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Introduction

Pancreas transplant was performed for the first time
in 1966 at the University of Minnesota. More than
27,00 pancreas transplants were reported in the USA,
and further 15,000 were reported all over the world,
reaching at 1 year a survival rate of 95% for patients
and 85% for pancreas, as reported by the International
Pancreas Transplant registry, hold at the University of
Arizona [1].

Currently pancreas transplantation represents the
preferred treatment for the restoration of the en-
docrine function, guaranteeing normal glucose home-
ostasis and consequently the effective reduction of the
side effects on the long-term diabetic disease.
However, the procedure of pancreas transplant cannot
be considered life-saving, in contrast, e.g., to liver or
heart /lungs transplant. For this reason, the long-term
advantages have to be evaluated and correlated to the
potential mortality and morbidity associated with the
surgical intervention as well as to the possible side ef-
fects due to the chronic immunosuppression therapy.

Selection criteria for pancreas

transplantation

All the patients affected by type 1 diabetes mellitus
and end stage renal disease, able to face major surgery,
are possible candidates for a simultaneous kidney and
pancreas transplant. Candidates for isolated pancreas
transplant are all the patients suffering type1 diabetes
mellitus, who show an elevated risk to develop sec-
ondary complications to the disease, such as
nephropathy, neuropathy and retinopathy or manifest
a severe glycometabolic unbalance, with frequent
episodes of undetected hypoglycemia. Particular at-
tention has to be observed in patients who suffer from
renal dysfunction: in such case it is very important to
consider the risk of progression of disease and con-
sequently the potential necessity to undergo a kidney
transplant in the near future.

As a consequence three recipient categories are
currently identified:

• simultaneous pancreas kidney transplantation
(SPK) in patients affected by type 1 diabetes and
end stage renal failure: this represents 80% of all
the pancreas performed.

• Pancreas after kidney transplantation (PAK) in
type 1 diabetic patients already submitted to
kidney transplantation, either by cadaver or

living donors: this represents 15% of all the trans-
plants performed.

• Pancreas transplant alone (PTA) in brittle dia-
betic patients: 5-10% of the cases.

Surgical procedures

The transplanted pancreas is situated in the right iliac
fossa. The blood anastomosis of the transplanted
organ are done between the iliac artery of the re-
cipient and the upper mesenteric artery and the
splenic artery of the donor. The surgical technique for
the venous drainage can be different according to the
different receivers: the anastomosis can be prepared
on the iliac vein (systemic drain) or on the inferior
cava vein or on the mesenteric vein (portal drain).
The drainage in the portal system imitates the physio-
logical insulin passage at the hepatic level where it is
metabolized by 50%. The systemic vein drain bypasses
the effect of the first liver passage, causing hyperin-
sulinemia, which can predispose and accelerates ath-
erosclerosis [2] [3]. Studies have shown how the portal
vein drainage, compared with the systemic one, is able
to reduce the free cholesterol level, VLDL, LDL and
apolipoprotein B [4]. The exocrine secretions are
drained into the bladder or at enteric level. The
bladder drain is associated with an elevated frequency
of urologic side – effects, including urinary tract in-
fections, ematuria, acidosis, dysplasia of the bladder,
as well as episodes of reflux pancreatitis, although it
would permit, through the evaluation of the urinary
concentration of amylases, an early diagnosis of organ
rejection. Studies carried out at the Maryland prove
that nowadays, thanks to new models of immunosup-
pressive therapy, a more a suitable antibiotic
treatment, and the use of pancreatic biopsy for reject
diagnosis and improved radiological techniques for
the study of the transplanted pancreas, the enteric
drain of the exocrine pancreatic secretions represents
the golden standard [5].

