogenesis, occur in approximately 1.7% of children and are not associated with lower urinary tract obstruction (4). The absence of a muscular layer in diverticula contributes to urinary stasis, which may lead to chronic inflammation, recurrent infections, and the development of dysplasia or metaplasia (5, 6). Historical series have indicated that the survival rates for urothelial carcinoma originating from bladder diverticula are lower compared to those of bladder tumors not arising from a diverticulum (7). However, more recent studies have shown that survival rates for patients with bladder diverticulum tumors are comparable to those of individuals with non-diverticular bladder cancer (8, 9). Despite this progress, data regarding the treatment and outcomes of bladder diverticulum tumors remain limited and primarily derive from small, single-center studies.

Surgical resection of bladder diverticula can be achieved through various approaches, including open surgery, endoscopy, laparoscopic (extraperitoneal or intraperitoneal), and robotic-assisted techniques (10–13). Traditional open surgery, often the primary treatment for bladder diverticulum tumors, or total cystectomy, can lead to significant patient morbidity and a reduced quality of life. Kees group concluded that there were no differences in overall survival (OS) or metastasis-free survival (MFS) between partial cystectomy and radical cystectomy groups for the bladder diverticulum tumors. In this study, five-year OS after radical cystectomy (RC) and partial cystectomy (PC) was 62% and 66%, respectively, while five-year MFS was 66% and 55% respectively. Therefore, PC may represent a feasible surgical alternative to RC in selected patients with bladder diverticulum tumors (14). Robotic technology enables more precise dissection and tumor removal while performing the PC, thanks to its high-definition 3D cameras and magnified visualization of the surgical area. With the widespread adoption of robotic technology, RALBD has advantages such as reduced blood loss, reduced postoperative morbidity, shorter hospital stays, quicker recovery times, and minimal scarring while maintaining effective oncological outcomes equivalent to those achieved via open surgery (15).

Bladder suturing and complete tumor excision are the main current surgical challenges for bladder diverticulum tumors. Previous reports on laparoscopic partial cystectomy have highlighted the utilization of stapling devices, such as the Endo-GIA (Covidien, Mansfield, MA), to facilitate the laparoscopic closure of the bladder. However, the use of such stapling instruments carries a significant theoretical risk of stone formation due to potential staple migration within the bladder. In contrast, robotic-assisted surgery enhances the surgeon's visibility and precision, allowing for the execution of bladder suturing in a controlled, two-layer technique, closely replicating the approach used in open surgery. More, with its magnified visual capabilities, RALBD allows for precise excision of the diverticulum, thereby minimizing the risk of residual tumor tissue. In this study, we explored feasibility, safety, and reproducibility of RALBD for treating bladder diverticulum tumors, gaining preliminary experience in intraoperative tumor control and comprehensive postoperative care. Furthermore, we report on perioperative, oncological, functional, and outcomes in patients undergoing RALBD.



Patients and methods

The three cases were involved in this study. The inclusion criteria for selecting cases were as follows: (1) Diagnosed with bladder diverticulum tumors, confirmed by imaging studies such as ultrasound, CT, or MRI. (2) Patients were willing to undergo robotic surgery. (3) Patients with no other advanced or metastatic cancer and severe comorbidities that would preclude surgical intervention.

The first patient was a 63-year-old man, admitted with the complaint of “repeated gross hematuria for one week”. Further abdominal enhanced CT displayed space-occupying lesion on the right wall of bladder (Figure 1A), considering tumor. Cystoscopy displayed a large diverticulum filled with tumor on the right wall of the bladder. Biopsy was performed. Pathology examination displayed low level (bladder) papillary urothelial carcinoma.


[image: Figure 1]
FIGURE 1
CT images of case 1 (A) and case 2 (B) showing the intradiverticular bladder tumor noted with arrow.


The second patient was a 70-year-old man, admitted with the complaint of “dysuria for one month”. Cystoscopy and abdominal CT (Figure 1B) revealed that a bladder tumor about 2.0 cm in size could be seen in the diverticulum on the left wall of bladder. Biopsy and pathology revealed (bladder) papillary urothelial tumor with low malignant potential.

