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Pancreas or islet transplantation can provide good glycaemic control and insulin independence. Pancreas transplant-

ation has been associated with improvement in diabetic retinopathy, nephropathy, neuropathy and vasculopathy, but

has the associated morbidity of major surgery. Both forms of therapy require long-term immunosuppression and its

attendant risks and both achieve insulin independence rates of about 80% at 1 year. Pancreas transplantation at the

same time as a renal transplant is a worthwhile option to employ, especially if the diabetes has been difficult to

control. Diabetes associated with frequent severe hypoglycaemia or extreme lability, despite optimization of diabetes

management, may benefit from either pancreas or islet transplant alone with the latter being the lower-risk procedure.

More quantitative measures of hypoglycaemia and lability are now available to facilitate the assessment of the severity

of these problems with glucose control. Diabetic patients with renal involvement (macroproteinuria, but no major

elevation of creatinine) and unstable diabetes may be helped with an islet or pancreas transplant, but this approach

should still be considered experimental and such a transplant may hasten the need for renal replacement therapy. In

the setting of well-controlled diabetes and intact renal function, it is difficult to justify pancreas or islet transplant

alone given the risks of immunosuppression.
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Introduction

The American Diabetes Association’s Clinical Practice

Recommendations state that a pancreas transplant is an

acceptable procedure in type 1 diabetic patients under-

going renal transplantation [1]. Furthermore, they sug-

gest that a pancreas transplant alone can be considered

in the setting of frequent, acute metabolic complications,

incapacitating clinical or emotional problems with

exogenous insulin or failure of insulin to handle acute

complications [1]. Islet transplantation has recently

entered the clinical arena [2] and is available in a few

specialized centres. Establishing the indications for a

pancreas or islet transplant requires an analysis of the

benefit and risks associated with each and only then can

an appropriate balance be found. By virtue of the fact that

pancreas transplantation has been performed for over

20 years, much more information is available for this

field. It should be said at the outset that this is an area

bereft of randomized, controlled, clinical trials – few

patients who come seeking a transplant would consent

to be randomized into a transplant vs. non-transplant

programme, so most of the reports are case series. Com-

mon terminology used in the field includes simultaneous

pancreas–kidney transplant (SPK), kidney transplant

alone (KTA), pancreas after kidney transplant (PAK) and

pancreas transplant alone (PTA). In this study, we

consider the outcomes and risks of pancreas and

islet transplantation, the evidence for benefit in terms
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of diabetic complications, and then in this light, evaluate

the indications for pancreas or islet transplantation.

Patient Survival and Graft Function

The developments in immunosuppressive therapy

over the years have allowed huge strides to be made in

terms of transplantation success [3]. With the use of

modern immunosuppression involving powerful induction

and maintenance therapy, solitary pancreas or islet

transplantation has become viable [2,4]. Venstrom

et al. have provided a careful comparison of people

on the waiting list for SPK, PAK or PTA vs. those who

were transplanted [5]. In the first 3 months, an SPK

increases the relative mortality risk (1.52 (CI¼ 1.28–1.8,

p< 0.001), but by 1 and 4 years, the SPK has a clear

advantage vs. remaining on the waitlist with an overall

relative risk of death of 0.43 (CI¼ 0.39–0.48, p< 0.001).

PTA or PAK people fare less well with the overall rela-

tive risk of death for PTA being 1.57 (CI¼ 0.98–2.53,

p¼ 0.06) and for PAK 1.42 (CI¼ 1.03–1.94, p¼ 0.03) vs.

those remaining on the waiting list [5]. Others have also

shown that adding a pancreas transplant to a kidney

transplant increased the relative mortality risk to 2.2

at 18 months for SPK vs. KTA (living related donor) [6].

On longer-term follow-up at 8 years, the patient survival

rate was the same at 72% in the SPK and KTA (living

related donor) people and better than the 55% for cadaver

donor KTA [6]. Thus, there are demonstrable added risks

associated with a pancreas transplant in the short

term for SPK, but the long-term outcome is clearly better.

Non-uremic patients may actually have a higher mortal-

ity, if they have a pancreas transplant. An islet transplant,

as a safer procedure, may fill the niche for the patient

with intact renal function in need of b-cell replacement

therapy.

