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https://doi.org/10.1016/j.diabet.2018.07.006

1262-3636/�C 2018 Published by Elsevier Masson SAS.

https://doi.org/10.1016/j.diabet.2018.07.006
mailto:mc-vantyghem@chru-lille.fr
http://www.sciencedirect.com/science/journal/12623636
https://doi.org/10.1016/j.diabet.2018.07.006


A. Wojtusciszyn et al. / Diabetes & Metabolism xxx (2018) xxx–xxx2

G Model

DIABET-1039; No. of Pages 14
A R T I C L E I N F O

Article history:

Received 10 March 2018

Received in revised form 30 May 2018

Accepted 24 July 2018

Available online xxx

Keywords:

Cell therapy

Diabetes

Islet transplantation

Kidney transplantation

Pancreas transplantation

Type 1 diabetes

A B S T R A C T

While either pancreas or pancreatic islet transplantation can restore endogenous insulin secretion in

patients with diabetes, no beta-cell replacement strategies are recommended in the literature. For this

reason, the aim of this national expert panel statement is to provide information on the different kinds of

beta-cell replacement, their benefit-risk ratios and indications for each type of transplantation,

according to type of diabetes, its control and association with end-stage renal disease. Allotrans-

plantation requires immunosuppression, a risk that should be weighed against the risks of poor

glycaemic control, diabetic lability and severe hypoglycaemia, especially in cases of unawareness.

Pancreas transplantation is associated with improvement in diabetic micro- and macro-angiopathy, but

has the associated morbidity of major surgery. Islet transplantation is a minimally invasive radiological

or mini-surgical procedure involving infusion of purified islets via the hepatic portal vein, but needs to be

repeated two or three times to achieve insulin independence and long-term functionality. Simultaneous

pancreas-kidney and pancreas after kidney transplantations should be proposed for kidney recipients

with type 1 diabetes with no surgical, especially cardiovascular, contraindications. In cases of high

surgical risk, islet after or simultaneously with kidney transplantation may be proposed. Pancreas, or

more often islet, transplantation alone is appropriate for non-uraemic patients with labile diabetes.

Various factors influencing the therapeutic strategy are also detailed in this report.
�C 2018 Published by Elsevier Masson SAS.
1. Introduction

Either pancreas or pancreatic islet transplantation can restore
endogenous insulin secretion in patients with diabetes. Pancreatic
transplantation has been performed since 1966, with protocols and
surgical procedures that have continually improved over time.
Over 45,000 pancreatic transplantations have been performed, and
the effectiveness of the technique in restoring beta-cell function is
well established. Pancreas transplantations have also been
associated with improvement in diabetic micro- and macro-
angiopathy, although the risk of morbidity is similar to that of
major surgery. Pancreatic islet transplantation is a minimally
invasive radiological or mini-surgical procedure involving infusion
of purified islets via the hepatic portal vein. Since 2000, with the
achievement of insulin independence after 1 year in all patients
treated by this graft procedure in Edmonton, Alberta, Canada [1],
islet transplantation results have also continuously improved and
now tend to have metabolic results comparable to those of
pancreas transplantation for at least up to 3 years post-transplan-
tation [2]. However, two or more donor organs are usually required
for successful islet transplantation.

Both techniques may be proposed as therapeutic options in
selected recipients. As patients need long-term immunosuppres-
sion (IS) to preserve graft function, these transplants increase the
risk of IS-related adverse events, and each technique has
complications due to its specific transplant procedures. These
risks have to be weighed against poor glycaemic control, diabetes
lability and severe hypoglycaemia, especially in cases of
unawareness. The correct indications and benefit-risk ratios
therefore depend on different factors, all of which are presented
here, when choosing the best transplantation option for each
given patient.

However, the small number of donor pancreases limits the
availability of these treatments and the experience of each centre,
thereby making it difficult to conduct prospective randomized
controlled trials on the overall efficacy and safety of these
therapies compared with each other or with exogenous insulin
treatment. Nevertheless, the recently published TRIMECO trial has
shed some light by comparing islet transplantation with standard
care using exogenous insulin [3]. Thus, recommendations are now
urgently needed on the respective indications for these procedu-
res, as 10-year results are now available for both techniques [4,5].
Please cite this article in press as: Wojtusciszyn A, et al. Indications
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To our knowledge, there are no recent detailed international
recommendations for either pancreas or islet transplantation in a
given patient, despite the availability of recommendations for islet
transplants in some countries. The UK National Institute for Health
and Care Excellence (NICE; nice.org.uk/guidance/ipg257), for
example, issued procedural guidance for allogeneic islet trans-
plantation in 2008, whereas based on the experience gained since
the world-renowned ‘Edmonton protocol’ was first used [1], the
Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee published a statement in 2013 with a brief description
of the results and risks with both techniques [6]. The American
Diabetes Association (ADA) outlined indications for pancreas
transplantation in 2006, but only mentioned islet transplantation
as a technique in need of more controlled studies. In 2014,
however, the ADA provided more information on indications for
pancreas transplantation alone (PTA) or pancreas after kidney
transplantation, including that simultaneous pancreas-kidney and
pancreas after kidney transplantations should be proposed to
kidney recipients with type 1 diabetes (T1D) and that PTA is
appropriate for non-uraemic patients with labile diabetes [7]. This
statement, however, remains vague on islet transplantation
indications.

Nevertheless, evidence-based recommendations defining the
respective roles of islet and pancreas transplantation in cases of
severe hypoglycaemia have been published by an international
panel [8]. Islet transplantation has specific indications and is a
recognized routine procedure for selected patients in several
countries, including Canada, the UK, Belgium and Switzerland. In
France, islet grafts are still performed only in clinical trials, but the
situation is changing rapidly, and French groups have had good
results in this area since the end of the 1990s. Yet, despite vast
experience with islet [3,4,9] and pancreas [10–12] transplantation,
recommendations are still not available. Thus, the goal of the
present statement is to provide the necessary information to
remedy this lack.

According to the French Biomedicine Agency (ABM; www.
agence-biomedecine.fr), > 2000 pancreas transplantations have
been performed in France since the first such operation in 1976,
with 90% of them being simultaneous pancreas-kidney (SPK)
transplants. While > 200 patients were on the waiting list in 2017,
only 70–100 pancreas transplantations are performed each year.
The 10-year pancreas graft survival for SPK transplantations
 for islet or pancreatic transplantation: Statement of the TREPID
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performed during 2005–2008 is about 60%. As for islet grafts, 25–
50 islet injections are performed each year in France and, since the
1990s, more than 100 patients have received islet transplants,
with 80% of cases having indications for islets alone. The number of
islet-transplanted patients worldwide, according to the Collabo-
rative International Transplantation Registry (CITR; www.
citregistry.org), is more than 1000, with a mean of two islet
infusions per patient.

2. Pancreas procurement, transplant organization,
immunosuppression and monitoring

2.1. General schedule

2.1.1. Timing of transplantation

Like all transplants, pancreas and islet transplantations first
require a pre-transplant patient workup to assess benefit-risk ratio
and procedural feasibility. This is followed by transplant enlist-
ment (with an on-list waiting time of � 2 years), pancreas
procurement and, finally, transplantation of the whole organ or
cells while following an immunosuppressant drug regimen.

2.1.2. Pre-transplant workup

This workup includes an initial assessment of both hypo-
glycaemia unawareness and diabetes lability, plus a complete
check-up for diabetes complications. Assessment for chronic
infections (including dental infections and osteitis), micro-
angiopathy and cardiovascular status (cardiac function, silent
myocardial ischaemic screening, vascular Doppler monitoring) is
mandatory. Cardiac ischaemic lesions should be treated before
transplantation, which must be postponed for at least 6 months
after an acute cardiovascular event. Assessments are similar for
islet and pancreas transplants, as cardiovascular status guides both
therapeutic strategies, as indicated below. Moreover, the cardio-
vascular risks of immunosuppressive treatment and sudden
normalization of blood glucose are the same. Additional assess-
ment of the iliac arteries is also required before pancreas
transplantation. Oncological assessment is also mandatory,
especially gynaecological in women. In any case, the importance
of such preoperative evaluation and preparation should not be
underestimated. The ideal patient for transplantation is a lean non-
smoker with HbA1c levels < 9%.