Immunosuppressive therapy

A key point for the pancreas graft is the immunosup-
pressive therapy, which assume particular relevance
due to the pronounced immunogenicity of this organ
and the risk of recurrence of autoimmunity in patients
affected by type 1 diabetes mellitus type 1. The im-
munosupressive schemes more widely utilized today
are based on the association of induction treatment
(rATG, basiliximab, or alemtuzumab) and maintenance
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polytherapy (calcineurin inhibitors, cell proliferation
inhibitors and steroids). Induction treatment has
proved to be capable to reduce frequency and seri-
ousness of rejection episodes and to improve renal
function within 3 years from kidney-pancreas graft
[6]. As far as maintenance therapy, it has been capital
the transition from azathioprine to mycophenolate
mofetil as inhibitor of cell proliferation, so as the de-
finition of tacrolimus superiority compared to cy-
closporine in the prevention of rejection in kidney-
pancreas combined transplant [7] and the proof of the
security of protocols with rapid decalage of steroids,
with all the consequent advantages. The introduction
of the present immunosupressive protocols has al-
lowed to move from 78% pancreas rejection in the "cy-
closporine era" to the current 5-25%.

Immunosuppressants increase neoplastic risks,
that should be carefully analyzed in a risk/benefit
ratio evaluation before transplantation.

Outcome and results of pancreas transplant
on the diabetes complications

Metabolic control
Pancreas transplant restore near-normal glucose
homeostasis, with a reduction of HbA1c levels (Figura
1): in a cohort of 54 patients who received pancreas
transplantation HbA1c average after 6 years was 6%,
compared with 7% in patients who underwent in-
tensive insulin therapy in Diabetes Control and Com-
plications Trial.

Furthermore the pancreatic graft is able to restore
glucagon secretion and consequently the blunted re-
sponse to hypoglycemia, restore normal glucose he-
patic production and improves lipid profiles.

Retinopathy [8]
75% of type 1 diabetes mellitus patients develop di-
abetic retinopathy within 10 years from the onsetof
diabetes. Among these 30% presents proliferating
retinopathy requiring laser therapyand 40% will suffer
blindness within 3 years. Several studies show that,
after initial worsening of diabetic retinopathy, in the
long run pancreas transplantation positively affects
the development of this invalidating complication of
diabetes. A research realized by Chow to compare

Figura 1.Figura 1.

Actuarial survival in type 1 diabetic patients after Kidney-pancreas transplantation (KP, red), after Kidney transplantation alone (KA blue) and in waiting list for Kidney-

pancreas transplantation (WL, green): pancreas transplantation improves live survival at 7 years of 18% over single kidney transplantation and of 40% over patents not

yet transplanted.
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retinopathy profiles between patients submitted to
well functioning kidney-pancreas simultaneous graft
and patients who lost the pancreas, proves that 14%
of patients will show an improvement in diabetic
retinopathy, 76% remained stable, while 10% deteri-
orated. Nearly all the patients developed cataract,
probably due to the immunosuppressive therapy, with
a reduction of visual acuity. This study underlines the
importance to obtain a stabilization of pre-transplant
diabetic retinopathy in order to guarantee a non-
progression of diabetic retinopathy.

Nephropathy [9]
Hyperglycemia is a fundamental requirement for the
development of the typical damages of the diabetic
nephropathy. As shown by DCCT, patients affected by
type 1 diabetes mellitus receiving an intensive insulin
treatment, proved a reduced microalbuminuria inci-
dence compared to patients receiving a standard
treatment. Different studies have shown that
achievement of normoglycemia is able to stop the
worsening of diabetic nephropathy, but unable to re-
cover when already present. Moreover other studies
carried out by Fioretto et al. have proved that after
10 years of fully functional pancreatic graft, an im-
provement of glomerular and tubular damages was
shown. Histology have shown reduction of the
thickness of basal glomerular and tubular membranes
and of mesengial matrix, as well as the disappearance
of typical Kimmelstiel-Wilson nodular lesions. Addi-
tional studies have come to the conclusion that in the
first stages the pancreas transplant leads to a signif-
icant decrease of proteinuria, obtaining a definite pro-
tection towards diabetic nephropathy.