Pancreas graft survival at 1 year for SPK and PAK is

80% and for PTA is 88% [4]. Islet survival post-

transplant as measured by the presence of detectable

C-peptide was 40% at 1 year before 2000 [7] and is now

96% at 1 year and 80% at 2 and 3 years. Although both

forms of transplant give stable glucose control, whole

pancreas transplant may be more robust in terms of

insulin secretion. Islet transplantation usually takes

two procedures and has a 1-year 80% insulin independ-

ence rate and is associated with good glycaemic control.

A further consideration for a pancreas transplant

combined with kidney transplant is the fate of the

transplanted kidney. For the PAK, the 1-year kidney

graft survival was 100 vs. 82% for KTA, with the 4-year

kidney survival rates being 93 and 69%, respectively [4].

Acute Risks

The increased mortality risk associated with pancreas

transplantation, when added to a kidney transplant [6],

reflects the complexity of the surgery and its attendant

risks. The risks involved with pancreatic surgery

include rejection, graft pancreatitis, peripancreatic

abscess or intraabdominal infection, duodenal stump

leak, CMV disease, venous or arterial thrombosis requir-

ing graft pancreatectomy and conversion from bladder to

enteric drainage [8,9]. An islet transplant is a much

simpler procedure that involves percutaneous cannu-

lation of the portal vein. However, there was an associated

risk of bleeding (9%), peripheral portal vein thrombosis

(4%), puncture of the gallbladder (3%), or increased liver

function tests (50%) and abdominal pain [10].

Diabetic Complications

Retinopathy

As mentioned above, in the absence of randomized,

controlled trials in the area, outcomes have usually

been expressed in terms of a successful pancreas trans-

plant vs. failed pancreas transplant. Thus, Königsrainer

et al. reported that in patients with a successful SPK

(HbA1c 6.2%), 82% had stabilization or improvement

in their retinopathy vs. 54% of patients with a failed

pancreas transplant (HbA1c 7.5%) [11]. Likewise,

Koznarova et al. reported that 45% of patients with an

unsuccessful pancreas transplant had worsening of their

retinopathy vs. 17% if the transplant was successful

[12]. Giannarelli et al. have reported some improve-

ment in microaneurysms and haemorrhages at 6 months

post-PTA [13]. In islet transplantation, four patients of

62 who had an islet transplant have had an acute retinal

bleed similar to the 6.1% rate of vitreous haemorrhage

reported by Chow et al. after a pancreas transplant [14].

Long-term outcomes after islet transplantations are not

available.

Renal

The dramatic improvement in diabetic changes on renal

biopsy as reported by Fioretto et al. [15] is a testimony

to the benefits of euglycaemia on renal function. It is

of note that it took 10 years for the resolution of the

glomerulosclerosis. The euglycaemia attained after a

pancreas transplant is clearly beneficial to renal func-

tion, as is evidenced by the better survival of the kidney

graft in the presence of a pancreas transplant [4]. How-

ever, it is recognized that in non-renal transplants, the

2 Diabetes, Obesity and Metabolism, 8, 2006, 1–7 # 2005 Blackwell Publishing Ltd

RA Diabetes and pancreas/islet transplant Edmond A. Ryan et al.



immunosuppressive therapy can be nephrotoxic

with 16.5% having chronic renal impairment [16]. Islet

transplant recipients in our programme have reasonably

preserved renal function, but in two patients with an

elevated creatinine at the time of transplantation, there

was substantial deterioration of the renal function [10].

Proteinuria has increased in 5 of 30 patients post-islet

transplantation.

Vascular

Jukema et al. reported that there was regression of

coronary artery atherosclerosis in 38% of successful

pancreas transplants, but in none of the patients in

whom the pancreas transplant had failed [17] with

similar results reported by Larsen et al. [18]. With islet

transplantation, the Milan group demonstrated a decrease

of carotid intimal thickness (�73� 30mm) over a 1- to

3-year period vs. progression (þ245� 20mm), if the islet

transplant was not successful [19]. In the majority of islet

transplant patients (64%), there was an increased need

for either commencing or increasing statin therapy; in

half of the patients, anti-hypertensive medications were

either started or increased [10].

