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Radical nephroureterectomy (RNU) with bladder sleeve resection is currently the gold standard for the treatment of high-risk ureteral cancer. However, in certain special cases, such as bilateral upper tract urothelial carcinoma(UTUC), isolated and chronic kidney disease, and low-risk UTUC, kidney sparing surgery(KSS) may represent a viable alternative, though it remains highly challenging. The current KSS options for ureteral cancer include endoscopic treatment, segmental ureterectomy, total ureterectomy combined with kidney autotransplantation and nephrostomy. These methods are associated with significant disadvantages, such as a high risk of recurrence and vascular-related complications. On the basis of previous studies, we creatively proposed a surgical method of long segment ureterectomy with tapered demucosalized ileum(TDI) replacement of the ureter for ureteral cancer, and successfully performed this operation on a patient with ureteral cancer. The follow-up results showed that this surgical method provides good tumor control while preserving the patient’s renal function and improves the inherent defect of the ileal replacement of the ureter, which is a feasible choice for patients with ureteral cancer and kidney preservation.
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Background

Upper tract urothelial carcinoma (UTUC) includes renal pelvic carcinoma and ureteral carcinoma, accounting for 5%–10% of all urothelial carcinoma. Radical nephroureterectomy (RNU) with bladder sleeve excision has always been regarded as the gold standard for the treatment of high-risk UTUC (1). However, in special circumstances such as bilateral UTUC, isolated and chronic kidney disease, and low-risk UTUC, kidney sparing surgery (KSS) may be a reasonable alternative (2–5). Endoscopic treatment and segmental ureterectomy are KSS options for ureteral cancer, but there are incomplete nidus resection and a higher risk of tumor recurrence (6–9). Some case series studies have reported that total ureterectomy and kidney autotransplantation combined with nephrostomy can be used for the treatment of multifocal ureteral cancer (10–12). However, its application is limited by graft function and vascular complications (13). Long segment ureterectomy reduces the risk of recurrence of ureteral cancer by increasing the resection length of the diseased ureter (14). For ureteral defects resulting from long segment ureterectomy, ileal ureteral replacement has been designed to bridge larger ureteral defects and has been shown to be safe in some studies (15, 16). Nonetheless, ileal substitutes have some inherent drawbacks, such as large lumen, mucus secretion and metabolite absorption, which usually lead to related complications, such as metabolic acidosis, electrolyte disorders and calculi or mucus obstruction (17). To address these complications of ileal-ureteral replacement surgery, improved techniques have been proposed, including tapered bowel grafts, Yang-Monti technique, and ileal serotype myotubes, but only part of the issues are solved (18, 19). To comprehensively resolve these issues, we have innovated a technique that involves remodeling the ileum segment by reducing its diameter and stripping the mucosa to minimize mucosal secretion and absorption. Preliminary results from our preclinical animal studies have demonstrated the feasibility and safety of this approach, without the associated complications of traditional ileal-ureteral replacement (20). This study aims to report the outcomes of ureteral cancer cases treated using this novel surgical method, focusing on tumor recurrence, renal function, electrolyte balance, and the patency of the ileal-ureteral replacement.