The consensus statement by the European Pancreas and Islet
Transplant Association (EPITA) and International Pancreas and
Islet Transplant Association (IPITA) [13] defined cut-off values for
beta-cell replacement therapy as follows: HbA1c > 7.5–8%; at least
one severe (requiring the assistance of a third person) hypo-
glycaemic episode per year; a Clarke Score � 4 (to assess
hypoglycaemia unawareness); spending > 5% of time with hypo-
glycaemia < 3 mmol/L (54 mg/dL); a glucose standard deviation
(SD) � 40 mg/dL (2.2 mmol/L); and a coefficient of variation (SD/
mean glucose) � 30 with continuous glucose monitoring (CGM).
These cut-off values may be discussed but currently provide an
indication.

2.1.3. Principles of pancreas procurement

Transplantation requires obtaining a pancreas from an ABO-
compatible brain-dead donor, while pancreases from deceased
donors were authorized in April 2018. In contrast to the US and
Japan, donation of an allogeneic hemi-pancreas from a living
donor is possible, but not performed in France, as it is major
surgery for the donor and increases the risk of delayed diabetes
with ageing, particularly in cases of weight gain. Pancreatic
harvesting requires technical specificities according to the type
of transplant (isolation of the whole organ or only islets for cell
Please cite this article in press as: Wojtusciszyn A, et al. Indications
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therapy). Pancreases from young donors give more favourable
results for all types of transplants, whereas pancreases from
older patients can be used for islet isolation and are easier to
achieve. The limitation of cold ischaemia duration is an
important factor of success for both types of transplantation
(< 11 h for whole pancreas and < 8 h for islet transplants). Graft
attribution in France is done according to a priority list governed
by the ABM.

2.2. Whole pancreas procurement and transplantation

The pancreas and duodenum must be rapidly dissected, with
minimal mobilization and without breaching the gland capsule.
The preservation solution must be extracellular (preferably fourth-
generation) and contain polyethylene glycol. The pancreas is then
separated from the liver, taking care that a sufficient length of
portal vein is included. Preparation of the pancreas is an essential
step before the graft itself. Nearly 40 different technical approa-
ches have been described for pancreas transplantation by
121 international reference centres. In cases of SPK transplanta-
tion, the pancreas is transplanted first, using a median xypho-
pubic incision and two possible routes of venous drainage: either
portal or systemic via the vena cava; the latter is usually preferred
as it is easier, whereas the expected theoretical metabolic benefit
of portal drainage has yet to be confirmed [14]. Arterial
anastomosis is most often performed with the common iliac
artery, provided it is not too calcified. Digestive secretions are
derived from the transplanted part of the duodenum attached to
the recipient’s small intestine. Few centres still use bladder
drainage due to the frequency of urinary complications. Post-
surgical follow-up requires a stay in an intensive care unit, and the
entire duration of hospitalization is 3–4 weeks.

2.3. Islet isolation and intraportal injection

Islet procurement is the same as for whole pancreas trans-
plants, but with no vessel requirements. Islets are isolated using a
slightly modified standard automated method as previously
described [15], using purified collagenase before undergoing
isopycnic purification in Biocoll gradients with a cell separator
(Cobe 2991, Terumo BCT, Lakewood, CO, USA). Once an islet
preparation isolated from a donor is deemed suitable for
transplantation [containing > 200,000 islet equivalents (IEQ)
and/or > 3500 IEQ/kg recipient body weight, viability > 80%,
purity > 30%, volume < 8 mL], the recipient is admitted for
image-guided surgical or percutaneous implantation of a silicone
catheter in the portal tree under local or general anaesthesia [16];
portal pressure is controlled, and the difference between baseline
and post-infusion pressures should not be > 5 cm of water.
Permeability of the mesenteric and portal tree veins is controlled
by Doppler ultrasound after each injection of islets.

The recipient receives one or two subsequent islet grafts as
necessary. Insulin independence requires that > 10,000 IEQ/kg
body mass be transplanted. The injection period is generally
3 months at the most active centres, but may be longer according
to graft availability, aim of the graft (insulin independence,
hypoglycaemia avoidance) and hyper-immunization. Each injec-
tion requires about 1 week in hospital.

2.4. Immunosuppressant drug regimen

IS involves two phases: an initial induction phase; and a
maintenance phase throughout the entire life of the graft. Two
immunosuppressive regimens are mostly used (Fig. 1). One
comprises induction with antilymphocyte serum plus a cortico-
steroid bolus, and maintenance with mycophenolate combined
 for islet or pancreatic transplantation: Statement of the TREPID
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Fig. 1. The main immunosuppressive regimens used in pancreas and islet

transplantation. IL2: interleukin-2; Ab: antibody.

Table 1
Islet and pancreas monitoring.

Parameters

General

Blood cell count

Kidney function: creatinine, glomerular filtration rate,

microalbuminuria, proteinuria, haematuria

Liver function: liver enzymes, bilirubinaemia

Pancreatic exocrine function: lipase

Metabolic

Fasting and stimulated blood glucose

C-peptide

HbA1c

Immunological

Blood trough immunosuppressant drug measurements

Allo-immunity: anti-human leucocyte antigen (HLA) antibody

Auto-immunity: glutamic acid decarboxylase, islet cell, tyrosine

phosphatase antibodies

Schedule

Weekly visits for first month

Monthly visits for first year

Quarterly visits for subsequent years

Plus continuous glucose monitoring, oral glucose tolerance test once a year
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with a calcineurin inhibitor. This protocol has proven its efficacy
mostly with whole organ transplants, especially kidney, liver and
pancreas, with small doses of steroids often included during the
first 3 months, or in the long-term for pancreas transplants. This
regimen can also be used for the initial injection of islets without
steroid maintenance. Repeat islet injections are then supported by
induction with an anti-interleukin-2 receptor antibody (anti-IL-
2RA).

The first-ever published protocol for islet transplantation, the
so-called Edmonton protocol, includes an anti-IL-2RA before each
injection combined with sirolimus [a mechanistic target of
rapamycin (mTOR) inhibitor] and low-dose tacrolimus with no
steroids [1]. Also, anti-tumour necrosis factor (TNF)-alpha,
pentoxifylline and antioxidant vitamin therapy are often used as
adjuvant beta-cell therapy [2].

2.5. Transplant monitoring

The aim of such monitoring is to prevent rejection and
recurrence of autoimmunity, using the most minimal immuno-
suppressive regimen, and to screen for complications and assess
metabolic balance. Consistent life-long post-graft monitoring is
essential, with visits approximately every week for the first month,
then monthly over the first year and quarterly during subsequent
years (Table 1). Tests for viral serology and opportunistic infections
should be performed in cases of leucopenia or other clinical signs.
Abdominal computed tomography (CT) or magnetic resonance
imaging (MRI) with portal vein analysis is required in cases of
clinical or biological abnormalities, or according to local protocols.
Pancreas graft rejection is suggested by an increase in serum lipase
and confirmed by biopsy, analyzed according to Banff classifica-
tion. In contrast, as islets cannot be biopsied, rejection can only be
suggested by indirect markers, mainly an increase in blood glucose
level, a fall in C-peptide and the presence of donor-specific
antibodies, although their pathogenicity remains questionable.

3. Results and criteria for beta-cell replacement success

3.1. Results for insulin independence

3.1.1. Pancreas

One- and 5-year insulin independence rates after pancreas
transplantation have consistently improved in recent years.
However, the fact remains that the pancreas is considered
functional when no insulin is needed, regardless of HbA1c levels
Please cite this article in press as: Wojtusciszyn A, et al. Indications
working group on behalf of the Société francophone du diabète (SFD
that may even be increased. In international registries such as the
International Pancreas Transplant Registry (IPTA) [17], an analysis
of 21,328 pancreas transplants performed from 1984 to 2009
(minimum 5-year follow-up) found significant improvement for
both long-term patient survival and pancreas graft function. Five-
and ten-year pancreas graft function rates were 73% and 56%,
respectively, for SPK transplants, and 64% and 38%, respectively, for
pancreas after kidney (PAK) transplants. PTA was associated with
poorer results, with 5- and 10-year graft function rates of 53% and
36%, respectively (Table 2). More recent 2010 and 2014 analyses of
the United Network for Organ Sharing (UNOS) database showed
pancreas graft survival rates reaching 89% and 72% at 1 and 5 years
after transplantation, respectively [18]. From 2009 to 2015, the
ABM (www.agence-biomedecine.fr) registry showed pancreas
graft survival rates of 79% at 1 year and 70% at 5 years.

