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Abstract
Type 1 diabetes mellitus (T1DM) is one of the important causes of chronic kidney disease (CKD) and end-stage renal failure (ESRF). Even with the best available treatment options, management of T1DM poses significant challenges for clinicians across the world, especially when associated with CKD and ESRF. Substantial increases in morbidity and mortality along with marked rise in treatment costs and marked reduction of quality of life are the usual consequences of onset of CKD and progression to ESRF in patients with T1DM. Simultaneous pancreas-kidney transplant (SPK) is an attractive and promising treatment option for patients with advanced CKD/ESRF and T1DM for potential cure of these diseases and possibly several complications. However, limited availability of the organs for transplantation, the need for long-term immunosuppression to prevent rejection, peri- and post-operative complications of SPK, lack of resources and the expertise for the procedure in many centers, and the cost implications related to the surgery and postoperative care of these patients are major issues faced by clinicians across the globe. This clinical update review compiles the latest evidence and current recommendations of SPK for patients with T1DM and advanced CKD/ESRF to enable clinicians to care for these diseases.
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Core Tip: Simultaneous pancreas-kidney transplant (SPKT) is a promising management option for patients with advanced chronic kidney disease or end-stage renal failure (CKD/ESRF) and type 1 diabetes mellitus (T1DM) for probable cure of these diseases and possibly some of their complications. However, limited availability of these organs, need for long-term immunosuppression, the surgical complications, lack of availability of this procedure in most centers, and the cost implications related to SPKT are major challenges across the world. This clinical update review is to enable clinicians with the best evidence and current recommendations of SPKT for managing their patients with T1DM and advanced CKD/ESRF.

INTRODUCTION
Diabetes mellitus is one of the most common causes of chronic kidney disease (CKD) and end-stage renal failure (ESRF). Type 1 diabetes mellitus (T1DM), though less common when compared to type 2 diabetes, is associated with considerable morbidity and mortality secondary to microvascular and macrovascular complications including CKD. ESRF is a leading cause of death in patients with T1DM[1]. Although there has been considerable progress in the development of insulin delivery devices, newer insulin molecules, and glucose monitoring systems in recent years, there is still a significant negative impact on the quality of life in relation to disease management among T1DM patients[2]. Furthermore, these are not useful in reversing end-stage complications of diabetes such as ESRF. Despite extensive research, stem cell therapies in T1DM are still in the infantile stages[3]. Simultaneous pancreas-kidney transplant (SPK) is an attractive modality that fills this treatment gap in the management of T1DM and ESRF. Lack of wide availability, high cost, infections, and immunological problems following SPK have long been the challenges precluding the widespread use of SPK. However, advanced surgical techniques and newer immunosuppressive drug regimens in recent years have resulted in dramatic improvement in SPK outcomes. We describe the current perspectives on SPK for individuals with T1DM and ESRF, with the latest evidence on indications, perioperative care, immediate and long-term complications, and clinical outcomes through this comprehensive review. 

