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END STAGE RENAL DISEASE AND DIABETES 

The number of individuals affected by renal disease continues to increase steadily in the United 
States and most other countries around the world (1>. Based on data from the 3rd National Health and 
Nutrition Examination Survey (NHANES III), it is estimated that among the U.S. non
institutionalized population 10.9 million people have creatinine values of 1.5 mg/dl or greater (2) . 

According to the USRDS registry, the incidence of new cases of ESRD in the U.S. continues 
increasing at about 7% per year. The number of patients receiving treatment for ESRD now exceeds 
300,000 in the U.S. (I) 
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Figure 1: Incidence of Reported ESRD 
(Adapted from USRDS, ADR 2000) 

Diabetes is the leading cause ofESRD in the United 
States and has become increasingly important in 
most other industrialized nations. ( 1.3.4.SJ The 
incidence of new cases ofESRD from diabetes in the 
U.S. (adjusted for age, gender and race) continues to 
increase at about nine percent per year. Diabetes is 
now responsible for close to half of all new cases of 
ESRD. (IJ (See Figure 1.) Reasons for the increased 
incidence of diabetic ESRD include the rise of 
diabetes in the general population, better survival of 
diabetic patients from non-renal complications and 
increased referrals of diabetic patients for renal 
replacement therapy. <

1
•
4
> 

Diabetic patients with ESRD suffer from high morbidity and mortality. Coronary artery disease, 
cardiomyopathy, peripheral vascular disease, retinopathy, neuropathy, autonomic dysfunction, 
myopathy, depression and other complications associated with diabetes persist and/or progress 
during ESRD. <

6
•
7

> Diabetic patients with ESRD have more hospital admissions and hospital days per 
year than non-diabetic patients. (IJ 

Patients with ESRD from diabetes have higher mmiality rates from multiple causes including cardiac 
and cerebrovascular disease, sepsis and withdrawal from dialysis compared to non-diabetic patients 
<
6

•
7>. Poor nutrition and suboptimal dialysis have been noted to be important factors in the lower 

survival of diabetics on dialysis. <8•
9>. On a positive note, improvements in the care of diabetic ESRD 

patients have led to reductions in mortality rates in the last few years. <'·4> 

RENAL REPLACEMENT THERAPY FOR THE DIABETIC PATIENT 

Dialysis and renal transplantation are therapeutic options which can prolong life and offer substantial 
rehabilitation for diabetic patients with renal failure. More than 3/4 of all diabetic patients with 
ESRD receive dialysis as their form of renal replacement therapy. (IJ (See Figure 2.). 

Historically, patient and graft survival rates for diabetic renal transplant recipients have been lower 
than for non-diabetic patients. <10

•
11

•
12

•
7
> Nevertheless, recent reports have noted excellent patient and 
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Figure 2: Renal Replacement Therapy 
for Diabetes 

(Data from USRDS ADR 2000) 

graft survival rates for diabetic renal transplant recipients 
and which are now similar, at least short-term, to those 
seen in non-diabetic renal transplant recipients. <' 3

l Long
term, however, death with graft function is more 
common for diabetic patients than for patients with 
ESRD from other causes <' 4>. 

Diabetes has now become the leading disease among 
renal transplant recipients. 113>. Most studies comparing 
the survival for patients treated for ESRD with dialysis 
or renal transplantation have been limited by a selection 
bias as younger and healthier patients usually undergo 
transplantation while the older and sicker patients remain 
on dialysis . <

6>. Using data from the USRDS and the 
Transplant Scientific Registry of the United Network for 
Organ Sharing (UNOS), Wolfe and colleagues compared 
the mortality rates of recipients of a first cadaveric renal 
transplant with that of patients on dialysis on the waiting 

list for renal transplantation. <' 5>. This approach reduces the selection bias of comparisons between 
transplant recipients and dialysis patients who may not be healthy enough to undergo transplantation. 
As expected, the patients eligible for transplantation were healthier and had a 49% lower mortality 
than those who were not on the waiting list for transplantation. The patients tmdergoing renal 
transplantation had a higher mortality rate early after transplantation (related to surgery and high 
intensity immunosuppression). By 18 months after transplantation however, recipients of a renal 
transplant had a mortality risk estimated to be 68% lower than that for the patients on the waiting 
list. The projected increase in life span conferred by transplantation was I 0 years. <'5>. Diabetic 
patients had a 73% reduction in their mortality risk by 18 months after transplantation compared to 
those diabetic patients remaining on the waiting list. The projected increase in life span for all 
diabetic patients was 11 years and for young diabetics (20-39 years of age) was 17 years. (IsJ. (See 
Figure 3.) 
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Although in the absence of a randomized trial it is 
difficult to establish causation between renal 

• Transplant transplantation and superior survival for diabetic 
• Dialysis patients with ESRD, it is unlikely that such a study 

will ever be conducted <' 6>. The observations of the 
great benefit of transplantation upon survival for 
diabetic patients with renal failure makes 

All All Diabetics transplantation the prefen-ed therapy for these 
Patients Diabetics 120-39 yrs) patients. Moreover, for all patients with ESRD, and 
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A functioning renal transplant permits superior rehabilitation than dialysis for diabetic patients with 
ESRD <7l. Patients with diabetes and renal failure report better health and quality of life after 
transplantation <

19
l. 

PANCREAS TRANSPLANTATION 

Current Options and Outcomes 

Intensive therapy with insulin delays the onset and slows the progression of diabetic nephropathy, 
retinopathy, and neuropathy in patients with type I diabetes <20

.2
1
l. The beneficial effects of insulin 

therapy in preventing diabetic complications occur in association with improved glycemic control 
<
20l. Successful pancreas and islet transplantation are currently the only therapies that can reliably 
achieve normoglycemia by reestablishing endogenous insulin secretion responsive to normal 
feedback regulation <22

•
23

•
24

•
25

•
26l. Pancreatic allograft transplantation is an accepted form of treatment 

for patients with type I diabetes who require renal replacement therapy <27
•
28

l. Recent progress in the 
field of islet transplantation may soon lead to its progressive introduction into clinical medicine. 

A successful pancreas transplant improves quality oflife by reestablishing insulin independence and 
reducing or eliminating hypoglycemic episodes <

27
·
24

·
25l. There are several options regarding 

transplantation of the pancreas in a diabetic patient <
22

·
27

•
29l. (See Table 1.) In simultaneous 

pancreas/kidney transplantation (SPK) the pancreas transplant is performed at the same time as the 
kidney transplant in diabetic patients with renal failure. Only one surgical procedure is required and 
immunosuppression is used to prevent both pancreas and kidney allograft rejection. 

Pancreas Transplantation 

1. Simultaneous Pancreas Kidney (SPK) 

2. Pancreas After Kidney (P AK) 

3. Pancreas Transplant Alone (PTA) 

4. Simultaneous Pancreas-Living Kidney 
(SP-LK) 

5. Simultaneous Pancreas Kidney- Living 
Donor (SPK-LD) 

Table I 

Pancreas after kidney transplantation (P AK) is 
performed in diabetic patients who have previously 
undergone renal transplantation. Advantages include 
the excellent short and long-term kidney graft 
survival associated with living donor transplantation 
(in those patients with a living kidney donor), shorter 
time or avoidance of dialysis and potentially shorter 
waiting times for the pancreas transplant <

29
.3°l. The 

main disadvantage is that it involves a second 
surgical procedure. 

Pancreas transplantation alone (PTA) is solitary transplantation of the pancreas and is used in 
individuals who have not suffered from end organ damage from diabetes and can potentially benefit 
from prevention of future diabetic complications <29

•
31

l. The main concerns for this group of patients 
relate to the risk of surgery and post transplant immunosuppression. PTA is considered for patients 
who have frequent and severe metabolic complications, incapacitating clinical and emotional 
problems with exogenous insulin therapy and consistent failure of insulin based management to 
prevent acute complications <22

•
27l. 

Recently, simultaneous cadaver-donor pancreas and living-donor kidney (SPLK) has been introduced 
as another option <32

). The main advantages include shorter waiting times and decreased rates of renal 
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delayed function (with a potential for better short and long-term survival of the renal graft) and 
expansion of the organ donor pool. 

Finally, simultaneous pancreas/kidney transplant from living donors (SPK-LD) using one kidney and 
segment of the pancreas from one living donor is another option <33

.3
4>. Potential advantages include 

better matching, lower risks of rejection and elimination of waiting time <33>. The main disadvantage 
is the risk ofhemipancreatectomy for the do.1or. This procedure is uncommon. 

Data from UNOS and the International Pancreas Transplant Registry (IPTR) show that the total 
number of pancreas transplants continues to increase each year <

35
.3

6
) (Figure 4). The majority of 

transplants are SPK but the proportion of P AK has increased significantly to more than 1 0% per 
year. PTA constitute about 4-5 %of all pancreatic transplants per year <36>. 
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Figure 4: Annual Number of Pancreas Transplants 
(Adapted from UNOS, Annual Report 2000) 

The first pancreas transplant was 
performed in The University ofMinnesota 
in 1966 <37l. Progress was initially slow due 
to low rates of patient and graft survival. 
Advances in immunosuppression, surgical 
techniques and medical management of 
transplant recipients have made possible 
the enormous progress m pancreas 
transplantation in the last 3 decades 
(23,38,39,40) 

Many excellent reviews describe the 
technical aspects of renal transplantation <

4
'.2

2
·
40l. The pancreas allograft with the small portion of 

duodenum from the donor is usually placed intraperitoneally in the right iliac fossa. 