Case presentation

The patient is a 42-year-old man employed as a construction worker, previously in good health with no history of other diseases or surgeries, and no family history of related cancers such as ureteral cancer. He had a history of heavy smoking (approximately 2 packs per day for 20 years) but no alcohol consumption. Four months prior to admission in October 2020, he began experiencing intermittent painless gross hematuria of unknown origin. Upon admission to our outpatient department, a general physical examination revealed no abnormalities, but routine urine analysis indicated a significant presence of red blood cells. To investigate the cause of hematuria, the patient underwent computed tomography urography (CTU), which revealed a swollen and dilated area measuring 14.2x6.7mm in the right lower ureter (Figure 1A). Subsequent ureteroscopy identified a prominent mass in the lower portion of the right ureter. A biopsy of the lesion confirmed a diagnosis of high-grade non-invasive papillary urothelial carcinoma (T1G1, Figures 2A, B). In October 2020, this patient underwent long segment ureterectomy with tapered demucosalized ileum (TDI) replacement for the ureter. The main surgical steps are described as follows(The schematic diagram of the surgical procedure is shown in Figure 3): make an incision beside the right rectus abdominis to open the abdominal cavity, enter the retroperitoneal cavity, expose the right middle and lower ureter and the vesicoureteral junction, perform the diseased ureter and bladder sleeve resection, the removed ureter is about 10cm long, cut off an ileum segment of about 15cm at least 15cm away from the ileocecum, longitudinally cut off half of the collected ileum, and longitudinally separate the ileum mucosa with the blade of blunt surgical scissors. After the mucosa separation is completed, A 12Fr rubber tube was placed in the cut ileum segment for support, and the ileum was closed into a tubular structure by continuous sewing with 3-0 absorbable thread. After that, double J stent (7Fr) was placed in the reconstructed ileum segment, and the proximal end was anastomosed with the ureteral stump and the distal end with the bladder wall along the peristalsis direction of the ileum segment. Two drainage tubes were placed around the anastomosis. The operation time was 380min, the intraoperative bleeding volume was 300ml, and the follow-up time was 40 months. Postoperative pathology confirmed local focal high-grade non-invasive urothelial carcinoma in the right ureter, with no tumor involvement at the resected ureteral end (Figure 2C). The patient’s recovery was uneventful; the catheter was removed one week after surgery, and he was discharged in good condition. Following discharge, he received four cycles of intravesical pirarubicin instillations once weekly. The double J stent was removed three months later. During the 40-month follow-up period, the patient remained in good health and resumed normal daily activities. Follow-up examinations indicated stable serum creatinine levels, glomerular filtration rate, and electrolyte balance (Table 1). CTU performed at 40 months post-surgery showed no tumor recurrence and no significant stenosis, mucus obstruction, calcification, or stone formation in the reconstructed ureter (Figures 1B, C). The diagnostic, therapeutic, and follow-up processes of this case are illustrated in Figure 4.




Figure 1 | (A) Preoperative CTU scan revealing a 14.2x6.7mm swelling in the lower right ureter (red arrow, panel A). (B, C) CTU scans 40 months post-operation. B displays the anterior view and C the lateral view, indicating the anastomosis sites of the ileum segment with the ureter (upper arrow) and the bladder (lower arrow) (panels B, C).






Figure 2 | (A) HE stain of the preoperative biopsy showing high-grade non-invasive urothelial cancer. The red arrow denotes the cancer cell mass (magnification 40×, panel A). (B) Local magnified view of the cancer cell cluster from panel A (magnification 100×, panel B). (C) HE stain of the ureteral specimen post-surgical resection, indicating high-grade non-invasive urothelial carcinoma. The specimen’s cut end shows no tumor involvement, consistent with preoperative findings (magnification 100×, panel C).






Figure 3 | Schematic diagram of the surgical procedure.




Table 1 | Follow-up results of serum electrolyte, creatinine and GFR of patients.






Figure 4 | Disease diagnosis, treatment and follow-up time line.







Discussion and conclusions

RNU with bladder sleeve resection for optimal tumor control in patients with UTUC is the current gold standard for the treatment of high-risk UTUC (1). However, removal of one side of the kidney results in excessive loss of renal function, increasing the risk of death and cardiovascular events (21). Moreover, advancing age raises the likelihood of diminished contralateral kidney function, impacting patient quality of life (22). In special cases such as bilateral UTUC, isolated and chronic kidney disease, and low-risk UTUC, KSS is a reasonable option (2–5). A middle-aged construction worker with normal bilateral renal function preoperatively presented with a solitary lesion in the right distal ureter. According to the European Association of Urology (EAU) guidelines, the patient’s UTUC was classified as low-risk, prompting consideration for renal preservation as the primary treatment approach. Given the patient’s occupational demands and strong preference for kidney preservation, KSS was deemed appropriate. However, achieving optimal oncologic control while preserving renal function in ureteral cancer remains challenging (23). We proposed an innovative surgical approach, long segment ureterectomy with TDI replacing the ureter, and animal experiments have been conducted to verify its safety and effectiveness (20).

Several studies have evaluated various surgical techniques for KSS in ureteral cancer. Endoscopic treatments and segmental ureterectomy are reserved for low-grade tumors with careful patient selection, offering comparable survival outcomes to RNU albeit with higher recurrence risks (5, 6). Total ureterectomy with kidney autotransplantation and nephrostomy achieves complete pathological ureter resection but is hindered by technical complexity and notable complications such as pseudoaneurysm, thrombosis, arterial stenosis, and hemorrhage (13).