NeuropathyNeuropathy [10]
Several studies carried out in patients submitted to

simultaneous kidney-pancreas transplant (SPK) have
proved the protective effect of normoglycemia on di-
abetic neuropathy. Kennedy et al. Have studied the
progression of peripheral and autonomic neuropathy
in pancreas transplanted patients compared to type
1 mellitus diabetic patients undergoing intensive in-
sulin therapy. At 12, 24 and 42 months pancreas trans-
planted patients show a definite improvement in the
sensory-motor and autonomic profile, whereas a wors-
ening in the control group was evident. These obser-
vations were confirmed in other studies.

Coronary heart diseaseCoronary heart disease [11]
It is known that the high mortality rate in patients

with type 1diabetes and end stage renal disease is
mainly due to Ischemic Heart Disease. Jukema et al.
have proved that at least 40% of patients undergoing
pancreas transplantation show after transplantation a
reduction of atherosclerotic damages, thus confirming
previous observations of La Rocca et al. that demon-
strated a reduction of carotid atherosclerosis in pa-
tients with a functioning simultaneous kidney-
pancreas graft, when compared to a control group of
patients with failed transplant. The Jukema study ap-
pears to point out that simultaneous kidney-pancreas
transplant, although suffering major perioperatory
side-effects, is able to reduce the coronaric atheroscle-
rosis thanks to the euglycemia achieved, improving
the prognosis and the quality of life of type1 mellitus

diabetes patients. Furthermore metabolic alterations
of type 1 diabetes lead to selective diastolic dys-
function: 30% of diabetic patients with cardiovascular
disease show normal systolic function together with
isolated diastolic dysfunction. This specific alteration
was shown to be reversible 4 years after successful
pancreas transplantation by the studies of La Rocca.
Both La Rocca and Gaber also stress the positive impact
on systolic function of the normalization of metabolic
control in kidney-pancreas transplanted patients. An
echocardiographic analysis within 2 years from
kidney-pancreas transplant suggests an improvement
of the left ventricle geometry in comparison with the
same exam performed on matched patients who re-
ceived only kidney transplant and therefore remained
diabetic. Other studies have shown that the per-
centage of cardiac events like severe myocardial in-
farction and/or pulmonary edema are reduced in pa-
tients undergoing simultaneous kidney-pancreas
transplant when compared to diabetic patients under-
going only kidney transplantation.

All these observations justify the inferior incidence
of cardiovascular events and the higher rate of sur-
vival (see chapter Survival) in patients undergoing a
kidney-pancreas transplant, when compared to dia-
betic patients undergoing kidney transplant alone.

Cerebral and peripheral vasculopathy [12]
Nankivell et al. has shown an initial worsening of
carotid intima thickness in kidney-pancreas patients,
without evidence of cerebrovascular accidents. More
recent studies prove an improvement in the carotid
intima thickness within 2 years from pancreas-kidney
transplant independently from lipid profiles, body
mass index, blood pressure control, smoke and use of
antilipidic therapy. On the other hand, as to peripheral
vasculopathy, a progressive worsening seems to occur,
despite good pancreas transplant function. This be-
havior could be explained by a vascular damage, at
the moment of transplantation, too advanced to be re-
versible.

Survival [13]
SPK transplant was shown to increase, when compared
to kidney transplant alone in diabetic patients (KTA),
observed vs expected life span [8] [9] (Figura 2). Data
of the U.S. Scientific Renal Transplant Registry and of
the U.S. Renal Data System (more than 13,000 patients
studied) show that patient survival rate at 10 years was
higher in SPK than in KTA, the former group showing
greatest longevity (23.4 yrs) when compared to 20.9
yrs in KTA from living donors and 12.8 yrs in KTA from
deceased donors [14].

