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31.1             Introduction 

 Beta-cell-penic diabetic patients require insulin therapy, appropriate dietary inter-
vention, and regular exercise in order to achieve tight metabolic control and reduce 
the incidence and the severity of chronic complications of diabetes [ 1 ]. Most patients 
do acceptably well under this therapeutic regimen, but intensive insulin treatment 
does not completely eliminate chronic complications and carries the signifi cant risk 
of hypoglycaemia [ 2 ]. 

 Depending on their severity, diabetic complications may be partially or totally 
reversed by pancreas transplantation, but their development carries negative prog-
nostic implications. Diabetic nephropathy, in particular, decreases life expectancy 
[ 3 – 11 ]. Proteinuria alone produces a 15-fold increase in the risk of heart disease, 
compared with non-proteinuric diabetic patients, and a 40-fold increase, compared 
with the general population [ 4 ,  6 ]. When requiring dialysis, 75 % of insulin- 
dependent diabetic patients do not survive longer than 5 years [ 12 – 20 ]. 

 Simultaneous pancreas-kidney (SPK) transplantation is currently considered the 
preferred therapeutic option in beta-cell-penic diabetic patients with end-stage renal 
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failure. Some patients, however, may initially receive a renal transplant, often from 
a live donor, and subsequently become candidates for a pancreas after kidney 
transplantation.  

31.2     Indications 

 Kidney-pancreas transplantation is indicated in diabetic patients with imminent or 
established end-stage renal disease [ 21 ]. The procedure renders patients free of 
renal failure and provides a physiological means of achieving normoglycaemia, 
which associates with increased life expectancy, elimination of the acute complica-
tions commonly experienced by patients with diabetes, and benefi cial impact on 
long-term vascular complications [ 22 ,  23 ]. 

31.2.1     Diabetes and Its Burden 

 Diabetes is one of the most common chronic diseases in nearly all countries and 
continues to increase in number and signifi cance [ 24 ,  25 ]. The International 
Diabetes Federation reports that the current prevalence of diabetes among adults 
aged 20–79 years in the world is of around 8 %, corresponding to more than 
380 million people, increasing to 592 million people in 2035, in accordance with 
recent estimations [ 25 ]. The disease can be diagnosed by the use of the following 
criteria [ 24 ]: (a) presence of classic symptoms of hyperglycaemia or hyperglycae-
mic crisis and a random plasma glucose value ≥200 mg/dl (11.1 mmol/l); (b) 
fasting plasma glucose (FPG) value ≥126 mg/dl (7.0 mmol/l), with fasting defi ned 
as no caloric intake for at least 8 h before the test; (c) glycated haemoglobin 
(HbA1c) value ≥6.5 % [provided the test is performed in a laboratory using a 
method that is National Glycohemoglobin Standardization Program (NGSP) cer-
tifi ed and standardized to the Diabetes Control and Complications Trial (DCCT) 
assay]; (d) 2-h plasma glucose level ≥200 mg/dl (11.1 mmol/l) during an oral 
glucose tolerance test (OGTT), using a glucose load containing the equivalent of 
75 g anhydrous glucose dissolved in water. In the absence of clear symptoms of 
hyperglycaemia, criteria (b) to (d) should be confi rmed by repeat testing. In addi-
tion, three categories of increased risk for diabetes have been identifi ed: impaired 
fasting glycaemia (IFG) for FPG values of 100–125 mg/dl (5.6–6.9 mmol/l); 
impaired glucose tolerance (IGT), for 2-h plasma glucose on the 75-g OGTT 
between 140 and 199 mg/dl (7.8–11.0 mmol/l); and the situation when HbA1c 
value is 5.7–6.4 % [ 24 ]. For all these three conditions, risk is continuous, extend-
ing below the lower limit of the range and becoming greater at higher ends of the 
range [ 24 ]. On the basis of aetiology and clinical presentation, diabetes is classi-
fi ed into four types: type 1 (caused by autoimmune destruction of the insulin-
producing beta-cells in the pancreas and representing 5–10 % of all cases), type 2 
(characterized by relative insulin defi ciency and insulin resistance, very often 
associated with obesity, and accounting for approximately 90 % of cases), 
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gestational diabetes (with onset or fi rst recognition during pregnancy), and an 
heterogenous group identifi ed as other specifi c types that includes forms due to 
monogenic defects leading to beta-cell failure, genetic defects in insulin action, 
diseases of the exocrine pancreas, endocrinopathies, drugs or chemicals, infec-
tions, uncommon forms of autoimmunity, and other genetic syndromes some-
times associated with diabetes [ 24 ]. 