The arterial anatomy is reconstructed performing a Y graft using the donor iliac arteries in which the 
donor hypogastric artery is anastomosed to the splenic artery and the donor external iliac attery is 
anastomosed to the superior mesenteric artery. The final arterial anastomosis is performed with the 
donor Y graft end-to-side to the recipient's right external iliac artery or common iliac artery C

4 '>. 

Venous drainage is usually from the portal vein of the pancreatic allograft end-to-side to the external 
iliac vein of the recipient <

4 'l. This systemic venous drainage of the pancreas is associated with 
hyperinsulinemia as insulin bypasses degradation by the liver <23>. 

There are several options for drainage of the exocrine pancreas. In the early days of pancreas 
transplantation duct occlusion, free intraperitoneal drainage and enteric drainage of the exocrine 
pancreas were accompanied by multiple complications <

38
·
40l. Enteric drainage modalities were 

associated with high rates of anastomotic leaks, abscess formation and sepsis <42
·
40l. 

The introduction of bladder drainage of the exocrine pancreas was a major step in the progress of 
pancreas transplantation in the 1980's <39l. In bladder drainage the donor pancreas with a segment of 
donor duodenum containing the exit of the pancreatic duct is anastomosed side-to-side to the bladder 
of the recipient (pancreaticoduodenocystostomy). Anastomotic leaks commonly associated with 
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rejection of the donor duodenum are less frequent in the setting ofbladder drainage of the pancreas. 
Another advantage ofbladder drainage of the pancreas is that monitoring of urinary amy lase can help 
detect pancreas graft rejection c40

•
42l. Bladder drainage of the pancreas is however associated with 

significant morbidity . Medical complications related to the urinary loss of sodi urn and bicarbonate 
contained in pancreatic secretions include volume depletion and a non-anion gap metabolic acidosis 
(43,44 ,45) 

Urologic complications occur from prolonged exposure to pancreatic enzymes and persistently 
alkaline urine and include urinary tract infections, hematuria, duodenitis, (calcium) bladder stones, 
cystitis, urethritis, reflux pancreatitis, and urine leaks c26

•
46

•
47

•
48l . Chronic complications of bladder 

drainage lead to conversion from bladder drainage to enteric drainage in close to 10% of cases during 
the first year and more than 20% on long term follow-up C

36
•
40

·
47

l. 

Enteric drainage of the pancreas avoids the metabolic and urologic complications of bladder 
drainage. Two important advances have made the widespread change to enteric drainage possible. 
First, the development of better immunosuppression has lead to reductions in the rates of acute 
rejection of the pancreas C40l. Second, the use of pancreatic allograft biopsies makes it possible to 
reliably diagnosis rejection even when urinary amylase cannot be monitored with enteric drainage 
( 49 ,50,5 I ,52) 

In enteric drainage, the pancreas allograft with a segment of donor duodenum is anastomosed side
to-side to the recipient's small bowel (usually ileum) c41 >. In some cases the donor duodenum is 
anastomosed distally end-to-end to a diverting Roux-en-Y limb of recipient jejunum c45

·
53 l. In portal 

venous and enteric drainage (PE) the portal vein of the pancreas graft is anastomosed end-to-side to 
a major tributary of the superior mesenteric vein of the recipient c45

•
53>. Patients with PE drainage do 

not have the levels ofhyperinsulinemia seen in patients with systemic venolts drainage c
44

l . 

Although uncommon until the mid 1990's, enteric drainage is now the most common method for 
drainage of the exocrine pancreas c

36l. Portal enteric drainage is used in about 20% of cases with 
enteric drainage c36>. Short- term results of pancreatic transplantation using bladder drainage, enteric 
drainage and portal enteric drainage of the pancreas are similar C45

•
53

•
54

•
55l . 

The outcomes of pancreas transplantation have progressively improved for all categories (SPK, 
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Figure 5: Pancreas Graft Survival 
(Data from IPTR, Clin Transp 1999) 
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P AK, PTA) in the last decade. Cun·ently, the 
one year pancreas graft survival rates are as 
high as 85% for many patients C36l. (See Figure 
5.) For patients with pancreatic transplants 
that function at one year very few lose their 
grafts each succeeding year cs6l. 

The majority of pancreas transplant recipients 
are reported as having type I diabetes, but 
nearly 4% have type II diabetes <36l. Short-term 
outcomes appear to be similar for patients 
with type I and type II diabetes C36

•
57

·
43 l. 



Causes of Pancreas Graft Loss 

Pancreas graft failure can occur because of technical/surgical complications, rejection, patient's death 
with a functioning transplant, recurrence of autoimmune diabetes or development of type II diabetes 
(40,36,58) 

Technical failures/surgical complications 

Pancreas transplantation has the highest surg1cai complication rate of all routinely performed organ 
transplantations <

59
·
60l. Technical failures are the most common causes of pancreas graft losses 

although rates have declined to less than 10% in the current era <36l. The most common reasons for 
technical failures are graft thrombosis, infection, pancreatitis and bleeding <36l. The incidence of these 
complications was highest for pancreas with enteric drainage, but with improvements in 
donor/recipient selection, immunosuppression regimens and surgical techniques, all surgical 
complications associated with transplantation are becoming less frequent <36

•
60

). Factors which have 
been associated with increased risk of technical failures include donor age above 45, donor death 
from cardiovascular causes, increased pancreas preservation time and increased recipient body mass 
index (36,61,62). 

Rejection 

Acute rejection is a serious complication of transplantation and in some series the most important 
cause of pancreas graft loss, short and long-term <

40
•
63l. The incidence of acute rejection has 

progressively decreased with the introduction of newer immunosuppressive strategies. 
Administration of induction therapy and the use of mycophenolate mofetil, tacrolimus, changes in 
steroid regimens and administration of donor bone marrow, among others, have been effective in 
reducing the rates of acute rejection and improving graft survival <64

•
65

·
66

•
67

•
68

). The percentage of graft 
losses due to acute rejection (censored for death with graft function) is as low as 2% for recipients 
_ofSPK, 7% for recipients ofPAK and 9% for recipients of PTA <36l. PE drainage of the pancreas has 
been associated with fewer rejection episodes suggesting a possible immunological advantage for 
this form of venous drainage with delivery of donor antigen to the liver via the portal circulation 
(45,69) 

The lower rate of immunological graft losses due to acute rejection for recipients of SPK illustrates 
the importance of early recognition of acute rejection in the improvement in graft survival for 
pancreas/transplant recipients. Acute rejection usually involves both the kidney and the pancreatic 
allografts. Increases in serum creatinine can be the first sign of rejection affecting both organs 
(63 ,26,70,7 1) 

Monitoring of urinary amylase is useful in the diagnosis of rejection in pancreas recipients with 
bladder drainage <42l. Early diagnosis of rejection in all pancreas recipients, and especially recipients 
of PAK or PTA, is facilitated by the use of pancreatic allograft biopsies <

49
•
50

•
51

•
52l. Multiple other 

methods to diagnose pancreatic rejection have been proposed including monitoring of serum amy lase 
and lipase, insulin release after IV glucose/glucagon and MRI imaging, but they lack optimal 
sensitivity and specificity <

26
•
72 l. Hyperglycemia is usually a late event in pancreas rejection as the 

exocrine pancreas and acinar cells are the initial targets in pancreas rejection <73
•
74l. 
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Death with afunctioning graft 

Patient survival at one year now exceeds 95% for recipients of pancreas transplants (J
6
l. Nevertheless, 

death with a functioning graft is still one of the most important causes of pancreas graft loss 
especially after the early period <

40.75l. Cardiac disease is the most common cause of deaths at all 
times after transplantation <76l. Many patients present with sudden death <75

l . Deaths from infection 
tend to occur more often in the early period after transplantation <76

.7
5
l. 

The most important factors predicting high mortality after pancreas/transplantation are older 
recipient age (older than 45), longer time on dialysis waiting for transplantation and failure of the 
renal allograft <36

·
75.76 l. 

Recurrence of autoimmune diabetes 

Type I diabetes is an autoimmune disorder in which the beta cells that produce insulin are selectively 
destroyed <77l. Type I diabetes has recurred in the setting of pancreas transplants between identical 
twins when no immunosuppression was used <

23
·
78 l. Although uncommon, recurrent autoimmune 

diabetes has also been reported in recipients of cadaveric pancreas transplant <
79

l . In one report, 
gradual deterioration in beta cell function with a progressive decrease in C-peptide concentration 
correlated with the appearance of markers of humoral autoimmunity (antibodies against islet cells 
and glutamic acid decarboxylase). At the same time there was histologic evidence of insulitis with 
selective destruction of beta cells and preservation of alpha and delta cells <

36
l. A recent study 

examined antibody reactivity (by measuring antibodies against glutamic acid decarboxylase and 
protein tyrosine phosphatase IA-2A) in recipients of pancreas allografts <80l. In a small proportion of 
patients there was stimulation of islet antibody reactivity which was almost invariably followed by 
a progressive decline in beta cell function and need for resumption of insulin therapy <

80l. The pattern 
of islet antibody reactivity was characteristic of that found in preclinical type I diabetes and 
suggested a role of recurrent autoimmunity in the failure of the pancreas allograft <80l. 

Development of type II diabetes 

Type II diabetes can be the cause of hyperglycemia after pancreas transplantation (SIJ. Recipients of 
SPK have reduced insulin secretory capacity and evidence of insulin resistance <

82l. Glucose 
homeostasis is obtained with increased proinsulin secretion and increased insulin secretion rates <83l. 

