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Abstract
Objective: To investigate the early recognition of ureteral injury in gynecological operation and improve the technique of endoscopic placement of ureteral stents.

Design:Retrospectively analyze the clinical and prognostic data of iatrogenic ureteral injuries in gynecological operations in our institution from 2013 to 2019. 

Setting: Shunde Hospital, Southern Medical University.

Population: Women with iatrogenic ureteral injury due to gynecological surgery.

Methods: To analyze the causes, clinical manifestations, early identification methods and surgical techniques for repairing ureteral injuries of patients with iatrogenic ureteral injuries.

Main outcome measures:Time to discover ureteral injury by different methods and success rate of ureteral injury repair.

Results:13 cases were delayed diagnosis, of which 4 cases were confirmed by pelvic drainage urinary creatinine detection at 6.50 ± 3.11 days after operation, and 9 cases were diagnosed by pyelography after 36.8 ± 12.36 days after operation. Ureteroscopy + retrograde ureteral stent placement were the first choices. Seven patients (53.85%) were successful. Three patients who failed repair operation immediately used cis-percutaneous nephroscopy combined with retrograde ureteroscopy to successfully place ureteral stents. Among the 10 patients who successfully placed stents, 9 patients were cured except for 1 case of renal insufficiency.

Conclusions: The liquid creatinine test for recognition of ureteral injury after gynecological surgery is effective.For some serious ureteral injuries, percutaneous renal anterograde combined with retrograde ureteroscopy and ureteral stent placement can improve the success rate of intubation.
Funding: No funding.
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Tweetable abstract: The liquid creatinine test for recognition of ureteral injury after gynecological surgery is effective, inexpensive and highly repeatable. An endoscopic ureteral stent implantation is a safe, effective and minimally invasive technique for the treatment of the delayed ureteral injury. 
Introduction
Despite the advances in surgical techniques, ureteral injury is still a difficult problem to overcome in gynecological surgery. The main reasons are the anatomical position relationship between ureter and female internal genitalia, pelvic adhesion, and thermal damage of electric instruments used in surgery.1,2Although the incidence of ureteral injury after gynecological surgery is 0.03%-0.5%, it may cause serious complications , which greatly increases the chance of reoperation, bringing a great burden to both patients and surgeons. 3-6

The timely and early recognition of ureteral injuries by gynecologists and the successful implementation of appropriate surgical treatment by urologists are the two keys to a good recovery. In recent years, to improve the timely recognition rate of urinary system injury, relatively new techniques for urinary tract visualization, such as intraurethral injection of indocyanine green and adjacent infrared visualization have emerged. Unfortunately, it is only effective for intraoperative visible ureteral injuries, but not effective for postoperative delayed ureteral injuries, and the recognition rate of delayed ureteral injuries is still low in clinical practice, which needs urgent improvements. 7,8

As minimally invasive surgery advances, the management of ureteral injuries also shifted from open repair to laparoscopic repair and endoscopic catheterization as the mainstream. 9-11Among the patients with delayed recognition of ureteral injuries, endoscopic insertion of ureteral stents have become the preferred surgical method.11However, conventional retrograde ureteral stents have a low success rate in the treatment of ureteral injuries. As it regards to instances of failure, retroperitoneal surgery or percutaneous nephrostomy drainage will be adopted in many cases to solve the problem, which is likely to bring a great burden on the body and psychology of the patient. 12-14How to improve the success rate of endoscopic catheterization is a relatively concerned issue in recent years .11, 15-18

Recently, our institution dealt with patients by using methods of the indwelling pelvic drainage catheter, vaginal discharge or drainage fluid creatinine test, percutaneous nephroscopy combined with retrograde cystourethroscopy intubation to solve the cases in which retrograde ureteroscopic intubation is difficult to succeed. Here, we retrospectively analyzed the situation of 16 patients with ureteral injury after gynecological surgery in our center from 2013 to 2019. This paper focuses on the simple and effective early identification of ureteral injury after the operation, and how to improve the success rate of endoscopic ureteral stents placement by adopting the method of percutaneous nephroscopy combined with retrograde ureteroscopy. 

