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Objective: To evaluate the safety and efficacy of endoscopic procedures for ureteroenteric anastomotic strictures (UESs) after radical cystectomy and urinary diversion.

Methods: We performed a meta-analysis of relevant articles through March 2020 using PubMed, Embase, and Cochrane Central Register to assess the efficacy of endoscopic procedures in UES according to the PRISMA and PICOS criteria. The main endpoints were success rate and complications, and we also compared the efficacy of different methods and stricture length and side in UES. Cochrane Collaboration's Revman version 5.3 and Stata version 15.1 software were used for statistical analysis.

Results: A total of 18 retrospective studies with 697 patients were included. The median follow-up ranges from 12 to 62.5 months. Patients treated with endoscopic procedures had an overall success rate of 46%. The pooled rate of Clavien–Dindo ≥ 3 complications was 3.8% among included studies. Laser vaporization and stent insertion (48 and 47%) had a relatively high success rate than balloon dilatation (35%). In subgroup analysis, the success rate of endoscopic procedures for ≤ 1-cm strictures was significantly higher than that for >1-cm ones [odds ratio (OR), 8.65; 95% confidence interval (CI), 3.53–21.21; P < 0.00001]. In addition, the success rate in cases with strictures of the right side was relatively higher than that in cases with strictures of the left side (OR, 1.72; 95% CI, 1.05–2.81; P = 0.03).

Conclusion: Our pooled studies showed that endoscopic operation is feasible and associated with a moderate success rate along with a relatively low incidence of perioperative complications in the treatment of UES, especially with length ≤ 1 cm and right side. Although there is still no consensus on endoscopic technique for UES regarding balloon dilatation, stent insertion, and laser vaporization, we believe that endoscopic management is a safety and available approach for UES with close follow-up.
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INTRODUCTION

For muscle-invasive and high-risk non-muscle-invasive bladder cancer, radical cystectomy, and urinary diversion are recommended (1). Considering quality of life, most of the bladder cancer patients choose ileal conduit or orthotopic neobladder for substitution. However, regardless of the method of diversion, all involve the anastomosis of the ureters to bowel.

It has been reported that the incidence of strictures after ureteroenteric anastomotic is about 10% (2), of which the majority are benign. The ureteroenteric anastomotic stricture (UES) is probably caused by periureteral fibrosis or scarring secondary to ischemia (3–5). Most of the strictures occur with median time to diagnosis in the literature reported as 7–25 months after surgery; such a time interval indicates that it is a long-term complication after urinary diversion (6–8). The severe consequences of strictures are infection, reduced glomerular filtration rate, and even loss of renal function (9). Given such serious consequences, it is essential for the treatment of strictures.

With the advances in endourology, the management of UES renders urologists multiple alternatives such as holmium (Ho):YAG laser vaporization, endoureterotomy, stent insertion, and balloon dilatation. Kramolowsky et al. (10) had first reported the outcomes between balloon dilatation and open repair in the management of UES. While endoscopic procedures for UES had a relative low success rate than open revision in follow-up, the decreased operation time, complications, and shorter hospitalization time associated with the endourological approach favor its use over open revision. Series of studies reporting the outcomes of endoscopic procedures in UES have been published; therefore, we aimed to synthesize the evidence-based data to assess the therapeutic effect of endoscopic procedures in UES by performing a systematic review and meta-analysis.



METHODS


Literature Search

According to the PICOS criteria (P: patients with UES; I: endoscopic management; C: different methods of endoscopic approach; O: success rate and major complication rate; S: retrospective analysis), we performed subject terms (MeSH) including “ureteroenteric anastomotic strictures” with their single words to search for relevant articles through March 2020 in PubMed, Embase, and Cochrane Central Register. The complete search used for PubMed was (“ureteroenteric anastomotic stricture” OR “ureteroenteric anastomotic stenosis” OR “ureteral obstruction”) AND (“endoscopic procedures” OR “balloon dilatation” OR “laser vaporization” OR “endoureterotomy”). We also manually probed the references of included studies to recognize potential ones. Two authors independently searched and screened articles. Our search strategy followed by PRISMA flow diagram was shown in Supplementary Table 1. If any disagreement exists, we will make a discussion to reach a consensus.



Data Extraction

The inclusion criteria were as follows: retrospective/prospective/RCT trails, English language, full-text articles, and studies that evaluated overall success rate of endoscopic procedures in the treatment of UES. The diagnosis of UES was confirmed by imaging or ureteroscopy. Case reports, reviews, abstracts, animal experiments, and letters were excluded. One reviewer extracted the study authors, date of publication, level of evidence, surgical method, number of patients treated with endoscopic procedures, stricture length and side, complications, and overall success rate. Data were then verified by another reviewer. The definition of overall success was no radiographic sign of obstruction of the upper urinary tract, absence of infection or flank pain, and no need for nephrostomy tube placement during follow-up.