The third patient was a 64-year-old man, admitted with the complaint of “gross hematuria for ten days”. Further cystoscopy displayed space-occupying lesion on the right wall of bladder (Figure 2).


[image: Figure 2]
FIGURE 2
Cystoscopy showed a large diverticulum on the right wall of the bladder.


All patients underwent robot-assisted laparoscopic partial cystectomy and ureteroscopy D-J tube indwelling. Following the successful administration of anesthesia, patients were positioned in a low lithotomy position with a 30-degree Trendelenburg tilt. A 6 Fr ureteral stent was inserted into the ureter on the tumor side to protect the ureteral orifice during the procedure, and a 16 Fr catheter was placed for urinary drainage. The DaVinci robot system was put into position and installed after routine disinfection and towel laying. A skin incision was made approximately 2.0 cm above the umbilicus, and a pneumoperitoneum was established with a Veress needle at a pressure of 15 mmHg, followed by the placement of a 12 mm trocar. Under the surveillance of the camera, puncture was performed at the level of the lower edge of the umbilical of the mid-clavicular line on the left and right sides and at the McBurney point, and 12 mm, 12 mm and 8 mm Trocar were placed (Figure 3). The bladder was filled with distilled water through the catheter. This approach not only reduces the presence of free tumor cells in the bladder but also facilitates the identification of bladder diverticulum during the procedure. The bladder diverticulum was identified, and the bladder was emptied prior to making an incision in its wall. The catheter was maintained unobstructed to ensure continuous drainage, creating a relative negative pressure within the bladder. Upon opening the bladder, it was observed that the diverticulum in the first patient was small, with a diameter of approximately 1.5 cm. Before resection, the mucosa of the diverticulum was sutured and the diverticulum was closed to reduce the risk of tumor dissemination. In the second case, given the large size of the diverticulum, both the diverticulum and tumor inside were completely removed (Figure 4). The specimens after resection were directly packed into the specimen bag to avoid the contamination in the abdominal cavity. The bladder is sutured continuously with 3-0 absorbable threads. After closing the peritoneum incision, a catheter was inserted with 20 ml normal saline injected into the catheter balloon. Up to 150 ml normal saline was injected into the bladder with no visible leakage. The specimen was taken out from the pelvic cavity. Following thorough irrigation and aspiration of the wound, a pelvic drainage tube was inserted. The incision and puncture sites were then sutured, and the procedure was successfully completed. The patients were treated with systemic chemotherapy and intravesical chemotherapy after operation. All patients received 4 cycles of the GC chemotherapy regimen includes gemcitabine and cisplatin.


[image: Figure 3]
FIGURE 3
Robotic-assisted surgical setup for bladder diverticulum resection. This schematic diagram illustrates the positioning of the patient and placement of robotic ports during surgery. The diagram highlights the bladder and diverticulum. Port placements are indicated by circles labeled (A), (B), (C), (D).
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FIGURE 4
Robot-assisted closure of the bladder incision in case 2.


This schematic diagram illustrates the positioning of the patient and placement of robotic ports during surgery. The diagram highlights the bladder and diverticulum. Port placements are indicated by circles labeled A, B, C, D.

This study was approved by the Institutional Ethics Committee of Sir Run Run Shaw Hospital in Hangzhou, China. Written informed consent was obtained from the three patients.



Results

There was no complication in all the cases. The drainage tube was removed one week after surgery, the catheter two weeks postoperatively, and the D-J stent after two months. Table 1 shows pathology operative metrics, and outcomes of all patients. Postoperative pathology of the first patient displayed low grade non-invasive papillary urothelial carcinoma with glandular differentiation and urothelial hyperplasia on both sides of the cutting edge but negative basal cutting edge. No recurrence was found 27 months after operation. Postoperative pathology of the second patient displayed high grade papillary urothelial carcinoma with local invasion of lamina propria. No tumor recurrence was found 21 months after operation. Postoperative pathology of the third patient displayed invasive urothelial carcinoma with focal glandular differentiation. No tumor recurrence was found 16 months after operation.