Similar results were observed also in PAK patients,
with an improvement of long term patient and kidney
graft survival. When brittle diabetic patient are con-
sidered, the survival is higher at 4 years, when these
patients receive a pancreas transplant, than in pa-
tients in waiting list for a transplant. In fact the sur-
vival percentage of patients included in the waiting list
for pancreas transplant compared with patients un-
dergoing transplant has been evaluated in a further
UNOS data analysis. These results prove that within
4 years the survival rate in pancreas-transplanted pa-
tients vs patients in waiting list for SPK reaches 90.3%
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(vs. 58.7%) and for PAK 88.3% (vs. 81.7%) and finally in

the PTA group 90.5% (vs. 87.3%). This study has con-

firmed that simultaneous kidney/pancreas transplant

obtains survival global advantage in comparison with

type1mellitus diabetes patients included in the

waiting list for transplant [15].

From these data it appears that pancreas trans-

plantation, that is not considered a life-saving pro-

cedure in the short term, must be considered a life-

saving procedure in the long term.

Summary box

• Pancreas transplantation is indicated in type 1 di-

abetic patients.

• Survival rates of patients and organs improved

over years, achieving 95% and 85% respectively at

1 year.

• Pancreas transplantation normalize glucose me-

tabolism

• Pancreas transplantation stabilize, reverts and

prevent degenerative diabetic complications.

Islet transplantation
Islet transplantation is a relatively new medical pro-

cedure aimed to replace pancreatic function. Unfor-

tunately, the lack of standardized protocols and the

differences in inclusion criteria and in immunosup-

pressive regimens among studies have prevented islet

transplantation from becoming the gold standard

treatment for patients affected by T1DM.

Indications for islet cell transplantation
Frequent and severe hypoglycemic events are the

most common indication for islet transplantation

alone (ITA). Clinical and emotional problems asso-

ciated with the use of exogenous insulin that are so

severe as to be incapacitating, and consistent failure of

insulin-based management to prevent acute complica-

tions are further indications for islet transplantation.

Islet after kidney (IAK) transplantation is restricted to

patients with end-stage renal disease affected by T1D

previously submitted to successful kidney transplan-

tation. A further group, rare, is simultaneous islet and

kidney transplantation (SIK).

Procedure
Islet transplantation is performed using pancreas from

heart beating donors.

After harvesting, the pancreas is processed in

order to separate the islets from the surrounding

tissue. This procedure is currently rather difficult with

a relatively low rate of success (40-50%). When al ad-

equate islet preparation, in terms of quality and

quantity, is available, it is generally infused within the

liver, through a portography. The procedure can be

performed under local anesthesia. Alternative sites

were already proposed without success, so intra-

hepatic transplantation is currently the gold-standard

procedure (Figura 3).

The risks are minor and related to the portography

procedure (bleeding, segmental liver thrombosis). Lit-

erature reports very limited side effects.

The procedure can be repeated when full function

is not achieved.

Figura 2.Figura 2.
HbA1c levels after kidney-pancreas transplantation: a normalization is observed already at 6 months, and maintained over the years.
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Immunosuppression for islet transplantation
As in any case of allotransplantation, islet transplan-
tation requires immunosuppression in order to
prevent allorejection. Furthermore islets seem to be
more sensitive to recurrence of autoimmunity than
pancreas transplantation, thus stressing the re-
quirement of a complete and effective immunosup-
pression [16]. This constitutes the major risk for pa-
tients undergoing islet transplantation and should be
carefully balanced according to the current clinical
conditions of the patient and the potential advantages.
Immunosuppressive schemes does not differ greatly
from those used for pancreas transplantation. What
characterize the immunosuppressive schemes in islet
transplantation is the requirement of and anti-
inflammatory co-treatment, generally based on anti-
TNF, aimed to prevent local inflammation at the trans-
plant site, that greatly reduces islet engraftment. Im-
munosuppressants must be tightly monitored in order
to avoid known nephrotoxic and diabetogenic effects.
Furthermore Immunosuppressants increase neo-
plastic risks, that should be carefully analyzed in a
risk/benefit ratio evaluation before transplantation.