Materials and Methods

Patients data
A retrospective investigation was conducted on patients with an iatrogenic ureteral injury who underwent gynecological surgery at Shunde Hospital of Southern Medical University from 2013 to 2019. General demographic data, detailed clinical, and surgical and prognostic data were collected. These include gynecological diseases, gynecological surgical methods, surgical duration, pelvic drainage catheter condition, symptoms and onset time of ureteral injury, time of ureteral injury identification, identification method, hospitalization time, status of ureteral injury, initial surgical repair method, repair result, number and method of reconstructive surgery, outcome of ureteral injury management, hospitalization frequency and follow-up time due to ureteral injury, etc. This study was approved by the Ethics committee of Shunde Hospital of Southern Medical University. The study protocol (2016.224) was approved by the Medical Ethics Review.

Surgical methods
The placement of ureteral stents by retrograde ureteroscopy and open cystoureteral replantation were similar to those reported in the literature.10, 19, 20The following surgical methods were used for the combined anterograde percutaneous nephroscopy and retrograde ureteroscopy ureteral stent implantation: With the combination of surface anesthesia and local anesthesia, the patient first took the lithotomy position and then underwent ureteroscopic retrograde intubation to place the ureteral stenting. If the catheterization failed, the patient changed to the prone split-leg position. 2% lidocaine was given for local infiltration anesthesia to the surface of the renal capsule, and the 11th rib or sub12th rib from the subscapular line to the posterior axillary line chosen as the puncture point. The puncture needle was guided into the upper calyx of the kidney via ultrasonic guidance. The needle core was retracted. When urine was seen, the guide wire was placed and the puncture needle was withdrawn. With the guidance of the guide wire, the f16-f20 dilated sheath was directly placed, while the inner core of the dilated sheath was withdrawn, and the outer sheath was retained. The F8/9.8 ureteroscopy was inserted into the renal pelvis from the outer sheath, followed by anterior placement of an ultra-slip guide wire about 30cm, and then the ureteroscope was withdrawn. The ureteroscope was inserted from the urethra into the affected lower ureteral segment and the guide wire was found at the leak (some patients' guide wire can be successfully inserted into the bladder from the top down, so as not to enter the affected side of the ureter). The guide wire was pulled down to the bladder, and one f5-f6 double-J tube was placed along the guide wire through the outer sheath. The double-J tube was in good position after the X-ray examination of the c-wall. The f14-f16 nephrostomy tube was indwelling in the renal pelvis, and the bladder indwelling catheter was completed.
Results
During the study period, a total of 16 patients with ureteral injuries after gynecological surgery in the center were included in the study. The patients were aged 43-65 years, with an average age of 50.81±6.22 years. Case1 - case5: These 5 cases (31.25%) occurred after total laparoscopic hysterectomy which included 2 cases of endometriosis stage IV, 2 cases of uterine fibroids, and 1 case of cervical carcinoma in situ. Case6 - case16: These 11 cases (68.75%) occurred after radical resection of gynecological tumors which included 6 cases of cervical cancer, 4 cases of endometrial carcinoma and 1 case of ovarian cancer. The average operation time of total hysterectomy was 255.83±75.79min (135mins-270min). The average operation time of 11 patients in the radical treatment group was 426.36±76.75min (300min-540min). Only 3 cases (18.75%) at the time of the operation, the ureteral injury was discovered and repaired. After surgery, 13 patients (81.25%) were found to have delayed ureteral injury, and the delay time was 2-56 days, with an average of 19.77±15.99 days.

Among the 13 patients with delayed recognition of ureteral injury, case11-case14 was alerted by an abnormal increase of pelvic drainage fluid on the 9th, 8th, 7th and 2nd day after the operation, respectively. The creatinine levels in the drainage fluid were measured, which were similar to those in the urine. Ureteral injuries were diagnosed and treated immediately at 6.50±3.11 days (2-9 days) postoperatively. The other 4 patients with total hysterectomy did not have placement of pelvic drainage catheter after surgery. Although the pelvic drainage catheter was placed after radical resection of the tumor in 5 patients, it was removed within 4 days after surgery. In total there were 9 cases that had significant vaginal discharge 11.78±5.93 days (8-27 days) after surgery, and the diagnosis of ureteral injury by intravenous pyelography was performed 36.8±12.36 days (8-56 days) after surgery. Among the 13 cases, 7 cases had symptoms of discomfort such as fever, abdominal distension pain, diarrhea, and abnormal urination before the vaginal fluid, but due to the lack of particularity of fistula, no attention was paid to it and the ureteral injury could not be recognized early. The diagnosis of gynecological surgery and ureteral injury is shown in table 1.