3.1.2. Islets

The unadjusted 5-year insulin-independence rate reached 30%
for islet transplantation alone (ITA) and 20% for islet after kidney
(IAK) transplantation in the 2016 CITR (www.citregistry.org);
however, while the 5-year results were mixed, they improved
continuously over time and/or with the use of anti-inflammatory
agents. Indeed, insulin-independence rates (with no mention of
HbA1c levels) ranged from 10–60% at 5 years in small series (10–65
patients) of either ITA or IAK transplantations, or both [19–24].The
variability of results depends mainly on the transplanted islet
mass, reflected by the primary graft function (4).

In France, the GRAGIL group published the results of patients
transplanted between 2003 and 2010 with < 10,000 IEQ/kg. After
5 years of follow-up, > 60% of patients had experienced insulin
independence, although < 20% remained insulin-independent
[25]. However, only a few studies have reported 10-year results
after ITA. In one French study, one-fourth of patients transplanted
using the Edmonton protocol remained insulin-independent with
HbA1c levels � 6.5%, and > 70% retained graft function [4]. Type of
transplantation (ITA or IAK) had no influence on the results, although
primary graft function was essential for good long-term results.

3.2. Results for metabolic control and hypoglycaemia

3.2.1. Pancreas

PTA was associated with lower HbA1c levels (5.3%) and fewer
cases of hypoglycaemia (7.7%) than those with failed grafts in one
 for islet or pancreatic transplantation: Statement of the TREPID
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Table 2
Patient and graft survival (defined as insulin independence unless otherwise indicated) after pancreas and islet transplants during 2005–2014 [18] and since 2003 for islet

transplants [4].

Survival Patients Grafts

5-year 10-year 5-year 10-year

Pancreas–kidney transplantation

90% (vs. 40% on dialysis) 67%

72%

56%

Simultaneous –

Pancreas after kidney – 64% 38%

Pancreas transplantation alone 90–94% 53% 36%

Islet transplantation alone 100% 100%

30%(CITR) can reach 50%

can reach 20–25% insulin-independence

70% detectable C-peptide

20%

Islet after kidney transplantation 92% 92% 50% can reach 20–25% insulin-independence,

70% detectable C-peptide

CITR: collaborative international transplantation registry.
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retrospective study [26]. Fasting glucose, 2-h plasma glucose after
oral glucose tolerance test (OGTT), C-peptide and HbA1c levels
were all within their normal range, with no significant differences
between PTA and SPK transplantation groups at 25 � 10 months
after surgery. However, the PTA group exhibited poorer renal function
and higher tacrolimus levels than the SPK group [27].

Comparison of continuous glucose monitoring profiles of T1D
patients treated with either an insulin pump (n = 10) or SPK (n = 9,
all insulin-independent) or IAK transplantation (n = 7, 4/7 insulin-
independent) showed significantly lower mean glucose concen-
trations and glucose variability in SPK and IAK patients than in
insulin-treated patients. In addition, mean glucose and glucose
variability were similar in SPK and IAK patients, with no
hypoglycaemic events in SPK patients or in insulin-independent
IAK patients. Furthermore, the duration of hypoglycaemic events
was significantly longer in insulin-treated than in IAK patients [28].

3.2.2. Islets

Regardless of rates of insulin independence, several non-
randomized studies have shown better metabolic results with ITA
than with optimal insulin therapy using multiple injections, or
subcutaneous or intraperitoneal pumps with no glucose sensors
[16,28,29]. Moreover, a decrease in hypoglycaemia was observed
[24,30], and b Scores > 3 were enough to eliminate hypoglycae-
mia on CGM [24], and the randomized TRIMECO study confirmed
these results [3]. Overall, however, a variable decline of islet
function has been observed over time, leading to more rapid loss
of insulin independence than of graft function, which may be
preserved for > 10 years [4,31–33], thereby allowing improve-
ment of severe hypoglycaemia. Data from the GRAGIL network of a
series of 44 (ITA and IAK) patients showed that, at 1, 4 and 5 years
after ITA, 83%, 67% and 58% of ITA recipients and 80%, 70% and 60%
of IAK transplant recipients, respectively, achieved HbA1c

values < 7% and were free of severe hypoglycaemia, whereas
no ITA recipients and only 10% of IAK recipients met this
composite criterion at the pre-infusion stage [25]. One case
report [33] has even described insulin independence with perfect
metabolic control at 11 years after ITA. The long-term follow-up
of seven Edmonton-protocol ITA patients has also been reported,
although this was not an intention-to-treat analysis [32]. Howev-
er, only one study [31] has reported outcomes > 5 years post-
islet transplantation, but was mainly focused on the quality of
metabolic control after either simultaneous kidney-islet (SKI) or
IAK transplantation.
Please cite this article in press as: Wojtusciszyn A, et al. Indications
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3.2.3. Comparison of metabolic results

One study found that, 3 years after either SKI or SPK, HbA1c

levels did not differ between the two groups, and both showed
identical kidney function. However, insulin independence was
obtained more often with whole pancreas transplantation (96%)
than with ITA (31%), albeit at the cost of more adverse events (40%
repeat laparotomies) [34]. In other, more recent studies, ITA results
were either slightly worse or similar [4] to those of PTA, but with
considerably fewer adverse events.

3.3. Criteria for successful beta-cell replacement

Up to now, ITA and PTA comparisons have suffered from a lack
of consensus on the various criteria proposed to define success.

3.3.1. Insulin independence with normal HbA1c

For some authors, successful ITA is the achievement of
insulinindependence with normal HbA1c levels. However, it is
important to first agree on the definition of insulin-independence,
which usually means the ability to maintain HbA1c at � 6.5% with
no exogenous insulin or antidiabetic treatment, deemed by the
EPITA-IPITA consensus as optimal graft function [13]. Criteria for
threshold values to resume insulin therapy are, however, still
poorly defined. Of course, the presence of ketoacidosis or
HbA1c > 7%, with a basal fasting blood glucose > 140 mg/dL
and 2-h post-prandial glucose > 180 mg/dL, require antidiabetic
treatment. Yet, in practice, the loss of insulin-independence with
detectable C-peptide (in general, > 0.5 ng/mL) when HbA1c

increases to > 6.5% without insulin is considered and treated as
post-transplantation diabetes until optimal insulin therapy is fully
resumed with gradually increasing increments of oral antidiabetic
drugs [35].

3.3.2. Composite endpoints

Other authors have defined ITA success as a composite
endpoint, taking into account reductions of HbA1c and of
hypoglycaemia without achieving insulin independence, and thus
proposed several composite Scores.

3.3.2.1. DiaCell Scores. French investigators introduced the DiaCell
Score in 2004, which defines successful ITA as the fulfillment of
four criteria: basal C-peptide � 0.5 ng/mL; HbA1c � 6.5%; no
hypoglycaemic events; and � 30% reduction in exogenous insulin
[36].
 for islet or pancreatic transplantation: Statement of the TREPID
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Table 3
Assessment of graft function by (A) beta score and (B) Igls classification.