Hyperinsulinemia is common in pancreas transplant recipients. Possible contributing factors to 
hyperinsulinemia include peripheral insulin secretion without first-pass hepatic insulin extraction, 
drug-induced peripheral resistence to insulin, denervation of the pancreas allograft and decreased 
renal clearance of insulin in some patients <

25
·
83l. In addition to contributing to peripheral insulin 

resistence, high doses of immunosuppressive drugs such as cyclosporine, tacrolimus and steroids can 
be associated with structural damage to beta cells <84l. 

Recognition of type II diabetes after pancreas transplantation is particularly important as cell damage 
and hyperglycemia may be reversible (at least in the early stages) <84l. 
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Metabolic Control 

A functioning pancreas transplant results in independence from insulin <22>. Fasting plasma glucose 
levels, hemoglobin Ale (HbAlc) levels, and oral glucose tolerance tests normalize in most patients 
and have been shown to remain normal or near normal for long periods of time 185

•
86

·
87

) . (See Table 
2.) Hyperinsulinemia is present in pancreas transplant recipients (especially with systemic venous 
drainage of the pancreas). C-peptide levels (which may have some biological activity in controlling 
glucose wntrol) are similar to normal controls <85

•
88l. 

Pancreas Transplantion and Metabolic Control 

Time after Transplant 1 year 5 years 

FPG (mg/dl) 85 88 

HbA1c (%) 5.3 5.2 

Acute insulin response 135 116 
(to glucose, uV/ml) 

Acute C-peptide response 1.13 1.30 
(to glucose, nmoUL) 

Acute glucagon response 292 281 
(to arginine, pg/ml) 

Table 2: Adapted from Robertson et al., .J lnvestig Ivied 
44:549, 1996) 

Hypoglycemia may occur after pancreas 
transplantation but it is usually mild and of 
limited clinical impact 189

·
90

) Glucose 
counterregulation is abnormal in patients with 
long standing diabetes. Pancreas transplantation 
restores hypoglycemia-induced glucagon 
secretion and hepatic glucose production <

91 l. 

Epinephrine responses and symptom 
recognition to hypoglycemia also improve after 
pancreas transplantation <92 >. 

Pancreas transplantation improves the lipid 
profiles with higher HDL-cholesterol and 
significantly lower triglycerides and 

cholesterol/HDL cholesterol levels, noted early after transplantation <
93>. Nevertheless, elevated 

insulin levels, lipoprotein lipase and cholesteryl ester are present in these patients <94
). 

POTENTIAL BENEFITS OF PANCREAS (AND KIDNEY) TRANSPLANTATION 

Patient Survival 

Patients undergoing SPK transplantation experience higher morbidity early after transplantation than 
patients undergoing kidney transplantation alone. Rejection episodes, infections, surgical 
complications and readmissions occur more often in recipients of combined pancreas/kidney 
transplants <95

•
96

•
97l. Early reports had raised concerns about excess mortality associated with 

pancreas/kidney transplantation <98
). Although comparisons are limited in many cases because of the 

selection of healthier patients for combined kidney pancreas transplantation, recent reports have 
revealed some very encouraging results. 

The transplant group at The University of Wisconsin has reported the impact of transplantation on 
annual mortality rates and the observed/expected life span (ratio of length of patient survival after 
transplantation compared with average life span of an age-matched healthy individual from the same 
population) for transplant recipients <99

l. SPK transplantation significantly reduced annual mortality 
rates compared to living-donor kidney transplantation and cadaveric renal transplantation for diabetic 
transplant recipients. The observed/expected life span for SPK transplant recipients was similar to 
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that of non-diabetic transplant recipients and higher than for diabetic kidney transplant alone 
recipients <

99l. 

The transplant group at the Karolinska Institute in Sweden compared mortality rates in a group of 
14 patients with SPK transplants with a group of 15 diabetic patients with a functioning kidney 
transplant alone (pancreas lost during the first year due to a technical complication in 9 patients, 
rejection in 1 patient or eligible patients for SPK that elected kidney transplant alone, 5 patients). The 
mortality rate at 10 years was 20% for SPK transplant recipients and 80% for patients with a kidney 
transplant alone. 

In a population based study, the transplant group at Leiden University in The Netherlands compared 
mortality for diabetic patients after initiation of renal replacement therapy in two areas of The 
Netherlands that differed in that pancreas/kidney transplantation was the primary intention to treat 
modality for ESRD in diabetic patients in one area compared to kidney transplantation alone in the 
second area <100l. The hazard ratio for mortality after starting renal replacement therapy was 0.53 in 
the area where pancreas/kidney transplantation was the primary intention to treat modality compared 
to the area where kidney transplantation alone was the predominant type of treatment. 

Recently, Ojo and colleagues used data from the USRDS and U.S. Scientific Renal Transplant 
Registry to examine survival of a total of 13,467 patients with diabetes and onset of ESRD before 
the age of 40 (presumed to represent nephropathy from type I diabetes) who were enrolled in the 
waiting list for kidney or pancreas/kidney transplantation between Oct. 1988 and June 1997 <

76
l. 

Adjusted 10 year survival was 67% for SPK transplant recipients, 65% for living-donor kidney 
transplant recipients, and 46% for cadaveric renal transplant recipients (P<0.001). There was an 
initial risk of higher mortality associated with pancreas/kidney transplantation, but by 5 years after 
transplantation the relative risk of death (using wait-listed patients on dialysis as reference) was 0.40 
for SPK transplant recipients, 0.45 for living kidney donor transplant recipients, and 0. 75 for 
cadaveric renal transplant recipients. The expected remaining years of life were 23.4 after 
simultaneous pancreas/kidney transplantation, 20.9 after living kidney donor transplantation and 12.6 
after cadaveric renal transplantation and 8 years for wait-listed dialysis patients. (See Figure 6.) 
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Figure 6: Projected Extra Lifetime (years) with 
Transplantation or Kidney or Pancreas-Kidney 
(Adapted from Ojo et al., Tramp 71 :82, 200 I) 

Although none of the above studies can prove a 
causal relationship between simultaneous 
pancreas/kidney transplantation and improved 
survival, it is clear that patients who undergo 
pancreas/kidney transplantation have better survival 
than those undergoing kidney transplantation alone 
<
76

l. Differences in patient selection, pre-transplant 
evaluation and post transplantation care may have 
also influenced the outcomes. 

Renal Graft Outcomes 

More than one-half of diabetic patients undergoing 
transplantation now receive kidney/pancreas 
transplants {IJl. A potential benefit of a functioning 
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pancreas is protection of the renal allograft from recurrent diabetic nephropathy. Comparisons of 
renal outcomes between recipients ofSPK transplants and kidney transplants alone (KT A) recipients 
are complicated by differences in multiple factors known to affect kidney transplant results. Patients 
undergoing SPK usually receive kidneys from younger donors and have shorter cold ischemia times, 
lower rates of delayed graft function and lower prevalence of hypertension (for bladder drainage of 
pancreas). On the other hand, SPK transplant recipients experience higher rates of acute rejection, 
receive grafts with higher rates ofHLA mism.1tching and are exposed to higher doses of nephrotoxic 
immunosuppressive drugs <26

•
101

•
102

•
96

•
95

•
103

l. (See Figure 7.) 
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Figure 7: Renal Outcomes 
(Partially adapted from Hrick, Sem Nephro/20: 188, 2000) 

Renal allograft survival, functional renal 
assessment and histological evaluation are the 
three most important renal allograft outcomes. 
The most recent graft survival rates reported for 
recipients of SPK transplants of 91% are 
comparable to recipients of KT A <36 l. Five-year 
renal graft survival rates are also similar for 
recipients of SPK and cadaveric renal 
transplants and higher than 70% in recent 
reports . Recipients of kidneys from HLA 
identical siblings have the lowest rates of acute 
rejection and delayed graft function and lowest 
creatinine at discharge and need for lower doses 
of immunosuppressive drugs and, therefore, 
show the best graft survival rates at 1 and 5 
years post transplantation <

97l. 

A recent report form UNOS data notes that SPK recipients with a functioning pancreas have a 45% 
reduction in renal graft failure (censored for death with a functioning graft) compared to SPK 
recipients who lose their pancreas during the first year after transplantation <' 04l. 

Single center studies of renal function after pancreas/kidney transplantation have revealed variable 
results. Some centers have reported no differences in renal function while others have noted a 
positive or negative impact in renal function for pancreas/kidney transplantation as compared to 
kidney transplantation alone <

105
•
106

•
101

•
107

·
108

l. Analysis of UNOS data suggests that the estimated 
creatinine clearance is higher and the average slope of deterioration in creatinine clearance less steep 
for pancreas/kidney recipients with a functioning pancreas than for pancreas/kidney recipients who 
lose their pancreas the first year after transplantation (to

4l. A recent report has noted that SPK 
recipients who lose their pancreas allograft during the first year after transplantation have a 
significant increase in urine albumin excretion at 10 years compared to SPK recipients with a 
functioning pancreas transplant <109l. 

Structural studies have provided valuable insights into the role of pancreas transplantation and 
glucose contro 1 in renal disease. In diabetic nephropathy there is accumulation of extracellular matrix 
in the mesangium, glomerular basement membrane (GBM), tubular basement membrane (TBM), 
and interstitium <

109l. Mesangial expansion caused by mesangial matrix accumulation as well as 
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hyalinosis of glomerular arterioles and global glomerular sclerosis, occur in association with 
decreases in filtration fraction and declining glomerular filtration rate (GFR) <'09

•
110

l. 