19 cases of ureteral injuries occurred in 16 patients, including 8 cases on the left side (42.11%), 11 cases on the right side (59.89%), and 15 cases (93.75%) within 3cm of the ureteral bladder opening. 3 cases were found to have undergone laparoscopic repair immediately and retrograde ureteral stents were placed. 1 case recovered well and was discharged from the hospital, while the other 2 cases postoperative fistulas had failed to heal. Ureteroscopy combined with retrograde ureteral stent placement was used in the initial treatment of 13 patients with delayed ureteral injury, and 7 cases (53.85%) were successful. Before 2019, case 1, case 5 and case 9 who had failed retrograde catheterization were treated with nephrostomy, laparotomy ureterovesical replantation, and other follow-up treatments, respectively. Case 1 and case 5 were eventually cured. Case 9 had renal insufficiency which occurred 9 months after the operation. 

The failure of retrograde catheterization in case 10 to case 12 occurred in the year 2019, and we have done rendezvous catheterization. Immediately after the failure of retrograde catheterization, theses 3 patients were successfully catheterized by prone split-leg position using percutaneous nephroscopy combined with retrograde ureteroscopy. In the year 2019, the success rate of endoscopic stent placement in 5 cases of ureteral injury was 100% (5/5). The overall success rate of ureteral stent placement in 13 patients with delayed recognition of injury was 76.92% (10/13). The overall success rate of ureteral stent placement in 13 patients with delayed recognition of injury was 76.92% (10/13). Among the 10 patients with successful intubation, 9 cases of fistula healed successfully, and the cure rate of ureteral stent placement was 90.0% (9/10). The tube in case 8 was repeatedly changed about 3 times which resulted in bilateral ureteral stricture and after 22 months of operation, bilateral renal insufficiency occurred.

Among the 16 patients with a postoperative follow-up of 13.56±7.12 months (April-24 months), 14 were cured, with a cure rate of 87.5%. Ureteral fistula significantly prolonged the length of hospitalization and increased the frequency of hospitalization. The initial hospitalization time of the 16 patients were 37.44±31.36 days (14-137 days), and the average hospitalization time was 2.86±2.73 times due to fistula. 8 patients were repeatedly hospitalized for ureteral fistula, a maximum of 11 times. After radical resection of the tumor, case7 to case 9 had chemotherapy immediately after the treatment of ureteral injury, while case8 and case9 had poor fistula healing, and in case10 to case 16, there was no immediate chemotherapy treatment.The treatment and prognosis of patients with ureteric injury is shown in table 2.

Discussion 

Main Findings

In a retrospective study of 16 patients with ureteral injury due to gynecological surgery, we evaluated the effectiveness of pelvic drainage fluid creatinine to diagnose ureteral injury, and intubation success rate of percutaneous renal anterograde combined with retrograde ureteroscopy ureteral stent.

Strengths and Limitations

From 2013 to 2019, more than 10,000 cases of  gynecological surgeries were performed in our center, and only 16 cases of ureteral injury occurred, with a very low rate of ureteral injury, consistent with literature reports.3-6, 21However, it would be extremely injurious and put great pressure on both doctors and patients, so follow-up treatment methods should be selected more carefully. In this study, the overall success rate of ureteral stents placement in 13 cases with delayed recognition of injuries were 76.92%. Among the 10 patients successfully catheterized, 9 were successfully cured, indicating that endoscopic ureteral stent placement should be the preferred treatment for patients with a delayed ureteral injury which is consistent with the literature. 13, 16, 18In 2019, the success rate of endoscopic ureteral stents placement in 5 cases was as high as 100%, which was partly due to our alertness in early recognition of ureteral injuries and the improvement of endoscopic stents placement.
The delayed recognition of ureteral injury was an indisputable fact.2,5In fact, with the development of laparoscopic technology, thermal injury and postoperative ischemia do account for an increasing proportion of delayed ureteral injury. 2, 22For this type of ureteral injury, strict postoperative observation along with simple and effective recognition methods was particularly important.