A

Score

2 1 0

Fasting glycaemia (mmol/L) � 5.5 5.6–6.9 � 7.0

HbA1c < 6.1 6.2–6.9 � 7.0

Daily insulin needs (IU/kg) 0 0.01–0.24 and/or OADs � 0.25

Stimulated C-peptide (nmol/L) � 0.3a 0.1–0.29 < 0.1b

B

Functional

status

HbA1c

(%)

SH events Insulin needs

(IU/kg/day)

C-peptide Success

Optimal � 6.5 None No > Baseline Yes

Good < 7.0 None < 50% Baselinee > Baseline Yes

Marginal � 7.0 < Baselinec � 50% Baseline > Baseline Nog

Failure Baseline Baselined Baseline Baselinef No

OADs: oral antidiabetic drugs.
a Fasting blood C-peptide � 0.3 nmol/L (1 ng/mL).
b b Score is 0, range 0 (no) to 8 (excellent) graft function.
c If severe hypoglycaemia (SH) present before b-cell therapy, then continued benefit may require assessment of SH exposure (< 3 mmoL), hypoglycaemia awareness,

glycaemic variability/lability.
d If SH not present before b-cell therapy, then return to baseline is indication for treatment.
e May include use of non-insulin anti-hyperglycaemic agents.
f Not reliable in uraemic patients with evidence of C-peptide production prior to b-cell therapy.
g Clinical decision still needed if benefit of maintaining/monitoring b-cell graft outweighs risk.
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3.3.2.2. b and BETA-2 Scores. The b Score (Table 3) was introduced
by the Edmonton group in 2005, and takes into account fasting
blood glucose, HbA1c, stimulated and/or basal C-peptide and use of
insulin or oral hypoglycaemic agents [37]. The b Score was
modified as the BETA-2 Score if stimulated blood C-peptide
measures were not available according to the formula BETA�2s-
2score = square root of (fasting C�peptide (nmol/L) � (1�insulin
dose [units/kg])) divided by (Fasting plasma glucose (mmol/L) �
HbA1c (%)). Multiplication by 1000 converted the score to a range
from 0 to 42. [38]. Unlike the binary DiaCell score, the b Score
ranges from 0 (no graft function) to 8 (excellent graft function)
with any b Score � 6 considered a functioning graft, thereby
providing an integrated measure of beta-cell graft function along a
continuum that closely correlates with ITA outcomes [24]. The b
Score, however, does not include the incidence of hypoglycaemic
events, although b Scores > 3 are enough to avoid hypoglycaemia.
Nevertheless, it is worth noting that the only two phase-III islet
transplantation trials reported thus far had different primary
endpoints: a composite endpoint of HbA1c < 7% with no hypo-
glycaemia in a US National Institutes of Health (NIH) trial [39]; and
a modified b score in the TRIMECO trial [3].

3.3.2.3. Igls criteria. In 2017, an EPITA-IPITA workshop introduced
a consensus for defining outcomes with beta-cell replacement
therapy. This so-called Igls classification of beta-cell graft function
(summarized in Table 3 ) identifies four different graft statuses
(optimal, good, marginal, failure), defined according to four
indicators (HbA1c, severe hypoglycaemic events, insulin or
antidiabetic requirements, C-peptide) [13]. Accordingly, a graft
can only be considered successful if it has either optimal
(HbA1c � 6.5% with no exogenous insulin or antidiabetic treat-
ment) or good status. However, marginal function can still provide
benefits to the patient by avoidance of severe hypoglycaemia or
glucose variability compared with baseline status.

The workshop also introduced a clinically relevant definition of
insulin deficiency, at least for T1D, based on values for fasting and
stimulated (post-prandial) C-peptide of < 0.3 ng/mL (0.1 nmol/L)
and < 0.6 ng/mL (0.2 nmol/L), respectively. However, C-peptide
monitoring requires simultaneous measurement of blood glucose
and should be interpreted according to context (kidney failure,
cystic fibrosis. . .).
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Regarding hypoglycaemic events, the authors suggested
following guidelines of the International Hypoglycaemia Study
Group (IHSG), which takes into account so-called ‘level-2’
(glucose < 3 mM or 54 mg/dL) or ‘level 3’ (severe cognitive
impairment requiring external assistance for recovery) events,
as determined by self-monitoring or CGM of blood glucose [40].

3.3.3. Thoughts on these different criteria

The current French Working Group recommends adopting the
EPITA-IPITA consensus guidelines that take severe hypoglycaemia
into account. Nevertheless, Igls classification is a qualitative score,
in contrast to beta (or BETA2) Score, that has been well validated
against CGM, but does not take hypoglycaemia into account. It is
also worth noting that these criteria may well be changing in the
near future due to the increasingly growing use of CGM. As a result,
time spent within a given glucose range (70–180 mg/dL or 70–
140 mg/dL and < 70 mg/dL) may soon be adopted as a surrogate
for HbA1c. Recently published French recommendations for CGM in
T1D patients proposed a target of 60% for time spent within the
range of 70–180 mg/dL (3.9–10.0 mmol/L), with < 10% of time
spent at < 70 mg/dL [41]. In addition, CGM facilitates the
quantification of glycaemic variability through standard deviations
(SDs) and coefficients of variation (CVs), with some authors
considering variability to be excessive if the SD for glucose
is > 50% or the CV is > 36%, but satisfactorily stable if the SD
is < 30% [41].

4. Benefits

Benefits can be assessed in terms of patient survival, stabiliza-
tion, and improvement in diabetes complications and quality of
life.

4.1. Patient survival

4.1.1. After SPK and PTA transplantations

Survival rates for diabetes patients on dialysis is poor (30% after
3 years), and has not improved much over the years [42]. Indeed,
between 2009 and 2014, the 5-year mortality rate was 61.7% in
Switzerland, with 5-year survivors being significantly younger and
with higher body mass index (BMI) scores [43]. In patients with
 for islet or pancreatic transplantation: Statement of the TREPID
), Société francaise d’endocrinologie (SFE), Société francophone de
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T1D who can afford it, SPK is associated with a 20% gain in survival
compared with kidney transplantation alone (KTA), with 10-year
survival rates of 67% vs. 46%, respectively [44]. However, patients
with KTA are likely to have poorer baseline data or be ineligible for
SPK, resulting in mortality data that are not exactly comparable.
The patient survival rate after the first functional SPK is 90% at
72 months [17], and is similar after PAK or PTA at around 94% at
3 years. In addition, patient survival rates after pancreas
transplantation have improved over time (2005–2009 vs. 2010–
2014) [17]. Otherwise, pre-emptive SPK enables significantly
better survival, considering the significant cardiovascular morbid-
ity of these patients [45]. In fact, the 4-year survival rate in SPK
patients is significantly higher than in those on the waiting list
(90% vs. 60%, respectively) [18].

Older biological age (> 44–55 years), time spent in dialysis, and
the functionality of pancreas and kidney grafts are risk factors of
poor survival after SPK. After PTA, past medical history and type of
diabetes may also influence patient survival.

4.1.2. Post-islet transplantation

The 5-year ITA patient survival rate, as per the CITR, is close to
100%. In France, the 5- and 10-year survival rates in an intention-
to-treat series of 33 patients was 97%, and did not differ
significantly between ITA (100%) and IAK (92%) patients [4]. Of
note, however, is the fact that IAK patients refused for whole
pancreas transplantation generally had more severe complications
and greater cardiovascular risk.

4.2. Diabetes complications

Each technique has proven benefits in the prevention of
diabetes complications. However, the level of proof is stronger for
pancreas transplants, which are most often performed in the SPK
indication and therefore has the added effect of the associated
kidney transplant, a long period of post-transplantation observa-
tion and a large number of patients. In contrast, few studies of ITA
have recruited > 40 patients, with long-term evaluation still
limited considering the recent development of the technique.

4.2.1. Pancreas

4.2.1.1. Micro-angiopathy. Whole pancreas transplantation leads
to improvement of histological lesions and reduction of protein-
uria, while creatinine clearance tends to be decreased [46]. In
addition, stabilization of retinopathy has been observed at
60 months after SPK transplantation compared with non-trans-
planted patients with T1D [47]. Neuropathy was stabilized or
improved 3 years after pancreas transplantation, with a major
decrease in mortality related to dysautonomia at 5 years from 50%
to 10% [48].

4.2.1.2. Macro-angiopathy. Ten years after SPK, the number of
cases of myocardial infarction, stroke, progressive lower-limb
arteritis and amputations was significantly lower compared with
KTA diabetic patients (16% vs. 30%, respectively) [49].

Thus, in summary, successful pancreas transplantation results
in well-demonstrated stabilization or improvement of both micro-
and macro-angiopathy correlated with higher rates of patient
survival. Nevertheless, time spent on dialysis while on the waiting
list for SPK might nullify this benefit, thereby raising consideration
of a living-donor kidney graft followed by secondary islet or
pancreas transplantation.