 Diabetes is associated with high morbidity and increased mortality [ 24 ,  25 ]. The 
disease enhances the risk of heart disease and stroke two- to fourfold, and 50–70 % 
of people with diabetes die of these events. Diabetic retinopathy is a major cause of 
blindness that occurs in approximately 2 % of patients after 15 years of diabetes; 
moreover, about 40–50 % of patients develop severe visual impairment over the 
years. Despite improved therapies, diabetes remains the leading cause of kidney 
failure, and 10–20 % of people with diabetes die of kidney failure (see also below). 
Diabetic neuropathy, in one or more of its several forms, affects up to 50 % of 
people with diabetes, and in combination with reduced blood fl ow, neuropathy in 
the feet increases up to 25-fold the chance of foot ulcers and eventual limb amputa-
tion severalfold. Finally, close to four million deaths in the 20–79 age group may be 
attributable to diabetes in 2010, and the proportion of deaths due to diabetes in 
people under 60 years of age was close to 50 % in 2013 [ 25 ].  

31.2.2     The Role of Kidney-Pancreas Transplantation 

 It is accepted that 20–40 % of diabetic patients develop diabetic nephropathy over a 
period of 25 years from the diagnosis of disease, and 5–15 % progress to ESRD [ 24 , 
 25 ]. Persistent albuminuria in the interval of 30–299 mg/24 h is considered an early 
stage of diabetic nephropathy in type 1 diabetes and a marker for development of 
nephropathy in type 2 diabetes [ 24 ]. Although evidence has been provided to show 
spontaneous remission of albuminuria in this category (up to 40 %) or stabilization 
without progressing to more elevated levels of albuminuria (≥300 mg/24 h) over 
5–10 years of follow-up (30–40 %), the remaining patients will tend to move to the 
more signifi cant levels of ≥300 mg/24 h and will be likely to progress to ESRD 
[ 24 ]. These patients will ultimately require life-sustaining, long-term renal replace-
ment therapy, either in the form of dialysis or kidney transplantation. In the pres-
ence of type 1 diabetes, and in selected cases of type 2 diabetes, patients could 
benefi t of a kidney-pancreas transplantation. The fi rst kidney and pancreas trans-
plant was performed in 1966 by William Kelly and Richard Lillehei at the University 
of Minnesota, USA [ 26 ]. Since then, more than 40,000 pancreas transplants have 
been performed worldwide [ 27 ]. Of them, >80 % have been done in patients with 
kidney failure who therefore have undergone a simultaneous pancreas-kidney (SPK) 
transplantation. In approximately 10 % of cases, a kidney transplant has been per-
formed fi rst, followed by a pancreas after kidney transplant (PAK) because of poor 
glycaemic control or progression of chronic vascular diabetic complications, includ-
ing the possible development of diabetic nephropathy in the transplanted kidney. In 
many cases (75 % in 2012), recipients of a PAK have fi rst undergone a living donor 
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kidney transplant [ 27 ]. The remaining 8–10 % of pancreas transplants (pancreas 
transplant alone, PTA) have been done in diabetic patients with preserved renal 
function, but experiencing extreme diabetes instability and/or progressive vascular 
diabetes complications [ 28 ,  29 ]. In PTA, patients may develop end-stage renal dis-
ease due to the nephrotoxic effects of immunosuppressive drugs (calcineurin inhibi-
tor in particular), which, in turn, may lead to a subsequent kidney transplantation 
(around 6 % at 5 years) [ 29 ]. Renal function before PTA is a strong predictor of 
end-stage renal disease after PTA, with cumulative risk at 10 years increasing from 
21.8 % with pre-PTA estimated glomerular fi ltration rate (eGFR) of ≥90 ml/
min/1.73 m 2  to 52.2 % with eGFR <60 ml/min/1.73 m 2  [ 30 ]. In the SPK and PTA 
categories, 1- and 5-year patient survival is of around 95 % and >80 %, respectively, 
and the corresponding kidney graft survivals are of approximately 95 % (1 year) and 
80 % (5 years) [ 27 ]. The current 1- and 5-year survival rates for the pancreatic graft 
are 89 and 71 % in SPK, 86 and 65 % in PAK, and 82 and 58 % in PTA, with a clear 
trend to further improvements [ 27 ,  28 ,  31 – 33 ].  

