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KEY MESSAGES

• For people with diabetes and end stage renal disease, kidney transplan-
tation improves long-term outcomes compared with dialysis.

• For people with type 1 diabetes and end stage renal disease, simultane-
ous pancreas-kidney transplantation can improve kidney graft survival and
result in prolonged insulin independence.

• For people with type 1 diabetes, pancreas or islet allotransplantation
improves glycemic control, prevents severe hypoglycemia even in the
absence of complete insulin independence, but with the risks of long-
term immunosuppression.

• In people undergoing total pancreatectomy for benign pancreatic disease,
islet autotransplantation can prevent or ameliorate labile diabetes.

• Post-transplant diabetes is common after solid organ transplantation and
is associated with increased risk for mortality, cardiovascular disease and
graft loss.

KEY MESSAGES FOR PEOPLE WITH DIABETES

• Diabetes sometimes damages kidneys so badly that they no longer work.
When kidneys fail, one option is a kidney transplant.

• For certain people with type 1 diabetes, pancreas or islet transplants may
help stabilize blood glucose levels.

• Your diabetes health-care team can discuss the benefits and risks of these
procedures with you.

Introduction

Restoring endogenous insulin secretion by whole pancreas or islet
transplantation has been established as an alternative to insulin
injection therapy in select individuals with type 1 diabetes (1,2).
Both pancreas and islet transplantation can result in insulin inde-
pendence and glucose stability, especially in the setting of glucose
lability or frequent, severe hypoglycemia. Unfortunately, the absence
of prospective randomized controlled trials makes it challenging
to draw firm conclusions about the overall efficacy and safety of
these therapies compared with exogenous insulin treatment. Also,
the limited number of specialized islet and pancreas transplanta-
tion centres and the relatively small number of donor pancreases
limit the availability of these treatments.

More broadly, diabetes is an important clinical issue in solid
organ transplantation. Diabetes is the leading indication for kidney
transplants (3) and is a common comorbidity in people listed for
other solid organ transplants. New cases of diabetes developing after
solid organ transplantation—post-transplant diabetes mellitus
(PTDM)—are common and associated with reduced patient and graft
survival. There is uncertainty about many aspects of PTDM, includ-
ing diagnostic criteria, screening, glycemic targets and which glucose-
lowering therapies are safest and most effective after transplant (4).
Nevertheless, some general recommendations regarding the role of
pancreas and islet transplantation, and the diagnosis and manage-
ment of PTDM, may be made based on a growing body of data and/or
current clinical experience.

Pancreas Transplantation

Pancreas transplantation can result in complete independence
from exogenous insulin in the majority of cases (5). As shown in
Table 1, worldwide, non-controlled 1-, 5- and 10-year mean pan-
creas graft and patient survival rates differ slightly among the 3 major
types of transplantations (6). Long-term pancreas graft survival
declines with time, with a median graft survival of 9 years and <10%
survival at 21 years (7). Chronic graft failure is the most common
reason for transplant loss (8). Glycemic control and glycated hemo-
globin (A1C) are markedly improved after successful pancreas trans-
plantation, with most recipients achieving normal glucose tolerance,
albeit with hyperinsulinemia (9,10). Improvements in the histo-
logical changes of diabetic nephropathy have been reported 5 to
10 years post-transplantation (11,12).

Long-term patient and kidney graft survival improves with simul-
taneous pancreas kidney (SPK) transplant (13–15). Improvement
and/or stabilization of diabetic retinopathy has been demonstrated
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Table 1
Reported graft survival rates according to type of pancreas transplantation (6)

Transplant type 1 year 5 year 10 year 15 year

SPK 91.3% 69% 62% 40%
PAK 86% 45% 36% 11%
PTA 85.7% 54% 32%

PAK, pancreas after kidney; PTA, pancreas transplant alone; SPK, simultaneous pan-
creas kidney.
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(16). Peripheral sensory and motor neuropathies also appear to
improve after pancreas transplantation (17,18), but these findings
are inconsistent and may take years to achieve (19–21). Pancreas
transplantation appears to improve cardiovascular (CV) function,
carotid intimal medial thickness, blood pressure (BP) and lipid
parameters (22–24). Nonrandomized trials suggest a reduction in
CV mortality (25,26). Finally, diabetes-related quality of life appears
to improve after pancreas transplantation (27).

