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Introduction: The aim of the study was to report the perioperative and functional results of Robotic assisted kidney transplantation (RAKT) in Grafts with multiple vessels (GMVs) and compare it to the results of Open kidney transplantation (OKT) with GMVs.

Materials and Methods: Patients undergoing RAKT from living donors using GMVs were reviewed from prospectively collected RAKT database at our institution between March 2013 and March 2018. Patient undergoing Open kidney transplantation (OKT) using GMVs served as controls. Ex-vivo bench surgical reconstruction of GMVs was done according to specific anatomy. Propensity score matching was used to balance the sample size in the two groups.

Results: Of 153 RAKT and OKT procedures, 86 cases were eligible for propensity score matching for the statistically significant variables (standardized difference >0.10) and 43 procedures were assigned to each group. Median anastomoses, total and cold ischemia and rewarming times did not differ significantly between the RAKT and OKT groups. In comparison with OKT in GMVs we found that RAKT with GMVs had less pain score on post op 2nd day (p = 0.03). There was also a significant difference in mean analgesic requirement (p = 0.02), hospital stay (p = 0.05) and incision length (p = 0.04). Most of the major, minor surgical, and medical postoperative complications were comparable between the two groups except for wound related events (p = 0.002).

Conclusion: Multiplicity of renal vessels in RAKT does not adversely affect patient or graft survival compared with the OKT. Satisfactory functional outcome can be achieved by RAKT similar to OKT in GMVs. RAKT seems to have advantage over OKT in that it is less invasive and has the potential to cause fewer low grade complications. Small sample size and short follow-up are the main limitations of the study.
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INTRODUCTION

Renal transplantation is the gold standard treatment for patients with end stage renal disease. The main concern is its utilization and outcome in graft with multiple vessels. The vascular surgical techniques involving kidneys with multiple or complicated renal arteries have so advanced recently that most of such grafts can now be engrafted (1–8). Graft with multiple vessels may have poor outcome, especially ureteric complications (9, 10), compared to transplant following single vessels. Multiple vessels have been used in open kidney transplantation (OKT) with comparable outcome despite technical challenges. Studies on Robot-assisted kidney transplantation (RAKT) have shown results similar to OKT with the added benefit of minimal invasive surgery (11, 12). A recent multi-center study in Europe has addressed the feasibility of RAKT in grafts with multiple vessels (GMVs) (13).

Due to lack of evidence on outcomes of RAKT with GMVs, along with limited availability of living donor pool and a very high rate of anatomic variation in renal vasculature, it is important to prioritize the clinical and research studies in this field (11–20). The main objective of this study was to assess whether GMVs may be used in RAKT with outcomes similar to grafts in OKT, using similar surgical reconstruction techniques.



MATERIALS AND METHODS

A retrospective review of prospectively maintained database was performed on selected consecutive patients who underwent RAKT with regional hypothermia using GMVs from living donors between March 2013 and March 2018. The study comparing open with RAKT using prospectively maintained database was approved by Medanta IRB on March 13, 2013, with reference number MICR-259/2012. Patients undergoing OKT using GMVs during the same period were used as controls. Grafts that have two or more renal arteries and or renal veins are defined as GMVs.


Surgical Technique

The surgical team was experienced in open kidney transplantation, living donor nephrectomy, and robotic urologic surgery including robotic transplantation. The grafts were laparoscopically procured from living donors. Grafts was defatted and perfused with cold Ringer's solution for both OKT and RAKT after retrieval.

The vascular reconstruction techniques (Table 1 and Figures 1A,B) mirrored those used in historical OKTs at our center. According to the case-specific vascular anatomy, various reconstruction techniques were employed as described previously (13): (1) pantaloon (side-to-side) arterial anastomosis (in a pantaloon fashion); (2) polar artery anastomosis to the inferior epigastric artery; (3) separate arterial anastomoses (end-to-side) to external iliac artery; (4) arterial anastomoses to branches of hypogastric artery; (5) none (if vessel was supplying the upper renal pole with <10% area, ligation of this small accessory artery was performed); (6) pantaloon + anastomoses to inferior epigastric artery if renal arteries >2; and (7) separate venous anastomoses (end-to-side) to external iliac vein.


Table 1. Surgical technique for extracorporeal (ex vivo) or in situ reconstruction for open and robot-assisted kidney transplantation.
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FIGURE 1. Intraciperative images showing ex-vivo bench vascular reconstruction of 3 separate renal arteries, 2 of approximately same calibre from a live related donor. (A) Preparation of pantaloon from arteries of same calibre. (B) After completion of Pantaloon.


