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Abstract
Obesity is increasing worldwide, and this has major implications in the setting of kidney transplantation. Patients with obesity may have limited access to transplantation and increased posttransplant morbidity and mortality. Most transplant centers incorporate interventions aiming to target obesity in kidney transplant candidates, including dietary education and lifestyle modifications. For those failing nutritional restriction and medical therapy, the use of bariatric surgery may increase the transplant candidacy of patients with obesity and end-stage renal disease (ESRD) and may potentially improve the immediate and late outcomes. Bariatric surgery in ESRD patients is associated with weight loss ranging from 29.8% to 72.8% excess weight loss, with reported mortality and morbidity rates of 2% and 7%, respectively. The most commonly performed bariatric surgical procedures in patients with ESRD and in transplant patients are laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric bypass. However, the correct timing of bariatric surgery and the ideal type of surgery have yet to be determined, although pretransplant LSG seems to be associated with an acceptable risk-benefit profile. We review the impact of obesity on kidney transplant candidates and recipients and in potential living kidney donors, exploring the potential impact of bariatric surgery in addressing obesity in these populations, thereby potentially improving posttransplant outcomes.
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Core Tip: Many studies demonstrated that obese patients may have limited access to kidney transplantation and an increased rate of posttransplant complications. Diet and lifestyle modifications may have a limited impact in the treatment of obesity in these patients, while bariatric surgery has the potential to improve the candidacy of these patients and to improve perioperative outcomes. This review will evaluate the potential role of bariatric surgery in the setting of kidney transplantation. 


INTRODUCTION
Obesity is a major public health concern, affecting more than 25% of the world population. It has been estimated that by 2030, the prevalence of the overweight population [as defined by body mass index (BMI) 25-29.9 kg/m2] will reach 38%, while 20% will be obese (BMI > 30 kg/m2)[1,2]. Obesity-related complications include but are not limited to cardiovascular disease, diabetes mellitus (DM) and cancer[3]. Kidney transplantation represents the best replacement therapy for patients with end-stage renal disease (ESRD), conferring a better quality of life than dialysis[4]. While the number of obese ESRD patients is increasing, obesity may limit access to kidney transplantation due to related comorbidities and posttransplant complications, including wound dehiscence, posttransplant DM and incisional hernia[4-6]. While class 1 obesity (BMI 30-34.9 kg/m2) is not typically a contraindication, most transplant centers consider relative and absolute average BMI cutoffs of 38 and 41 kg/m2, respectively, as contraindications to kidney transplantation[3].
Obesity may increase the risk of cardiovascular complications, DM, and metabolic syndrome, which are well-known posttransplant complications related to the chronic use of immunosuppression[4-9]. However, data on the clinical outcomes of kidney transplantation in obese patients are conflicting due to the lack of consensus on a commonly accepted definition of obesity and on a standard approach to obesity assessment[3]. Most transplant centers incorporate interventions aiming to target obesity in kidney transplant candidates, including dietary education and lifestyle modifications[3-9]. For those failing nutritional restriction and medical therapy, bariatric surgery has recently emerged as a valid therapeutic approach for improving access to kidney transplantation as well as posttransplant outcomes. However, many uncertainties remain regarding the optimal timing of bariatric surgery and the preferred surgical technique: While most transplant surgeons prefer pretransplant bariatric surgery, posttransplant surgery may theoretically reduce the impact of obesity-related complications that are magnified by immunosuppression.
In this review, we explore the impact of bariatric surgery on kidney transplant candidates and recipients and in living kidney donors, trying to address the best strategy to improve the clinical outcomes of kidney transplantation in obese individuals.

DEFINITION AND MEASUREMENT OF OBESITY
According to the 2017 Kidney Disease: Improving Global Outcomes clinical practice guidelines on the evaluation and management of candidates for kidney transplantation, obesity is usually assessed by BMI defined, according to World Health Organization, as weight in kilograms divided by height in meters squared, and by the waist-to-hip ratio, defined as the ratio of the circumference of the waist to that of the hips[10].