Islet Transplantation

Islet allotransplantation

Islet allotransplantation involves the infusion of islets isolated
from a deceased donor pancreas via the portal vein into the liver
(28). Islet transplant alone in people with severe hypoglycemia and
impaired awareness of hypoglycemia, despite optimal medical
therapy, results in stable, near-normal glycemic control (A1C, gly-
cemic variability) and protection from severe hypoglycemia (29).
Similar benefits are seen for islet transplant simultaneously with,
or after, kidney transplant compared with intensive insulin therapy
(30). Islet transplant usually leads to insulin independence in most
recipients, but often requires more than 1 islet infusion (31). Over
time, long-term insulin independence rates decline, but recent
studies suggest 5-year insulin independence rates up to 60% (32)
compared with 10% in early reports (33). Higher proportions main-
tain long-term graft function, evidenced by sustained secretion of
C-peptide, which facilitates improved glycemic control and pro-
tection from hypoglycemia despite resuming insulin therapy
(29,34,35).

Small, studies suggest stabilization of microvascular complica-
tions (36) with islet allotransplantation. Also, successful islet trans-
plantation can improve quality of life (37) and reduces the fear of
hypoglycemia (38). Adverse effects of immunosuppressive agents,
however, can have a negative impact on quality of life (39).

Risks Associated with Pancreas and Islet Transplantation

Pancreas transplantation represents major abdominal surgery
and is associated with significant perioperative risks, including
graft thrombosis, hemorrhage, pancreatitis, wound infection,
peripancreatic abscesses and duodenal stump leakage (40,41). Islet
transplantation is a minimally invasive procedure and is associated

with fewer procedural risks, which may include intraperitoneal hem-
orrhage or branch portal vein thrombosis, but these complica-
tions are infrequent at experienced centres (<10% of procedures)
and usually self-limited (33,42). Both pancreas and islet transplan-
tation require long-term immunosuppression, which is associ-
ated with a number of risks and side effects (43,44). Medication side
effects are generally mild and often respond to dose or agent adjust-
ment. Although rare, life-threatening opportunistic infections and
malignancies have been reported (42,43). These risks must be care-
fully weighed against the potential benefits of transplantation for
each individual. See Table 2 for a detailed comparison of pancreas
vs. islet transplantation.

Islet Autotransplantation after Pancreatectomy

Total pancreatectomy, most commonly performed for chronic
painful pancreatitis, often results in labile, insulin-requiring dia-
betes with a high risk of hypoglycemia. Partial pancreatectomy (e.g.
distal pancreatectomy for benign tumours) can also result in dia-
betes, albeit with a lower risk for hypoglycemia. In both total and
partial pancreatectomy for benign pancreatic disease, islets can be
isolated from the resected pancreas and returned to the person by
infusion into the portal vein or the peritoneal cavity (45,46).

Islet autotransplantation does not require immunosuppression
and has minimal additional operative risks. Islet autotransplanta-
tion after total pancreatectomy can prevent diabetes with no increase
in mortality (47) and can result in durable insulin independence
(48). Islet autotransplantation after partial pancreatectomy can also
prevent diabetes and provides superior metabolic function, which
may be particularly important in subjects at high risk for diabetes
(49,50). The metabolic benefits of islet autotransplantation depend
on the islet yield, which is generally lower than from deceased
donors, but more than 50% of people undergoing total pancreatec-
tomy will have meaningful glycemic benefit (51). Few centres in
Canada have facilities to perform islet autotransplantation.