The graft kidney with reconstructed vessels was wrapped in a gauze jacket filled with ice slush and introduced into the recipient through open incision or the Gel-point placed via periumbilical incision in RAKT cases. OKT was performed using a conventional modified Gibson incision. In OKT main or pantaloon, artery was anastomosed to internal iliac artery, end to end or external iliac in end to side, and vein to external iliac in end-to-side fashion using 6-0 continuous prolene for artery and 5-0 prolene for vein.

We performed RAKT using a standardized operative protocol, Vattikuti–Medanta technique (11, 12, 14), as described by us previously. RAKT was performed using the Da Vinci® Xi & Si Surgical System (Intuitive Surgical, Sunnyvale, CA, USA). The patient was placed in 15–30° supine Trendelenburg position. A 5- to 6-cm peri-umbilical incision was made for the placement of a GelPOINT® (Applied Medical, Rancho Santa Margarita, CA, USA). The camera and one assistant port were placed through the GelPOINT® device. Through the right lower quadrant, a 12-mm assistant port and an 8-mm robotic port were inserted. Two more 8-mm ports were inserted into the left lower quadrant. The right external iliac artery and vein were skeletonized, and peritoneal flaps were developed to make room for the harvested kidney. This was followed by preparation of bladder for ureteric anastomosis. Kidney covered with gauze filled with ice slush was placed into the abdomen through the GelPoint. Vessel anastomoses were made after applying two Bulldog clamps. Venous anastomosis was performed followed by arterial anastomosis with 6-0 Gore-Tex sutures (Gore Medical Inc., Flagstaff, AZ, USA) (Figure 2). Arteriotomy was performed by a custom-made arterial punch. The kidney was retroperitonealized and inferior epigastric artery was prepared if additional accessory artery was present in the graft kidney. Anastomosis was performed between accessory artery and inferior epigastric artery with 6-0 Gore-Tex sutures (Figure 3). The ureter was anastomosed using a modified Lich-Gregoir method over a double J stent. Drains were placed in peritoneal cavity at the end of the procedure.


[image: Figure 2]
FIGURE 2. Arterial anastomosis between the reconstructed graft renal artery (side-to-side arterial anastomosis in a pantaloon fashion between the two renal arteries) and the external iliac artery.



[image: Figure 3]
FIGURE 3. Intraoperative snapshots during robot-assisted kidney transplantation in case of grafts with multiple vessels. (A) Preparation of inferior epigastric artery. (B,C) Anasturrrosis between inferior epigastric artery and accessory lower pole renal artery.




Definition of Ischemia Times (21):

Warm ischemia time (WIT): Defined as the duration between clamping the graft renal artery and placing the graft kidney on the ice slush.

Cold ischemia time (CIT): Defined as the duration between placing the graft kidney on ice and placing it into the peritoneal cavity.

Re-warming time (RWT): Defined as the duration between placing graft kidney into the peritoneal cavity and perfusing the kidney after vascular anastomosis.

Total ischemia time: Total duration of Warm ischemia time, Cold ischemia time, and Re-warming time.



Peri-operative Management

Anti-thymocyte globulin/Basiliximab were used as Induction immunosuppressive agents in high-risk patients. Prednisone, tacrolimus, and mycophenolate mofetil were used as maintenance treatment in all transplanted patients. After induction of anesthesia, patients were administered 1 g of intravenous paracetamol. All patients had local anesthetic (0.25% Bupivacaine) injected around the wound during closure. RAKT patients were given PCA morphine only on demand. The OKT patient had in addition an epidural catheter placed for pain relief. Linear visual analog scale was used to assess pain score. Pain scores were recorded at time intervals, viz., 12, 24, and 48 h.

All patients underwent transplant kidney Doppler on day 1. Serum creatinine was performed twice daily for first 3 days, then daily till discharge. Tacrolimus levels in blood were estimated on post-op days 1, 3, and 5 and dose was adjusted accordingly. Drain was removed after post-operative day 2 once drain fluid creatinine was similar to serum creatinine in RAKT cases, but only after drain output was <50 ml in OKTs. Foley catheter was removed on day 5 and DJ stent was removed after 2 weeks. All patients were followed twice a week for the first post-operative month, monthly thereafter for the first year and then 3 monthly.