HISTORY OF SIMULTANEOUS PANCREAS-KIDNEY TRANSPLANTATION
Kelly et al[4] from the University of Minnesota conducted the first pancreatic transplant in 1966 in combination with a kidney transplant to treat a 28-year-old uremic patient with T1DM. The patient was insulin-free for six days before needing exogenous insulin, which was brought on by the large dosages of steroids that were administered to avoid rejection. However, the patient developed graft pancreatitis, which was most likely caused by duct ligation and the transplantation procedure had to be reversed. Unfortunately, 13 days after the excision of the rejected pancreas and kidney transplant, the patient passed away from a pulmonary embolism[2]. Surgical difficulties, wound infections, and graft rejection were all prevalent issues with pancreatic transplantation in this initial example, which persisted for the next 20 years. Despite difficulties, the Minnesota team demonstrated the technical feasibility of SPK[4].
The first documented effective use of cyclosporine A in two pancreatic transplants was by Calne et al[5] in 1979. This heralded an exciting new era of effective immunosuppressive regimens which eventually led to the more widespread use of SPK. Triple immunosuppression (maintenance therapy with cyclosporine A, azathioprine, and steroids) soon gained popularity all over the world after the introduction of cyclosporine A[6]. In 1989 Starzl et al[7] used tacrolimus as an immunosuppressive agent. This was followed by the development of induction therapy initially using anti-thymocyte globulin such as thymoglobulin and later (1997) by a recombinant DNA-derived humanised anti-CD52 lymphocyte depleting monoclonal antibody known as Alemtuzumab. Certain centres explored steroid-free regimens in the late 1990s and early 2000s which showed improvement in metabolic outcomes[6].
The initial pancreas transplant was done with ligation of the pancreatic duct[7]. Montefiore used the pancreatic duct to ureter anastomosis as a method of exocrine secretion drainage; however, it was complicated with anastomosis leakage. Bewick developed the open pancreatic duct drainage of exocrine secretions; however, it was complicated by peritonitis and ascites. Sollinger et al[8] developed pancreas-to-bladder anastomosis for exocrine secretion drainage; however, it was complicated with urinary tract infections, chronic cystitis, reflux pancreatitis, metabolic acidosis, and haematuria. Currently, enteric drainage is widely used for exocrine drainage with anastomosis between transplanted duodenum and recipient ileum, jejunum, and duodenum, with drainage into a jejunal loop being the most used technique using techniques including Roux-en-Y reconstruction[9]. 
There are many types of pancreas and islet transplantations as depicted in Figure 1. The number of pancreas transplants (especially SPK) increased steadily in the US and worldwide since 1984. However, the number of pancreas transplants has shown a 20% decline between 2005 and 2014, with a nadir reaching in 2015. This decline in pancreas transplants is due to various reasons including the availability of advanced alternative treatment options like sensors, pumps, and hybrid closed loops resulting in fewer referrals to the pancreas transplantation waiting list, diabetic complications like ESRF occurring at a later age group, worsening donor organ quality related to body mass index (BMI) among organ donors (BMI > 35 kg/m2 associated with fatty infiltration of the pancreas), and high post-operative complication burden (> 50%) associated with the pancreas transplants[9]. 
Thereafter, though the pancreas transplant volume started to increase, there was a further decline to coincide with the beginning of the coronavirus disease 2019 (COVID-19) pandemic where the number of SPKs in the US dropped from 872 in 2019 to 827 in 2020[10]. The number of pancreas transplants and the trends in pancreas transplants in the US between 1966 and 2021 are shown in Figures 2 and 3[11,12]. This decline likely reflects the unwillingness of many transplant programs to move forward with pancreatic transplants due to COVID-19 limiting the resources. The pancreas after kidney (PAK) and pancreas transplant alone (PTA) increased marginally to compensate for the drop in SPK, as shown in Figure 3[10].

INDICATIONS FOR SPK
Typically, patients with T1DM who have low or absent C-peptide levels are eligible for the SPK. Candidates could also have severe nephropathy or ESRF, as well as comorbidities such as hypoglycemia unawareness, recurrent hospitalisation for diabetic ketoacidosis, progressive retinopathy, enteropathy, and neuropathy. The current indications for SPK in T1DM are outlined in the Table 1[13,14]. 
In patients with stage 4/5 chronic kidney disease, preemptive SPK is described as the transplantation of both the pancreas and kidney before the patient is initiated on dialysis. Preemptive SPK has been shown to be related to better results when compared to SPK carried out in patients undergoing dialysis, according to several retrospective investigations, including registry analysis. In SPK patients, time spent on dialysis also has a poor prognostic significance[15,16]. 