In our study, we found that the main manifestation of patients with delayed ureteral injury was leucorrhea abnormality, and the literature reports were consistent with our research.5, 22, 23 However, these patients showed symptoms of vaginal discharge at 11.78±5.93 days but delayed diagnosis by intravenous pyelography 36.8±12.36 days after the operation, which indicated that there was not enough vigilance for postoperative patients with vaginal discharge. As shown in our study, the main method for diagnosing ureteral injury was intravenous pyelography, but it was not suitable for every patient with vaginal discharge due to the cost and patient cooperation, but vaginal discharge creatinine test was a good method. It was recommended for early screening in all patients with postoperative abnormal vaginal discharge. It should be noted that a negative fluid creatinine test does not completely rule out the possibility of a complete fistula. In symptomatic cases, dynamic monitoring should be conducted in combination with other methods of examination. Moreover, the positive liquid creatinine test also needs to be combined with the bladder methylene blue test to identify the fistula in the bladder or ureter. The endoscopic examination can be combined with treatment once the diagnosis was cleared, which can reduce complicated examination and reduce the burden of patients. Also, the endoscopic examination can further directly observe the bladder and ureter, and have a more intuitive understanding of the fistula, as compared to intravenous pyelography results which would be inaccurate. 

Pelvic drainage fluid can be used to identify ureteral injury earlier than vaginal discharge. In addition, we found that ureteral injuries have a tendency to occur after laparoscopic hysterectomy (31.25%) and after radical tumor resection (68.75%) which were consistent with literature reports.5,22,23In the hysterectomy group, the operative time was 255.83±75.79min, and the length of radical resection was 426.36±76.75min, which was much longer than the average operative time of similar operations reported in this institution or the literature, suggesting that long operative time is one of the important factors for ureteral injury. 24, 25Although the long-term placement of pelvic drainage tubes is controversial, but in combination with the above results, we believe that appropriately extending the time of pelvic drainage tube placement may be helpful for early recognition of ureteral injury after radical tumor surgery, especially in cases with long operation time since the time of vaginal discharge in most patients was about 8 days after surgery. It was recommended to place the drainage catheter for more than 10 days after surgery.

Endoscopic retrograde ureteral stents were the preferred treatment for ureteral injuries in recent years.  However, the success rate of this procedure for delayed ureteral injury reported in the literature was not ideal, and the success rate in our study was only 53.85%. This is mainly related to delayed ureteral injury, severe inflammatory response, high bladder and ureter edema, and difficulty in finding a ureteral opening and smooth catheterization.13, 14At this point, assisted by percutaneous retrograde renal catheterization, the catheter was delivered to the site of ureteral injury, and then retrograde insertion of ureteroscope into the bladder to remove the catheter may be of greater help. 11, 15
This combination of anterograde and retrograde ureteral stent placement method is not our initiative. In the past, it has been widely used in the treatment of ureteral calculi, and there have been a few reports in the treatment of ureteral injury.11, 15-18However, most of the combined catheterization positions described in the literature are cumbersome, requiring constant changes in the prone position and the bladder lithotomy position.26, 27For patients who may need combined catheterization for preoperative evaluation, we adopted a relatively ideal position called the prone split-leg position. Furthermore, it reduced the requirements for medical equipment and medical costs, which was quite different from other literature on combined catheterization.15, 16, 28, 29

Also, we found that the nutritional status of patients after stent implantation had an impact on postoperative healing. Also, for patients with continuous and undiminished vaginal discharge after catheterization, infusion of albumin can often be effective, so we believe that after ureteral injury repair, attention must be paid to enhance nutrition, prevent infection, and improve the resistance of the body, to promote the smooth healing of the fistula. 

The main shortcoming of this study was that it was a retrospective study with relatively small sample size, but this was related to the fact that ureteral injury itself was a rare event. Although some meaningful phenomena were found through our analysis, they need to be further confirmed in a further large sample, preferably prospective and multicenter studies.