Neuropathy

The best documented changes in neuropathy post-trans-

plant are from the studies of Navarro et al. where the

motor nerve conduction index increased with patients

who had a PTA, a pancreas–kidney transplant or a KTA

[20]. However, in the long term, only the patients, who

had a successful pancreas transplant, had the improve-

ments in the neuropathy hold. Changes in autonomic

function were favourable, but insignificant [20]. Symp-

toms have been reported to significantly improve after

successful pancreas transplant [21]. No information is

available for long-term neuropathy outcomes post-islet

transplant.

Hypoglycaemia

The response to hypoglycaemia is frequently blunted in

longstanding type 1 diabetes giving rise to the problem

of hypoglycaemic unawareness. After pancreas trans-

plantation, the glucagon response was restored [22,23].

Interestingly, the glucagon response after islet

transplantation was not restored to normal [24],

although the frequency of hypoglycaemia was greatly

reduced [25], a testimony to the predominant role of

insulin in glucose homeostasis. Once insulin supply is

under physiological control and can be turned off in

response to a low glucose level, the occurrence of hypo-

glycaemia is greatly diminished. With less hypoglycae-

mia, most patients after an islet transplant lose weight

(pre-islet transplant 70.3� 2.3 vs. post-islet transplant

65.4� 2.3 kg, p� 0.001), although the side effects of the

immunosuppressive medications likely also contribute

to the loss [10].

Infection

Immunosuppression carries with it an increased risk of

infection that is evidenced by the 42-fold increased risk

of infection post-renal transplant [26]. Fungal infections

(often candidiasis and aspergillosis) are a particular risk

and most typically present as esophagitis or pneumonia

[27]. The risk of infection is far greater in solid organ

transplant recipients where there is the risk of surgical

site abscess, prolonged intensive care and hospital stays

and central line use as typically required in pancreas–

kidney transplantation. The typical 1- to 2-day hospital

stay for an islet transplant mitigates these risks. The

mean white cell count in the Edmonton patients post-

islet transplant fell from 6.2� 0.3 to 4.9� 0.3� 109/l

(p¼ 0.002) and some patients required granulocyte

colony-stimulating factor [10]. Other complications that

were seen were mouth ulcer (96%), diarrhoea (67%) and

acne (36%). Mouth ulcer was usually treated with local

hygiene; if persisting or more severe, triamcinolone

acetonide ointment was used once it was felt that the

ulcer was not herpetic. Diarrhoea was treated with

diphenoxylate HCL, codeine or cholystramine for symp-

tomatic relief, but both these problems usually abated

with a decrease in sirolimus. Of note is the finding that

the risk of CMV infection appears low after islet trans-

plants, compared to other solid organs presumably

related to the lack of passenger lymphocytes in the islet

preparations [28].

Malignancy

The risk of malignancy is also increased with immuno-

suppression post-transplantation. There is a 10–15%

risk of cancer over a 10-year period post-kidney trans-

plantation [29]. The risk of skin cancer may be as high as

50% [30], especially if there is an increased sun expos-

ure. Specific rates post-pancreas or islet transplant

alone are not available, but there is no reason to expect

them to differ markedly given the potent immunosup-

pression therapy used, although the use of sirolimus

with possible anti-proliferative effects may mitigate

this risk [31].
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Quality of Life

The quality of life post-pancreas transplantation is

improved [32]. In the setting of concomitant renal trans-

plantation, it may be difficult to separate the benefit of

correcting uraemia from improvement in glycaemic

lability or problems with hypoglycaemia. Post-islet

transplantation, the fear of hypoglycaemia, is eliminated

[33]. For many patients with difficulties of glycaemic

lability or frequent severe hypoglycaemia, the stabiliza-

tion of glucose levels and the virtual elimination of

hypoglycaemia after a successful islet transplant is a

major boon [25].

We can, thus, summarize the situation as follows: a

patient with type 1 diabetes in need of a kidney trans-

plant who undergoes an SPK has an increased risk of

death in the short term, but gains a clear long-term

advantage. Thus, the American Diabetes Association

arrived at the recommendation that a pancreas trans-

plant is an acceptable alternative to standard insulin

therapy for patients undergoing renal transplant [1].