CONTRAINDICATIONS
The absolute and relative contraindications for SPK in patients with T1DM are given in Table 1[17].
Obesity alone is not an absolute contraindication to SPK, given that positive outcomes have been documented[18]. However, obese patients may experience a greater risk of early complications when compared to non-obese recipients[19]. Additionally, the significance of BMI < 18.5 kg/m2 as a risk factor for long-term mortality needs to be emphasized[18].
Previous history of limb amputation and presence of coronary heart disease are risk factors for worse outcomes, but neither is considered an absolute contraindication to SPK[20]. Pre-SPK limb amputation often indicates worse transplant results because it raises the risk of cardiovascular disease[21]. The risk of serious adverse cardiovascular events following transplantation is further increased by a history of coronary artery disease before transplantation[22]. If medically treated and revascularized by accepted standards, coronary artery disease, however, does not pose a significantly higher risk for death.

SURGICAL TECHNIQUES
Most of the pancreas grafts are retrieved from heart-beating brain-dead donors, with an increasing number from non-heart-beating donors after circulatory death[17]. The retrieval involves the removal of the pancreas en-bloc with the donor duodenum and spleen, with the spleen removed before implantation. In SPK, both kidney and pancreas grafts are taken from the same deceased donor. The donor pancreas has two arteries (superior mesenteric artery and splenic artery), and these are joined with a ‘Y’ graft utilizing the donor common iliac artery and its bifurcation to create a single arterial inflow which is anastomosed to the recipient’s right common iliac artery. The donor portal vein is anastomosed to the recipient’s right common iliac vein or inferior vena cava. Finally, the donor duodenal conduit is anastomosed to the recipient’s small bowel or urinary bladder. A pancreas transplant alone takes approximately 3-4 h, whereas a simultaneous pancreas and kidney transplant takes approximately 4-6 h[17,23].
Diverse and institution-specific procedures are employed for SPK. The intra-peritoneal technique is used by most transplant facilities for graft insertion. The kidney is transplanted to the left iliac fossa, the pancreas is generally placed in the right iliac fossa. The native pancreas and kidney remain in place. The peripancreatic fluid accumulations and wound complications are reduced because of this strategy. Extraperitoneal and ipsilateral insertion of both grafts constitute an alternate strategy[17,24].
Most pancreatic transplants use either enteric or bladder drainage. Comparing bladder and intestinal drainage of exocrine secretions in pancreas transplantation has been extensively studied. Compared to enteric drainage, bladder drainage increases late reintervention rates (primarily for enteric conversion), but it has no acute surgical risks[17]. In a recent study by Riad et al[25], at 10 years posttransplant, 44.3% of simultaneous pancreas-kidney transplant recipients had undergone enteric conversion. The enteric conversion was associated with an 85% increased risk of acute rejection but was not associated with graft loss or mortality. Additionally, bladder drainage is linked to long-term urologic problems such as bladder calculi, haemorrhagic cystitis, and recurrent urinary tract infections, as well as metabolic disturbances like acidosis and dehydration[26]. These factors have contributed to a drop in the use of bladder drainage over time.

PERIOPERATIVE CARE
Insulin regimens
Perioperative plasma glucose monitoring is crucial. The metabolic reaction to stress and the impact of corticosteroids contribute to the frequent occurrence of intraoperative hyperglycemia. As uncontrolled glucose levels are linked to impaired immune function and an increased risk of infection, insulin infusion should be started before unclamping of the pancreas transplant. Plasma glucose must be closely monitored after unclamping since glucose levels might dangerously plummet[27].