Mesangial and GBM lesions of diabetic nephropathy develop in kidneys from non-diabetic living 
and cadaver donors by 2 years after transplantation into diabetic recipients <'''l. The relationship 
between hyperglycemia and diabetic lesions in renal transplant recipients is illustrated by the 
development of significantly higher increases in mesangial matrix (by 5 years after transplantation) 
in diabetic recipients treated with standard insulin therapy as compared to patients treated with an 
intensive insulin regimen (several insulin injections per day or continuous infusion via insulin pump) 
( 11 2) 

Transplantation of the pancreas prevents the development of histologic changes of diabetic 
nephropathy in recipients of SPK transplants and the progression of histologic changes of diabetic 
nephropathy of recipients ofPAK transplants <113

•
114l. 

PTA and Diabetic Nephropathy 
The most interesting findings have been 
reported in a group of patients with type I 

------------------- diabetes and mild to advanced lesions of 

Time Baseline 5 years 10 years 

UAE (mg/day) 103 30 20 

CrCI (cc/min) 108 74 74 

GBM thickness (nm) 594 570 404 

Mesangial frac. vol. 0.33 0.39 0.27 

Table 3: Data is from Fioretto et al. , NEJ/'v/339 :69, 1998 

diabetic nephropathy but without uremia and 
who underwent pancreas transplantation 
alone (PTA) <

115l. (See Table 3.) Kidney 
function studies and renal biopsies were 
performed at baseline, 5 and 1 0 years. 
Creatinine clearance decreased from baseline 
to 5 years but then remained stable. Urine 
albumin excretion decreased at 5 and 1 0 
years. Histological lesions including 
abnormal thickness of the GBM and TBM as 

well as increased mesangial matrix and mesangial matrix fractional volume persisted or increased 
by 5 years. Nevertheless, 10 years after pancreas transplantation (and normoglycemia) the thickness 
of the GBM and TBM and the increased mesangial matrix decreased to normal and the nodular 
lesions of Kimmelstiel-Wilson disappeared <

11 5l. 

The beneficial effects of pancreas transplantation in preventing diabetic nephropathy after 
transplantation may become more relevant as acute rejection rates decrease and renal allograft half
lives continue to improve. 

Retinopathy 

Many patients with diabetes and ESRD have advanced retinopathy and even blindness at the time 
of presentation for SPK transplantation <

116
•
117l. As many of these patients have received 

photocoagulation or vitrectomies prior to transplantation, elucidating the effects of pancreas 
transplantation on the progression of retinopathy has been difficult. Nevertheless, a recent report has 
noted that more than 90% of patients with ESRD and diabetes who receive a SPK transplant have 
stabilization of diabetic retinopathy following transplantation C'' 7l. SPK recipients with failed 
pancreas transplants appear to have higher rates of progression of retinopathy < 

117l. 

11 



Diabetic microangiopathy in the conjunctival microcirculation improves by 18 months after 
transplantation in SPK transplant recipients, but not in diabetic recipients ofkidney transplants alone 
<118l. The prevalence of cataracts of all types increases after transplantation <

116
•
117

•
119

l. 

Neuropathy 

Diabetic neuropathy is characterized by progressive axonal loss manifested by diffuse somatic and 
autonomic abnormalities <120l. Successful pancreatic transplantation halts the progression of diabetic 
polyneuropathy in recipients ofSPK, PAK and kidney transplants alone (KTA) <120

•
121

J. A long-term 
study (10 years follow-up) from The University of Minnesota has shown that restoration of 
euglycemia with a pancreas transplant is associated with partial improvements in clinical 
examination scores and neurophysiological testing in pre-existing abnormalities in motor and 
sensory nerve conduction as well as autonomic function (IZOJ. Improvements in diabetic autonomic 
neuropathy after pancreas and kidney transplantation occur in both vasomotor functions that reflect 
sympathetic adrenergic responses and cardiac tests that measure vagal cholinergic responses <

122l. 

Improvements in cardiac autonomic measures such as heart rate variability are particularly 
significant within the first year after SPK transplantation <123l. 

The improvements in nerve action potentials after successful SPK transplantation are gradual and 
sustained and consistent with axonal regeneration and partial reversal of diabetic neuropathy <

124l. 

Nevertheless, changes toward normalization are mild probably due to previous structural damage 
to the peripheral nerves c

120l. Deterioration of neurophysiological studies after fai lure of pancreas 
transplantation in SPK recipients underscores the importance of metabolic control in the changes 
observed in diabetic neuropathy <

125l. 

Macrovascular Disease 

Diabetic renal transplant candidates have a high incidence of atherosclerotic vascular disease and 
close to 113 of patients suffer a major vascular event, (myocardial infarction, cerebrovascular 
accident or amputation) by 3 years after the initial pre-transplant evaluation c126l. Vascular wall 
abnormalities increase over the years despite successful pancreas and kidney transplantation <

127l. 

Studies comparing recipients of SPK transplants and kidney transplants alone have not shown 
benefits of pancreas transplantation in halting the progression of macrovascular diseases including 
coronary artery disease, cerebrovascular events or peripheral vascular complications <

128
•
129l. 

Quality of Life 

The main objective of transplantation is improving quality oflife. Many studies have examined the 
impact of transplantation upon quality of life and most have reported a beneficial effect of 
pancreas/kidney transplantation c130

•
131

•
132

•
133l . Patients with successful pancreas/kidney transplants 

also report higher quality oflife than those pancreas/kidney recipients who have loss of the pancreas 
after transplantation <

133l. 

A recent prospective observational study has provided valuable information on the impact of SPK 
transplantation as compared to kidney transplantation alone on quality oflife issues Cl

9l. After 3 years 
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of follow-up, most measures ofhealth status and quality oflife improved for both transplant groups. 
SPK patients reported greater improvements than kidney transplant alone patients in physical health 
and in diabetes-specific areas including satisfaction with health and therapy. Recipients of kidney 
transplant alone however, reported fewer emotional problems with role activities by 3 years post 
transplantation. The study could not determine ifhigher expectations from SPK patients (which were 
significantly more likely to be working by 1 year post transplantation) could have influenced the 
emotional scores <

19l. 

Health-related quality of life measures for diabetic rec1p1ents of SPK transplants or kidney 
transplants alone do remain below that of the age-matched population <19

•
132

l. 

Cost Effectiveness 

Several advances in the last few years have led to reductions in costs for pancreas transplantation 
<
134l. Improvements in surgical techniques and immunosuppression have made it possible to reduce 
post transplant complications, overall resource utilization and costs <134

l. The expected 5-year costs 
are higher for SPK transplantation than for kidney transplantation alone <

135
l. Nevertheless, when 

incorporating all costs (such as managing diabetes) and patient preferences/quality of life 
adjustments, the most cost effective treatment for a patient with type I diabetes and ESRD is SPK 
transplantation ( l3SJ. Similarly, for diabetic patients with ESRD and who are interested in pancreas 
transplantation, SPK transplantation has been reported to be more cost effective than living-donor 
kidney transplantation followed by pancreas after kidney transplantation <136>. 

ISLET TRANSPLANTATION 

Transplantation of islet cells is a much safer procedure than pancreas transplantation< 137l. Autologous 
islet transplantation has been successful in preventing diabetes after pancreatic resection in patients 
with severe chronic pancreatitis or pancreatic tumors <138

•
139

•
140>. 

lnsumclent 
mass - ···••• 
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Figure 8: Islet Transplantation 
(Adapted from Hering et al. , Graft 1999) 

The results of allogeneic transplantation of islet cells 
have been poor with less than 10% of recipients 
remammg insulin-free at one year post 
transplantation <141 >. Important obstacles to allogeneic 
islet cell transplantation include low engrafted islet 
mass, immune-mediated destruction of islet tissue 
and metabolic exhaustion of islets <29

•
141 l. 

Transplantation of islet cells is done after 
(collagenase) digestion of minced pancreas. A 
normal pancreas contains about 1 million islets but 

the number of viable islets is much lower after completion of the isolation procedures <141 l. Isolated 
islets can then be injected into the portal vein or placed under the kidney capsule (in simultaneous 
recipients of kidney transplants) or intraperitoneally <23

•
138

•
139

). Relatively high numbers of cells have 
been used in most successful allogeneic islet transplants, but insulin secretory pattems are consistent 
with a reduced beta cell mass <

142
•
143l. 
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Immunity has been difficult to overcome in islet transplantation. Rejection is very common and 
difficult to detect, as hyperglycemia develops when more than 80-90% of the transplanted islet cell 
mass has become dysfunctional <

1411
• Even patients who undergo combined kidney-islet cell 

transplantation show this increase in immune reactivity with 100% acute kidney rejection rates 
reported in one series <1441

• Autoimmunity also remains a problem in islet cell transplantation, and 
the presence of alloantibodies (such as anti-islet cell antibodies) correlates with islet graft failure 
( 141,145) 

Many immunosuppressive drugs including steroids, cyclosporine and tacrolimus are diabetogenic 
and promote insulin resistance <84

•
1411

• In an insulin-resistant state a marginal mass of islet cells 
removed from their natural environment by the separation procedures cannot meet the metabolic 
demands and islet failure occurs <29

·
141 1. 

A recent report from the University of Alberta has raised major hopes about pancreatic islet 
transplantation <

1461
• Seven patients with history of severe hypoglycemia and metabolic instability 

underwent islet transplantation under a steroid-free immunosuppressive regimen consistent of 
sirolimus, tacrolimus and an anti-interleukin-II receptor monoclonal antibody. Two cadaver donor 

Islet Transplantation 
(Steroid Free) 

pancreases were used to isolate islets for each 
recipient (3 cadaver donor pancreases required 
for one of the recipients). After a median 
follow-up of one year all recipients were 
insulin free with normal hemoglobin A 1 c 

Time Baseline 3 months s months levels and C-peptide concentrations. There 

HbA1c (%) 8.4 5.7 5.7 

C-peptide (mg/ml) <0.48 5.7 5.7 

Table 4: Data from Shapiro et al., NEJM 343 :230, 2000 

were no hypoglycemic episodes or any serious 
complications from immunosuppression <146>. 
(See Table 4.) If these results can be 
consistently reproduced islet transplantation 
can become a clinical reality for diabetic 
patients in the future . 