The benefits of islet/pancreas transplant alone are stable

glucose control and improved quality of life with

pancreas transplant giving confirmed improvement in

secondary diabetic complications. The risks are acute

morbidity and the long-term risks of immunosuppres-

sion with the evidence showing a possible overall

increased relative risk of death for PTA. Thus, a PTA

should be considered, only if there are major concerns

with glycaemic control not amenable to current therapy,

while accepting that there are problems in quantifying

such difficulties in glycaemic control. A final issue is the

imbalance between supply and demand. In the US, there

were 902 kidney–pancreas transplants performed in

2002 with a current waitlist of 2427. There were 141

PTA performed with a waitlist of 1569 (UNOS web

site, accessed April 2004). Thus, it becomes evident

that criteria are needed to judge the degree of difficulty

in glucose control in order to assist the decision of who

should have these scarce resources.

Indications

Lability

The major indications for an islet transplant alone are

labile diabetes or severe recurrent hypoglycaemia.

Brittle diabetes has been defined as erratic glucose

values that follow no pattern and interfere with patient

lifestyle. Previous definitions of lability used the mean

amplitude of glycaemic excursion (MAGE), but the

MAGE can give a high value, if there is a gradual decline

of glucose over the day even if the glucose values are not

extremely erratic [34]. A more recent scoring system has

been developed – the Lability Index (LI) – based on

changes in glucose values over time that encompasses

all glucose readings over a week-long period [25]. The

score has been validated in a group of patients attending

a general diabetes clinic and the median value in this

group was 223 mM2/h/week, 25–75th interquartile range

(130–329) and with a value of � 433 (the 90th centile)

indicative of severe lability. Thus, the typical patient in

the diabetes clinic with glucose values ranging between

5 and 15 mmol/l will have an LI score of under 300 mM2/

h/week, but the patient with daily chaotic glucose

values, 2–25 mmol/l, will have a score over 500 mM2/h/

week. The LI score showed a good correlation with

the subjective measures of lability by two experienced

diabetologists and confirmed the excellent response to

correction of the problem with islet transplantation [25].

Other ways of looking at lability are with the continuous

glucose monitoring (GCSM) [35] and evaluating the

number of times that the standard deviation is exceeded,

but this had the limitation that it is only for a limited

3-day period and concerns for accuracy at lower glucose

values [36].

Hypoglycaemia

Severe hypoglycaemia is defined as episodes of hypo-

glycaemic reactions that require outside assistance for

treatment. With the greater emphasis on achieving good

glycaemic control, it has become more problematic with

4% of patients having a severe reaction in a year or a

typical occurrence rate of about 1.4 per year [37–39]. For

some patients, the frequent occurrence of unheralded

episodes of hypoglycaemia, especially if asymptomatic,

is very disruptive, making driving unsafe, working

difficult and interfering with day-to-day quality of life.

However, quantifying the severity of hypoglycaemia has

been problematic with no measure describing it until

recently. The HYPO score is a composite measure of

the severity of the problem based on 4 weeks of records

(frequency, lack of warning, autonomic symptoms) and a

year-long historical review of the number of episodes of

severe hypoglycaemia [25]. It provides a measure of the

problem that allows a comparison between patients. The

HYPO score in the general diabetes population median

was 143, 25th to 75th interquartile range: 46–423 and the

90th centile was 1047. Thus, those diabetic patients with

awful problems with hypoglycaemia, no warning and

frequently needing outside assistance will have HYPO

scores over 1000 and frequently over 2000, but the more

usual patient with the occasional mild hypoglycaemic
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episode will have a HYPO score under 150. Patients of

post-islet transplant show a clear improvement in the

HYPO score [25].

Other Issues

In addition to deciding on the lability of the diabetes or

the severity of the problem with hypoglycaemia, there

are other important issues that should be addressed. The

presence of diabetic complications can have a negative

impact on transplant outcomes. As mentioned above,

there can be a temporary worsening of retinopathy that

may be critical, if there is severe retinopathy to begin

with and little leeway for change [14]. Cardiovascular

disease is a common complication of anyone with long-

standing type 1 diabetes and with pancreatic surgery

being an invasive, perioperative cardiac ischaemia is a

significant risk [40,41]. Specific cardiac work up for an

islet transplant includes an MIBI scan and for patients

over 30 years old or with one other significant risk factor

in addition to the diabetes a coronary angiogram. Once

any correctable lesion is dealt with and medical therapy

is optimized, an islet transplant can still be performed

even in the presence of known coronary disease given its

less invasive nature. Aspirin therapy is discontinued

before the islet transplant in order to lessen the risk

of post-operative bleeding. Renal disease can be problem-

atic in which the immunosuppressive therapy may be

nephrotoxic [42]. Neuropathy can cause difficulties,

particularly if there is GI autonomic involvement with

gastroparesis present. Such a situation can lead to prob-

lems in maintaining adequate immunosuppressive drug

levels, if persistent vomiting occurs.