Quality Assessment and Statistical Analysis

In preparing this review and meta-analysis, we strictly followed the PRISMA and PICOS criteria (Supplementary Table 2). We used methodological index for non-randomized studies (MINORS) to assess the methodological quality of included non-randomized studies (11). Our meta-analysis was performed through Stata software, version 15.1 (StataCorp, College Station, TX, USA) and Review Manager software, version 5.3 (Cochrane Collaboration, Oxford, United Kingdom). First, heterogeneity between studies was assessed using the Q statistic. If there was no significant heterogeneity (P ≥ 0.1, I2 ≤ 50%), the fixed effect model was used for pooled analysis. If heterogeneity existed (P < 0.1, I2 > 50%), we first tried to identify the source of heterogeneity and conducted subgroup pooled analysis. If the heterogeneity could not be eliminated, the random effect model was used for pooled analysis. We combined outcome measuring overall success rate and complications of surgery, reported as mean ± standard error (SE). Subgroup analyses were performed to compare the influence of stricture length (≤ 1 vs. >1 cm) and stricture side (right vs. left) on success rate using the pooled odds ratio (OR) and confidence interval (CI) as risk estimates.




RESULTS


Study Characteristic

A total of 18 studies with 697 patients were finally included in this meta-analysis (4, 12–28). All studies included were retrospective designed. The median follow-up ranges from 12 to 62.5 months. The MINORS index was assessed for all included studies, which showed relatively high or medium quality. Eight articles reported balloon dilation, and seven articles reported laser vaporization, while stent insertion alone was used in six studies. We summarized our results in Table 1.


Table 1. Characteristics of included studies.
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Overall Success Rate

Eighteen studies reported the overall success rate of endoscopic management in UES, of which five were published before 2000. Meta-analysis using a random-effects model showed a technical success rate of 46 ± 9%. Our pooled estimate showed significant heterogeneity (I2 = 89%), which may come from different surgery methods among studies. Therefore, we performed a subgroup analysis. In subgroup analysis according to different surgical methods of UES, the average success rate of balloon dilatation was 35%, which had a relative low success rate compared to other methods. However, laser vaporization and stent insertion had similar results (48 vs. 47%) (Figure 1). We also summarized success rate and complications of open repair in the treatment of UES (Table 2).


[image: Figure 1]
FIGURE 1. Overall success rate of included studies.



Table 2. A summary of success and complication rate in open repair of UES.
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Success Rate Distinguished by Stricture Length

Six studies reported the influence of different stricture lengths on efficacy of endoscopic produces. According to the pooled articles, the average success rate was 43.48% in patients with ≤ 1-cm strictures; however, patients with >1 cm length was 19.82%. Compared to the subgroup of patients with >1-cm strictures, the success rate was significantly higher for ≤ 1 cm ones (OR, 8.65; 95% CI, 3.53–21.21; P < 0.00001) (Figure 2).


[image: Figure 2]
FIGURE 2. Success rate distinguished by stricture length.




Success Rate Distinguished by Stricture Side

Nine studies compared the efficacy of endoscopic management in different sides of UES. Based on included articles, the patients treated with endoscopic procedures in the right side had a significantly higher success rate compared with the left side (OR, 1.72; 95% CI, 1.05–2.81; P = 0.03) (Figure 3).
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FIGURE 3. Success rate distinguished by stricture side.




Complications

Six studies reported the complications of endoscopic management in UES. The common Clavien–Dindo complications ≥3 were urinary tract infections, urosepsis, bleeding, and metabolic decompensation. Our meta-analysis showed a complication rate of 3.8% after endoscopic procedures, using a fixed-effects model (Figure 4).


[image: Figure 4]
FIGURE 4. Complications of included studies.




Publication Bias

According to the funnel plots, although a publication bias exists in overall success rate. No obvious publication bias was found in our other results (Figure 5).


[image: Figure 5]
FIGURE 5. Publication bias (A) funnel plot of overall success rate of included studies, (B) funnel plot of success rate distinguished by stricture length, and (C) funnel plot of success rate distinguished by stricture side.





DISCUSSION

UES is a potential challenge to urologists due to its frequency, loss of renal function, and complicated infection. Factors that predict the development of UES are poorly understood, although several studies have attempted to identify such risk factors. Obesity, however, has been indicated to be associated with the formation of UES. One study demonstrated that patients with a high BMI were more likely to develop a stricture (30). Previous history of radiotherapy has also been linked to stricture formation. Knap et al. (31) reported that patients who underwent pelvic radiotherapy before had a higher risk to form a stricture than those without. This evidence has also been enhanced by Son et al. (12), who showed that the history of pelvic radiotherapy was significant of stricture recurrence in the multivariable Cox proportional hazards regression analysis.