Clinical impact of islet transplantation
Clinical results achievable with islet transplantation
were fully analyzed by the Collaborative Islet Trans-
plantation Registry (CITR) [17], held in Bethesda, that
is collecting clinical data of the majority of the active
Centers, since 1999. The registry has collected data of
677 patients who received islet transplantation alone
(ITA) or islet transplantation after a successful kidney
transplant (IAK) and compared results achieved in the
periods 1999-2002, 2003-2006, 2007-2010. Insulin inde-
pendence at 3 years was 27% in the first era (214 pa-

tients), 37% in the second era (255 pts) and 44% in the
third era (208 pts), showing a progressive and constant
improvement of the results.

When insulin independence is achieved all meta-
bolic parameters improve (Figura 3 and Figura 4).

When full insulin independence is not achieved
islet transplantation can in any case give an advantage
to the patients by providing an auto regulated source
of endogenous insulin, not enough to achieve full
function, but enough to improve remarkably meta-
bolic control with few units of insulin per day: this is
considered “partial function” and is monitored though
the blood levels of C-peptide, a surrogate marker of
islet function. When C-peptide is higher than 0.3 ng/
ml islet are considered still functioning, regardless of
the insulin doses. This condition was maintained at 4
years in 60% in the first era, 74% in the second era and
88% in the third era, with a progressive and constant
improvement also of this parameter of function.

As a consequence Glycated Hemoglobin improved
over time and Hypoglycemic episodes nearly disap-
peared in patients showing islet function.

A second islet infusion is required when full
function is not achieved. Also this improved over
years: 65% of patients required a second infusion in
the era 1999-2006, compared to 48% in the period
2007-2010.

Patient survival
A study analyzed the effect of islet transplantation on
patient survival [18]. This work compared two popula-
tions of kidney-islet transplanted patients: a successful
group with C-peptide secretion > 0.5 ng/mL for more
than 6 months and an unsuccessful group with early
failure of the islet graft, who lost C-peptide secretion

Figura 3.Figura 3.
Schematic representation of islet transplantation (Robertson, Diabetes 2010).
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within 6 months of transplantation. All detailed
studies before transplantation found that the two
groups had similar general characteristics, metabolic
status, immunosuppressive regimens, kidney graft
function, degree of diabetic complications, and major
known cardiovascular risk factors. After 7 years of
follow-up, the survival among patients in the group
with successful islet transplantation and sustained
restoration of b-cell function was significantly higher
(90%) than among patients in the unsuccessful trans-
plantation group (51%). This higher survival in the
successful group was accompanied by higher C-
peptide levels and lower insulin requirements com-
pared to the unsuccessful group, despite similar gly-
cated hemoglobin levels. The number of cardiovas-
cular deaths (according to ICD-9) was higher in the
group with unsuccessful transplants, who also had
poorer atherosclerotic profile and endothelial
function [18].

Impact of islet transplantation on
degenerative diabetic complications
Preliminary studies have shown that islet transplan-
tation, even when not fully successful, can positively
impact on late complications of diabetes, either pre-
venting progression, either inducing a recover. The
specific impact of islet transplantation on each of
these complications is described in the following para-
graphs.

Macroangiopathy
A previous report described the long-term beneficial
effects of islet transplantation on micro- and
macrovascular complications in 34 patients with T1D
who received kidney transplants at a single institution.
The authors found a reduction in carotid intima media
thickness (IMT), an important index of eventual car-
diovascular disease [18]. The increased IMT in the
groups with nonfunctioning islets reached values
higher than those in the general population but were
similar to those in subjects with ischemic heart
disease. Analysis of skin biopsies from islet-
transplanted patients revealed that functioning islet
transplants can induce positive micromodifications at
the vessel level, such as an increase in the expression
of von Willenbrand factor or endothelial nitric oxide
or can reduce the thickening of the capillary basement
membrane, cellular swelling, and the dilation of endo-
plasmic reticulum in endothelial cells [18]. The small
sample size and single-center data render this study
interesting but not definitive.

Kidney function
Successful islet transplants in T1D patients with end-
stage renal disease receiving kidney transplants is ca-
pable to prolong graft survival and prevent reduction
in vascular function of the kidney graft [19]. Fur-
thermore non-invasive assessments of graft vascular
function using the Doppler resistance index and mi-
croalbuminuria evaluations showed that patients with

Figura 4.Figura 4.

