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CASE REPORT

Successful Treatment of Brittle Diabetes Following Total
Pancreatectomy by Islet Allotransplantation: A Case Report
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ABSTRACT

Context Allotransplantation of islets can successfully treat subjects with type 1 diabetes complicated by severe
hypoglycemia and erratic glycemic control. Insulin independence is often lost over time due to several factors, including
recurrent autoimmunity. Brittle diabetes (frequent hypoglycemia and labile glycemic control) is common after
pancreatectomy. This is ameliorated by auto-islet transplantation in pancreatectomized patients who have better glycemic
control, even without insulin independence. Case report We herein report a case where islet allotransplantation was carried
out in a patient who had undergone total pancreatectomy. Following two islet infusions, he became insulin independent with
excellent glycemic control and remains so currently, more than four years after his second islet infusion. Side effects from
immunosuppressive therapy were minimal. Discussion Islet allotransplantation can be considered in selected individuals
post-pancreatectomy. The absence of autoimmunity may be advantageous for long term graft function relative to islet
allotransplantation in type 1 diabetic recipients.
INTRODUCTION More recently, whole pancreas allotransplants
after total pancreatectomy have been reported to
restore both endocrine and exocrine function, with
ensuing improvement in the quality of life [6, 7].

Total pancreatectomy is associated with
significant morbidity, involving both exocrine and
endocrine dysfunction. In contrast to the gradual
and isolated loss of beta cells as a result of
autoimmune attack in type 1 diabetes [1], diabetes
after total pancreatectomy is due to acute loss of
beta cells, but also the loss of glucagon-producing
alpha cells. Glucagon is a key counter-regulatory

To date, islet allotransplantation has been
restricted to subjects with type 1 diabetes
complicated by severe hypoglycemia and/or
glycemic lability and has shown increasing success
since the advent of the Edmonton protocol [8].

hormone providing protection from hypoglycemia
[2]. Consequently, post-pancreatectomy diabetes is
associated with a high frequency of hypoglycemia
and the need for complex insulin regimens [3].

Islet auto-transplantation after total
pancreatectomy (for non-malignant disease) has
been performed since the 1970s with good success.
Insulin independence is achieved in about a third of
cases, and persistent long-term graft function with
the continued production of C-peptide is observed
in the majority of patients [4, 5].
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Insulin independence can often be achieved, albeit
with two islet infusions in many cases. Long-term
insulin independence can be maintained for a
variable duration of time, depending on multiple
patient and donor factors [9] and requires adequate
control of both allo- and auto-immunity. Most
importantly, islet transplantation results in stable
(and good) glycemic control with elimination of
severe hypoglycemia even in subjects returning to
use some insulin, as long as some graft function
persists [10].

We herein report the first case (to the best of our
knowledge) of islet allotransplantation for brittle
diabetes following total pancreatectomy.

CASE REPORT

Our patient was a 56-year-old man at the time of
first presentation. In May 2005, he developed acute
necrotizing pancreatitis with pancreatic abscess due
to a gallstone causing occlusion of the common bile
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duct. He developed generalized peritonitis, septic
shock and multi-organ failure, necessitating surgical
intervention. Intra-operatively, he was found to
have a large pancreatic abscess and extensive
necrosis involving the entire pancreas and
underwent near total pancreatectomy. He was
started on insulin and pancreatic exocrine
supplements (pancrelipase, Creon®, Abbot, IL, USA)
post-operatively. In July 2005 (2 months following
pancreatectomy), he was found to have some
residual pancreatic endocrine function, as indicated
by the persistent presence of C-peptide production
(Figure 1).

Over the following year, he had increasing
insulin requirements and, in spite of an intensive
multiple daily insulin injection regimen using
detemir (Levemir®, Novo Nordisk, Missisauga, ON,
Canada) and aspart (Novorapid® Novo Nordisk,
Missisauga, ON, Canada), he was having daily
episodes of hypoglycemia, requiring third party
assistance and had experienced several episodes of
severe hypoglycemia requiring the intramuscular
administration of glucagon. He developed severe
hypoglycemia unawareness, and had no symptoms
(either autonomic or neuroglycopenic) of hypo-
glycemia at all. At the time of evaluation at our
centre in September 2006, he was using an average
of 60 units of insulin/day, had severe hypoglycemia
and mild glycemic lability (HYPO score and lability
index are shown in Figure 2 [11]). C-peptide
production had declined since 2005 just above the
lower level of detection (0.1 ng/mL) (Figure 1).

There was no family history of diabetes, and no
history of any autoimmune disease. Autoantibodies
(mIAA, GAD65, ICA512) were all negative. He had
no other significant medical history of note nor any
history of alcohol excess, and did not have diabetes
prior to pancreatectomy. Prior to transplant liver
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Figure 1. Graft function indicated by stimulated C-peptide:
glucose ratio (dashed lines and open squares) at the end of a
mixed meal tolerance test and HbAlc (solid line and filled
circles) before and after islet transplantation. The grey line
indicates HbA1c of 6.5% which is the threshold for diagnosis of
diabetes.
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Figure 2. HYPO score and lability index (LI) before and after islet
transplantation. HYPO score is indicated by solid line and filled
circles. LI by dashed lines and open squares. The solid grey line
indicates a HYPO score of 1,047 which is the threshold for severe
hypoglycemia [11] and the dotted grey line indicates a lability
index of 433 which is the threshold for severe lability [11].

imaging (ultrasound) and biochemistry were
normal.