Heparin thromboprophylaxis
Thrombosis, which has a reported prevalence of 4%–20%, is a common complication associated with pancreatic transplantation. One of the main factors contributing to pancreatic transplant failure and graft loss has been identified as thrombosis. Despite this, the effectiveness of preventive anticoagulation is still debatable, with some trials finding positive results from anticoagulation and other trials reporting no benefit[28,29]. Pancreas transplant centers have various internal policies and practices, and there is still no standardised thromboprophylaxis approach for this procedure. According to a recent meta-analysis that included 11 studies and 1122 patients in the heparin group and 236 patients in the no-heparin group, prophylactic heparinization significantly reduced the risk of early pancreas thrombosis and pancreas loss for SPK without increasing the incidence of bleeding or acute return to the operating room when compared to the no-heparin control[30]. In the included studies, intraoperative intravenous heparin 30-70 IU/kg was administered when heparin thromboprophylaxis was not contraindicated. Heparin was administered intravenously 200-1000 IU/h for 1-14 d or subcutaneously 3000-5000 IU 1-2 times daily during the postoperative period. Following this, aspirin 81-325 mg per day was used for maintenance[30].

IMMUNOSUPPRESSION 
The accepted practice in modern immunosuppression is to combine numerous drugs with various mechanisms of action for maintenance therapy and to employ biologic medicines for induction. These regimens achieve the main objectives of immunosuppression, which are to effectively manage acute rejection while reducing risks to the patient's safety and tolerability and damage to the allograft(s).

Induction immunosuppression
Early rejection and graft loss from combined pancreas-kidney transplants have been lower with the use of induction immunosuppression. Of the induction therapies, lymphocyte-depleting agents (alemtuzumab and anti-thymocyte globulin) and nondepleting agents [basiliximab and daclizumab (anti–interleukin 2 (anti–IL-2) receptor monoclonal antibody)] have been used in SPKs. Ninety percent of pancreatic transplant patients get a lympho-depleting drug during induction treatment, reflecting the widespread observation of greater rejection rates following pancreas transplant[10].
A recent meta-analysis studied 536 SPK participants in 7 randomised clinical trials that reported 5 induction methods. Antithymocyte globulin (97 patients), alemtuzumab (42 patients), 2 or 5 doses of daclizumab (113 patients), and no induction treatment (120 patients) were included in these regimens. A regimen containing 2 doses of daclizumab ranked highest for patient survival as well as kidney and pancreas transplant survival in the network meta-analysis. In contrast, alemtuzumab was ranked best for the prevention of acute renal and pancreatic rejection[31].
In patients at low immunologic risk, there isn't any conclusive proof that induction with depleting vs nondepleting antibodies leads to better immunologic outcomes. When compared with the use of nondepleting antibodies or no induction therapy, induction with depleting antibodies is associated with cytokine release syndrome requiring premedication and with an increased incidence of early posttransplant infections, especially cytomegalovirus (CMV) viremia (that do not result in inferior patient and graft survival). There is no conclusive evidence that induction treatment with depleting antibodies increases the risk of oncologic problems in pancreatic transplant patients, despite data on renal transplantation to the contrary[20].

