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ABSTRACT

Background. Pancreatic islet transplantation has emerged as an effective treatment for type
1 diabetes mellitus, but its use is limited due to an insufficient supply of cadaveric pancreata. In
Japan, uncontrolled donors after cardiac death (DCD) are not deemed to be suitable for whole-
organ pancreatic transplantation, and can provide a source of pancreas for islet transplantation.
However, the long-term outcomes and utility of uncontrolled DCD in the clinical setting remain
controversial. Here, we summarize the long-term outcomes of islet transplantation employing
uncontrolled DCD as reported to the Japan Islet Transplantation Registry.

Methods. Sixty-four isolations and 34 transplantations of pancreatic islets were con-
ducted in 18 subjects with type 1 diabetes mellitus under the cover of immunosuppression
with basiliximab, sirolimus, and tacrolimus. All donors were uncontrolled DCD at the time
of harvesting. The mean follow-up time was 76 months.

Results. Of the 18 recipients, 8, 4, and 6 recipients received 1, 2, and 3 islet infusions,
respectively. Overall graft survivals (defined as a C-peptide level >0.3 ng/mL) were 72.2%,
44.4%, and 22.2% at 1, 2, and 5 years, respectively, whereas the corresponding graft sur-
vivals after multiple infusions were 90.0%, 70.0%, and 30.0%, respectively. Three of these
recipients achieved insulin independence in 14, 79, and 215 days. Hba;. levels and the
requirement of exogenous insulin were improved before loss of graft function. All recipients
became free of severe hypoglycemia unawareness, however, at least 5 of 14 patients who had
graft failure experienced recurrence of severe hypoglycemia after the loss of graft function.

Conclusions. Islet transplantation from DCD can relieve glucose instability and prob-
lems with hypoglycemia when the graft is functioning. However, islets from uncontrolled
DCD may be associated with reduced long-term graft survival. Further improvements in
the clinical outcome by modification of islet isolation/transplantation protocols are
necessary to establish islet transplantation using DCD.

ANCREATIC islet transplantation has emerged as an
effective treatment for type 1 diabetes mellitus
(T1DM), but its use is limited due to an insufficient supply
of cadaveric pancreata. Pancreatic islets are obtained from
donors after brain death (DBD) all over the world, but
access to DBD in Japan is quite rare. Also, pancreatic islet
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UNCONTROLLED DONORS AFTER CARDIAC DEATH

transplantation is categorized as tissue transplantation in
Japan, which is operated with the use of special guidelines.
Therefore, pancreata for islet transplantation have usually
been obtained from donors after cardiac death (DCD).

DCD are a heterogeneous population, and the duration
of cardiac death differs between subjects. A longer warm
ischemia time (which may lead to organ damage) is a major
concern with DCD, In Japan, most DCD suffer unexpected
cardiac death. They are cannulated and perfused with cold
preservation fluid within minutes after death to maintain
organ viability, and are termed uncontrolled DCD. It
has been reported that normally functioning pancreatic
islets can be successfully isolated from pancreata from
controlled DCD, and that they should be suitable for
clinical isolation [1,2].

Previously, we reported that pancreatic islet trans-
plantation from uncontrolled DCD ameliorated episodes of
severe hypoglycemia, decreased levels of glycated hemo-
globin (Hb,,.), and sustained significant levels of C-peptide
after a mean follow-up time of 41 months [3]. However,
long-term outcomes and the utility of uncontrolled DCD in
the clinical setting remain controversial.

Here, as a subsequent report from the Japan Islet
Transplantation Registry, we summarize the outcomes from
a mean follow-up of 76 months after pancreatic islet
transplantations from uncontrolled DCD.

METHODS
Study Design

From September 2003 to March 2007, 64 isolations of pancreatic
islets and 34 transplantations of pancreatic islets were performed in
18 TIDM patients (including 2 patients who had prior kidney
transplantation). According to Maastricht donor categories, all
DCD were considered to be uncontrolled and category V [4] at the
time of harvesting. Six transplantation centers (Tohoku, Fukush-
ima, Chiba, Kyoto, Kobe, and Fukuoka) were enrolled in this study
for the isolation and transplantation of pancreatic islets. The Ethics
Committee at each participating institution approved the study
protocols. Each recipient was allowed up to 3 islet transplantations
until achievement of insulin independence. Recipients were
selected at each participating center based on regional priority,
blood type, history of previous islet transplantation with a potential
for insulin independence, and a long waiting period.