4.2.2. Islets

Even before the Edmonton era, a Milanese team had already
demonstrated the benefits of a functional islet graft, even if partial,
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performed 1–7 years after IAK transplantation, with resultant
decreases in mortality, cardiovascular events and long-term
deterioration of the kidney graft [50,51]. A direct role of C-peptide
levels was suggested, as HbA1c levels were apparently similar in
patients with functional and non-functional grafts, at least as
assessed by C-peptide levels either < or > 0.5 ng/mL. In the post-
Edmonton era, various studies have focused on the consequences
of ITA in terms of micro- and macro-giopathy in patients with T1D.

4.2.2.1. Micro-angiopathy.

4.2.2.1.1. Renal function. In one study performed in the medium
term (4 years) after ITA without a control group, the mean
reduction in estimated glomerular filtration rate (eGFR) was
�0.4 mL/min/month/1.73 m2, with risk factors including long
disease duration before transplantation, female gender and a
history of retinopathy [52]. However, no difference was seen in a
prospective study of 21 ITA patients with T1D compared with T1D
patients treated with optimal insulin therapy (with similar mean
eGFR reductions of �0.3 mL/min/month/1.73 m2) [29]. Although a
risk of renal graft loss or acute rejection was initially observed,
most probably related to a too-sudden IS change in some IAK
transplantation protocols, overall, this risk is now considered to be
very low. The French-Swiss GRAGIL group showed stable kidney
function 5 years after transplantation in ITA as well as IAK patients
with T1D [25]. Also, 10-year results with the Edmonton-protocol,
which uses low-dose tacrolimus, revealed no deterioration of renal
function regardless of type of transplantation [4,53]. Moreover,
stable kidney function was demonstrated even 10 years after loss
of an islet graft that had provided 1 year of insulin independence
[54]. As renal complications mostly depend on the dose-dependent
toxicity of calcineurin inhibitors, the type of immunosuppression
used should therefore be carefully selected and adapted for each
given patient.
4.2.2.1.2. Neuropathy. All studies [55–57] have shown significant
improvements in nerve conduction velocity, especially sensory, for
up to 5 years after vs. before ITA. After ITA, however, one crossover
study showed no significant improvement in nerve conduction
velocities compared with intensive medical therapy [57].
4.2.2.1.3. Retinopathy. Several studies have evaluated the impact of
ITA on progression of retinopathy. Compared with patients
undergoing optimal insulin therapy, there was less worsening of
retinopathy and improved retinal vascularization [29]. Also, early
transient vitreous haemorrhage, which is seen after pancreas
transplantation, but resolves spontaneously and is related to a
sudden improvement in blood glucose levels, may arise with ITA
despite careful pre-transplant ophthalmological assessment
[58]. Improved glucose variability appears to have a particularly
favourable effect on retinal oedema.

4.2.2.2. Macro-angiopathy. The few studies devoted to progression
of macro-angiopathy after ITA were cross-sectional studies of T1D
patients with persistently functioning IAK vs. patients with islet
graft loss, PTA, KTA or treated with optimal insulin therapy. Overall
survival and cardiovascular mortality rates were significantly
better in those with a functional beta-cell mass for up to 7 years
post-transplantation. On the other hand, the CITR shows stabiliza-
tion of complications, a result that should nonetheless be
interpreted with caution, as nearly 30% of patients were lost to
follow-up. Carotid intima-media thickness has also been shown to
improve after ITA compared with pre-transplantation levels and to
progress more slowly in IAK patients compared with KTA patients
with T1D [59], while coronary calcifications tended to decrease
[60]. However, at this time, there are no publications evaluating
acute cardiovascular events after ITA, which requires continuous
long-term follow-up.
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4.3. Quality of life (QoL)

4.3.1. Pancreas

QoL is significantly improved with PTA vs. KTA patients with
T1D, with a greater number of PTA patients going back to work, not
missing work due to illness, and having fewer hospital admissions
due to diabetes complications [61].

4.3.2. Islets

Most studies consistently show that ITA is associated with long-
term QoL improvement [62,63], related to resolution of hypo-
glycaemic events and the fear associated with their life-threaten-
ing risk. However, complications related to long-term diabetes and
graft side-effects both have negative impacts on QoL, and become
even more significant when insulin independence cannot be
achieved or is lost [62,63].

5. Risks

5.1. Early complications related to transplant procedures

5.1.1. Pancreas

The most frequent surgical complication is portal vein
thrombosis, which usually requires removal of the transplant.
The proportion of pancreas loss is 8–9% in international registries
and 10–15% in France [17,18]. Other possible complications
include pancreas loss related to infections, mycotic aneurysms
(usually related to Candida albicans), pancreatitis and pancreatic or
enteric fistulas. Overall, around 30% of patients require early repeat
surgery. Acute rejection may also occur, revealed by abdominal
pain and pancreatic dysfunction requiring steroids.

5.1.2. Islets

Percutaneous intraportal islet injections are associated with a
15% risk of serious complications, such as gallbladder puncture and
haemorrhage (www.citregistry.org), and the risk is increased by
the need to inject heparin [53], which has led to a switch from
percutaneous puncture to mini-surgery under general anaesthesia
in some centres, thereby limiting any life-threatening complica-
tions. Mini-surgery can, however, be complicated by ecchymosis,
abdominal wall haematoma and intestinal occlusion, as are all
surgical operations. In any case, potentially lethal complete portal
thrombosis is the main risk, albeit an exceptional one. The more
common partial thrombosis (2% of cases) regresses with a 3- to 6-
month course of anticoagulants. Risk factors for portal thrombosis
include increased portal pressure during islet injection or a high
cell volume and, of course, any personal or familial history of
thrombosis should prompt investigation before transplantation for
potential thrombophilia. The ultimate risk is early rejection, for
which there is no verified marker after ITA except C-peptide
decrease.

5.2. Delayed complications of immunosuppression

IS complications include cancer, infections, and kidney and
metabolic disorders, which are not specific to either PTA or ITA, but
should nevertheless be carefully evaluated while bearing in mind
that grafts are not as vital as other solid organ transplants, such as
lungs, heart and liver. There are also the known increased risks of
lymphoproliferative disorders and skin carcinomas, especially
basal-cell cancer in cases of sun exposure. Calcineurin inhibitors
are associated with dose-dependent renal toxicity, which can
interfere with diabetic nephropathy and, thus, raise issues in terms
of transplant strategies for future kidney replacement in possibly
hyper-sensitized patients. An increased risk of post-transplanta-
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tion metabolic syndrome is also well known, especially with the
use of steroids or high doses of tacrolimus. The risk of diabetes
recurrence is worsened by autoimmune reactivation, which is
generally progressive and silent, and may precede functional
decline of either pancreas or islet grafts [64], whereas alloimmune
rejection can happen at any time [65].

6. Indications

Taking into account the risks of IS, it is difficult to justify either
PTA or ITA in well-controlled diabetes patients with preserved
renal function, although specific clinical situations may result in
indications for either transplantations. Early patient referral is key
for devising a strategy and adjusting treatment in a given diabetes
patient. Indeed, ITA, pre-emptive SPK transplantation and early
KTA from a living donor followed by PTA or ITA, might change the
prognosis for a patient with T1D. Different strategies, depending on
diabetes lability, progressive end-stage renal disease (ESRD),
cardiovascular complications and sensitization, are detailed below.

6.1. Patients with renal failure

6.1.1. T1D patients with imminent or established renal failure

SPK transplantation is the most common indication, accounting
for around 80% of all pancreas procedures, and should be offered to
any T1D patient with imminent or established ESRD who is
considering a kidney transplant in the near future (Fig. 2A). The
indication for SPK transplants could even be discussed before
dialysis. In France, pre-emptive SPK transplantation may be offered
to any patient with eGFR < 50 mL/min/1.73 m2 (from stage 3B
renal insufficiency onwards), modulated by the slope of kidney
function loss (GFR yearn – GFR yearn+1 � 5 mL/min/1.73 m2;
normal range � 2 mL/min/1.73 m2/year after 40 years) or pro-
teinuria > 0.5 g/day, or an albumin/creatinine ratio > 300 mg/g
or 30 mg/mmol. However, the decision must weigh the expected
net benefit, including renal graft survival and prevention of
progression of diabetes complications, against the surgical risk
generated by undergoing such a double graft [45]. Two vascular
sites with no major atheroma are needed for iliac anastomosis.
Patients aged < 55 years in France are usually prioritized for this
type of transplant but, while those aged > 55 years have more
frequent cardiovascular events than younger pancreas transplant
recipients, no differences in pancreatic function have been noted in
these age groups. Depending on the patient’s physiological age,
cardiovascular status and surgical risk, SIK transplantation or KTA
followed by IAK transplantation may be preferred. In any case, a
BMI < 30 kg/m2 is required.