31.2.3     Criteria for Kidney-Pancreas Transplantation 

 Since kidney-pancreas transplantation has benefi cial effects on life expectancy, 
course of microvascular and macrovascular diabetes complications, and quality of 
life [ 27 ,  28 ,  31 – 33 ], the procedure is indicated in type 1 diabetic patients with end- 
stage renal disease (on dialysis or in the pre-emptive stage), in whom the risks of 
surgery and immunosuppression are deemed acceptable and lower than those of 
dialysis therapy and scarcely effective insulin therapy. Selected type 2 diabetic 
patients (not obese, with progressive vascular diabetic complications) can also be 
considered [ 27 – 29 ,  34 ]. Indications and admission criteria for kidney-pancreas 
transplantation in our centre, which are based on available evidence [ 27 – 29 ,  31 – 34 ], 
are as follows: end-stage renal disease (on haemodialysis or peritoneal dialysis) and 
type 1 diabetes [selected type 2 diabetic patients (not obese and with chronic diabe-
tes vascular complications) may also be considered]; chronic renal failure (before 
dialysis – pre-emptive – with measured LOW glomerular fi ltration rate) and type 1 
diabetes [selected type 2 diabetic patients (not obese and with chronic diabetes vas-
cular complications) may also be considered]; severe nephrotic syndrome and type 
1 diabetes [selected type 2 diabetic patients (not obese and with chronic diabetes 
vascular complications) may also be considered]; acceptable surgical and immuno-
suppressive therapy risks; appropriate psychosocial attitudes; age <60 years; the 
absence of additional exclusion criteria. The latter that may be permanent or tempo-
rary include HIV positivity [with the exception of admission in specifi c protocols 
[ 35 ]], neoplasms (also depending on tumour type and biology, activity, clinical and 
pathologic stage, duration of disease-free period), infections, severe heart diseases 
and/or polidistrectual atherosclerosis, severe chronic respiratory failure, liver fail-
ure, uncorrectable urinary tract abnormalities, bilateral iliac vein thrombosis, 
chronic coagulopathies, psychiatric diseases, mental retardation, drug addiction 
(including chronic ethylism), and severe obesity.   
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31.3     Timing 

 Diabetic patients do poorly under dialysis. As a consequence, the earlier the trans-
plant, the better the result. 

 An analysis on 6,496 patients showed that pre-emptive SPK ( n  = 1,466) was 
associated with an adjusted 17 % reduction (HR = 0.83; 95 % CI, 0.69–0.98; 
 p  = 0.042) in the rate of kidney allograft failure compared to non-pre-emptive 
SPK. The benefi t of pre-emptive SPK persisted with the composite outcome of mor-
tality from any cause or kidney allograft loss, irrespective of the modality used to 
deliver chronic dialysis [ 36 ]. 

 Becker et al. reported a registry analysis on 11,825 type I diabetic patients who 
underwent a fi rst kidney transplantation alone or SPK transplantation. Most patients 
( n  = 10,118) had non-pre-emptive transplantation (living donor kidney = 2,438; 
deceased donor kidney = 3,375; deceased donor SPK = 4,305). The remaining 1,707 
patients were transplanted pre-emptively (living donor kidney = 714; deceased 
donor kidney = 169; deceased donor SPK = 824). Pre-emptive SPK was associated 
with a lower risk for graft loss (adjusted risk ratio [RR] graft failure, 0.79;  p  = 0.01) 
compared with non-pre-emptive SPK. Further, pre-emptive SPK conferred a signifi -
cantly lower adjusted mortality risk [RR 0.50 ( p  < 0.001)] [ 37 ]. 