Obesity is defined as a BMI ≥ 30 kg/m2 and can be subdivided into classes I (BMI 30-34.9 kg/m2), II (BMI 35-39.9 kg/m2) and III (≥ 40 kg/m2), but BMI is a surrogate measure that could have significant limitations when applied to individuals, as it does not take into account fluid status, muscle mass, body shape and weight distribution[11,12]. The waist-to-hip ratio evaluates abdominal pattern obesity, and ratios > 0.85 for women and > 0.9 for men are considered obese according to the World Health Organization[10]. Recent studies suggested that in ESRD patients on dialysis and in kidney transplant recipients, a higher BMI was associated with lower mortality after adjustment for waist circumference (WC), while a higher WC was more strongly associated with higher mortality after adjustment for BMI[13,14].
Despite these limitations, BMI is currently used for the decision-making process for kidney transplantation in obese populations.

OBESITY AND ESRD
Obesity-related comorbidities, including DM, cardiovascular disease and cancer, can all prevent access to kidney transplantation[3,10,12,15]. Some authors described an “obesity paradox” among patients with ESRD on maintenance dialysis: patients with a BMI < 20 kg/m2 carry the highest relative risk (RR) of mortality, while overweight patients (BMI 25-29.9 kg/m2, RR 0.84), patients with mild obesity (BMI 30-34.9 kg/m2; RR 0.73), and patients with moderate obesity (BMI 35-39.9 kg/m2; RR 0.76) have significantly better outcomes[16]. A potential explanation of this effect is that patients with a higher BMI may have normal to high muscle mass or a favorable WC, and this could have a protective role[16-18]. However, this beneficial effect does not persist after transplantation, since obese transplant patients may have reduced graft and patient survival rates[6,19-23], particularly in patients older than 65 years[24]. As a consequence, obese patients may have limited access to waiting lists and transplantation: in a retrospective analysis of the United States Renal Data System (USRDS) registry including 702456 incident ESRD patients aged 18-70 years[19], women with a BMI of > 25 kg/m2 had a lower chance of transplantation from both living and deceased donors. In contrast, in men, a BMI of 25-34.9 kg/m2 was associated with a higher likelihood of transplantation, while a BMI > 35 kg/m2 was associated with a lower chance of receiving a deceased donor transplantation[19]. This disparity in access to transplantation may be related to the limitations of BMI as a metric: At a given BMI, females typically have more fat than males, while males tend to have more muscle and muscle weight; in contrast, males with a higher BMI have predominantly abdominal fat, which correlates with an increased risk of wound complications.
There are several reasons for the reduced access to transplantation for obese patients: in their analysis, Segev et al[25] found that obese patients who were activated on the waiting list had lower access to transplantation because they were less profitable than nonobese patients, and were more frequently bypassed; moreover, United States transplant centers may be more reluctant to transplant obese patients because they may be penalized for a higher than expected rate of patient death or allograft failure in the first posttransplant year, which could occur more frequently in obese patients[25]. Obese patients on waiting lists may therefore develop a number of comorbid conditions necessitating temporary wait-list suspension[21]. On the other hand, in the United States, many insurance payers mandate a trial of medical weight management prior to approving bariatric surgery, but centers that perform bariatric surgery could be reluctant to perform bariatric surgery in these patients due to the potential high rate of complications and death[26].
Although there is no clear consensus on the highest level of BMI to be considered a contraindication to kidney transplantation, most guidelines strongly suggest that for patients with BMI > 30 kg/m2, weight loss should be encouraged[10,25,27]. An increased risk of posttransplant death was observed in patients with a BMI of 34-36 kg/m2[25,27], suggesting that in patients with these high levels of BMI, kidney transplantation may be associated with an unacceptably high risk, and the benefit of transplant should be balanced with the risk of remaining on dialysis[10,27,28].