6.1.2. T1D patients with functional kidney grafts

For patients with T1D who have already undergone kidney
transplantation and are therefore already taking an immunosup-
pressant regimen, two techniques are available: PAK or IAK
transplantation. However, these techniques, especially pancreas
transplants, should be reserved for patients with stable renal graft
function who have failed to achieve good glycaemic control despite
optimal diabetes management (Fig. 2B). PAK may be proposed for
patients with no cardiovascular contraindications and no athero-
matosis of the iliac arteries. While there is no pre-transplantation
limitations for body weight and insulin dosages, obesity does
increase surgical risk. IAK may be proposed for any kidney-
transplant patient even without lability, as patients are already
under IS, and the procedure is not as major as pancreas
transplantation. In fact, the key factors for success are: no insulin
resistance and, therefore, no steroid use; no rejection episodes;
normal body weight; stable kidney function with no hypertension
 for islet or pancreatic transplantation: Statement of the TREPID
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Fig. 2. Indications for islet and pancreas transplantation in: (A) patients with insulinopenic type 1 diabetes (T1D) and renal failure; and (B) T1D patients with functioning

kidney graft. eGFR: estimated glomerular filtration rate; CGM: continuous glucose monitoring; BMI: body mass index.

A. Wojtusciszyn et al. / Diabetes & Metabolism xxx (2018) xxx–xxx 9

G Model

DIABET-1039; No. of Pages 14
or proteinuria; and no hypersensitization. Patients with
pancreasthat is no longer functional or kidney from living donors
are excellent candidates for SPK transplantation. However, the
little-known risk of hypersensitization may lead to decreased
access to later transplantation.

6.2. Patients with labile diabetes, but no renal failure

In patients with T1D with no kidney transplant or renal failure,
but with frequent episodes of severe hypoglycaemia or extreme
lability despite optimal diabetes management, either PTA or ITA
may be proposed, the latter being the less risky procedure (Fig. 3A).
However, given the rapid advances in insulin administration and
glucose monitoring, it is difficult to define ‘optimal’ insulin
therapy, which may be influenced by local resources, health
insurance reimbursement and patients’ own choices. The mini-
mum requirement is four shots of insulin with at least four
capillary blood checks per day. Thereafter, different steps have
been detailed in evidence-based clinical practice recommenda-
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tions, with insulin pumps and sensors being the current reference
modality in France [8], while the main metabolic criteria for
consideration of beta-cell replacement therapy has been defined
by the EPITA-IPITA consensus (see ‘Pre-transplant workup’ above).
The risk of degenerative complications (due to prolonged
hyperglycaemia) threatening the patient’s prognosis may also be
indications, as well as the patient’s clinical or personal inability to
deal with hypo- or hyperglycaemia. In addition, the risk of long-
term immunosuppressant regimens must also be weighed before
choosing any of these options, while the benefits of pancreas
transplantation need to be balanced against the surgical risk. PTA is
the preferred choice for young patients with clear iliac arteries, but
at high risk of progressive diabetes complications, whereas ITA is
preferentially indicated for unstable, hypoglycaemia-unaware
diabetes patients free of insulin resistance and/or not overweight,
yet not eligible for whole pancreas transplants according to local
possibilities. Several quantitative measures of hypoglycaemia and
lability are now available to facilitate assessment of instability; ITA
can restore glycaemic stability even if insulin independence is not
 for islet or pancreatic transplantation: Statement of the TREPID
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achieved and is often preferred in this indication because of its
more favourable benefit/risk ratio.

6.3. Other specific situations

6.3.1. Patients undergoing pancreatectomy

Islet autotransplantation may be considered in patients
undergoing pancreatectomy for chronic pancreatitis or mostly
benign tumours (Fig. 3B). In this case of islet auto-transplantation,
the risk related to the procedure is low and no immunosuppression
is required [66].

6.3.2. Cystic fibrosis patients

In patients with cystic fibrosis, simultaneous islet–lung or islet
after lung transplantation may be considered (Fig. 3B), as it may
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improve the risk of infections and morbidity in these patients. The
procedure is currently under investigation in a clinical trial. Indeed,
the increased life expectancy for patients with cystic fibrosis is
accompanied by new features of disease, particularly diabetes; this
form of diabetes is promoted by altered insulin secretion due to
CFTR gene mutations and anatomical destruction of pancreatic
islets. In adult patients with cystic fibrosis and end-stage
respiratory failure, lung transplants are the ultimate therapeutic
options; at the lung-transplant stage, diabetes is present in half
these patients, and a major factor of morbidity and mortality. Beta-
cell replacement may be considered in patients with severe
endocrine pancreatic disease and decreased endogenous insulin
secretion and uncontrolled diabetes, despite intensive insulin
therapy, whereas PTA is not indicated due to its relatively high
rates of morbidity and mortality, and risk of major abdominal
 for islet or pancreatic transplantation: Statement of the TREPID
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surgical complications that could compromise the lung prognosis.
Moreover, as ITA requires immunosuppressive treatment, which
increases the risk of infection, this should be proposed only to
cystic fibrosis patients with uncontrolled diabetes and end-stage
respiratory failure requiring lung transplants.

Combined bilateral lung and islet grafts from the same donor
are currently being studied in a multicentre French-Swiss clinical
protocol using intraportal islet injection via a percutaneous
approach under local anaesthesia. An interim analysis of the first
eight patients at 1 year has demonstrated the gain of perfect
glycaemic control with no hypoglycaemia and satisfactory lung
function, thereby limiting the immediate post-transplant morbid-
ity. However, patients have to continue their insulin therapy,
usually at half-doses, because the number of isolated islets from a
single pancreas cannot provide the insular beta-cell mass needed
to achieve insulin independence. Nevertheless, pancreatic islet
grafts from different donors performed 6–12 months after lung
transplantation have resulted in insulin independence [67,68],
although studies in larger numbers of patients are now needed to
confirm these results.

6.3.3. Other patients

Other conditions may be improved by transplantation. Howev-
er, as this has not been confirmed in clinical trials, it should be
discussed on a case-by-case basis.

6.3.3.1. Brittle diabetes and desire for pregnancy, especially with

proteinuria. Although this has not been the subject of trials,
pregnancy can be considered 1 or 2 years post-transplantation after
switching from mycophenolate to azathioprine [10]. PTA is the
preferred indication in cases of glycaemic lability, although patients
should be informed of the potential risks of IS for the infant, which
Table 4
Factors modifying indications for whole pancreas and islet transplantation.

Factors Consequences

Age Consider physiological rather than ‘absolute

Older patients (> 40 years) have better resu

Younger patients (< 55 years) often better t

Wish for pregnancy should postpone ITA, un

Body mass index (BMI) Should be < 30 kg/m2

Lower BMI (and daily insulin needs) more s

May negatively impact prognosis for PTA

Smoking Should be stopped

Blood group All transplants are performed according to A

B and AB groups are rare, so may increase t

Sensitization Detectable HLA autoantibodies generally ap

especially if PRA rate is > 20%

Recommend simultaneous pancreas-kidney 

Mean fluorescence intensity (MFI) antigen l

Kidney function For proteinuria or rapid decline in glomerula

is recommended

Macro-angiopathy If present, islet transplantation is recommen

Micro-angiopathy Must be stabilized before any transplant su

Brittle diabetes Recommend transplantation, especially ITA 

Patient’s choice Should be taken into account, as with desire

Local resources If no contraindications, local possibility of IT

Living kidney donor In ESRD, living donors favour KTA, followed

Associated autoimmune diseases Not contraindicated except if treated with s

May improve with immunosuppression

Associated grafts Kidney graft: good indication for islet transp

Lung transplant: ongoing protocol for cystic

Liver transplant: theoretically not a contrain

Pre-emptive transplantation Should be considered for any T1D patient w

survival, QoL (dialysis avoidance, insulin discon

cardiovascular morbidity (especially related to

dialysis, after living donor kidney transplant o

ITA/PTA: islet/pancreas transplantation alone; HLA: human leucocyte antigen; PRA: pane

kidney; QoL: quality of life.
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have yet to be assessed in the long-term, and for the present graft
and future transplants in cases of hyper-immunization.