 Wiseman et al. reported an OPTN/UNOS analysis on type I diabetic recipients 
who received either a live donor kidney transplant ( n  = 1,381) or an SPK ( n  = 5,441). 
Overall, 2,027 patients were transplanted pre-emptively, including 1,529 SPK recipi-
ents. The remaining 4,795 patients were transplanted after initiation of chronic dialy-
sis, including 3,912 SPK recipients (1,700 < 1 year of dialysis; 2,212 after 1–2 years 
of dialysis). Graft survival was improved in pre-emptive SPK (7-year unadjusted 
graft survival 77 %) as compared to either <1 year of dialysis SPK (70 %;  p  = 0.05) 
or 1–2 years of dialysis SPK (73 %;  p  <= 0.02). Patient survival was also improved in 
pre-emptive SPK (7-year unadjusted survival 89 %) as compared to either <1 year of 
dialysis SPK (84 %;  p  = 0.01) or 1–2 years of dialysis SPK (84 %;  p  < 0.001) [ 38 ].  

31.4     Donor Selection 

 Since the results of SPK are strongly infl uenced by the quality of the donor, most 
transplant centres adopt a restrictive policy to accept pancreas grafts. However, if on 
one hand this policy is likely to improve the outcome of SPK in the individual 
patient, on the other, it widens the gap between the number of the patients on the 
waiting list and those who are actually transplanted. Expansion of criteria for donor 
acceptance should therefore be considered. 

 Most pancreas grafts are currently obtained from deceased, heart-beating, 
donors. The use of live donors has also been described [ 39 ], and donation after car-
diac death is increasingly used especially in the USA [ 40 ] and in the UK [ 41 ]. 

 The suitability of a pancreas donor is based on general criteria common to all organ 
procurements as well as on specifi c pancreas-related factors. Probably the single most 
relevant factor to determine pancreas suitability for transplantation is inspection by an 
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experienced pancreas transplant surgeon, despite being a subjective criterion that can-
not be standardized. The prototype pancreas donor is a brain- dead donor, aged 
between 10 and 45 years, with a BMI ≤30 kg/m 2 , who died for causes other than 
cerebrovascular [ 42 ,  43 ]. Additional factors that play a major role are duration of stay 
in the intensive care unit, use of high-dose vasopressors, history of cardiac arrest, and 
hypernatraemia. These parameters have also been used to construct risk scores for 
pancreas donation (i.e. the Pre-Procurement Pancreas Suitability Score [P-PASS] and 
the Pancreas Donor Risk Index [P-DRI]) [ 42 ,  44 ]. The predictive value of these scores, 
and hence their practical utility, remains to be determined. 

 Donor age is a very important variable. Very young donors are carefully consid-
ered because of the small size of the graft and the increased risk of thrombosis, 
because of the small size of the vessels. Most centres accept pancreas grafts from 
donors with a minimum weight of 30 kg. The use of donors older than 45 years, on 
the other hand, is known to increase the risk of technical graft failure [ 45 ]. 

 Cause of death is another important factor. The “ideal” pancreas donor is a young 
trauma victim with no associated morbidity. Also young patients who died from 
intracranial bleeding, because of congenital cerebral aneurysm, are good pancreas 
donors. Death from ischemic stroke, instead, is associated with the presence of mul-
tiple comorbid factors, such as hypertension and atherosclerosis, that are known to 
negatively infl uence the result of SPK. 

 Hyperglycaemia, in the absence of history of diabetes, is often seen in brain-dead 
donors and, per se, does not contraindicate pancreas donation. Similarly, hyperamy-
lasaemia does not necessarily correspond to pancreas damage in the absence of 
specifi c risk factors. Hyperamylasaemia is often caused by salivary gland trauma. 

 Vasopressors are commonly used in brain-dead donors to maintain satisfactory 
tissue perfusion. However, the use of powerful high-dose vasoconstrictor agents 
(e.g. epinephrine or norepinephrine) is considered a relative contraindication by 
many transplant surgeons. History of cardiac arrest, if short lived and successfully 
reversed, does not contraindicate pancreas donation. 

 Donor obesity is often considered a contraindication. In particular, grafts with 
fatty degeneration are considered more likely to develop posttransplant pancreatitis, 
thrombosis, and infection. Despite the lack of a clearly defi ned cutoff level, donor 
BMI above 30 kg/m 2  is usually considered a signifi cant risk factor and donor BMI 
above 35 kg/m 2  an absolute contraindication. 

 Regarding organ allocation, AB0 group compatibility and negative crossmatch 
are usually required, while HLA matching is not critical for SPK transplants.  