However, many studies failed to demonstrate a significant survival advantage for patients who lose weight during the waiting list period[18,29,30]. In the study of Molnar et al[18], among 14632 waitlisted hemodialysis patients not receiving a transplant, each 1 kg/m² increase in BMI was associated with a death hazard ratio (HR) of 0.96. However, compared with patients with minimal weight change (± 1 kg), patients who lost 3.0 to 4.9 kg and ≥ 5 kg had a RR of death of 1.3 and 1.51, respectively. More recently, Harhay et al[30] demonstrated that patients who lost ≥ 10% of their pretransplant weight had an increased risk of graft loss, mortality and longer hospitalization stay compared with those who had a < 5% weight change. Possible explanations for these adverse outcomes are the likely malnutrition status associated with weight loss and the rapid weight gain in most patients after transplantation. However, these studies did not differentiate intentional from unintentional weight loss, and only a minority of patients with higher BMI were investigated, so no conclusions about the potential benefits of intentional weight loss can be drawn.
Obese patients who lose weight may also have different access to transplantation by race and ethnicity. Ku et al[31] evaluated 10221 obese patients waitlisted for kidney transplantation to examine the association between weight changes and access to living or deceased donor transplantation by race/ethnicity. Death on the waiting list was more common among those who lost weight (15%) or gained weight (15%) than among those who maintained stable weight (13%). Overall, black people were more likely to lose weight and less likely to gain weight than whites. Overall, weight gain was associated with lower access to transplantation (HR 0.88) compared with maintenance of stable weight, but weight loss was not associated with better access to transplantation (HR 0.96) on the whole, although this correlation was different for recipients of living vs deceased donor organs. Weight loss was associated with improved access to living donor transplantation only for white recipients but not for non-Hispanic blacks or Hispanic recipients[31].

Bariatric surgery in ESRD patients
Weight loss in patients with ESRD is extremely difficult due to the restrictions of a renal diet, limited exercise tolerance due to coexisting comorbid conditions, dialysis-related fatigue, and hemodynamic instability[21]. Comprehensive weight loss programs involving regular exercise and nutrition counseling, together with pharmacotherapy, may lead to moderate weight loss among kidney transplant candidates, which could increase access to waiting lists[32]. However, medical management could have limited long-term success, while bariatric surgery could offer a reliable strategy to achieve weight loss in kidney transplant candidates[21,33], with acceptable morbidity and mortality rates[34-36]. Bariatric surgery in ESRD patients is associated with weight loss ranging from 29.8% to 72.8% excess weight loss (%EWL)[37], with reported mortality and morbidity rates of 2% and 7%, respectively[37]. Complications associated with bariatric surgery are higher in ESRD patients than in non-ESRD patients[37]: The mortality rate (2%) observed in the ESRD population is approximately 10 times higher than the mortality rate (0.18%) reported in the general population[38], while the rate of postoperative complications in ESRD patients is significantly higher than that observed in accredited hospitals for bariatric surgery (0.17%)[39]. However, many studies have consistently shown that bariatric surgery in patients with chronic kidney disease (CKD) stage 1 and 2, is associated with slower epidermal growth factor receptor (eGFR) decline and lower risk of kidney failure[40,41]. In a recent study, Kassam et al[40] evaluated the change in renal function in 164 patients with CKD stages 1 to 4 undergoing bariatric surgery. Metabolic surgery resulted in a significant reduction in the BMI in all patients, and 34.3% of patients with previous diabetes achieved complete remission. Kidney function, as measured by eGFR, significantly improved in patients with CKD stages 2, 3a, and 3b, while a similar result was not observed among patients with CKD stages 1 and 4[40], suggesting that the improvements in renal function are limited only to those patients with a mild reduction in kidney function.
The most commonly performed bariatric surgical procedures are laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric bypass (RYGB). The former is mainly a restrictive procedure with resection of the greater curve of the stomach, while the latter is a restrictive/malabsorptive procedure that entails creation of a gastric pouch and formation of a Roux-en-Y gastrojejunostomy[21,33]. Open surgery in ESRD patients may be associated with an increased mortality rate compared with the general population. In their registry analysis, Modanlou et al[34] evaluated the results of 186 ESRD patients who underwent an open bariatric surgical procedure: 72 patients underwent surgery prior to activation on the waiting list, 27 patients underwent surgery during wait-listing, and 87 patients underwent posttransplant surgery. The 30-d mortality in wait-listed and posttransplant patients was 3.5% in both groups, while the median EWL ranged between 31% and 61%[34].