Post-Transplant Diabetes Mellitus—Diagnosis and Treatment

Post-transplant diabetes mellitus (PTDM), previously known as
new-onset diabetes after transplantation (NODAT), refers to newly
diagnosed diabetes mellitus in a clinically stable person after solid
organ transplantation (4). Transient hyperglycemia, which will gen-
erally have resolved within 3 months post-transplant is common

Table 2
Comparison of beta-cell replacement modalities

Islet Pancreas

Outcomes
Reduce or eliminate hypoglycemia Yes Yes
Improve A1C Yes Yes
Insulin independence Yes* Yes*

Effect on diabetes-related complications
Microvascular May be stabilized or improved† May be stabilized or improved
CV Not known May be improved
Risks
Procedural risks Minor procedural risk Major surgical risk
Immunosuppression Similar agents,‡ life-long immunosuppression Similar agents,‡ life-long immunosuppression
Other considerations
ESRD Consider SIK or IAK Consider SPK
Functioning renal transplant Consider IAK if glycemic lability or hypoglycemia§ Consider PAK if glycemic lability or hypoglycemia§

A1C, glycated hemoglobin; CV, cardiovascular; ESRD, end-stage renal disease; IAK, islet after kidney; PAK, pancreas after kidney; SIK, simultaneous islet and kidney; SPK,
simultaneous pancreas-kidney.

* More than 1 islet infusion may be required. More reliable and durable insulin independence is more likely with pancreas transplant.
† Retinopathy and neuropathy may be stabilized or improved.
‡ Steroids are avoided in islet transplantation, but may be used in whole pancreas transplantation.
§ No additional risk from immunosuppression.
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and may require short-term treatment (4). Insulin is effective and
may be the preferred agent in the acute setting or with marked
hyperglycemia. A sensitive and practical method to screen for hyper-
glycemia in the initial 6-week post-transplant period in people taking
corticosteroids is to measure capillary blood glucose (CBG) levels
after lunch (i.e. 4 pm) (52).

PTDM is associated with reduced patient and graft survival and
increased risk for CVD, infection and other complications of trans-
plant (53). Risk factors for PTDM include recognized risk factors for
type 2 diabetes (e.g. age, central obesity, metabolic syndrome, family
history of type 2 diabetes), but also some specifically related to trans-
plantation (hepatitis C, cytomegalovirus [CMV], corticosteroid dose,
choice of immunosuppressive medications) (53). Pre-transplant
screening can identify people at high risk for developing diabetes
(54), but is not performed routinely in most transplant centres (4).

PTDM is diagnosed using standard glycemic thresholds (see Defi-
nition, Classification and Diagnosis of Diabetes, Prediabetes and
Metabolic Syndrome chapter, p. S10) when clinically stable (i.e. not
in the first 3 months post-transplant) (4). Although the 2-hour oral
glucose tolerance test (OGTT) is a more sensitive diagnostic test than
A1C, it may be less practical than other methods, but fasting plasma
glucose (FPG) is the least sensitive test (55–57). After 3 months post-
transplantation, A1C ≥6.5% can be used for diagnosis in stable organ
transplant recipients (52,58).

Insulin is a common and effective antihyperglycemic therapy that
is often initiated in hospital. While insulin has risks for both hypo-
glycemia and weight gain, it may be the preferred agent in the acute
setting, particularly in the face of high-dose steroids with marked
hyperglycemia (see In-Hospital Management of Diabetes chapter,
p. S115).

To date, there have been no large trials of antihyperglycemic
therapies for the treatment of PTDM. Some small studies have shown
efficacy of dipeptidyl peptidase (DPP)-4 inhibitors (59,60) and less
weight gain in a small trial vs. insulin glargine (61). However, there
is not enough evidence to support specific recommendations regard-
ing choice of antihyperglycemic therapy. Nevertheless, there are a
number of issues, which may be considered when selecting glucose
lowering therapies, similar to recommendations in the Pharmaco-
logic Glycemic Management of Type 2 Diabetes in Adults chapter,
p. S88.