Maintenance Immunosuppression
Modern immunosuppressive protocols for all types of pancreatic transplantation include tacrolimus, mycophenolate, and steroids for the purpose of maintenance of immunosuppression. Tacrolimus has been the preferred calcineurin inhibitor (CNI) for more than ten years, despite the risks of beta cell toxicity and renal damage linked to it. Results of a 3-year single-center, prospective, randomized comparison of the two calcineurin inhibitors in the setting of mycophenolate mofetil (MMF)-based immunosuppression in 47 SPK patients did not show superiority of tacrolimus over cyclosporin[32]. However, a larger study in 205 SPK recipients confirmed the superiority of tacrolimus over cyclosporine in preventing moderate or severe kidney or pancreas rejection and pancreatic thrombosis[33]. Tacrolimus is available as an immediate-release formulation (IR-Tac) which is traditionally given twice daily. Extended-release tacrolimus (ER-Tac) given once daily was later explored with the expectation of improved medication adherence. Falconer et al[34] reported that stable SPK recipients can safely be converted from IR-Tac to ER-Tac, with no clinical impact on the transplant function.
MMF continues to be the preferred antiproliferative drug for maintenance therapy. Following induction therapy, a review found that using mycophenolate mofetil in conjunction with CNI and steroids was linked to a 40% decrease in the risk of acute rejection one year following pancreatic transplantation[35]. When combined with tacrolimus or cyclosporine, retrospective studies have shown that mycophenolate mofetil, as opposed to azathioprine, improves the immunologic outcome of pancreas transplantation, but at the cost of more gastrointestinal side effects that frequently necessitate dose reduction[36,37].
Total avoidance of steroid immunosuppression is referred to as "steroid avoidance." Early avoidance is defined as steroid therapy for fewer than 14 d following transplantation, while late avoidance is defined as steroid withdrawal after 14 d[38]. Though steroids form the cornerstone of immunosuppression therapy, steroid discontinuation is being explored and could lead to better metabolic outcomes over time. Although it fell from 27.2% in 2019 to 25.8% in 2020, the percentage of patients kept on a tacrolimus/MMF steroid-free therapy was mostly steady. Steroid withdrawal between 6-12 mo after transplantation was successful and safe in most patients without an increase in immune events. Additionally, the patients had a low prevalence of hypertension, dyslipidemia, and obesity[39]. 
Compared to the 12.4% reported in 2010, the percentage of pancreatic transplant patients in the "other" maintenance therapy regimens has reduced to 2.6%. This slow decline shows that co-stimulation blockade or mammalian target-of-rapamycin (mTOR) inhibitors have not been frequently used as alternate maintenance regimen components[9,20]. Though mTOR inhibitors show non-inferior immunological outcomes, the side effect profile of this group of drugs precludes its widespread use[40,41]. 

COMPLICATIONS
When compared to patients of kidney transplantation alone (KTA), those who received SPK typically have more severe and frequent complications in the first year after transplant. These complications are typically caused by either the more extensive surgical procedure or the necessary immunosuppression. Greater morbidity and early death are related to SPK than KTA because of perioperative problems. This difference is evidenced by longer initial hospital stays, higher rates of rehospitalization in the first 30 d, more serious infections necessitating rehospitalization, and higher perioperative mortality risk[42]. Khubutia et al[43] reported surgical complications in 37.5% of SPK patients. Asymptomatic para-pancreatic fluid collection (52.5%) was the most common surgical complication followed by superior mesenteric artery thrombosis (12.5%). Surgical site infections after pancreas transplantation in the Swiss Transplant Cohort Study were seen in 14% of patients[44]. 
Following a pancreatic transplant, technical failure rates might reach 8%. Graft thrombosis, graft pancreatitis, anastomotic leak, and infection are some causes of failure[45,46]. In a recent retrospective, single-center analysis, 114 adult patients who received an SPK between 2005 and 2018 were included. There was an 85.1% pancreas transplant survival rate at 3 mo. Early pancreatic transplant loss was mostly due to pancreatitis (2.6%), necrosis (2.6%), and thrombosis (6.1%). In contrast to patients with a functional pancreas, early pancreatic transplant loss was not linked to a lower chance of survival (P = 0.168) or severe adverse cerebral or cardiovascular events during a 10-year period[47]. Most postoperative problems in the SPK population that necessitate surgical re-exploration are pancreas-related. In a recent study on SPK patients, while 28.2% of patients experienced a major kidney complication, the rate for major pancreas-related complications was 43.6%[48]. 
Even though SPK outcomes have improved dramatically, infectious complications continue to be the leading cause of morbidity and death. Michalak et al[49] reported 102 infections among 51 SPK patients during the posttransplant period. A total of 73 bacterial infections (systemic 13, pulmonary 13, intestinal 8, wound 23), 21 episodes of CMV infection (systemic 20, duodenal site 1), 73 fungal infections (central nervous system 5, gastrointestinal tract 3), and 8 bacterial infections (systemic 13, pulmonary 13, intestinal 8, wound 23) were reported. Some individuals had multiple infections. The overall mortality rate in the study cohort was 24.5%. Most deaths (77%) were due to infectious complications, which included systemic infection (38.5%) and CNS infection (38.5%). The majority of systemic illnesses had a bacterial aetiology and CNS infections had a fungal aetiology. 
Metabolic complications are also a frequent cause of morbidity post-SPK. Within the first six months, transient hyperglycemia may develop because of acute or chronic rejection, pancreatitis, or a significant rise in insulin resistance brought on by weight gain. Post-transplant hyperglycemia has also been associated with immunosuppressant drug side effects, including steroids, calcineurin inhibitors (particularly tacrolimus), sirolimus, and mycophenolate. About 60 to 80% of patients receiving immunosuppressive medication develop hyperlipidemia following solid organ transplantation. Two of the most significant lipid abnormalities seen are high triglyceride levels and low-density lipoprotein cholesterol concentrations. Combined hyperlipidemia is also typical. Many risk factors, including advanced age, obesity, post-transplant weight gain, pre-transplant dyslipidemia, male gender, graft malfunction, proteinuria, newly diagnosed diabetes mellitus, prednisone dose, and the kind of immunosuppressive regimen, might contribute to the development of dyslipidemia following pancreatic transplant. Although tacrolimus and cyclosporine similarly negatively impact lipid metabolism, sirolimus has been linked to larger elevations in triglycerides and cholesterol[50]. The common complications of SPK are displayed in Figure 4.