Although there are few studies comparing the two surgical procedures in ESRD patients, RYGB seems to have the potential to improve access to renal transplantation and improve long-term survival compared with LSG[35]. Both LSG and RYGB achieve significant excess body weight loss (up to 80% within 24 mo) and may increase the likelihood of being listed for kidney transplantation in up to 50.3% of patients, although a recent meta-analysis reported that only 25% of patients had access to transplant at a median follow-up of 48 mo[37]. A recent analysis of the ESRD population using a probabilistic Markov model concluded that RYGB could improve access to renal transplantation and thereby increase long-term survival[42], but it could be associated with slightly higher morbidity and mortality rates[43].
In the ESRD population, LSG could be preferable and may offer significant advantages over RYGB, including an easier and faster surgical procedure and a lower incidence of surgical complications[37,44], and may increase access to the transplant waiting list and improve posttransplant outcomes[43,44-48]. Moreover, LSG does not alter immunosuppressive pharmacokinetics, avoiding under- and overimmunosuppression[37,43,48-50]. The correct timing of bariatric surgery is still a controversial issue. Although bariatric surgery in ESRD patients could be associated with an increased rate of postsurgical complications, including an increased rate of reoperation and readmission[51], most patients could benefit from pretransplant bariatric surgery to increase access to the waiting list and to reduce obesity-related complications, including diabetes and cardiovascular disease, that could worsen after transplantation. In the largest series reported in the literature, Kassam et al[48] evaluated the clinical outcomes of LSG in the ESRD population and access to the transplant waiting list. LSG reduced hypertension and the need for antihypertensive medications and reduced the incidence of diabetes (59.6% vs 32.5%, P < 0.01). Sixty-three percent of patients with ESRD who achieved a BMI of ≤ 40 kg/m2 were waitlisted and received a kidney transplant after a mean overall time from LSG to transplant of 1.9 ± 1.3 years. There was no significant difference in survival between patients who received a kidney transplant after LSG and those who remained waitlisted[48], suggesting that LSG does not increase the morbidity rate and has the potential to reduce obesity-related comorbidities, possibly improving long-term outcomes. In their retrospective study, Cohen et al[52] compared the outcome of pretransplant and posttransplant bariatric surgery: Compared to BMI-matched controls, pretransplant bariatric surgery was associated with a 1-year increased risk of acute rejection and a decreased risk of delayed graft function. Interestingly, there was no significant difference in BMI in the 5 years after bariatric surgery between the two groups, while both pretransplant and posttransplant bariatric surgery was associated with a decreased risk of allograft failure and mortality[52].
In summary, pretransplant bariatric surgery is safe and could increase access to transplantation for obese patients. LSG results in sustained weight loss and is associated with an improvement in obesity-related comorbidities (Figure 1). Although pretransplant bariatric surgery is associated with acceptable outcomes for patients undergoing kidney transplantation, the correct timing has yet to be determined.

OBESITY AND KIDNEY TRANSPLANTATION
Kidney transplantation offers significantly better patient survival and quality of life than remaining on dialysis for both obese and nonobese patients[20,22,53,54].