Interpretation

Given the physical and psychological effects of ureteral injury on women after gynecological surgery, approaches are needed to identify and alleviate this injury. Recently, our institution dealt with patients by using methods of the indwelling pelvic drainage catheter, vaginal discharge or drainage fluid creatinine test, percutaneous nephroscopy combined with retrograde cystourethroscopy intubation to solve the cases in which retrograde ureteroscopic intubation is difficult to succeed. These are some experiences in the early recognition and endoscopic treatment of ureteral injury after gynecologic surgery. 
Conclusion: Dynamic creatinine test should be routinely performed to detect ureteral injury as soon as possible. Retrograde ureteroscopic intubation is effective for most patients with ureteral injury.For some patients with severe ureteral injury when the retrograde placement of the ureteral stent fails, the success rate can be improved by implementing retrograde combined with antegrade stent implantation.

Disclosure of Interests 

The authors declare that they have no competing interests. Completed disclosure of interest forms are available to view online as supporting information. 

Contribution to Authorship

CYX, DKX and XN designed the study.

CYX and WGL collected samples.
XN and ZXJ analysed and interpreted the data.

CYX wrote the first draft of the article.

XN, ZXJ, YQ, and HQQ oversaw operational aspects of the study.

CYX, XN, WGL, ZXJ, RQ, HQT,HQQ,YQ and DKX made a substantial intellectual contribution to the article.All authors met the criteria for authorship and revised and approved the final draft.
Details of Ethics 

Approval Ethical approval for the study was obtained from the Ethics Committee of Shunde Hospital, Southern Medical University (The First People's Hospital of Shunde Foshan), Foshan, Guangdong, China.(Number 2020009, approved on 12-04-2020).
Acknowledgement 

We thank the patients and family members who participated in this study.

Funding: No funding.
References

1.
Findley AD, Solnik MJ. Prevention and management of urologic injury during gynecologic laparoscopy. Curr Opin Obstet Gynecol 2016;28(4):323-8.

2.
Adelman MR, Bardsley TR, Sharp HT. Urinary tract injuries in laparoscopic hysterectomy: a systematic review. J Minim Invasive Gynecol 2014;21(4):558-66.

3.
Hill DJ. Complications of hysterectomy. Baillieres Clin Obstet Gynaecol 1997;11(1):181-97.

4.
Papanikolaou A, Tsolakidis D, Theodoulidis V, Ioannidis E, Vatopoulou A, Kellartzis D. Surgery for ureteral repair after gynaecological procedures: a single tertiary centre experience. Arch Gynecol Obstet 2013;287(5):947-50.

5.
Wong JMK, Bortoletto P, Tolentino J, Jung MJ, Milad MP. Urinary Tract Injury in Gynecologic Laparoscopy for Benign Indication: A Systematic Review. Obstet Gynecol 2018;131(1):100-8.

6.
Tan-Kim J, Menefee SA, Reinsch CS, O'Day CH, Bebchuk J, Kennedy JS, et al. Laparoscopic Hysterectomy and Urinary Tract Injury: Experience in a Health Maintenance Organization. J Minim Invasive Gynecol 2015;22(7):1278-86.

7.
AAGL Practice Report: Practice guidelines for intraoperative cystoscopy in laparoscopic hysterectomy. J Minim Invasive Gynecol 2012;19(4):407-11.

8.
Siddighi S, Yune JJ, Hardesty J. Indocyanine green for intraoperative localization of ureter. Am J Obstet Gynecol 2014;211(4):436.e1-.e2.

9.
Aguilera A, Rivas JG, Quintana Franco LM, Quesada-Olarte J, Carrion DM, Martínez-Piñeiro L. Ureteral injury during abdominal and pelvic surgery: immediate versus deferred repair. Cent European J Urol 2019;72(3):312-8.

10.
Han C-M, Tan H-H, Kay N, Wang C-J, Su H, Yen C-F, et al. Outcome of laparoscopic repair of ureteral injury: follow-up of twelve cases. J Minim Invasive Gynecol 2012;19(1):68-75.

11.
Li X, Wang P, Liu Y, Liu C. Minimally invasive surgical treatment on delayed uretero-vaginal fistula. BMC Urol 2018;18(1):96.

12.
Sakellariou P, Protopapas AG, Voulgaris Z, Kyritsis N, Rodolakis A, Vlachos G, et al. Management of ureteral injuries during gynecological operations: 10 years experience. Eur J Obstet Gynecol Reprod Biol 2002;101(2):179-84.