OUTCOMES 
Survival benefit
For transplants performed in 2018-2019, one-year patient mortality remained low at 2.6%. Ten-year mortality rates among 2010-11 transplant recipients were 20.9% likely reflecting cardiovascular comorbidities in the population. Five-year survival rate was 92.7%[10]. 
Compared with living or deceased-donor kidney transplantation, SPK was associated with improved patient survival, especially in recipients with a long-term functioning pancreatic graft, and resulted in an almost 50% reduction 10-year mortality rate[51]. 

Glycemic control
Following a solid-organ pancreas transplant, the great majority of patients attain total insulin independence in both the short and long terms. Glycemic control outperforms that attained with insulin pumps or islet-cell transplants by a wide margin[52]. A recent study evaluated CGM-derived time in range and glucose variability in 43 patients with SPK. Time in range (TIR) at 5-12 years follow-up was 97.5%. Time above range (TAR) and time below range (TBR) were 2.5% and 3.5% respectively. Thus patients with functional pancreatic grafts exhibit very high TIR and low GV following SPK[53]. In the immediate post-transplant period at 6 wk, Dadlani et al[54] reported a TIR, TAR and TBR of 92%, 7.9% and 0.3% respectively in SPK patients. 

Diabetes-related complications
Diabetic retinopathy: A feared side effect of pancreatic transplantation is the worsening of diabetic retinopathy brought on by abrupt glucose normalisation. There have been conflicting results on retinopathy outcomes after SPK. Chow et al[55] reported a high prevalence of severe proliferative diabetic retinopathy (DR) and blindness at the time of presentation for SPK. This was subsequently stabilised to inactive proliferative DR by appropriate laser therapy followed by metabolic control achieved by SPK. Voglová et al[56] studied 43 pancreatic and kidney recipients for a 12-mo composite endpoint that included the requirement for fresh laser therapy, newly discovered proliferation, macular edema, deteriorating vision, and blindness. This primary goal was attained by 37% of patients, however, the severity was only moderately high. Visual acuity remained constant. The absolute glycated haemoglobin, age, and duration of diabetes mellitus did not significantly differ between patients who met and did not achieve the primary goal, while a greater percentage of patients with deterioration had recently undergone laser therapy. 62.8% of individuals had stable retinal disease. In 26% of cases, visual acuity was noticeably improved. Even though retinal deterioration was observed in more than one-third of individuals, the progression of the condition was unrelated to the degree of metabolic alteration and instead followed the predicted normal course of retinopathy[56]. 