Obese patients may have an increased peritransplant risk of death, particularly for patients with a BMI > 30 kg/m2 receiving a graft from a marginal donor, while living donor kidney transplantation seems to offer a reduced risk[20,55]. In an analysis from the USRDS including 7521 patients, Glanton et al[56] compared the mortality rates among transplant recipients and patients on hemodialysis with class I, II and III obesity and found that kidney transplantation from both deceased (HR 0.39, 95%CI: 0.33-0.47) and living donors (HR 0.23, 95%CI: 0.16-0.34) was associated with significant lower mortality rate of those who stayed on dialysis waiting for a kidney. Interestingly, the beneficial effect of transplantation was lost in the subgroup analysis of patients with class III obesity[57]. The beneficial effect of kidney transplantation among obese patients was recently confirmed by Gill et al[20], who analyzed a large cohort from the US renal registry and reported a 66% reduction in the risk of death in all BMI groups for patients receiving a living donor kidney, whereas among the deceased donor recipients, the reduction in the risk of death was 66% in patients with class I and II obesity and 48%in patients with class III obesity[20]. The reduction in the risk of death was lower for patients receiving a graft from a marginal deceased donor, while kidney transplantation did not offer a survival benefit in African Americans with class III obesity[20]. Therefore, some authors have suggested that for patients with a higher BMI, living transplantation represents the preferred choice, while kidney transplantation from deceased donors could be associated with an unacceptable mortality risk[20,21].
The increased mortality risk observed in the peritransplant period in obese patients may be correlated with concomitant comorbid conditions that could worsen after transplantation or be the result of peritransplant complications.
Many studies have demonstrated that, similarly, graft survival in obese patients is inferior[20,21,55,58,59], and this pattern follows a U-shaped distribution, as patients with BMI values either lower or higher than the normal range (either ≤ 20 or ≥ 26 kg/m2) have worse posttransplant outcomes[58,60]. Moreover, significant posttransplant weight gain or weight loss (> 5%) has been associated with decreased patient survival[29,54,61].
However, the effect of BMI on posttransplant outcomes may vary by patient characteristics. In their analysis among 296807 adult kidney transplant recipients from the Scientific Registry of Transplant Recipients, Schold et al[60] demonstrated that BMI follows a “J-Shaped” risk profile with elevated risks for overall graft loss with low BMI and obesity. Moreover, the risk of graft loss associated with BMI is strictly dependent on the patients’ characteristics: Low BMI was a relatively higher risk for older recipients (> 60 years) and males but not for younger patients, while high BMI was associated with an elevated risk for Caucasians and attenuated risk among African Americans and people with type II diabetes.
Obesity may increase the surgical complexity and is significantly associated with longer operative time and risk of wound dehiscence compared to normal-weight patients[62]. In obese patients, the risk of parietal dehiscence is significantly increased for BMI > 26 kg/m2, while an increased risk of intraoperative blood loss and ureteral stenosis was observed for BMI > 32 kg/m2, and the risk of abdominal wall hematoma was increased beyond a BMI of 34 kg/m2[63]. Overall, obese patients have an incidence of wound infections and incisional hernia of 4%-40% due to the longer operative time; the concomitant use of corticosteroids, sirolimus, or everolimus; and the presence of vascular disease[26,46,56]. Moreover, obesity may also increase the risk of surgical site infection (SSI), which is a well-known cause of incisional hernia[64,65]. Wound complications are significantly associated with a BMI over 30 kg/m2, and in most cases, obesity is considered the most significant risk factor for the development of wound complications[65,66], although some authors did not find such an association[67].
Moreover, obese transplant recipients have an increased risk of delayed graft function, probably as a consequence of a longer operative time, a prolonged hospital stay, an increased rate of acute rejection, an increased rate of new-onset DM and hospital readmission[6,18,57,68-70].
Considering that some studies showed comparable outcomes between obese and nonobese patients in the absence of surgical complications, the adoption of a correct surgical procedure that could minimize the incidence of such complications is mandatory[33,71]. The adoption of a minimally invasive surgical approach, including robotic-assisted kidney transplantation (RAKT), has shown promising results compared to open KT and could increase access to kidney transplantation for obese patients[72,73]. Additionally, RAKT is associated with comparable patient and graft survival compared with open surgery[72], a significant reduction in SSI in obese recipients, and comparable graft and patient survival compared to the nonobese population[73,74].