Given the high recurrence risk associated with segmental ureterectomy, we employed extended ureteral resection to mitigate this risk (long segment ureterectomy). For substantial ureteral defects post-resection, the ileum serves as a suitable autologous tissue source widely applied in clinical practice (23). Nevertheless, conventional ileal-ureteral replacement surgery may lead to postoperative complications such as vesicoureteral reflux, metabolic acidosis, electrolyte imbalances, and calculi or mucus obstruction, attributable to mucosal secretion, waste absorption, and the large luminal diameter of the ileum (17). In order to overcome the problems caused by the large size of the ileal lumen, methods such as tapered intestinal grafts, Yang-Monti surgery have been proposed to reduce the area of the ileal lumen by cutting out the intestinal lumen and reconfiguring the bowel segments, which reduce mucus secretion but do not eliminate mucus secretion (18, 19). Attempts to mitigate the complications caused by the intrinsic absorption and secretion function of the ileal mucosa, it has been proposed to use the ileal serotype myotubes for ureteral replacement, and although the secretion and absorption of the ileum are greatly reduced, severe atrophy of the ileum occurs (24). In order to completely avoid the occurrence of complications after ileal-ureteral replacement, we modified the ileal-ureteral replacement on the basis of previous studies. For the first time, we reshaped the ileum segment by reducing the diameter of the ileum and stripping the mucosa. An animal experiment has been conducted to verify its safety and effectiveness (20). Notably, our technique involves partial excision of approximately half of the ileum’s luminal circumference away from the mesentery, followed by re-suturing to reduce luminal cross-sectional area. Mucosal stripping using blunt scissor blades was performed conservatively to minimize absorption and secretion while preserving muscularis mucosa integrity, avoiding potential ileal contractility issues associated with deeper mucosal removal. Some studies have shown that removing the intestinal muscularis mucosa and deeper mucosa will destroy the ileum nervous system and lead to its contraction (25).

We successfully performed the surgery, and the patients tolerated it well. Following the successful operation, we conducted regular follow-up examinations on the patients. Postoperative bladder irrigation with pirarubicin was performed to prevent metastasis and recurrence. During the follow-up, close attention was paid to the patients’ kidney function, internal environment, and the newly reconstructed ureter. In subsequent follow-up visits, there were no significant changes in the patients’ creatinine levels or electrolyte balance; however, there was a slight decrease in glomerular filtration rate compared to pre-surgery levels, likely due to the right ureteral surgery. Overall renal function remained good with no significant decline observed (Table 1). At the 40-month follow-up, the patient returned for a CTU review (Figures 1B, C). The anastomosis of the ileal segment with the ureter and bladder was successful. The reconstructed ureter on the right side was unobstructed, and both the ureter and bladder appeared normal without any filling defects. There were no signs of dilation in the renal pelvis or ureter, nor any abnormalities such as hydronephrosis, hydroureter, or contrast agent leakage, indicating good function of the reconstructed ureter in normal urine delivery to the bladder. Ureteroscopy revealed a smooth anastomosis of the ileal segment with no vegetations, strictures, or stone formations in the ureter or bladder. Throughout the follow-up period, the patient remained asymptomatic and was able to maintain a normal lifestyle and work routine with a good quality of life. The 40-month follow-up results confirmed no tumor recurrence or metastasis, normal renal function without significant decline, stable internal environment, and absence of traditional complications associated with ileal ureter replacement, such as electrolyte disorders, acid-base imbalances, or stone formation. These outcomes prove the effectiveness of the procedure in tumor control while preserving kidney function and avoiding complications linked with traditional ileal ureter replacement.

While this patient achieved effective tumor control, the efficacy and benefits of long segment ureterectomy for patients with ureteral carcinoma warrant confirmation through large prospective studies. The TDI procedure mitigates complications associated with traditional ileal ureter replacement; however, its technical demands, including longitudinal cutting of the ileal catheter and meticulous stitching to prevent urinary fistula formation, necessitate experienced surgeons.

For suitable patients with ureteral cancer, long segment ureterectomy with TDI is a feasible choice to replace ureteral surgery. Our experience suggests this approach maximizes tumor resection with favorable oncological outcomes while preserving diseased side kidney function and addressing inherent drawbacks of ileal-ureteral replacement. This study provides evidence supporting broader adoption of long segment ureterectomy with TDI in the management of ureteral cancer within the KSS framework.
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