Blood glucose levels after islet transplantation are maintained within the normal range without insulin administration. These date are referred to a 40 years old type 1 di-

abetic patients, who developed diabetes at 19. Insulin requirement was 0.38 U/kg pre transplantation and dropped to 0 after transplantation. HbA1c, 9.8% pre transplan-

tation, was 5% after transplantation.
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T1D who received a kidney transplant and an islet
transplant showed better renal vascular function and
cumulative kidney graft survival than the group
without functioning islet. The positive effect of islet
transplantation on kidney function was confirmed by
decreases in the urinary excretion of albumin, the
urinary fractional excretion of sodium, and the sodium
excretion rate.

Diabetic retinopathy

Little information is currently available on the effect
of islet transplantation on diabetic retinopathy. A sta-
tistically significant increase in retinal blood flow ve-
locity at 1 year in patients with T1D who received islet
transplants [20] was reported (Figura 6). The
restoration of islet function can help control glucose
excursion and, per se, can probably halt the alterations
in retinal microcirculation. The Miami group reported
a series of 12 patients who received islet transplants
and were evaluated for the progression of diabetic
retinopathy and neuropathy. Patients were examined
by a single ophthalmologist and single neurologist
throughout the study period. All patients showed sta-
bilization of their retinopathic disease after islet trans-
plantation.

Diabetic neuropathy

Lee et al. assessed peripheral nerve function with a
nerve conduction velocity (NCV) index [21] in islet-
transplanted patients. Although no statistical analysis
was provided, and the follow-up period was no longer
than 2 years, the effect of b-cell replacement appeared
to be positive on polyneuropathy. A preliminary
report from the Milan group [22] showed, using the
NCV index, that islet transplantation may induce long-
lasting stabilization or even improvement of polyneu-
ropathy in type 1 kidney-transplanted diabetic pa-
tients who also received a functioning islet transplant,
reducing nerves' RAGE expression.

Islet autotransplantation

Islet autotransplantation (IAT) is a therapeutic ap-
proach used to prevent pancreatogenic diabetes or to
reduce the severity of diabetes after a major pancre-
atectomy. This procedure was initially performed

mainly in Minneapolis, staring at the end of seventies,
the main indication being chronic painful panc-
treatitis. Indications were recently extended to pan-
createctomy performed for the resection of benign
tumors of the mid-segment of the pancreas or after
total pancreatectomy for severe abdominal trauma.
The aim of this procedure is to prevent post-
pancreatectomy diabetes, that is very difficult to treat,
due to the absence of counter-regulation effects of
glucagon. Technically is very similar to islet allo-
transplantation.

Summary box

• Ansplantation is indicated in type 1 diabetic pa-
tients.

• Success rate (insulin-independence) is around
80% at 1 year.

• Degenerative complications of diabetes can be
halted by islet transplantation

• Long term function is still fragile

When pancreas and when islets?

A recent study has analyzed, in a single center study,
the effects of pancreas and islet transplantation in an
homogeneous population.

The outcomes of 33 PTA and 33 ITA were analyzed
and pancreas or islet function (i.e., insulin indepen-
dence), perioperative and long-term adverse events
were recorded. A higher rate of insulin independence
in PTA (75%) versus ITA (59%) wasobserved, with the
longer insulin independence among PTA patients re-
ceiving tacrolimus. The burden of adverse events was
higher for PTA patients in terms of hospitalization
length and number, re-intervention for surgical and
immunological acute complications, CMV reactivation
and other infections.

This study sugests the practice of listing patients
for PTA when the metabolic lability and the pro-
gression of chronic complications require a rapid nor-
malization of glucose levels, with the exception of pa-
tients with cardiovascular disease, because of the high
surgical risks. ITA is indicated when replacement of
beta cell mass is needed in patients with a high surgical
risk.
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Figura 5.Figura 5.

Blood glucose variability, very high before transplantation, is greatly reduced after transplantation.
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