6.3.3.2. T1D with insulin resistance or overweight. Having this
condition makes surgery more difficult and could especially
influence the results of ITA in cases of borderline islet mass
transplants.

6.3.3.3. Maturity-onset diabetes of the young (MODY). One study of
such patients has shown good metabolic results after SPK
transplantation, especially in those with MODY types 1, 3 and 5
[69].

6.3.3.4. Type 2 diabetes (T2D). In patients with T2D, kidney
transplantation may be proposed for patients with ESRD, although
the indications for simultaneous or delayed pancreas transplanta-
tion are still controversial. However, SPK may be considered in T2D
patients who have no signs of major insulin resistance or have
intermediate forms of diabetes, yet are unable to manage multiple
daily insulin infusions, or have diabetic instability.

6.4. Transplant strategies

Various factors may influence the choice of transplantation,
including long-term experience with whole pancreas and kidney
transplantation, which is major surgery, compared with not-as-
major islet transplants, a more recent technique that has shown
success in rigorous clinical trials. In any case, all transplantations
require careful pre-transplant workups for weighing the benefit-
risk ratio of each technique.

Some criteria, such as age, BMI, blood group, human leucocyte
antigen (HLA) sensitization, kidney function, proteinuria, cardio-
’ age, especially cardiovascular status

lts with ITA

olerate major surgery, such as PTA

less life is threatened

uitable for ITA

BO compatibility with negative cross-matching

ime on waiting list

pear after pregnancy or transfusion as factors of poor post-transplant outcomes,

transplant as only a donor is required;

evels > 3000–5000 should be forbidden

r filtration rate (GFR), pre-emptive simultaneous pancreas-kidney transplantation

ded

rgery, especially retinopathy

if no end-stage renal disease (ESRD)

 for pregnancy

A or PTA may guide choice

 by ITA or sometimes PTA

teroids

lantation, especially if previous pancreas graft after SPK transplantation is lost

 fibrosis
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Fig. 4. Decision tree, an overview of indications for islet and pancreas transplantation. * As per glomerular filtration rate (GFR), slope of GFR decline, proteinuria criteria; # 6-

month safety period; ## high with cardiopathy, peripheral vasculopathy, pneumonitis, American Society of Anesthesiologists (ASA) Score > 3; § depending on daily insulin

needs, body mass index; §§ consider bariatric surgery before transplant surgery; ** PAK better for long-term insulin independence and HbA1c control, IAK better for

perioperative morbidity/mortality-synthesis: PAK and IAK are � equivalents; *** SPK better for long-term insulin independence and HbA1c control, SIK better for perioperative

morbidity/mortality-synthesis: SPK definitely better; **** PTA slightly better for long-term insulin independence, ITA better for perioperative morbidity/mortality, PTA = ITA for

hypoglycaemia control-synthesis: ITA preferable. KTA: kidney transplant alone; PAK: pancreas after kidney; SPK: simultaneous pancreas-kidney; IAK: islet after kidney; SIK:

simultaneous islet-kidney; ITA: islet transplantation alone.
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vascular status, micro-angiopathy and diabetes lability, depend on
the patient. However, other factors, such as geographical location,
ongoing clinical trials and availability of living kidney donors, are
independent of the patient, yet may influence any decisions. The
various factors that can affect transplant strategies are listed in
Table 4, and a decision tree is depicted in Fig. 4.

In summary, PTA and combined organ transplants come with
major preoperative risks, whereas ITA is easier to perform, but has
to be repeated several times.

7. Conclusion and future prospects

Islet transplantation has proven its long-term efficacy over the
past 20 years for both alleviating the immediate burden of labile
diabetes and also improving the long-term diabetes complications
of T1D, with or without a kidney graft. Likewise, the results of
whole pancreas transplantation have consistently improved in
terms of confirmed patient survival and fewer complications.
Technological approaches have also advanced during this time
with the availability of CGM and ‘smart’ insulin pumps. The aim of
the present review was to help diabetologists, nephrologists and
also general practitioners offer the best and most timely treatment
to patients with T1D according to their specific medical situation.
In addition, it is also important to define the most commonly used
tools for assessing long-term outcomes such as patient survival,
metabolic results, and long-term diabetes and immune-related
complications. Finally, future efforts should now focus on
Please cite this article in press as: Wojtusciszyn A, et al. Indications
working group on behalf of the Société francophone du diabète (SFD
determining the best immunosuppressant regimes and increasing
graft availability.
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http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0010
http://dx.doi.org/10.1016/S2213-8587(18)30078-0
http://dx.doi.org/10.1016/S2213-8587(18)30078-0
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0020
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0020
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0035
http://refhub.elsevier.com/S1262-3636(18)30168-X/sbref0035


A. Wojtusciszyn et al. / Diabetes & Metabolism xxx (2018) xxx–xxx 13

G Model

DIABET-1039; No. of Pages 14
1 diabetes complicated by problematic hypoglycemia. Diabetes Care
2015;38:1016–29.

[9] Pattou F, Vantyghem MC, Noel C, Kerr-Conte J, Gmyr V, Martinache I, et al.
Sequential intraportal islet allografts in immunosuppressed type I diabetic
patients: preliminary results. Transplant Proc 2000;32:391–2.

[10] Normand G, Brunner F, Badet L, Buron F, Catton M, Massardier J, et al.
Pregnancy outcomes in simultaneous pancreas and kidney transplant recip-
ients: a national French survey study. Transpl Int 2017;30:893–902.

[11] Belliere J, Esposito L, Gandia P, Duffas JP, Sallusto F, Cardeau-Desangles I, et al.
Comparison of the exposure of mycophenolate mofetil and enteric-coated
mycophenolate sodium in recipients of kidney-pancreas transplantation. Ann
Transplant 2014;19:76–81.

[12] Buron F, Thaunat O, Demuylder-Mischler S, Badet L, Brunet M, Ber CE, et al.
Pancreas retransplantation: a second chance for diabetic patients? Transplan-
tation 2013;95:347–52.

[13] Rickels M, Stock PG, de Koning EPJ, Piemonti L, Pratschke J, Alejandro R, et al.
Defining outcomes for b-cell replacement therapy in the treatment of diabe-
tes: a consensus report on the Igls criteria from the IPITA/EPITA opinion
leaders workshop. Transplantation 2018;102:1479–86. http://dx.doi.org/
10.1097/TP.0000000000002158.

[14] Petruzzo P, Badet L, Lefrançois N, Berthillot C, Dorel SB, Martin X, et al.
Metabolic consequences of pancreatic systemic or portal venous drainage
in simultaneous pancreas-kidney transplant recipients. Diabet Med
2006;23:654–9.

[15] Ricordi C, Lacy PE, Finke EH, Olack BJ, Scharp DW. Automated method for
isolation of human pancreatic islets. Diabetes 1988;37:413–20.

[16] Vantyghem MC, Marcelli-Tourvieille S, Fermon C, Duhamel A, Raverdy V,
Arnalsteen L, et al. Intraperitoneal insulin infusion versus islet transplanta-
tion: comparative study in patients with type 1 diabetes. Transplantation
2009;87:66–71.

[17] Gruessner AC, Gruessner RW. Long-term outcome after pancreas transplanta-
tion: a registry analysis. Curr Opin Organ Transplant 2016;21:377–85.

[18] Gruessner AC, Gruessner RW. Pancreas transplantation of US and non-US cases
from 2005 to 2014 as reported to the United Network for Organ Sharing
(UNOS) and the International Pancreas Transplant Registry (IPTR). Rev Diabet
Stud 2016;13:35–58.