There are millions of individuals affected by diabetes and a limited supply of islet cells from cadaver 
donors available. Progress in areas such as cultured human islet-celllines, islet beta cell-expansion, 
transgenic/engineered beta cells and transplantation ofxenogenic islets will be necessary to satisfy 
the demand for islet transplantation in the future <

147
•
141 l. 

CONCLUSION 

Diabetes is the leading cause of ESRD in the U.S. Diabetic patients with ESRD experience high 
morbidity and mortality. Renal transplantation is superior to dialysis as therapy for ESRD and should 
be performed as early as possible in the course ofESRD. 

Pancreas transplantation has become an established therapy which reliably restores euglycemia and 
insulin-independence to diabetic transplant recipients. Complications from pancreas transplantation 
although serious are becoming less common as surgical techniques, immunosuppressive drugs and 
medical care of transplant recipients continue to improve. Patients who receive a pancreas and 

14 



kidney transplant have a survival advantage over diabetic recipients of kidney transplants alone. 
Pancreas transplantation has beneficial effects in preventing diabetic nephropathy and in the course 
of diabetic neuropathy and diabetic retinopathy. Islet transplantation offers the promise of great 
benefits with lower risks for diabetic patients. 

Diabetes and renal failure are two life threatening chronic medical conditions. Pancreas and kidney 
transplantation are therapies that can accomplish two very important medical objectives: restoration 
of sustained euglycernia and restoration of renal function . From a patient's perspective of quality of 
life, pancreas and kidney transplantation can also achieve some other very important objectives. 
Elimination of hypoglycemia, discontinuation of constant monitoring of plasma glucose, 
liberalization of dietary and fluid restrictions, independence from insulin therapy, and freedom from 
dialysis are important aspects in improving the care and quality of life of diabetic patients with 
ESRD. 

15 



Bibliography 

I. USRDS 2000 Annual Data Report. U.S.Renal Data System. 2000 

2. Serum creatinine levels in the US population: Third National Health and Nutrition examination survey. 
Jones CA, McQuillan GM, Kusek JW, Eberhardt MS, Herman WH, Coresh J, Salive M, Jones CP, and 
Agodoa L Y. AJKD 32:992-999, 1998 

3. A critical examination of trends in outcomes over the last decade. Wolfe RA, Held PJ, Hulbert-Shearon TE, 
Agodoa L Y, and Port FK. AJKD 32 Suppl 4:S9-S 15, 1998 

4. Good news, bad news for diabetic versus nondiabetic end-stage renal disease: Incidence and mortality . 
Wolfe RF and Port FK. ASA/0 Journal 45 : 11 7- 1 I 8, I 999 

5. End-stage renal failure in type 2 diabetes: A medical catastrophe of worldwide dimensions. Ritz E, Rych lik 
I, Locatelli F, and Halimi S. AJKD 35:795-808, 1999 

6. Management choices in diabetic end-stage renal disease. Friedman EA. Nephrol Dial Transplant I 0 Suppl 
7:61-69, 1995 

7. Renal syndromes in diabetes. Friedman EA. Endocrin Metab 25:293-324, 1996 

8. Race and diabetes as death risk predictors in hemodialysis patients. Lowrie EG, Lew NL, and Huang WH. 
Kidney lnt 42 Suppl 38:S22-S3 1, 1992 

9. The urea reduction ratio and serum albumin concentration as predictors of mortality in patients undergoing 
hemodialysis. Owen Jr WF, Lew NL, Liu Y, Lowrie EG, and Lazarus JM. N Eng/ J Med 329:1 001 - 1006, 
1993 

I 0. Kidney transplantation for the uremic diabetic patient. Najarian JS, Sutherland DE, Simmons RL, Howard 
RJ, Kjellstrand CM, Mauer SM, Kennedy W, Ramsay R, Barbosa J, and Goetz FC. Surg Gynecol Obstet 
144:682-690, 1977 

II . Increased mortality due to cardiovascular disease in Type I diabetic patients transplanted for end-stage 
renal failure. Kumar S, Merchant MR, Dyer P, MartinS, Hutchison AJ, Johnson RWG, Boulton AJM, and 
Gokal R. Diabetic Med 11 :987-991, 1994 

12. Transplantation ofthe diabetic in 1994: A personal view. Brynger H. Nephro/ Dial Transplant 10 Suppl 
7:56-57, 1995 

13 . The UNOS Scientific Renal Transplant Registry. Cecka JM. Clincal Transplants 1999, 1-2 1, 2000 

14. Long-term survival in renal transplant recipients with graft function. Ojo AO, Hanson JA, Wolfe RA, 
Leichtman AB, Agodoa L Y, and P011 FK. Kidney lnt 57:307-313, 2000 

I 5. Comparison of mm1ality in all patients on dialysis, patients on dialysis awaiting transplantation, and 
recipients of a first cadaveric transplant. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa 
L YC, Held PJ, and Port FK. N Eng/ J Med 341:1725- 1730, 1999 

16. A survival advantage for renal transplantation. Hunsicker LG. N Eng/ J Med 34 I: 1762-1763, 1999 

17. Effect ofwaiting time on renal transplant outcome. Meier-Kriesche HU, Port FK, Ojo AO, Rudich SM, 
Hanson JA, Cibrik DM, Leichtman AB, and Kaplan B. Kidney Int 58:1311 - 1317, 2000 

16 



18. Effect of the use or nonuse of long-term dialysis on the subsequent survival of renal transplants from living 
donors . Mange KC, Joffe MM, and Feldman HI. N Eng/ J Med 344:726-731, 2001 

19. Impact oftransplantation on quality of life in patients with diabetes and renal dysfunction. Gross CR, 
Limwattananon C, Matthees B, Zehrer JL, and Savik K. Transplantation 70: 1736- 1746, 2000 

20. The effect of intensive treatment of diabetes on the development and progression of long-term 
complications in insulin-dependent diabetes mellitus. The Diabetes Control and Complications Trial 
Research Group. N Eng! J Med 329:977-986, 1993 

21 . Retinopathy and nephropathy in patients with type 1 diabetes four years after a trial of intensive therapy. 
The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications 
Research Group. N Eng! J Med 342:381-389, 2000 

22 . Pancreas and islet transplantation for patients with diabetes. Robertson RP, Davis C, Larsen J, Stratta R, 
and Sutherland DER. Diabetes Care 23: 112- 116, 2000 

23 . Pancreatic and islet transplantation for diabetes- cures or curiosities? Robertson RP. N Eng/ J Med 
327:1861-1868, 1992 

24. Pancreas and pancreas-kidney transplantation. Sutherland DE. Curr Opin Nephrol Hypertens 7:317-325, 
1998 

25. Combined kidney-pancreas transplantation. Hricik DE. Kidney lnt 53: I 091-1102, 1998 

26. Kidney-pancreas transplantation for diabetic nephropathy. Hricik DE. Sem Nephro/20: 188- 198, 2000 

27. Pancreas transplantation for patients with type I diabetes . American Diabetes Association . Diabetes Care 
23:117-118,2000 

28 . The evaluation of renal transplant candidates: Clinical practice guidelines. Kasiske BL, Cangro CB, 
Hariharan S, Hricik DE, Kerman RH, Roth D, Rush ON, Vazquez MA, and Weir MR. Amer J 
Transplantation 200 I 

29. Kidney and kidney-pancreas transplantation diabetic patients. Pirsch JD and Sollinger HW. Handbook of 
Kidney Transplantation, 3rd:200 I 

30. Optimal timing for a pancreas transplant after a successful kidney transplant. Humar A, Sutherland DER, 
Ramcharan T, Gruessner R WG, Gruessner AC, and Kandaswamy R. Transplantation 70:1 247- 1250, 2000 

31. Solitary pancreas transplantation for nonuremic patients with labile insulin-dependent diabetes mellitus . 
Gruessner RWG, Sutherland DER, Najarian JS, Dunn DL, and Gruessner A C. Tramplantation 64: 1572-
1577, 1997 

32. Simultaneous cadaver pancreas living-donor kidney transplantation: A new approach for the Type I 
diabetic uremic patient. Farney AC, Cho E, Schweitzer EJ, Dunkin B, Philosophe B, Colonna J, Jacobs S, 
Jarrell B, Flowers JL, and Bartlett ST. Ann Surg 232:696-703, 2000 

33. Simultaneous pancreas-kidney transplantation from live donors. Gruessner RWG, Kendall OM, Drangstveit 
MB, Gruessner AC, and Sutherland DER. Ann Surg 226:471-482, 1997 

34. Successful living related simultaneous pancreas-kidney transplant between identical twins. Benedetti E, 
Dunn T, Massad MG, Raofi V, Bartholomew A, Gruessner RWG, and Brecklin C. Transplantation 67:91 5-
934, 1999 

17 



35. 2000 Annual Report of the U.S. Scientific Registry for Transplant Recipients and the Organ Procurement 
and Transplantation Network: Transplant Data: 1990- 1999. U.S.Departrnent of Health and Human Services 
and United Network for Organ Sharing. 2000 

36. Analyses of pancreas transplant outcomes for United States cases reported to the United Network for Organ 
Sharing (UNOS) and non-US cases reported to the International Pancreas Transplant Registry (IPTR). 
Gruessner AC and Sutherland DER. Clinical Transplants 1999, 51-69, 2000 