13.
Kim JS, Lee DH, Suh HJ. Double-J stenting: initial management of injured ureters recognized late after gynecological surgery. Int Urogynecol J 2010;21(6):699-703.

14.
Chung D, Briggs J, Turney BW, Tapping CR. Management of iatrogenic ureteral injury with retrograde ureteral stenting: an analysis of factors affecting technical success and long-term outcome. Acta Radiol 2017;58(2):170-5.

15.
Liatsikos EN, Karnabatidis D, Katsanos K, Kraniotis P, Kagadis GC, Constantinides C, et al. Ureteral injuries during gynecologic surgery: treatment with a minimally invasive approach. J Endourol 2006;20(12):1062-7.

16.
Kahriman G, Özcan N, Doğan A, İmamoğlu H, Demirtaş A. Percutaneous antegrade ureteral stent placement: single center experience. Diagn Interv Radiol 2019;25(2):127-33.

17.
Pastore AL, Palleschi G, Silvestri L, Leto A, Autieri D, Ripoli A, et al. Endoscopic rendezvous procedure for ureteral iatrogenic detachment: report of a case series with long-term outcomes. J Endourol 2015;29(4):415-20.

18.
Durmaz H. External-internal ureteral catheterization technique in treatment of ureteral injuries. Turk J Med Sci 2019;49(4):1132-7.

19.
Choi YS, Lee SH, Cho HJ, Lee DH, Kim KS. Outcomes of ureteroscopic double-J ureteral stenting for distal ureteral injury after gynecologic surgery. Int Urogynecol J 2018;29(9):1397-402.

20.
Wenske S, Olsson CA, Benson MC. Outcomes of distal ureteral reconstruction through reimplantation with psoas hitch, Boari flap, or ureteroneocystostomy for benign or malignant ureteral obstruction or injury. Urology 2013;82(1):231-6.

21.
Satitniramai S, Manonai J. Urologic injuries during gynecologic surgery, a 10-year review. J Obstet Gynaecol Res 2017;43(3):557-63.

22.
Karkhanis P, Patel A, Galaal K. Urinary tract fistulas in radical surgery for cervical cancer: the importance of early diagnosis. Eur J Surg Oncol 2012;38(10):943-7.

23.
Teeluckdharry B, Gilmour D, Flowerdew G. Urinary Tract Injury at Benign Gynecologic Surgery and the Role of Cystoscopy: A Systematic Review and Meta-analysis. Obstet Gynecol 2015;126(6):1161-9.

24.
Nagata H, Komatsu H, Nagaya Y, Tsukihara S, Sarugami M, Harada T, et al. Comparison of Total Laparoscopic Hysterectomy with Abdominal Total Hysterectomy in Patients with Benign Disease: A Retrospective Cohort Study. Yonago Acta Med 2019;62(4):273-7.

25.
Gil-Moreno A, Carbonell-Socias M, Salicrú S, Centeno-Mediavilla C, Franco-Camps S, Colas E, et al. Radical Hysterectomy: Efficacy and Safety in the Dawn of Minimally Invasive Techniques. J Minim Invasive Gynecol 2019;26(3):492-500.

26.
Raharja PAR, Atmoko W, Rasyid N, Birowo P. Safety and Effectiveness of Externalized Ureteral Catheter in Tubeless Percutaneous Nephrolithotomy. Urol J 2019.

27.
Zhou Y, Zhu J, Gurioli A, Yuan D, Luo J, Li Z, et al. Randomized Study of Ureteral Catheter vs Double-J Stent in Tubeless Minimally Invasive Percutaneous Nephrolithotomy Patients. J Endourol 2017;31(3):278-82.

28.
El Abd AS, El-Abd SA, El-Enen MA, Tawfik AM, Soliman MG, Abo-Farha M, et al. Immediate and late management of iatrogenic ureteral injuries: 28 years of experience. Arab J Urol 2015;13(4):250-7.

29.
Koukouras D, Petsas T, Liatsikos E, Kallidonis P, Sdralis EK, Adonakis G, et al. Percutaneous minimally invasive management of iatrogenic ureteral injuries. J Endourol 2010;24(12):1921-7.