Diabetic neuropathy: Cardiac autonomic neuropathy is a dreaded complication of long-standing uncontrolled diabetes. Argente-Pla et al[57] reported improved cardiac autonomic neuropathy post SPK as evidenced by an improved Valsalva ratio. SPK is been shown to be beneficial for diabetic polyneuropathy in earlier studies. Kennedy et al[58] used muscle action potential and indices of nerve conduction velocity to examine how pancreatic transplantation affected peripheral motor, sensory, and autonomic nerve function. They discovered a notable improvement in motor and sensory indices during a 12-mo follow-up. Martinenghi et al[59] demonstrated that even in the presence of severe polyneuropathy, a persistent normoglycemic condition can enhance nerve function.

Diabetic nephropathy: For most patients with type 1 DM and ESRF, SPK restores normal renal function. According to Fioretto et al[60], characteristics of diabetic nephropathy were restored after 10 years of sustained normoglycemia post-transplant. It greatly decreased the thickness of the mesangial matrix and glomerular basement membrane, and it significantly improved glomerular and tubular lesions. Additionally, a decline in the rate of urine albumin excretion (20 mg/d vs 103 mg/d) was seen, demonstrating improved renal function. Diabetic nephropathy is reported to alter circulating long noncoding RNA levels that normalize following SPK[61]. 

Macrovascular complications: Microvascular diabetic problems are stabilised more frequently following effective SPK, although macrovascular diabetic sequelae and diabetic Charcot neuro-osteoarthropathy have been traditionally thought to progress. Duration of hemodialysis is an important risk factor for adverse cardiac events[62]. However, a recent study showed significant improvements in left ventricular systolic parameters during follow-up in SPK recipients[63]. Another recent study concluded that SPK favorably slows down the development and progression of peripheral vascular disease by maintaining a superior metabolic vascular risk profile[21].

Quality of life: When compared to KTA, it has been demonstrated that SPK improves quality of life (QoL). In addition to avoiding hypoglycemia spells and insulin injections, pancreas transplantation also lowers the risk of developing microvascular and macrovascular complications of diabetes and eliminates the need for glucose monitoring. After correcting for QoL, SPK outperformed KTA or dialysis in terms of cost-effectiveness over five years in a trial on individuals with T1DM and ESRF[64]. The outcomes of SPK are summarised in Figure 5. 

Future perspectives of SPK in the context of islet transplantation
Pancreas transplantation is the best treatment to provide insulin-independence, excellent metabolic control, and an improvement in QoL. Additionally, it may be able to avoid, ameliorate, or even reverse most of the diabetic complications. The technique of pancreas transplantation has shown improvement over time. The factors playing their part in this improvement include intestinal drainage of pancreatic juices, the introduction of calcineurin inhibitors and T-cell depleting agents, and improvements in maintenance immunosuppression with tacrolimus and mycophenolate mofetil. Though the sirolimus-based protocols showed initial promise, their use subsequently declined significantly. 
PTA and PAK are more difficult to monitor. Hence, they carry a high risk of immunological rejection and have less favourable outcomes in comparison to SPK. PAK is effective in those who have had KTA in the past and are now having trouble with achieving glycaemic control and/or management of diabetes-related complications. Thus, PAK is a therapeutic option as a life-preserving procedure that avoids long-term dialysis and mortality on the waitlist and provides the time to find a good pancreas graft after the kidney transplant. On the other hand, PTA is a treatment option for patients with brittle diabetes who suffer from hypoglycaemia unawareness impairing QoL or have difficulty adhering to insulin injection requirements, but with a normal or near-normal renal function. It provides the best one-year patient survival among all whole organ transplants[65]. 
Careful selection of recipients and donors, improvement in surgical techniques, and refinement in immunosuppressive protocols have provided excellent outcomes after pancreas transplantation. Additionally, early detection of postoperative complications through careful observation, and regular imaging, and prophylactic use of antimicrobial agents are possible strategies that would reduce postoperative morbidity/mortality and thereby favour the expansion of existing pancreas transplant programs. Islets constitute only 1%-2% of the pancreas. Therefore, a less invasive procedure with lower procedural morbidity, islet transplantation, involving percutaneous intra-portal infusion of the islets is considered another alternative[17]. 
No trials are comparing the outcomes of islet transplantation (SIK or IAK) vs SPK[17]. Pancreas transplantation is a more acceptable treatment option for patients with ESRF, who are already undergoing a kidney transplantation. On the other hand, islet transplantation is preferred in elderly, frail, and morbid patients who are unfit for pancreas transplantation and in patients with a preference for a less invasive procedure. These two procedures have comparable results in glucose control, avoidance of severe hypoglycaemia, and recovery from hypoglycaemia unawareness. However, the insulin independence rates are ‘slow and low’ with islet transplants in comparison to pancreas transplants depending on the number of islet transplants and the success of engraftments. Multiple donors are needed in islet transplantation, thereby increasing the waiting list. Contrary to pancreas transplantation, obesity in the donor is not a contraindication for islet transplantation[65].