31.5     Surgical Techniques 

31.5.1     Pancreas Procurement and Back-Table Preparation 
of the Graft 

 The University of Wisconsin solution, originally developed as a preservation solu-
tion for pancreas transplantation [ 46 ], remains the “gold standard” for preservation 
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of pancreas grafts. HTK [ 47 ] and Celsior [ 48 ] solutions, originally developed for 
cardioplegia, are also used for pancreas preservation. If cold ischaemia is main-
tained within 12 h, pancreas grafts are preserved equally well irrespective of the 
type of preservation solution. 

 Pancreas retrieval is usually performed in multiorgan donors. All suitable donors 
should be pancreas donors, irrespective of variations in hepatic vasculature. 
Exceptions to this rule can occur because of special needs of the liver recipient or 
organizational issues. 

 Techniques for pancreas procurement can be summarized into two main strate-
gies: quick en bloc procurement after minimal normothermic dissection [ 49 ] and 
extensive warm dissection followed by individual graft retrieval [ 50 ]. The fi rst tech-
nique is mandatory if the donor in unstable and is often preferred because of limited 
graft manipulation and lower risk of iatrogenic injury to both the pancreas and 
hepatic vasculature [ 49 ]. 

 As previously mentioned, pancreas inspection and quality of visceral perfusion 
play a major role in determining pancreas suitability for transplantation. Grafts with 
fi brosis and/or calcifi cation, intralobular fat, and severe oedema should be discarded. 

 With few exceptions, pancreas allografts are composed by the entire pancreas 
plus a duodenal segment. At the back table, the pancreas graft must be carefully 
prepared by cleaning excessive fat, preparing vascular pedicles, trimming duodenal 
segment, and removing the spleen. 

 Since the celiac trunk and the hepatic artery go with the liver, creation of a single 
anastomotic pedicle requires the use of a Y-bifurcated iliac graft, made of common, 
external, and internal donor iliac arteries. The peripheral branches of the Y-shaped 
graft are anastomosed end-to-end to the stumps of the superior mesenteric artery 
and the splenic artery. Despite the patency of one of these two large arteries that is 
usually suffi cient to supply the entire pancreas graft and duodenal segment, varia-
tions in the origin of the dorsal pancreatic artery and intraparenchymal vasculature 
can produce segmental graft infarction after occlusion of one large arterial pedicle. 
To verify the presence of valid collateral circulation, a small amount of preservation 
solution can be injected in one of the two arteries. Brisk backfl ow from the other 
arterial pedicle, as well as outfl ow from the portal vein, indicates satisfactory col-
lateral circulation. The absence of arterial backfl ow requires revascularization of the 
gastroduodenal artery [ 51 ]. 

 The duodenal segment is trimmed at the appropriate length and closed by a sta-
pler. Closures are reinforced and inverted. We prefer to place a Foley catheter in the 
duodenal segment to provide temporary drainage of pancreatic juice after reperfu-
sion in order to avoid duodenal overdistension [ 49 ].  

31.5.2     Graft Implantation 

 Most of the surgical challenges associated with pancreas transplantation revolve 
around the high risk of vascular thrombosis and the diffi cult management of exo-
crine secretions. Despite improved results, no surgical technique, and even no single 
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surgical step, has achieved universal acceptance [ 52 ]. The incision is usually a mid-
line laparotomy, but the two grafts can also be transplanted through two separate 
iliac, hockey stick, incisions. The graft can be placed “head up” or “head down”, in 
the pelvis, right fl ank region, or over the mesenteric root. Venous effl uent can be 
achieved either in the portal or systemic circulation. 

 Typically, the pancreas is transplanted on the right side, because of the more 
convenient venous anatomy, and the kidney on the left iliac fossa. Ipsilateral SPK 
transplantation can also be accomplished, to spare one iliac axis or because of spe-
cifi c recipient needs. Exocrine secretions can be drained in the bladder or in the gut. 
Enteric drainage occurs in the small bowel either directly or through a Roux-en-Y 
loop. Newer techniques include direct anastomosis with recipient duodenum [ 53 ] or 
stomach [ 54 ]. Alleged advantages of these methods include direct access to donor 
duodenum for endoscopic biopsy, but concerns remain on safety, especially when 
recipient duodenum is involved, if allograft pancreatectomy becomes necessary. 