Bariatric surgery after kidney transplantation
Few studies have investigated the role of bariatric surgery after kidney transplantation in morbidly obese recipients. There are many issues related to bariatric surgery after kidney transplantation: First, surgical procedures in kidney recipients may be associated with a higher risk of complications than in the general population[75-80], and second, bariatric surgery can affect immunosuppressive therapy absorption. Bariatric surgery in kidney transplant recipients may be associated with an increased operative time, length of stay, readmission, and increased SSI but not with increased mortality[75-80]. Previous diabetes and the use of corticosteroids do not increase the risk of postoperative complications after bariatric surgery in solid organ transplantation[78,80], while black race seems to be associated with an increased morbidity[79]. Bariatric surgery may be associated with an increased dose of calcineurin inhibitors needed to maintain the optimal dose, and RYGB may decrease the bioavailability of immunosuppressive drugs[37]. In their recent study, Yemini et al[75] analyzed the pharmacokinetic alterations in the absorption of immunosuppressive drugs in 34 kidney transplant recipients who underwent LSG or laparoscopic RYGB: Tacrolimus blood trough levels declined slightly, without significant modifications of the therapeutic range. This would reinforce the need for strict monitoring of immunosuppressive levels after bariatric surgery, particularly in the first months after surgery. The optimal timing of bariatric surgery after kidney transplantation would probably be 6-12 mo after transplantation, when immunosuppression is at its lowest level so that, as a consequence, a small variation in the trough levels would have a limited impact on graft function.
Bariatric surgery after kidney transplantation is associated with significant weight loss and a reduction in comorbidities but also with an increased risk of complications[37,52,75]. In the largest series of RYGB reported in kidney transplant recipients, Modanlou et al[34] reported a 3.5% mortality rate, with a median excess body weight loss of 31%-61%. Sleeve gastrectomy and RYGB have comparable outcomes with low postoperative complications[43,75-80]: A slight increase in mortality was observed in patients undergoing RYGB[43], but both LSG and RYGB were associated with improvements in comorbidities and graft function[43,75-80] and with a reduction in urinary protein excretion[76]. Cohen et al[52] compared the outcomes of 43 patients who underwent pretransplant bariatric surgery and 21 patients who underwent posttransplant bariatric surgery. BMI was similar between the two groups, and 5 years after bariatric surgery, there was no significant difference in BMI between the two groups (36 kg/m2 vs 32 kg/m2, P = 0.814). Compared to matched controls, posttransplant bariatric surgery was associated with a decreased risk of allograft failure and mortality[52]. In their innovative approach, Spaggiari et al[81] compared the safety and efficacy of combining robotic SG and RAKT (11 patients) to RAKT alone (9 patients) in candidates with class II or III obesity: At the 12-mo follow-up, there was no difference between the two groups in terms of estimated GFR, serum creatinine and graft failure rates. Patients receiving SG and RAKT had a significant reduction of BMI compared to the robotic kidney transplant group (P = 0.0041). Combined RAKT and SG was associated with a longer operative time without an increase in the incidence of surgical complications.
In summary, bariatric surgery after kidney transplantation is associated with a significant and sustained weight loss, reduction in comorbidities and improvement in graft function without significant alteration of immunosuppressive therapy absorption. The potential increase in postoperative complications and mortality warrants a careful evaluation of kidney transplant recipients scheduled for bariatric surgery.

Bariatric surgery in living kidney donors
There are approximately 2700 living-donor kidney transplants performed worldwide each year, and more than 25% of these are considered obese at the time of donation[82]. Obesity may be a relevant factor influencing clinical outcomes even in living-donor kidney transplantation and may be associated with lower preoperative kidney function and longer operative time[82]. Kinoshita et al[83] compared the results of living kidney transplantations from medically complex living donors, defined by the presence of older age, obesity or DM, with standard living donors; they found that kidney recipients of medically complex living donors had a higher risk of death-censored graft loss, while no significant difference in renal function in the short term was observed between standard and medically complex living donors. When compared to donors with normal BMI, kidney transplants from donors with higher BMI (> 25 kg/m2) are associated with a higher risk of graft failure[84], and living donor obesity is associated with a 30% increased risk of long-term mortality compared with nonobese counterparts (adjusted HR: 1.32, 95%CI: 1.09-1.60, P = 0.006)[85].