37 . Allotransplantation ofthe pancreas and duodenum along with the kidney in diabetic nephropathy. Kelly 
WD, Lillehei RC, Merkel FK, Idezuki Y, and Goetz FC. Surgery 61:827-83 7, 1967 

38. A I 0-year experience with 290 pancreas transplants at a single institution. Sutherland DER, Dunn DL, 
Goetz FC, Kennedy W, Ramsay R, Steffes MW, Mauer SM, Gruessner R, Robertson RP, and Najarian JS. 
Ann Surg 210 :274-288, 1989 

39. Pancreaticocystostomy: an alternative method for exocrine drainage of segmental pancreatic allografts . 
Cook K, Sollinger HW, Warner T, Kamps D, and Belzer FO. Transplantation 35:634-636, 1983 

40 . Experience with 500 simultaneous pancreas-kidney transplants. Sollinger HW, Odorico JS, Knechtle SJ, 
D'Alessandro AM, Kalayoglu M, and Pirsch JD. Ann Surg 228:284-296, 1998 

41. The pancreas transplant procedure. Davidson IJA. Kidney and Pancreas Transplantation, 2nd: 1998 

42. Correlation between cystoscopic biopsy results and hypoamylasuria in bladder-drained pancreas transplants. 
Benedetti E, Najarian JS, Gruessner AC, Nakhleh RE, Troppman C, Hakim NS, Pirenne J, Sutherland DER, 
and Gruessner RWG. Surgery 118:864-872, 1995 

43. Successful long-term kidney-pancreas transplants regardless ofC-peptide status or race. Light JA, Sasaki 
TM, Currier CB, and Barhyte DY. Transplantation 71: 152-154, 200 I 

44. Results of pancreas transplantation with portal venous and enteric drainage. Gaber AO, Shokouh-Amiri 
MH, Hathaway DK, Hammontree L, Kitabchi AE, Gaber L W, Saad MF, and Britt LG. Ann Surg 6:613-
624, 1995 

45. A prospective comparison of systemic-bladder versus portal-enteric drainage in vascularized pancreas 
transplantation. Stratta RJ, Gaber AO, Shokouh-Amiri MH, Reddy KS, Egidi MF, Grewal HP, and Gaber 
LW. Surge1y 127:217-226,2000 

46 . Urological complications after kidney-pancreas transplantation. Gettman MT, Levy 18, Engen DE, and 
Nehra A. J Uro/159:38-43, 1998 

47. Urological complications of bladder-drained pancreatic allografts. Del Pizzo JJ, Jacobs SC, Bartlett ST, and 
Sklar GN. Brit J Urol8I :543-547, 1998 

48. Urolithiasis in renal and combined pancreas/renal transplant recipients . Rhee BK, Bretan Jr PN, and Stoller 
ML. J Uroli999:I458- I462, 1999 

49. Use of ultrasound and cystoscopically guided pancreatic allograft biopsies and transabdominal renal 
allograft biopsies: Safety and efficacy in kidney-pancreas transplant recipients. Kuhr ES, Davis CL, BaiT D, 
McVicar JP, Perkins JD, Bachi CE, Alpers CE, and Marsh CL. J Uro/153:316-321 , 1995 

50. Experience with protocol biopsies after solitary pancreas transplantation. Stratta RJ, Taylor RJ, Grune MT, 
Sindhi R, Sudan D, Castaldo P, Cushing KA, Radio SJ, Wisecarver JL, Matamoros A, Nelson NL, Hapke 
MR, Pillen TJ , and Markin RS. Transplantation 60:1431 - 1437, 1995 

18 



51 . Evaluation of pancreas transplant needle biopsy. Drachenberg CB, Papadimitriou JC, Klassen DK, Racusen 
LC, Hoehn-Saric EW, Weir MR, Kuo PC, Schweitzer EJ, Johnson LB, and Bartlett ST. Transplantation 
63 :1579-1586, 1997 

52. Diagnosis of pancreas rejection: Cystoscopic transduodenal versus percutaneous computed tomography 
scan-guided biopsy. Laftavi MR, Gruessner AC, Bland BJ, Foshager M, Walsh JW, Sutherland DER, and 
Gruessner RWG. Transplantation 65 :528-532, 1998 

53. Evolution in pancreas transplantation techniques: Simultaneous kidney-pancreas transplantation using 
portal-enteric drainage without antilymphocyte induction. Stratta RJ, Gaber AO, Shokouh-Amiri MH, 
Reddy KS, Alloway RR, Egidi MF, Grewal HP, Gaber L W, and Hathaway D. Ann Surg 229:701 -712, 1999 

54. Simultaneous pancreas/kidney transplantation -a comparison of enteric and bladder drainage of exocrine 
pancreatic secretions. Kuo PC, Johnson LB, Schweitzer EJ, and Bartlett ST. Transplantation 63:238-243, 
1997 

55. Drainage of the exocrine pancreas in clinical transplantation: Comparison of bladder versus enteric drainage 
in a consecutive series. Pearson TC, Santamaria PJ, Rautenberg KL, O'Brien DP, Whelchel JD, Neylan JF, 
and Larsen CP. Clin Tramp II :201-205, 1997 

56. The case for pancreas transplantation. Sutherland DE. Diabetes Metab 22:132-138, 1996 

57. Successful long-term kidney-pancreas transplants in diabetic patients with high C-peptide levels. Sasaki 
TM, Gray RS, Ratner RE, Currier C, Aquino A, Barhyte DY, and Light JA. Transplantation 65: 1510- 1512, 
1997 

58. Allograft pancreatectomy after pancreas transplantation with systemic-bladder versus portal-enteric 
drainage. Stratta RJ, Gaber AO, Shokouh-Amiri MH, Reddy KS, Egidi MF, and Grewal HP. Clin Transp 
13:465-472, 1999 

59. Duodenal complications in bladder-drained pancreas transplantation. Hakim NS, Gruessner AC, Papalois 
BE, Troppman C, Dunn DL, Sutherland DER, and Gruessner RWG. Surgety 121:618-624, 1997 

60 . Decreased surgical risks of pancreas transplantation in the modern era. Humar A, Kandaswamy R, Granger 
D, Gruessner RW, Gruessner AC, and Sutherland DER. Ann Surg 231:269-275, 2000 

61. Prolonged preservation increases surgical complications after pancreas transplants. Humar A, Kandaswamy 
R, Drangstveit MB, Parr E, Gruessner AC, and Sutherland DER. Surgety 127:545-55 I, 2000 

62 . Donor factors affecting outcome after pancreas transplantation . Odorico JS, Heisey OM, Voss BJ, Steiner 
DS, Knechtle SJ, D'Alessandro AM, Hoffman RM, and Sollinger HW. Transplant Proc 30:276-277, 1998 

63 . Pancreas transplant rejection. Pirsch JD. Graft 3:34-37, 2000 

64 . Simultaneous administration of adjuvant donor bone marrow in pancreas transplant recipients. Corry RJ, 
Chakrabarti PK, Shapiro R, Rao AS, Dvorchik I, Jordan ML, Scantlebuty VP, Vivas CA, Fung JJ, and 
Starzl TE. Ann Surg 230:372-381, 1999 

65 . Low incidence of kidney rejection after simultaneous kidney-pancreas transplantation after antithymocyte 
globulin induction and in the absence of corticosteroids: Results of a prospective pilot study in 28 
consecutive cases. Cantarovich D, Giral-Classe M, Hourmant M, Dantal J, Blancho G, Karam G, and 
Soulillou JP. Transplantation 69:1505-1508, 2000 

19 



66. Simultaneous kidney-pancreas transplantation without antilymphocyte induction. Reddy KS, Stratta RJ, 
Shokouh-Amiri H, Alloway R, Somerville T, Egidi MF, Gaber L W, and Gaber AO. Transplantation 69:49-
54,2000 

67. Randomized, prospective trial of mycophenolate mofetil versus azathioprine for prevention of acute renal 
allograft rejection after simultaneous kidney-pancreas transplantation. Merion RM, Henry ML, Melzer JS, 
Sollinger HW, Sutherland DER, and Taylor RJ. Transplantation 70: 105- 111, 2000 

68. Randomized comparison of triple therapy and antithymocyte globulin induction treatment after 
simultaneous pancreas-kidney transplantation. Cantarovich D, Karam G, Giral-Classe M, Hourmant M, 
Dantal J, Blancho G, Le Normand L, and Soulillou JP. Kidney lnt 54:135 1-13 56, 1998 

69. Patterns of acute rejection in portal-enteric versus systemic-bladder pancreas-kidney transplantation. 
Nymann T, Hathaway D, Shokouh-Amiri MH, Gaber L W, Abu-El-Ella K, Abdulkarim AB, and Gaber AO. 
Clin Transp 12:175-183, 1998 

70. Renal allograft rejection with normal renal function in simultaneous kidney/pancreas recipients: Does 
dissynchronous rejection really exist? Shapiro R, Jordan ML, Scantlebury VP, Vivas CA, Jain A, McCau ley 
J, Egidi MF, Randhawa P, Chakrabarti P, and Corry RJ. Transplantation 69:440-441, 2000 

71. Isolated pancreas rejection in combined kidney-pancreas transplantation: Results ofpercutaneous biopsy. 
Klassen DK, Weir MR, Schweitzer EJ, and Bartlett ST. Transplant Proc 27:1333 - 1334, 1995 