 Recently, we have described the technique for laparoscopic robot-assisted, pan-
creas transplantation including SPK transplantation [ 55 ,  56 ]. The advantages of a 
minimally invasive approach would seem obvious in the fragile diabetic recipient, 
but safety and effi cacy of this newer technique need to be further assessed. 

 Kidney transplantation employs standard techniques, but if performed through a 
transperitoneal approach, the graft should be fi xed in order to avoid twisting around 
the renal pedicle [ 57 ]. 

 Cold ischaemia time exceeding 20 h has long been recognized a negative prog-
nostic factor for the occurrence of surgical complications after pancreas transplanta-
tion. A growing burden of evidence shows that cold ischaemia time should actually 
be reduced to 12 h or less, especially when using less than ideal donors [ 43 ].   

31.6     Postoperative Management and Outcome 

31.6.1     Immunosuppression 

 Despite recent improvements, the results of pancreas transplantation continue to be 
challenged by high rejection rates [ 58 ]. Because of this concern, the use of T-cell 
depleting antibody induction is often employed. 

 Maintenance immunosuppression regimens are based on steroids, tacrolimus, 
and mycophenolate in more than 80 % of cases [ 59 ,  60 ]. The switching to cyclospo-
rine and/or mammalian target of rapamycin is considered to reverse the side effects 
related to the standard regimen or under individual circumstances [ 61 ,  62 ].  

31.6.2     Postoperative Care 

 After the transplant, recipients are monitored in the postanaesthesia care unit or 
intensive care unit. Ventilatory and haemodynamic assessment is paramount during 
recovery. A complete blood count, complete chemistry, coagulation profi les, chest 
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radiograph, and EKG are routinely obtained. Vital signs, oxygen saturation, and 
urine output are checked frequently. The fi rst 24–48 h posttransplant is of over-
whelming importance. 

 During this early period most of the efforts are focused to avoid vascular throm-
bosis. Although there is no agreed protocol for anticoagulant prophylaxis, most 
centres use early heparin infusion followed by oral antiplatelet agents. Antimicrobial, 
antifungal, and antiviral prophylaxis are also used routinely.  

31.6.3     Major Posttransplant Complications 

 The propensity of the pancreas to vascular thrombosis, the need to manage exo-
crine secretions, and the high burden of medical comorbidities associated with 
diabetes and uraemia have all compounded the historical high rate of early com-
plications after pancreas transplantation. Despite not all these complications are 
caused by a surgical error or misadventure, they are usually referred to as “surgi-
cal complications” because they often require surgical reintervention. Incidence 
has declined over time, but approximately 20 % of recipients still require at least 
one relaparotomy after pancreas transplantation [ 63 ]. Surgical complications 
remain the leading cause of early graft loss [ 64 ], now occurring in less than 5 % 
of pancreas transplants [ 63 ]. Graft survival, but not patient survival, is reduced by 
surgical complications [ 63 ]. 

 The risk of major, potentially life-threatening, complications persists long term 
in fewer than 3 % of recipients in the form of pseudoaneurysm or arterioenteric 
fi stula [ 65 ]. Chronic rejection may trigger these catastrophes [ 66 ,  67 ].  

31.6.4     Follow-Up 

 Follow-up is key to the success of all solid organ transplants and in particular to 
SPK which couples the challenges of all other transplants (i.e. therapeutic noncom-
pliance, infections, rejection, etc.) to the specifi c challenges posed by transplanting 
diabetic patients (i.e. presence of established secondary complications, risk of auto-
immune reactivation, etc.). In a modern transplant centre, follow-up after SPK 
should be multidisciplinary. 

 In the early posttransplant period, follow-up focuses on prevention of vascular 
thrombosis, prevention and treatment of infections, achievement and maintenance 
of therapeutic drug levels, and monitoring for rejection. The lack of reliable markers 
for pancreas rejection remains a major issue. When pancreatic rejection is sus-
pected, despite seemingly good renal function, pancreas biopsy is the only tool to 
achieve a reliable diagnosis. 

 In the long-term period, besides all needs associated with the follow-up of kid-
ney transplant recipients, SPK recipients should be followed up regarding the evolu-
tion of secondary complications of diabetes. Death with functioning grafts remains 
a major issue in the long-term period. SPK recipients should therefore be strongly 
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encouraged to adopt a healthy lifestyle, in order to reduce their inherent high cardio-
vascular risk profi le. 