Up to one-fourth of potential living kidney donors may be excluded from living donation due to obesity, which could encourage medical and surgical strategies to achieve significant weight loss. Although strongly motivated, living kidney donors are less prone to adhere to diet and lifestyle modifications for weight loss, and only 13% lose enough weight to attain a BMI < 35 kg/m2 and then undergo donation[85]. Bariatric surgery is, therefore, a potential valid weight loss strategy for potential living donors. However, many ethical issues may arise when considering the opportunity for bariatric surgery in living kidney donors. Living kidney donors should be aware that bariatric surgery is predicated only on the potential donor’s benefit and does not finalize the kidney donation or provide any future benefit to the intended recipient[86,87], and referral to an independent bariatric surgeon to assess the potential benefits and risks of surgery is recommended. Another crucial point is the timing of living donation after bariatric surgery. Montgomery et al[87] suggested that kidney donation should be performed when the potential living donor meets prespecified transplant center donation eligibility requirements, such as BMI < 30 kg/m2, and should remain stable for at least three months.
Very few studies have reported the outcomes of living kidney donation after predonation bariatric surgery. Earlier studies reported a 30%-54% decrease in BMI after bariatric surgery[88]. More recently, Nguyen et al[89] reported a series of 22 living kidney donors who underwent bariatric surgery 0.7-22 years before living donation. Interestingly, 18 donors would have been excluded from donation due to high BMI. All donors lost sufficient weight to subsequently become candidates for living kidney donation, and 17 donors reached a BMI < 35 kg/m2 after bariatric surgery. No significant differences in terms of length of stay, warm ischemic time or postoperative complications were observed when compared with 37 donors with a BMI of 35–40 kg/m2. Moreover, bariatric surgery did not significantly impact the subsequent laparoscopy for living donor nephrectomy[89]. Due to the limited cases reported in the literature, the ideal type of bariatric surgery to be performed in morbidly obese kidney donors has to be determined. RYGB has historically been the most commonly used technique since it guarantees a durable weight reduction and reversal of obesity-associated comorbidities[88,89]. However, it is associated with long-term nutritional derangements, and it has been recently supplanted by LSG as the most common bariatric surgery procedure, since it has proven comparable weight reduction with RYGB, with fewer intra- and postoperative complications, including nutritional deficiencies[88,89].
In summary, initial experience with bariatric surgery in potential living donors suggests that bariatric surgery is safe, is associated with sustained weight loss and could increase the rate of kidney donation. Sleeve gastrectomy should be preferred to RYGB due to its risk-benefit profile.

CONCLUSION
Obesity represents a major obstacle to access to kidney transplantation due to the potential increased risk of postoperative complications and mortality. However, obesity should not preclude kidney transplantation, and any efforts should be made to improve the outcomes of these patients. Bariatric surgery has been proven to be safe and helpful in reducing weight loss and obesity-related comorbidities and in increasing access to kidney transplantation. Posttransplant bariatric surgery may result in better graft survival and function but also in a high rate of postoperative complications. There is no consensus regarding the optimal timing and the ideal type of bariatric surgery, although sleeve gastrectomy seems to be associated with a reduced risk of postoperative complications. Future studies should evaluate the potential impact of bariatric surgery in the long-term reduction in cardiovascular complications and in the management of posttransplant DM in obese recipients.
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Figure 1 Proposed algorithm for the management of obesity in patients with chronic kidney disease, candidates to kidney transplantation and in kidney transplant recipients. Bariatric surgery could have a benefit in lowering the decline in renal function in patients with chronic kidney disease stages 2-3, so that it could be anticipated even in absence of significant metabolic comorbidities. In referral centers, combined laparoscopic/robotic sleeve gastrectomy with kidney transplantation could be proposed in selected patients. BMI: Body mass index.
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