Delayed graft function (DGF) was defined as the need for dialysis within a week post renal transplantation and was managed according to the cause. USG Doppler and Tacrolimus levels were performed in all cases. Kidney biopsy was performed as indicated. CT angiography was performed to check patency in all patients with use of inferior epigastric artery in RAKT cases at 3 months (Figure 4).


[image: Figure 4]
FIGURE 4. CT angiogram after 3 months after RAKT showing patent Pantaloon and accessory lower pole vessel anastomosis.




Propensity Score Analysis

Propensity score analysis was performed using nine preoperative clinical covariates: age, sex, body mass index, pre-emptive transplantation, duration of dialysis, Charlson comorbidity index, diabetes mellitus, pre-operative eGFR, and vascular anatomy as independent variables with RAKT vs. OKT as binary dependant variable by multiple logistic regression analysis. This analysis eliminated potential confounders in the data.

A 1:1 match was performed between RAKT and OKT. Nearest neighbor algorithm was used for matching. Patients were matched for any significant differences (22). This strategy allowed for the inclusion of comparable, RAKT, and OKT cohorts.



Statistical Analysis

The preoperative, intraoperative, and postoperative parameters and functional outcomes were analyzed. Demographic and clinical data are presented as frequency distribution and simple percentages. Continuous variables are expressed as the mean ± standard deviation or the median (and interquartile ranges, IQR). Mann–Whitney test was used to compare distribution in continuous variables. The Pearson's chi-square test was used to compare the distribution for categorical variables. Kaplan–Meier curves were used to analyze graft and patient survival. The two groups were compared for graft and patient survival.

Statistical analyses were performed using SPSS v.22.0 (IBM Corp., Armonk, NY, USA) and STATA 13 (Stata Corp., College Station, TX, USA). All tests were two-sided with a significance level set at p < 0.05.




RESULTS

A total of 153 patients underwent kidney transplant with GMVs. Fifty patients underwent the procedure robotically and 103 patients underwent open kidney transplants. By matching the two approaches for the significant demographics and preoperative risk factors (>0.10 standardized difference), 86 procedures (43 in each group) were included for assessing the outcomes. The results are summarized in Tables 2–7.


Table 2. Propensity score matching (PSM) of the two groups.
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Baseline and Demographic Details

The preoperative characteristics of both the unmatched cohorts (RAKT and OKT) are given in Table 2. Overall, 103 (69%) patients were treated with OKT and 50 (31%) were treated with RAKT. There were no significant differences in preoperative clinical characteristics except for body mass index (p = 0.04) and Charlson comorbidity index (p = 0.03). Patient undergoing robotic transplants had higher BMI and lower Charlson comorbidity index. Propensity score-matched RAKT (n = 43) and OKT (n = 43) preoperative data are presented in Table 2 and are comparable.



Intraoperative Data

There was no statistical difference in Warm ischemia time, Cold ischemia time, Re-warming time, Total Ischemia time, and anastomosis times in both groups (Tables 3, 4; Figures 7–10). The estimated blood loss (median) was 160 ml and 200 ml for RAKTs and OKTs, respectively (p = 0.5). The length of surgical incision was less in RAKT (p = 0.04) compared to OKT (median of 16 cm in OKT vs. 5.5 cm in RAKT).


Table 3. Intraoperative outcomes.
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Table 4. Overall times for anastomosis during RAKT and OKT (min) (median, IQR).
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FIGURE 5. Kaplan-Meier curve of kidney allograft survival (censored for recipient death).
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FIGURE 6. Overall survival.
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FIGURE 7. Box plot showing time for arterial anastomosis.
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FIGURE 8. Box plot showing time for venous anastomosis.



[image: Figure 9]
FIGURE 9. Box plot time for anastomosis of accessory artery.
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FIGURE 10. Box plot time for uretero-vesical anastomosis.




Postoperative Course, Events, and Complications

Visual analog pain scores revealed no significant difference at 12 h but a significant difference at 24 h (p = 0.04) and 48 h (p = 0.03). The mean analgesic requirement of the RAKT group at Day 1 was less compared to OKT despite regular use of epidural anesthesia in OKT in addition (p = 0.02) (Table 5). RAKT cohorts had more ileus (p = 0.001) and less wound infection (p = 0.002) compared to OKT. The duration of hospital stay was longer in the OKT group at 10 (7–21) days compared to 7 (5–15) days in the RAKT group. There was no lymphocele, urinoma, or ureteral stricture in both groups (Table 6).