72. Acute pancreatic transplant rejection: Evaluation with dynamic contrast-enhanced MR imaging compared 
with histopathologic analysis. Krebs TL, Daly B, Carroll K, and Bartlett ST. Radiology 2 10:437-442, 1999 

73 . Apoptosis of acinar cells in pancreas allograft rejection. Boonstra JG, Wever PC, Laterveer JC, Bruijn JA, 
van der Woude FJ, ten Berge IJM, and Daha MR. Transplantation 64: 1211-12 13, 1997 

74. Pancreas transplantation. An immunohistologic and histopathologic examination of 100 grafts. Sibley RK 
and Sutherland DE. AmJ Patho/128:151-110, 1987 

75. Mortality after vascularized pancreas transplantation. Stratta RJ. Surge1y 124:823-83 0, 1998 

76. The impact of simultaneous pancreas-kidney transplantation on long-term patient survival. Ojo AO, Meier
Kriesche HU, Hanson JA, Leichtman A, Magee JC, Cibrik D, Wolfe RA, Port FK, Agodoa L, Kaufman 
DB, and Kaplan B. Transplantation 71 :82-90, 200 I 

77. Islet and pancreatic transplantation- autoimmunity and alloimmunity. Eisenbarth GS and Stegall M. N Eng/ 
J Med 335:888-889, 1996 

78. Recurrent diabetes mellitus in the pancreas iso- and allograft. A light and electron microscopic and 
immunohistochemical analysis of four cases. Sibley RK, Sutherland DE, Goetz F, and Michael AF. Lab 
Invest 53: 132-144, 1985 

79. Recurrence of autoimmune diabetes mellitus in recipients of cadaveric pancreatic grafts. Tyden G, Reinbolt 
FP, Sundkvist G, and Bolinder J. N Eng/ J Med 335:860-863, 1996 

80. Modulation of humoral islet autoimmunity by pancreas allotransplantation influences allograft outcome in 
patients with Type 1 diabetes. Braghi S, Bonifacio E, Secchi A, Di Carlo V, Pozza G, and Bosi E. Diabetes 
49:218-224, 2000 

81. Appearance of type II diabetes mellitus in type I diabetic recipients of pancreas allografts. Smith JL, 
Hunsicker LG, Yuh WT, Wright Jr FH, Van Voorhis L, and Corry RJ. Transplantation 47:304-311, 1989 

20 



82. Insulin secretion and sensitivity after simultaneous pancreas-kidney transplantation estimated by continuous 
infusion of glucose with model assessment. Smets YFC, van der Pijl JW, Frolich M, Ringers J, de Fijter 
JW, and Lemkes HHPJ. Transplantation 69:1322-1327, 2000 

83 . Effect of pancreas transplantation and immunosuppression on proinsulin secretion. Christiansen E, Roder 
M, Tibell A, Hales CN, and Madsbad S. Diabetic Med 15:739-746, 1998 

84. Islet cell damage associated with tacrolimus and cyclosporine: morphological features in pancreas allograft 
biopsies and clinical correlation. Drachenberg CB, Klassen OK, Weir MR, Wiland A, Fink JC, Bartlett ST, 
Cangro CB, Blahut S, and Papadimitriou JC. Transplantation 68:396-402, 1999 

85. Metabolic characterization of long-term successful pancreas transplants in type I diabetes. Robertson RP, 
Sutherland DER, Kendall OM, Teuscher AU, Gruessner RWG, and Gruessner A. J Investig Med 44:549-
555, 1996 

86. Successful pancreas and kidney transplantation: A view of metabolic control. Balsells MF, Esmatjes E, 
Ricart MJ, Casamitjana R, Astudillo E, and Cruz LF. Clin Transp 12:582-587, 1998 

87. Normoglycemia and preserved insulin secretory reserve in diabetic patients I 0-18 years after pancreas 
transplantation. Robertson RP, Sutherland DER, and Lanz KJ . Diabetes 48 :1737-1740, 1999 

88. Pancreas transplantation and diabetic complications. Luzy L. N Eng!J Med 339: 115-117, 1998 

89. Hypoglycemia after pancreas transplantation. Redmon JB, Teuscher AU, and Robertson RP. Diabetes Care 
21: 1944- 1950, 1998 

90. Spontaneous hypoglycaemia after pancreas transplantation in type 1 diabetes mellitus. Battezzati A, 
Bonfatti D, Benedini S, Calori G, Caldara R, Mazzaferro V, Elli A, Secchi A, DiCarlo V, Pozza G, and 
Luzi L. Clin Transp 12:582-587, 1998 

91. Pancreas transplantation in diabetic humans normalizes hepatic glucose production during hypoglycemia. 
Barrou Z, Seaquist ER, and Robertson RP. Diabetes 43:661-666, 1994 

92. Pancreas transplantation restores epinephrine response and symptom recognition during hypoglycemia in 
patients with long-standing type I diabetes and autonomic neuropathy . Kendall OM, Rooney DP, Smets 
YFC, Bolding LS, and Robertson RP. Diabetes 46:249-257, 1997 

93 . Lipid status after pancreas-kidney transplantation. Larsen JL, Stratta RJ, Ozaki CF, Taylor RJ, Miller SA, 
and Duckworth WC. Diabetes Care 15:35-42, 1992 

94. Alterations in cholesteryl ester transfer, lipoprotein lipase, and lipoprotein composition after combined 
pancreas-kidney transplantation. Bagdade JD, Teuscher AU, Ritter MC, Eckel RH, and Robertson RP. 
Diabetes 47:113-118, 1998 

95. Simultaneous pancreas-kidney transplant versus kidney transplant alone in diabetic patients. Cheung AHS, 
Sutherland DER, Gillingham KJ, McHugh LE, Moudry-Munns KC, Dunn DL, Najarian JS, and Matas AJ. 
Kidney lnt 41:924-929, 1992 

96. Simultaneous pancreas-kidney versus kidney-alone transplants in diabetics: Increased risk of early cardiac 
death and acute rejection following pancreas transplants. Douzdjian V, Abecass is MM, Corry RJ, and 
Hunsicker LG. Clin Transp 8:246-251, 1994 

97. Simultaneous pancreas-kidney transplantation and living related donor renal transplantation in patients with 
diabetes: Is there a difference in survival? Rayhill SC, D'Alessandro AM, Odorico JS, Knechtle SJ, Pirsch 
JD, Heisey OM, Kirk AD, VanderWerf W, and Sollinger HW. Ann Surg 23 1:417-423, 2000 

21 



98. Mortality of cadaveric kidney transplantation versus combined kidney-pancreas transplantation in diabetic 
patients. Manske CL, Wang Y, and Thomas W. Lancet 346: 1658- 1662, 1995 

99. Simultaneous pancreas-kidney transplantation reduces excess mortality in type 1 diabetic patients with end
stage renal disease. Becker BN, Brazy PC, Becker YT, Odorico JS, Pintar TJ, Collins BH, Pirsch JD, 
Leverson GE, Heisey DM, and Sollinger HW. Kidney lnt 57:2129-2135 , 2000 

I 00. Effect of simultaneous pancreas-kidney tra:-splantation on mortality of patients with type-! diabetes mellitus 
and end-stage renal failure. Smets YFC, Westendorp RGJ, van der Pijl JW, de Charro FT, Ringers J, de 
Fijter JW, and Lemkes HHPJ. Lancet 353:1915-1919, 1999 

I 0 I . Long-term renal function in type I diabetics after kidney or kidney-pancreas transplantation. Hricik DE, 
Phinney MS, Weigel KA, Knauss TC, and Schulak JA. Transplantation 64:1283-1288, 1997 

I 02. Renal allograft and patient outcome after transplantation: Pancreas-kidney versus kidney-alone transplants 
in type I diabetic patients versus kidney-along transplants in nondiabetic patients. Douzdjian V, Rice JC, 
Gugliuzza KK, Fish JC, and Carson RW. AJKD 27: 106- 116, 1996 

103. Hypertension after pancreas-kidney transplantation: Role of bladder versus enteric pancreatic drainage. 
Hricik DE, Chareandee C, Knauss TC, and Schulak JA. Transplantation 70:494-496, 2000 

I 04. Pancreas graft function reduces mortality and rena l graft loss in simultaneous pancreas kidney (SPK) 
transplants beyond I year. Hunsicker LG, Bozorgzadeh A, Rosendale JD, Bennett LE, Rayhi ll SC, Wu YM, 
and CoiTY RJ. The Transplantation Society XVIII International Congress 200 I 

I 05. Assessment of function and survival as measures of renal graft outcome following kidney and kidney
pancreas transplantation in type I diabetics. Douzdjian V, Bunke CM, Baillie GM, Uber L, and 
Rajagopalan PR. Clin Transp 12:93-98, 1998 

I 06. An analysis of renal function in pancreas-kidney and diabetic kidney-alone recipients at two years following 
transplantation. El-Gebely S, Hathaway D, Elmer DS, Gaber L W, Acchiardo S, and Gaber AO. 
Transplantation 59:1410-1415, 1995 

107. Function and survival of renal allografts from the same donor transplanted into kidney-only or kidney
pancrease recipients. Cosio FG, Elkhammas EA, Henry ML, Pesavento TE, Sedmak DD, Pelletier RP, 
Bumgardner GL, and Ferguson RM . Transplantation 69:93-99, 1998 

I 08. Outcomes in diabetic patients after simulaneous pancreas-kidney versus kidney alone transplantation. Lee 
CM, Scandling JD, Krieger NR, Dafoe DC, and Alfrey EJ. Transplantation 64:1288-1294, 1997 