 Recent evidence suggests also the need, besides standard immunologic follow-
 up, to closely monitor SPK with regard to de novo donor-specifi c anti-HLA anti-
bodies [ 68 ]. 

 Recurrence of autoimmunity is a further possibility that should be born in mind 
in this recipient population, as it could occur much more frequently than previously 
believed [ 31 ].  

31.6.5     Outcome 

 Patient and graft survival rate for primary SPK transplant constantly improved over 
the last several years and now exceed 95 and 85 %, respectively [ 69 ]. The half-life 
of pancreas grafts now averages 16.7 years, achieving the longest duration found 
among extrarenal grafts [ 70 ] and nearly matching that of renal grafts from deceased 
donors [ 71 ]. 

 Infection is the leading cause of death in the early posttransplant period, while 
cardiovascular events become prevalent long term. Other relevant causes of death 
are haemorrhage and malignancy [ 69 ]. 

 Graft loss has a strong impact on the relative risk (RR) of recipient death. When 
the renal graft fails, the RR of recipient death increases almost 11-fold. When the 
pancreas fails, the RR of recipient death increases almost threefold. The RR of 
recipient death is also increased by patient age (≥45 years) and the need for pre-
transplant dialysis or previous kidney transplant [ 69 ]. 

 Vascular complications, intra-abdominal infections, and graft pancreatitis can 
cause pancreas loss, but the leading cause of pancreas failure remains rejection [ 72 , 
 73 ]. Autoimmunity can also induce graft loss [ 74 – 77 ]. 

 The diagnosis of pancreatic rejection can be proven only by core biopsy. A rise 
in serum creatinine can herald pancreatic rejection (the so-called sentinel kidney), 
but isolated pancreatic rejection has also been described [ 78 ]. An increase in serum 
amylase and lipase can be a further sign of pancreatic rejection, but it is not specifi c. 
Hyperglycaemia refl ects islet destruction or severe isleitis and, as such, is a very late 
marker of rejection. 

 Antibody-mediated rejection (AMR) can also occur [ 79 ]. Pancreatic AMR is a 
combination of serological and immunohistological fi ndings consisting of DSA 
detection, morphological evidence of microvascular injury, and C4d staining in 
interacinar capillaries. 

 Recurrence of autoimmune disease can also occur despite immunosuppression 
[ 75 ,  80 ]. A possible interplay between AMR and autoimmune recurrence has also 
been described [ 80 ,  81 ]. Recurrence of autoimmunity occurs with isolated hyper-
glycaemia, without functional impairment of renal allograft or elevation of pancre-
atic enzymes. In these patients, islet cell autoantibodies against GAD, IA-2, and 
ZnT8 antigens have persisted, have increased, or have reappeared after pancreas 
transplantation [ 74 ,  75 ,  77 ]. These antibodies are accompanied by circulating 
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autoreactive CD4 or CD8 T cells. Biopsy shows insulitis and beta-cell loss without 
the features typically associated with allograft rejection. The rise of autoantibodies 
precedes hyperglycaemia by several years. Treatment options are nonspecifi c and 
include more sophisticated immunosuppressive therapies to target T cells, B cells, 
and autoantibodies. Plasmapheresis may also be used [ 74 ,  75 ].  

31.6.6     Infections and Malignancies 

 Despite improved results, malignancies and bacterial, viral, and fungal infections 
remain a signifi cant cause of mortality and morbidity [ 82 ]. 

 The occurrence of viral infections may be facilitated to the fact that most diabetic 
patients have an impaired immune system and may not produce antibodies against 
cytomegalovirus and Epstein-Barr virus [ 83 ]. 

 Posttransplant proliferative disorder (PTLD) is the most common malignancy 
after SPK, but the incidence of other cancers is also increased being three- to fourfold 
higher compared with matched and healthy population [ 84 ]. The cumulative inci-
dence of PTLD from SRTR/Annual Data Report at 4 years is 0.9 % after SPK [ 58 ]. 

 Polyomavirus (BK) can induce a severe nephropathy (BKVN) and is an impor-
tant cause of renal graft loss following SPK. Routine screening for BK viraemia and 
an early treatment in case of positivity may protect from BKVN development. 
Recent data have shown that CNI and mycophenolate reduction and introduction of 
lefl unomide may be important to block BK reactivation [ 85 ].      
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