Table 5. Postoperative outcomes.
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Table 6. Modified Clavien–Dindo Grading System of complications.
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Functional Outcome and Follow-Up Data

The eGFR and mean serum creatinine at discharge, and 1, 3, and 6 months were similar in both groups (Table 7). Three (6.9%) patients in RAKT and 4 (9.3%) patients in OKT had rejection confirmed on graft biopsies (p = 0.8).


Table 7. Functional outcomes.
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Long Term Outcome

Patient and graft survival were comparable in the two groups with 93 and 92.5% 2 year graft survival in RAKT and OKT (Figure 5), respectively (log rank test p = 0.947). Two-year patient survival was 83.7 and 85% for RAKT and OKT (Figure 6), respectively (log rank test p = 0.844).




DISCUSSION

Since inception of RAKT by Giulianotti et al. (23) followed by improvement in the technique by the Vattikuti-Medanta team (11, 12), there have been various publications of RAKT series. However, to the best of our knowledge, studies comparing RAKT with OKT in GMVs in comparable cohorts are sparse.

In the present study, we found no statistical difference in ischemia times, operative duration, anastomotic times, blood loss, serum creatinine, and eGFR at discharge and at 6 months between RAKT and OKT cohorts using GMVs. Due to lesser incidence of wound-related events, RAKT has emerged as an attractive option in obese patients (24–26). This is due to the smaller non-muscle cutting periumbilical incision having least fat between skin and fascial layers underneath, and the nature of minimally invasive surgery. Of note, rates of wound infection were lesser in the RAKT group (p = 0.002) in our series. The length of surgical incision, visual analog pain score, requirement of analgesia, and the duration of hospital stay were also less in the RAKT group, imparting minimally invasive benefits to this group.

Due to the extraperitoneal approach in OKT, drains are kept for a longer time to prevent formation of lymphoceles. RAKT offers the advantage of early drain withdrawal due to the transperitoneal nature of surgery. The drains were removed at a median (range) of 3 (2–5) days and 6 (4–11) days in RAKT and OKT groups, respectively. Lymph drainage is absorbed from the peritoneum, so drain may be removed as soon as one makes sure of absence of urine leak by performing drain fluid creatinine in transperitoneal RAKT group, which enables patients to be discharged earlier. In the OKT group, drains were removed later, only after drain amount is <50 ml, because of the potential risk of lymphoceles if removed earlier. However, there was no evidence of lymphoceles in both our groups.

The rate of ureteric complications described in literature is around 3% in GMVs (9, 10). Interestingly, in our study, we did not have any urinoma or ureteric stricture and there was no need to perform pyelo-uretric anastomosis due to devascularized ureter.

Robotic surgery provides 10× magnification and enables access to parts of the body with six degrees of freedom, with additional tremor filtration (21). These help an experienced surgeon to perform vascular anastomoses of small vessels like polar vessels and inferior epigastric vessels.

RAKT has proven to be equivalent to OKT with the added advantage of it being minimally invasive (11, 12). The transplant guidelines provided by European Association of Urology recommend that grafts with multiple renal arteries can be used for live renal transplantation (15). Conventionally, OKT is preferred in transplanting GMVs (17). With increased acceptance of RAKT and growing experience in this field, graft with multiple renal vessels should be accepted and not considered a contraindication for RAKT (16).

The present study demonstrates the feasibility of RAKT using GMVs from living donors. We have described a standardized operative protocol for RAKT using GMVs by adopting vascular reconstruction techniques similar to OKT with GMVs (Table 1). Both arterial and venous anastomosis could be performed without any conversions.

The study has limitations. First, our study was a retrospective analysis of prospectively collected data and we attempt to take care of the inclusion bias with propensity score matching. Second, the sample size was small. Third, the study evaluated only short- to mid-term perioperative outcomes. Despite all the limitations, this study paves a big step forward toward developing the surgical technique in RAKT with GMVs with outcomes similar to OKT.



CONCLUSION

GMVs in RAKT have comparable patient and graft survival similar to OKT with GMVs. Satisfactory functional outcome can be achieved by RAKT similar to OKT in GMVs. RAKT seems to have advantage over OKT in that it is minimally invasive with fewer complications. Larger studies with longer follow-up are needed.
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Data are presented as frequencies and percentages (%) or mean s SD.
*Standrcized difference = difference in mean or proportions divided by the standard error; imbalance between groups was defined as absolute value >-0.10 (coresponding to a small
effect size).
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