Previously, open repair was recommended for persisting long-term patency rate. However, its inevitable complications, requirement of general anesthesia, and long hospital stay inspire us to make other alternatives. These endoscopic techniques have the advantage of reduced blood loss and short hospital stay compared with open repair. The utilization of robot-assisted surgery is increasing in urinary system diseases; therefore, we explored the efficacy of robotic reimplantation in UES. The results of a single-center retrospective analysis of Lee et al. (32) showed that the success rate of indocyanine green (ICG)-guided robotic reconstruction was 80%, and the incidence of Clavien > 2 was 25%. Among them, there were three cases of left stenosis and two cases of bilateral stenosis. The median operation time was 205 min. Although the study only included eight patients, it really provided us with a new strategy for the treatment of UES, especially for patients with left stenosis or long length stenosis.

Our meta-analysis discovered that studies published before 2000 mainly focused on evaluating the technical feasibility of endoscopic surgery. The pooled analysis showed that the overall success rate was 46%, indicating that it is technically available to treat UES using this minimally invasive procedures. Our results demonstrated that the continuous development of endoscopic devices and accumulation of surgery experience can now acquire satisfactory outcomes at reasonably high rates. Moreover, the success rate was significantly higher in patients with stricture length <1 cm than others. We speculated that chronic inflammation can be a risk factor for UES formation, which leads to the hyperplasia and fibrosis of ureter. Therefore, long length stricture is difficult to deal with endoscopic approach alone. Collectively, right side operation had a superior success rate compared with the left side. An increased incidence of left vs. right UESs has been reported by some investigators, and our results are similar to numerous studies that have reported a worse success rate for interventions on the left side. We could not rule out the heterogeneity of operative technique, because surgeons with variable experience and different methods were involved. It could also be a result of additional mobilization and tension caused by left ureter sutured with ileal conduit (3).

In addition, we reported a different success rate in our meta-analysis regarding various surgery methods. The current endoscopic standard remains incision of the stricture segment along with balloon catheter dilatation. Dilation of UES can be repeated with balloons at the exact site of the stricture and held at designated pressures under direct vision. It remains unclear which parameter can affect outcomes. Balloon size, inflation time, pressure, and number of cycles have all been reported to be associated with success rate (33–35). Several studies examining endoureterotomy with holmium laser have yielded promising outcomes. Performing under vision directly with the laser vaporization for UES has become a popular procedure with a relative high success rate, while stent insertion has a higher success rate reported by our results, especially metal stent. However, we must emphasize that this method requires ongoing interventions every 2–3 months indefinitely. Given the retrospective nature of this analysis, there is significant heterogeneity in follow-up protocols and duration of follow-up. Long-term stent exchange is potentially associated with recurrent urinary tract infection and even renal function deterioration. It could also cause some other problems such as obstruction or migration of the stent, which subjects patients to a second intervention (15). This may compromise our conclusion according to the definition of success in the treatment of UES.

From the perspective of safety of endoscopic procedures, we demonstrated that it is a relative secure approach in UES. Son et al. (12) reported 27% Clavien 2 complications in the open repair group of UES, and 8% Clavien 3b complications occurred. Nassar et al. (4) described that about 10% serious intraoperative complications happened in the open repair group. In a word, compared to endoscopic procedures, there were more complications in the open surgery group, and the complications were more severe.

However, given its moderate success rate of endoscopic treatment in UES, we need to further discuss the measures after the failure of endoscopic treatment for rescuing the renal function. Gupta et al. (36) explained a possible role that severe extrinsic fibrosis and intrinsic fibrotic stenosis cause endoscopic treatment failure. It also increased the complications of surgical reconstruction, blood loss, and operation time, leading to the deterioration of the patient's renal function. The authors also suggested that patients with high-grade hydronephrosis and poor initial renal function should avoid endoscopic treatment because of low success rate. It is meaningful for us to distinguish the potential pitfalls in the management of UES.

We admitted some limitations on our meta-analysis. Firstly, the included articles are all retrospective studies, restricting the level of evidence. Secondly, we failed to evaluate the renal function after this less invasive surgery. It may cause some doctors to blindly pursue the surgical method without predicting the possible consequences. Finally, the articles reported that the follow-up time is relatively short, and it is doubtful whether it can maintain long-term patency. All the limitations above could compromise the value of our meta-analysis.



CONCLUSION

Our pooled studies showed that endoscopic procedure had an average success rate of 46% in the treatment of UES. It also indicated that endoscopic operation is feasible and associated with a moderate success rate along with a relatively low incidence of perioperative complications in the treatment of UES, especially with length ≤ 1 cm and right side, although there is still no consensus on the endoscopic technique for UES regarding balloon dilatation and laser vaporization.
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