Antihyperglycemic agents that do not promote weight gain would
generally be preferred since steroids and weight gain are impor-
tant risk factors for PTDM. Metformin would seem a sensible first-
line agent, assuming adequate renal reserve and hepatic function.
Adequate renal reserve would be required for a glucagon-like poly-
peptide (GLP)-1 receptor agonist or sodium-glucose cotransporter-2
(SGLT2) inhibitor to be considered. However, in immunosup-
pressed patients, the risks of genitourinary infection with SGLT2
inhibitors should be carefully considered (see Pharmacologic Gly-
cemic Management of Type 2 Diabetes in Adults chapter, p. S88).

Insulin secretagogues have risks of hypoglycemia and weight
gain, and have inferior durability (which is often attributed to
accelerated progression of beta cell decline) (62). Avoiding use of
insulin secretagogues in people at increased risk for hypoglyce-
mia (transplant recipients with impaired hepatic or renal function)
or in pancreas transplant recipients with graft dysfunction seems
prudent.

Transplantation in People with Pre-Existing Diabetes

People with pre-existing diabetes often experience hyperglyce-
mia following transplantation and may need additional anti-
hyperglycemic therapy. Insulin may be required, at least temporarily.
No controlled studies have examined treatment strategies for gly-
cemic management after transplantation in people with pre-
existing diabetes (4).

RECOMMENDATIONS

1. Individuals with type 1 diabetes and ESRD who are being considered for
kidney transplantation should also be considered for simultaneous
pancreas-kidney transplantation [Grade C, Level 3 (25,41)].

2. Individuals with type 1 diabetes with inadequate glycemic control char-
acterized by marked glycemic lability and/or severe hypoglycemia despite
best efforts to optimize glycemic control and who have a) preserved renal
function or b) who have had a successful kidney transplant may be con-
sidered for islet allotransplantation [Grade C, Level 3 (29,30)] or pan-
creas transplantation [Grade C, Level 3 (26) for pancreas after kidney;
Grade D, Level 4 (44) for pancreas transplant alone].

3. Individuals undergoing total pancreatectomy for benign pancreatic
disease may be considered for islet autotransplantation to prevent the
development of diabetes where suitable facilities are accessible [Grade D,
Level 4 (47)].

4. Individuals undergoing solid organ transplant should be screened for dia-
betes and CV risk factors prior to transplant [Grade D, Consensus] and
should be screened for PTDM after transplant using:

a. A1C at 3 months, 12 months and then annually, or with an OGTT if
A1C not reliable (see Table 1 in the Monitoring Glycemic Control
chapter, p. S47) [Grade C, Level 3 (52,58)]

b. A 2-hour OGTT or post-lunch capillary blood glucose in the first 3
months after transplant [Grade C, Level 3 (52)].

5. Individuals with PTDM should:
a. Be treated to individualized glycemic targets [Grade D, Consensus]
b. Receive healthy behaviour interventions similar to those recom-

mended for people with type 2 diabetes [Grade D, Consensus]
c. Receive antihyperglycemic agents that do not provoke weight gain,

whenever possible, unless contraindicated [Grade D, Consensus]
d. Avoid insulin secretagogues if they have renal impairment or poorly

functioning pancreas transplant [Grade D, Consensus]
e. Receive insulin for metabolic decompensation or symptomatic/

severe hyperglycemia [Grade D, Consensus].

Abbreviations:
A1C, glycated hemoglobin; BG; blood glucose; BP, blood pressure; CBG;
capillary blood glucose; CV, cardiovascular; ESRD, end stage renal disease;
FPG; fasting plasma glucose; NODAT, new onset diabetes after transplan-
tation; OGTT, oral glucose tolerance test; PTDM, post-transplant diabe-
tes mellitus; SPK transplant, simultaneous pancreas kidney transplant.

Other Relevant Guidelines

Definition, Classification and Diagnosis of Diabetes, Prediabetes
and Metabolic Syndrome, p. S10

Monitoring Glycemic Control, p. S47
Pharmacologic Glycemic Management of Type 2 Diabetes in

Adults, p. S88
In-Hospital Management of Diabetes, p. S115
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