109. Impact of the functioning pancreas on long-term renal function in pancreas-kidney transplantation. 
Lefranyois N, Petruzzo P, Sepeteanu I, DaSilva M, McGregor B, Dawahra M, Hadj-Aissa A, Dubernard 
JM, Touraine JL, and Martin X. Transplant Proc 33:1690-1691, 200 I 

110. Diabetic nephropathy as a model ofreversibility of established renal lesions. Fioretto P, Kim Y, and Mauer 
M. Curr Opin Nephrol Hypertens 7:489-494, 1998 

Ill. The development of lesions in the glomerular basement membrane and mesangium after transplantation of 
normal kidneys to diabetic patients. Mauer SM, Steffes MW, Connett J, Najarian JS, Sutherland DER, and 
Barbosa J. Diabetes 32:948-952, 1983 

11 2. Effect of glycemic control on early diabetic renal lesions: A 5-year randomized controlled clinical trial of 
insulin-dependent diabetic kidney transplant recipients. Barbosa J, Steffes MW, Sutherland DER, Connett 
JE, Rao V, and Mauer SM. JAMA 272:600-606, 1994 

22 



113. Evolution of diabetic nephropathy in kidney grafts: Evidence that a simultaneously transplanted pancreas 
exerts a protective effect. Wilczek HE, Jaremko G, Tyden G, and Groth CG. Transplantation 59:51-57 , 
1995 

114. The effects of pancreas transplantation on the glomerular structure of renal allografts in patients with 
insulin-dependent diabetes. Bilous RW, Mauer SM, Sutherland DER, Najarian JS, Goetz FC, and Steffes 
MW. N Eng! J Med 321:80-85, 1989 

115. Reversal of lesions of diabetic nephropathy after pancreas transplantation. Fioretto P, Steffes MW, 
Sutherland DER, Goetz FC, and Mauer M. N Eng! J Med 339:69-75, 1998 

116. Diabetic retinopathy after combined kidney-pancreas transplantation. Chow VCC, Pai RP, Chapman JR, 
O'Connell PJ, Allen RDM, Mitchell P, and Nankivell BJ. Clin Transp 13:356-362, 1999 

117. Stabilisation of diabetic retinopathy following simultaneous pancreas and kidney transplant. Pearce lA, 
Ilango 8 , Sells RA, and Wong D. Br J Ophthalmo/84:736-740, 2000 

118. Improvements in diabetic microangiopathy after successful simultaneous pancreas-kidney transplantation: A 
computer-assisted intravital microscopy study on the conjunctival microcirculation. Cheung ATW, Perez 
R V, and Chen PCY. Transplantation 68:927-932, 1999 

119. Posttransplant cataract: Lessons from kidney-pancreas transplantation. Pai RP, Mitchell P, Chow VCC, 
Chapman JR, O'Connell P J, Allen ROM, and Nankivell BJ. Tramplantation 69: II 08-1114, 2000 

120. Long-term effects of pancreatic transplantation on diabetic neuropathy. Navarro X, Sutherland DER, and 
Kennedy WR. Ann Neuro/42:727-736, 1997 

121. Effects of pancreatic transplantation on diabetic neuropathy. Kennedy WR, Navarro X, Goetz FC, 
Sutherland DER, and Najarian JS. N Eng/J Med322:1031-1037, 1990 

122. Improvement in autonomic and gastric function following pancreas-kidney versus kidney-alone 
transplantation and the correlation with quality of life. Hathaway OK, Abell T, Cardoso S, Hartwig MS, El 
Gebely S, and Gaber AO. Transplantation 57 :816-822, 1994 

123. Changes in patterns of 24-hr heart rate variability after kidney and kidney-pancreas transplant. Cashion AK, 
Hathaway OK, Milstead EJ, Reed L, and Gaber AO. Transplantation 68:1846- 1850, 1999 

124. Diabetic neuropathy after pancreas transplantation: Determinants of recovery. Allen ROM, Al-Harbi IS, 
Morris JGL, Clouston PO, O'Connell PJ, Chapman JR, and Nankivell BJ. Transplantation 63:830-838, 
1997 

125. Amelioration of nerve conduction velocity following simultaneous kidney/pancreas transplantation is due to 
the glycaemic control provided by the pancreas. Martinenghi S, Comi G, Galardi G, DiCarlo V, Pozza G, 
and Secchi A. Diabeto/ogia 40: 1110- I I I 2, I 997 

I26. Atherosclerotic vascular complications in diabetic transplant candidates. Manske CL, Wilson RF, Wang Y, 
and Thomas W. A.JKD 29:601 -607, 1997 

127. Progression ofmacrovascular disease after transplantation. Nankivell BJ, Lau SG, Chapman JR, O'Connell 
PJ, Fletcher JP, and Allen ROM. Transplantation 69:574-58 I, 2000 

128. Peripheral vascular disease after kidney-pancreas transplantation in diabetic patients with end-stage renal 
disease. Morrisey PE, Shaffer D, Monaco AP, Conway P, and Madras PN. Arch Surg 132:358-362, 1997 

23 



129. Comparison of progression ofmacrovascular diseases after kidney or pancreas and kidney transplantation in 
diabetic patients with end-stage renal disease. Biesenbach G, Margreiter R, Konigsrainer A, Bosmiiller C, 
Janko 0, Briicke P, Gross C, and Zazgomik J. Diabetologia 43:231-234, 2000 

130. Quality of life of pancreas transplant recipients. Zehrer CL and Gross CR. Diabetologia 34 Suppl I :S 145-
S149, 1991 

131. Quality of life after pancreas transplantation: A review. Gross CR, Limwattananon C, and Matthees BJ. Clin 
Transp 12:351 -3 61, 1998 

132. Long-term quality of life after kidney and simultaneous pancreas-kidney transplantation. Matas AJ, 
McHugh L, Payne WD, Wrenshall LE, Dunn DL, Gruessner RWG, Sutherland DER, and Najarian JS. Clin 
Transp 12:233-242, 1998 

133. Comparison before and after transplantation of pancreas-kidney and pancreas-kidney with loss of pancreas -
a prospective controlled quality of life study. Adang EMM, Engel GL, van Hooft' JP, and Kootstra G. 
Transplantation 62:754-758, 1996 

134. The economics of pancreas transplantation. Stratta R. Graft 3: 19-24, 2000 

135. Treatment strategies for insulin-dependent diabetics with ESRD: A cost-effectiveness decision analysis 
model. Douzdjian Y, Ferrara 0, and Silvestri G. AJKD 31:794-802, 1998 

136. Cost-utility analysis of living-donor kidney transplantation followed by pancreas transplantation versus 
simultaneous pancreas-kidney transplantation. Douzdjian Y, Escobar F, Kupin WL, Yenkat KK, and 
Abouljoud MS. Clin Transp 13:51-58, 1999 

137. Indications for clinical islet transplantation today and in the foreseeable future- The diabetologist's point of 
view. Federlin K and Pozza G. J Mol Med77:148-152, 1999 

138. Preserved insulin secretion and insulin independence in recipients of islet autographs. Pyzdrowski KL, 
Kendall OM, Halter JB, Nakhleh RE, Sutherland DER, and Robertson RP. N Eng! J Med 327:220-226, 
1992 

139. Autologous islet transplantation to prevent diabetes after pancreatic resection. Wahoff DC, Papalois BE, 
Najarian JS, Kendall OM, Farney AC, Leone JP, Jessurun J, Dunn DL, Robertson RP, and Sutherland DER. 
Ann Surg 222:562-579, 1995 

140. Pancreatic islet autotransplantation combined with total pancreatectomy for the treatment of chronic 
pancreatitis - the Leicester experience. Johnson PRY, White SA, Robertson GSM, Koppiker N, Burden AC, 
Dennison AR, and London NJM. J Mol Med 77:130- 132, 1999 

141. Islet transplantation for patients with type I diabetes. Hering BJ and Ricordi C. Graft 2: 12-27, 1999 

142. Long-term function (6 years) of islet allografts in type I diabetes. Alejandro R, Lehmann R, Ricordi C, 
Kenyon NS, Angelico MC, Burke G, Esquenazi Y, Nery J, Betancourt AE, Kong SS, Miller J, and Mintz 
DH. Diabetes 46:1983-1989, 1997 

143. Insulin secretory patterns and blood glucose homeostasis after islet allotransplantation in IDDM patients : 
Comparison with segmental- or whole-pancreas transplanted patients through a long term longitudinal 
study. Secchi A, Taglietti MY, Socci C, Maffi P, Falqui L, Caldara R, DiCarlo Y, and Pozza G. J Mol Med 
77:133-139, 1999 

24 



144. Frequency of kidney rejection in diabetic patients undergoing simultaneous kidney and pancreatic islet cell 
transplantation. Carroll PB, Ricordi C, Shapiro R, Rilo HR, Fontes P, Scantlebury V, Irish W, Tzakis AG, 
and Starzl TE. Tramplantation 55:76 1-765, 1993 

145. Progressive islet graft failure occurs significantly earlier in autoantibody-positive than in autoantibody
negative IDDM recipients of intrahepatic islet allografts . Jaeger C, Brendel MD, Hering BJ, Eckhard M, 
and Bretzel RG. Diabetes 46: 1907-19 I 0, 1997 

146. Islet transplantation in seven patients with type I diabetes mellitus using a glucocorticoid-free 
immunosuppressive regimen. Shapiro AMJ, Lakey JRT, Ryan EA, Korbutt GS, Toth E, Warnock GL, 
Kneteman NM, and Rajotte RV. N Eng! J Med 343 :230-238, 2000 

147. Successful islet transplantation for patients with diabetes - fact or fantasy? Robertson RP. N Engl./ Med 
343:289-290, 2000 

25 