TABLE 1 Clinical features of patients undergoing RALBD.
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The bladder diverticulum was noted to vary in size, with some being larger than expected, complicating the surgical approach. Larger diverticula posed challenges in ensuring complete resection and preventing damage to adjacent structures. The second patient developed minor postoperative complication. Due to benign prostatic hyperplasia, the patient had trouble urinating after the catheter was remove postoperatively. To prevent diverticulum recurrence, the patient subsequently underwent a transurethral resection of the prostate (TURP) procedure.



Discussion

Bladder cancer is the most prevalent urinary tract malignancy, with bladder diverticula potentially increasing the risk of tumor development. Studies suggest that the presence of diverticula raises the likelihood of tumor formation by 0.8%–10% compared to a normal bladder (16). Tumors within diverticula can be detected using ultrasound, CT and magnetic resonance imaging (MRI). And CT features of diverticulum tumor can predict clinical outcomes (17). Recently, Panebianco et al. (18) proposed that bladder MRI can supplement CT imaging. Endoscopy can be more effective in finding lesions and obtaining biopsy to make a clear diagnosis.

Radical cystectomy (RC) is a well-established treatment for diverticulum tumors (8), but bladder-sparing methods such as transurethral resection (TUR) or partial cystectomy have also been shown to be feasible and oncological safe (9). However, there are limited guidelines for treating bladder diverticulum tumors, aside from those provided by the French Urological Association, which recommends partial cystectomy with pelvic lymphadenectomy for single-focus tumors confined to a diverticulum (19). In carefully selected patients with diverticulum tumors, partial cystectomy may be a feasible alternative to radical cystectomy (14).

Since 2006, several reports have described RALBD for bladder diverticulum tumors in adult patients (Table 2). The operations were successful, and no recurrence was found in the half year follow-up. Three articles reported the treatment of malignant vertical tumor with RALBD. Tareen et al. (15) reported a case of high-grade transitional cell carcinoma (TCC) invading lamina propria in 2008. The patient was later found to have cancer in situ and began taking bacilli Calmette-Guérin (BCG) maintenance treatment. Alturnende et al. (20) reported another two cases in 2011. One case of high-grade urothelial carcinoma in the diverticulum and two lesions of carcinoma in situ were found in other parts of the bladder. The patient received bilateral pelvic lymph node dissection and subsequent intravesical immunotherapy. Their other patient had a low-grade non-invasive transitional cell carcinoma of the bladder, so he had a RALBD and simultaneous bipolar TURP. Sophie Elands et al. (21) described an 84-year-old man with TCC treated with RALBD and ureteral re-implantation in 2015, and no further treatment was adopted for this patient. If the diverticulum is close to the ureteral orifice, a ureteral stent or simultaneous ureteral disconnection and replantation may be required. Our mean operative time of 133 min is similar to that of than these researches, which ranges from 160 to 250 min. Furthermore, no recurrence was also observed in our study; however, the follow-up duration was longer compared with previous study. Another distinction lies in our use of systemic chemotherapy in place of lymph node dissection, which appears to have yielded comparable outcomes.


TABLE 2 Published cases of RALBD in adult patients since 2006.
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Robotic laparoscopic surgery for bladder diverticulum tumor may lead to intraperitoneal tumor dissemination, mainly through urine, gas and surgical instruments. Previous studies have reported that the risk of intraperitoneal contamination of urine in bladder was increased by cystoscopy monitoring during robotic surgery. However, the Mohammed group, in a study of 28 patients with interdiverticular bladder tumors, recommended robot-assisted diverticulectomy for its ability to reduce morbidity and postoperative complications (22).

Robotic bladder diverticulectomy shows significant advantages in surgical precision and operational flexibility compared to open and traditional laparoscopic procedures (23–25). While open surgery provides more direct visualization, it is associated with higher trauma, longer recovery periods, and a greater risk of postoperative complications. In contrast, laparoscopic surgery reduces trauma but still faces limitations in operational flexibility and visualization. Robotic-assisted surgery, through its precise three-dimensional visualization and enhanced instrument articulation, improves surgical precision and allows for faster postoperative recovery.