[19] Ryan EA, Paty BW, Senior PA, Bigam D, Alfadhli E, Kneteman NM, et al. Five-
year follow-up after clinical islet transplantation. Diabetes 2005;54:2060–9.

[20] Benomar K, Chetboun M, Espiard S, Jannin A, Le Mapihan K, Gmyr V, et al.
Purity of islet preparations and 5-year metabolic outcome of allogenic islet
transplantation. Am J Tranpl 2018;18:945–51.

[21] Qi M, Kinzer K, Danielson KK, Martellotto J, Barbaro B, Wang Y, et al. Five-year
follow-up of patients with type 1 diabetes transplanted with allogeneic islets:
the UIC experience. Acta Diabetol 2014;5:833–43.

[22] Maffi P, Scavini M, Socci C, Piemonti L, Caldara R, Gremizzi C, et al. Risks and
benefits of transplantation in the cure of type 1 diabetes: whole pancreas
versus islet transplantation. A single center study. Rev Diabet Stud 2011;8:44–
50.

[23] Turgeon NA, Avila JG, Cano JA, Hutchinson JJ, Badell IR, Page AJ, et al. Experi-
ence with a novel efalizumab-based immunosuppressive regimen to facilitate
single donor islet cell transplantation. Am J Transplant 2010;10:2082–91.

[24] Vantyghem MC, Raverdy V, Balavoine AS, Defrance F, Caiazzo R, Arnalsteen L,
et al. Continuous glucose monitoring after islet transplantation in type 1 dia-
betes: an excellent graft function (beta-Score greater than 7) IS required to
abrogate hyperglycemia, whereas a minimal function is necessary to suppress
severe hypoglycemia (beta-Score greater than 3). J Clin Endocrinol Metab
2012;97:E2078–83.

[25] Lablanche S, Borot S, Wojtusciszyn A, Bayle F, Tetaz R, Badet L, et al. Network G:
five-year metabolic, functional, and safety results of patients with type
1 diabetes transplanted with allogenic islets within the Swiss-French GRAGIL
network. Diabetes Care 2015;38:1714–22.

[26] Scalea JR, Redfield 3rd , Arpali E, Leverson G, Sollinger HW, Kaufman DB, et al.
Pancreas transplantation in older patients is safe, but patient selection is
paramount. Transpl Int 2016;29:810–8.
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transplantation diabetes: treatment à la carte? Diabetes Metab 2017;43:378–
81.

[36] Badet L, Benhamou PY, Wojtusciszyn A, Baertschiger R, Milliat-Guittard L,
Kessler L, et al. Expectations and strategies regarding islet transplantation:
metabolic data from the GRAGIL 2 trial. Transplantation 2007;84:89–96.

[37] Ryan EA, Paty BW, Senior PA, Lakey JR, Bigam D, Shapiro AM. Beta-Score: an
assessment of beta-cell function after islet transplantation. Diabetes Care
2005;28:343–7.

[38] Forbes S, Oram RA, Smith A, Lam A, Olateju T, Imes S, et al. Validation of the
BETA-2 Score: an improved tool to estimate beta-cell function after clinical
islet transplantation using a single fasting blood sample. Am J Transplant
2016;16:2704–13.

[39] Hering BJ, Clarke WR, Bridges ND, Eggerman TL, Alejandro R, Bellin MD, et al.
Phase 3 trial of transplantation of human islets in type 1 diabetes complicated
by severe hypoglycemia. Diabetes care 2016;39:1230–40.

[40] International Hypoglycemia Study Group. Glucose concentrations of less than
3.0 mmol/L (54 mg/dL) should be reported in clinical trials: a joint position
statement of the American diabetes association and the European association
for the study of diabetes. Diabetes Care 2017;40:155–7.

[41] Borot S, Benhamou PY, Atlan C, Bismuth E, Bonnemaison E, Catargi B, et al.
Évaluation dans le diabète des implants actifs group (EVADIAC). Practical
implementation, education and interpretation guidelines for continuous glucose
monitoring: a French position statement. Diabetes Metab 2018;44:61–72.

[42] Locatelli F, Pozzoni P, Del Vecchio L. Renal replacement therapy in patients
with diabetes and end-stage renal disease. J Am Soc Nephrol 2004;15(Suppl
1):S25–9.

[43] Lu Y, Stamm C, Nobre D, Pruijm M, Teta D, Cherpillod A, et al. Changing trends
in end-stage renal disease patients with diabetes. Swiss Med Wkly 2017;147.

[44] Ojo AO, Meier-Kriesche HU, Hanson JA, Leichtman A, Magee JC, Cibrik D, et al.
The impact of simultaneous pancreas-kidney transplantation on long-term
patient survival. Transplantation 2001;71:82–90.

[45] Huang E, Wiseman A, Okumura S, Kuo HT, Bunnapradist S. Outcomes of pre-
emptive kidney with or without subsequent pancreas transplant compared
with pre-emptive simultaneous pancreas/kidney transplantation. Transplan-
tation 2011;92:1115–22.

[46] Coppelli A, Giannarelli R, Vistoli F, Del Prato S, Rizzo G, Mosca F, et al. The
beneficial effects of pancreas transplant alone on diabetic nephropathy.
Diabetes Care 2005;28:1366–70.

[47] Giannarelli R, Coppelli A, Sartini M, Aragona M, Boggi U, Vistoli F, et al. Effects
of pancreas-kidney transplantation on diabetic retinopathy. Transpl Int
2005;18:619–22.

[48] Kennedy WR, Navarro X, Goetz FC, Sutherland DE, Najarian JS. Effects of
pancreatic transplantation on diabetic neuropathy. N Engl J Med
1990;322:1031–7.

[49] Biesenbach G, Königsrainer A, Gross C, Margreiter R. Progression of macro-
vascular diseases is reduced in type 1 diabetic patients after more than 5 years
successful combined pancreas-kidney transplantation in comparison to kid-
ney transplantation alone. Transpl Int 2005;18:1054–60.

[50] Fiorina P, Folli F, Bertuzzi F, Maffi P, Finzi G, Venturini M, et al. Long-term
beneficial effect of islet transplantation on diabetic macro-/micro-angiopathy
in type 1 diabetic kidney-transplanted patients. Diabetes Care 2003;26:1129–
36.

[51] Fiorina P, Folli F, Zerbini G, Maffi P, Gremizzi C, Di Carlo V, et al. Islet
transplantation is associated with improvement of renal function among
uremic patients with type I diabetes mellitus and kidney transplants. JASN
2003;14:2150–8.

[52] Senior PA, Zeman M, Paty BW, Ryan EA, Shapiro AM. Changes in renal function
after clinical islet transplantation: four-year observational study. Am J Trans-
plant 2007;7:91–8.

[53] Caiazzo R, Vantyghem MC, Raverdi V, Bonner C, Gmyr V, Defrance F, et al.
Impact of procedure-related complications on long-term islet transplantation
outcome. Transplantation 2015;99:979–84.

[54] Peixoto E, Vendrame F, Arnau A, Padilla N, Baidal D, Alvarez A, et al. Ten years
of preserved kidney function after islet transplant graft failure. Diabetes Care
2016;39:e209–11.

[55] Del Carro U, Fiorina P, Amadio S, De Toni Franceschini L, Petrelli A, Menini S,
et al. Evaluation of polyneuropathy markers in type 1 diabetic kidney trans-
plant patients and effects of islet transplantation: neurophysiological and skin
biopsy longitudinal analysis. Diabetes Care 2007;30:3063–9.

[56] Vantyghem MC, Quintin D, Caiazzio R, Leroy C, Raverdy V, Cassim F, et al.
Improvement of electrophysiological neuropathy after islet transplantation
for type 1 diabetes: a 5-year prospective study. Diabetes Care 2014;37:e141–
2.

[57] Fensom B, Harris C, Thompson SE, Al Mehthel M, Thompson DM. Islet cell
transplantation improves nerve conduction velocity in type 1 diabetes com-
pared with intensive medical therapy over six years. Diabetes Res Clin Pract
2016;122:101–5.
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