Financial issues are also important. Transplantation

involves expensive immunosuppressive drugs and fre-

quent monitoring visits that place a burden in terms of

finances and time on the patient. Psychosocial issues are

also critical to address. Difficult diabetes can lead to

psychological problems and psychological problems

can lead to difficulties with diabetes. Resolving these

issues is challenging and involves detailed assessments

by nurse, dietician, social worker and physician and it

needs a referral to psychologist or psychiatrist. If the

patient is having a renal transplant, then the additional

islet or pancreas transplant is seen as an add-on. How-

ever, in the setting of an islet or pancreas transplant

alone, the patient is exchanging insulin therapy for

immunosuppressive drugs. Given the potential toxic

effect of these drugs, it is essential that the patient fully

understand what is involved before the procedure is

embarked upon and it reinforces the need for careful

assessment pre-transplant that the problems are truly

severe enough to require a transplant. A further concern

for both islet and pancreas transplants alone is that

sensitization to donor antigens may occur creating

difficulties for subsequent transplants.

Type-1 diabetes is associated with other autoimmune

diseases that may exacerbate diabetes control and those,

which may have an impact on glycaemic control, should

be excluded pre-transplant, such as Addison’s, thyroid

or celiac disease. The other issue specific to islet trans-

plantation is that the chance of insulin independence is

increased with the increased number of islets per

kilogram provided. Thus, recipients of > 90 kg or using

> 1.2 U/kg (presumed insulin resistance) are generally

excluded from routine islet transplant programmes.

Such obesity, however, would increase the perioperative

risks of a whole pancreas transplant and likely contrib-

ute to insulin resistance in the long term. Finally, if the

indication for a transplant is lability or hypoglycaemia,

it is a prerequisite that all reasonable avenues of good

diabetes management have been exhausted, e.g. multiple

daily insulin, insulin pump, nutrition counselling,

carbohydrate counting and frequent monitoring. Opti-

mization of these aspects of care should be confirmed

before proceeding with an islet or pancreas transplant

alone.

Given the scarcity of organs described above, some

may feel a natural competition between whole pancreas

and islet transplant programmes. Both programmes can

co-exist, particularly because organs from donors under

the age of 45 are best suited for whole organ transplant

and pancreases from donors over 45 are best for islet

isolation.

Conclusion

Given this information, who should have b-cell replace-

ment therapy? If the glucose values are stable and renal

function is normal, then an islet or pancreas transplant

is not indicated. If there is an unrelenting progression of

complications of diabetes, e.g. painful neuropathy, a

transplant could be considered, but there is little

evidence to support that it will clearly benefit the

patient and it should be considered experimental.

If the patient has advanced renal disease and is under-

going a renal transplant, an SPK or PAK is reasonable

especially if there are problems with lability or hypogly-

caemia. If the centre has local expertise in preparing

islets, then simultaneous islet kidney or islet after

kidney transplants could be considered. If the patient

has a kidney transplant and has stable diabetes, perform-

ing a pancreas transplant, in addition, increases the risk
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of surgery and requires full discussion with the patient

in regard to short- and long-term risks/benefits.

If the patient has labile diabetes (LI� 433 mM2/h/

week) or has major problems with hypoglycaemia

(HYPO score�1047) and no renal disease, then an islet

transplant is a reasonable option given its lower morbid-

ity vs. a pancreas transplant alone. If the centre involved

has more experience with a pancreas transplant, then a

PTA can be considered.

The most challenging patients are those with unstable

diabetes (lability or hypoglycaemia problems) and some

renal dysfunction. If the renal dysfunction is limited to

the presence of microalbuminuria, then islet transplant-

ation is reasonable. If there is macroproteinuria present,

the outcomes are less certain and a pancreas or islet

transplant alone can be considered in the light of

the possibility that the immunosuppressive drugs may

hasten the decline of renal function. Further studies will

help us elucidate the answers to these questions and

allow appropriate therapy to be identified.
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