In our experience with robot surgery, we also found that the magnified three-dimensional view and enhanced surgeon comfort offered by robotic surgery also apply effectively to bladder-preserving procedures. One of the notable challenges associated with robotic-assisted surgery is its high cost, both in terms of initial investment and ongoing maintenance. The robotic systems themselves are expensive, and the surgical consumables required for robotic procedures are typically more costly than those used in traditional surgeries. Additionally, the adoption of robotic surgery requires specialized training for surgeons and the surgical team. This process is both time-consuming and costly but essential for ensuring effective use of the technology. However, we believe that with the advancement of technology, the costs will decrease, and robotic surgery will be widely adopted, ultimately benefiting patients.

Three patients in our center were treated with robotic laparoscopic partial cystectomy for bladder diverticulum tumor. We adopted a series of improved surgical techniques to reduce intraoperative tumor dissemination:


	1.Before opening the bladder, the bladder should be filled with distilled water to inactivate the exfoliated and scattered tumor cells.

	2.Empty the bladder before opening it, and then open the bladder 2.0 cm away from the diverticulum to avoid direct contact with the tumor.

	3.After opening the bladder, the catheter is in an open and deflated state to create a relative negative pressure in the bladder to avoid the air flow in the bladder through the abdominal cavity causing tumor cells to spread.

	4.Before resection of diverticulum, the neck of diverticulum should be sutured to close the diverticulum to avoid tumor cell dissemination.

	5.Take out tumor specimen with a bag to avoid contact between tumor and wound or abdominal cavity.

	6.Clear operation field and accurate suture in robotic surgery makes it conducive to tumor control.

	7.After resection of bladder diverticulum and tumor, the surgical instruments were taken out in time and cleaned before use to reduce tumor spread.



We didn't use any staple device because it is difficult to ensure that tumors were completely resected.

Additionally, the histologic heterogeneity of bladder cancer is associated with prognosis. While urothelial carcinoma is the most common histology, more than 25% of patients with bladder cancer harbor variant histology. These variants, including clear-cell, plasmacytoid, small-cell, and sarcomatous, are associated with a higher risk of upstaging and worse outcomes compared to pure urothelial carcinoma (26). In our study, we observed two patients with glandular differentiation in the diverticula. According to the Francesco group, glandular differentiation is not associated with disease-specific survival (27), and no recurrence has been observed in our two patients to date.

Although pelvic lymphadenectomy (PLND) is an integral part of RC, it has not been well established in bladder preserving therapy (14). PLND was the standard procedure in some centers, while in others, it was only performed when lymph nodes were suspected. As for the three cases in our group, preoperative imaging evaluation did not show any lymph node metastasis, so pelvic lymph node dissection was not performed.

TUR is technically challenging. The narrow neck of diverticulum might limit the access to tumors. In addition, due to the lack of muscle layer in the diverticulum wall, it is difficult for surgeons to judge the depth of the resection. We found that it would be difficult to perform TUR so partial cystectomy was carried in all cases.

Charlotte et al. reported the recurrence rates of RC group and PC group were 27/81 (33%) and 16/34 (47%) respectively, median time to recurrence was 8.0 months in the RC group and 12.1 months in the PC group (14). Although the follow-up period for our three patients has been less than five years, no recurrences have been observed so far.

In our study, the small sample size and the absence of a control group are two major limitations. Due to the limited number of participants, the external generalizability of the results may be affected. The lack of a control group prevents direct comparison of robotic surgery with other surgical methods. Therefore, future studies should expand the sample size and include appropriate control groups to better assess the advantages and shortcomings of robotic surgery.



Conclusions

For urothelial carcinoma in bladder diverticulum, it's important to carefully select appropriate cases, ensure effective intraoperative tumor control, and provide thorough postoperative adjuvant treatment. Additionally, performing robot-assisted laparoscopic bladder-sparing surgery can be a viable option.
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