He underwent islet allotransplantation on
January 9th, 2007, receiving islets isolated from
three organ donors (Table 1) for a total of 6,167
IE/kg. For immunosuppression, he was given
intravenous thymoglobulin (6 mg/kg) with
etanercept, and maintained on tacrolimus (trough
target level of 10 ng/mL for first 3 months and 8-10
ng/mL thereafter) and mycophenolate mofetil (1 g
twice daily). Insulin requirement was halved to 25-
30 units/day following islet allotransplantation,
with excellent glycemic control and more
importantly, severe hypoglycemia was eliminated.
Figure 1 shows HYPO score and lability index prior
to and following islet allotransplantation.

Mild hypoglycemia was uncommon (less than
once a week) and could be easily self-treated. At 6
months following islet allotransplantation, he
reported restoration of hypoglycemia awareness,
with symptoms of tremors and hunger occurring
during one episode of hypoglycemia when the
capillary blood glucose was 3.4 mmol/L.

He underwent a second alloislet infusion on
November 11th, 2008, receiving 5,515 IE/kg isolated
from a single donor (Table 1). He received
daclizumab for induction, and continued on
maintenance immunosuppression with tacrolimus
and mycophenolate mofetil. One month after the
second islet infusion, he was successfully weaned
off insulin and remains so more than 4 years later,
with excellent glycemic control (HbAlc 6.1%) and
no hypoglycemia.

Graft function, as assessed during serial mixed
meal tolerance tests, has remained stable to date
(Figure 2), as has glycemic control reflected by
HbAlc.
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Transplant-Related Complications

The patient tolerated both islet transplant
procedures well, with no peri-procedural
complications. He has tolerated immunosuppres-
sive therapy well, and has had no severe adverse
events. There has not been any evidence of
sensitization post-transplant based on annual
measurements of panel reactive antibodies by flow
cytometry (class I: 16£5%; class II: 0%).

Diabetes Complications

He continues to have no clinical or biochemical
evidence of diabetic retinopathy, nephropathy or
neuropathy.

DISCUSSION

This case illustrates that alloislet transplantation
can be a feasible option for the treatment of brittle
diabetes frequently seen after total pancreatectomy.
Alloislet transplant has the advantages over whole
pancreas transplant of being a minimally invasive
procedure, with mild/no periprocedural
complications and short length of hospital stay [9,
10] although both require long term immunosup-
pression. Islet transplantation does not restore
exocrine function, but exogenous pancreatic
enzyme supplements were effective and easily
managed by this patient.

Although this patient required two islet
infusions to become insulin independent, a single
islet infusion was sulfficient to reduce hypoglycemia
at the same time as improving glycemic control. He
remains insulin independent for more than four
years with robust and stable metabolic function of
the islet graft.

Table 1. Characteristics of donors and islet preparations.

It is not wise to draw conclusions on the basis of
a single case, but the robust function of his islet
grafts is striking given that four year insulin
independence rates among type 1 recipients of the
same era was only 30% [12]. The absence of
autoimmunity in our case should be advantageous
for long term function since recurrent auto-
immunity has been documented after whole
pancreas transplant and the absence of
autoantibodies is  advantageous in islet
transplantation [13, 14]. Our case also illustrates
some other potential advantages over typical islet
allotransplant recipients who generally have
longstanding, autoimmune type 1 diabetes. The
short diabetes duration in our case provides an
opportunity for primary prevention of micro-
vascular complications. The maintenance of
adequate immunosuppression may be easier and
better tolerated in the absence of gastroparesis or
other co-morbidities associated with longstanding
poor diabetes control.

In contrast to autoislet transplantation, alloislet
transplantation requires long-term immunosup-
pressive therapy. However, current immunosup-
pressive regimens for islet transplantation are
generally well tolerated [15], as was the case here.
Although graft function has remained stable to date
in this subject, it remains possible that graft
function may deteriorate over time, contributed at
least in part by the need for long-term immunosup-
pressive therapy with potentially diabetogenic
agents [16].

Pancreatectomy is usually performed because of
the presence of a pancreatic tumour. Clearly
autoislet transplantation would not be considered

Transplant #12 Transplant #2
Donor A Donor B Donor C Donor D
ABO A- A+ A+ A+
Age (years) 51 58 42 56
Gender Male Male Male Female
BMI (kg/m?) 29.4 n/a 229 n/a
Cause of death Head injury Head injury Intracerebral Cerebrovascular
hemorrhage accident
Pancreas weight (g) 141 86 120 88
Cold ischemia time (hours) 10.5 9 6 3
Culture time (hours) 61 54 41 19
Isletyield (IE) 226,405 124,905 182,096 468,262
Packed cell volume (mL) 2 1 2 35
Purity (%) 96 86 97 83
Peak portal pressure (mmHg) 18 16
Total islets infused/kg body weight 6,167 5,515

(IE/kg)

a Islets from three donors were given sequentially during one procedure for the first transplant. This does not reflect current practice
because of concerns for the potential for sensitization resulting from exposure to multiple donors

n/a: Not available
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in cases of malignancy. Furthermore there would be
concerns of recurrent malignancy if such patients
received immunosuppression which would be
required for islet allotransplantation. Islet
allotransplant might be considered if a patient were
considered cured (i.e, no evidence of recurrence
after 5 years) if there were significant difficulties
with diabetes control.

In subjects undergoing total/near total
pancreatectomy for benign pancreatic disease,
including chronic, painful pancreatitis, autoislet
transplantation would be preferred. There are
several situations where autoislet transplantation
may not be possible, even for non-malignant
disease. For example, cases with extensive
pancreatic necrosis (as in this case), severe
pancreatic trauma, or where there is concern or
evidence of pancreatic sepsis (because of a risk for
hepatic abscesses). In cases of suspected
malignancy, histological examination of the
pancreas may confirm a non-malignant disease (e.g.,
autoimmune  pancreatitis) but after allo-
transplantation would be possible. Thus in selected
cases with major difficulties with diabetes control,
after appropriate assessment and informed consent,
alloislet transplantation could be considered as an
alternative.
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