CONCLUSION
For individuals with T1DM and ESRF, simultaneous pancreas and kidney transplantation has become the gold standard of care. In terms of patient survival, graft survival, diabetes complications, and QoL, there is a substantial body of evidence from clinical research that supports the procedure. Only carefully chosen individuals should undergo simultaneous pancreas and kidney transplantation since it is a technically challenging treatment that is linked with serious short-term and long-term complications. The wider adoption of this therapeutic paradigm can be made possible with patient education initiatives and public outreach to foster a charitable culture of organ donation.
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Figure Legends
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Figure 1 Various types of pancreas (red box) and islet (green box) transplantation[7]. SPKT: Simultaneous pancreas-kidney transplant.
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Figure 2 Number of pancreas transplants in the United States between 1966 and 2021[9,10].
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Figure 3 Trends in pancreas transplants in the United States between 1966 and 2021[9,10]. SPK: Simultaneous pancreas-kidney; PAK: Pancreas after kidney; PTA: Pancreas transplant alone.
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Figure 4 Common complications of simultaneous pancreas-kidney. CMV: Cytomegalovirus; HLA: Human leukocyte antigen.
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[bookmark: _GoBack]Figure 5 The outcomes of simultaneous pancreas-kidney. LV: Left ventricular.




Table 1 Current indications and contraindications for simultaneous pancreas-kidney in type 1 diabetes mellitus[11,12,15]
	Current indications for SPK in T1DM

	Confirmed diabetic nephropathy with low or absent C-peptide, on insulin treatment

	Creatinine clearance < 15 mL/min or on dialysis

	Presence of other microvascular or macrovascular complications of T1DM

	Ability to withstand immunosuppression and surgery

	History of compliance with medical advice and treatment

	Absolute contraindications for SPK in T1DM

	Significant cardiovascular disease with severe or non-correctable coronary artery disease

	Cardiac ejection fraction < 50%

	Recent myocardial infarction

	Non-curable malignancy except localized skin cancer

	Active sepsis

	Active peptic ulcer disease

	Severe mental health conditions that can lead to non-compliance

	Inability to survive surgery or immunosuppression due to significant comorbidity

	Relative contraindications for SPK in T1DM

	Cerebrovascular event with long-standing impairment

	Human immunodeficiency virus, hepatitis B and C virus infections

	BMI > 30 kg/m2

	Age > 60 yrs

	Extensive vascular, aortic, and renal artery disease (making surgery high-risk)

	Excessive need for insulin > 1.5 U/kg/d

	Continuous use of alcohol, smoking, and other drugs


T1DM: Type 1 diabetes mellitus; SPK: Simultaneous pancreas-kidney.
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