Isolation and Transplantation of Pancreatic Islets

Donors were cannulated and perfused with cold preservation fluid
(in situ preservation) within minutes after death to prevent warm
ischemia damage to the pancreas. Harvested pancreata were
transported in chilled University of Wisconsin solution or in
ET-Kyoto solution (Otsuka Pharmaceuticals, Tokyo, Japan). A 2-
layer method with perfluorocarbon during transportation has been
recommended [5]. Pancreatic islets were isolated locally at each
facility, with each institution maintaining good practice guidelines.
The method of isolation of pancreatic islets has been reported
previously [6-8]. The pancreas specimen was digested with the use
of Liberase HI (Roche Molecular Biochemicals, Indianapolis,
Indiana). The release criteria were identical to those of the
Edmonton protocol [6].

1981

The fresh islet preparation without culture was infused into the
portal vein. Two or 3 consecutive infusions of >5,000 islet equiva-
lents (IEQ)/kg were planned for each recipient to achieve insulin
independence.

The immunosuppression regimen comprised basiliximab induc-
tion and sirolimus/tacrolimus maintenance or the use of continuous
immunosuppressive regimen in case of islet after kidney recipients,
with basiliximab induction at the time of islet transplantation [3,6].
Sirolimus was replaced with mycophenolate mofetil in some cases.

Assessment of Islet Engraftment

Insulin independence was defined as freedom from the need to take
exogenous insulin with adequate glycemic control. Partial graft
function was defined as a C-peptide level >0.3 ng/mL and a
requirement for insulin. Graft loss was defined as an initial increase
in the C-peptide level but a decrease to <0.3 ng/mL. Severe hy-
poglycemia unawareness was defined as an episode of neuro-
glycopenia with unawareness severe enough for the subject to
require assistance [9].

Flow Panel Reactive Antibodies (PRAs)

Alloantibodies were detected by means of flow cytometric methods
with the use of the fluorescent signal for each HLA-coated bead
and normalized to the signal of negative control serum [10].

Statistical Analyses

Values are expressed as mean = standard error. Outcome measures
for the overall data and strata-defined variables were estimated from
Kaplan-Meier curves and compared with the use of logistic regression
analyses. Statistical calculations were done with the use of Statistical
Product and Services Solutions v15.0 (SPSS, Chicago, Illinois). A P
value of <.05 was considered to be statistically significant.

RESULTS

Among 64 isolations of pancreatic islets, 34 isolations
(53.1%) met the release criteria. Previously, we reported
that the factors associated with islet isolation were analyzed
by a logistic regression univariate analysis. We found that
duration of hypotension before cardiac arrest, length of cold
ischemia time, and use of ET-Kyoto solution for preserva-
tion were significant factors for islet release. According to
multivariate analyses, use of ET-Kyoto solution was the only
significant factor among these factors [3].

Thirty-four transplantations of pancreatic islets were
performed in 18 T1DM patients under the cover of immu-
nosuppression with basiliximab, sirolimus, and tacrolimus.
Of the 18 recipients, 8, 4, and 6 recipients received 1, 2, and
3 islet infusions, respectively. Among the 10 patients who
received 2 or 3 transplantations, the intervals between
transplantations ranged from 0 to 954 days. The follow-up
time ranged from 58.7 months to 94.1 months, and the
mean follow-up time was 76.4 & 3.3 months. Overall graft
survivals (defined as the C-peptide level) were 72.2%,
44.4%, and 22.2% at 1, 2, and 5 years, respectively (Fig 1A).
‘When recipients were divided into 2 groups (one group who
had 1 islet infusion, and the other group who had 2 or 3 islet
infusions), we found that recipients receiving multiple islet
infusions had significantly prolonged survival of islet grafts
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Islet graft survival according to Kaplan-Meier estimation. (A) Overall graft survival after islet transplantation from uncontrolled

donors after cardiac death. Graft survivals (defined according to the C-peptide level) were 72.2%, 44.4%, and 22.2% at 1, 2, and 5
years, respectively. (B) Graft survival according to the number of islet infusions. Graft survivals of multiple infusions were 90.0%,
70.0%, and 30.0% at 1, 2, and 5 years, respectively, whereas the corresponding graft survival after a single infusion were 37.5%,
12.5%, and 12.5%, respectively. Multiple islet infusions significantly prolonged islet graft survival compared with a single infusion
(P = .017). (C) Panel reactive antibody (PRA) positivity did not correlate with islet graft survival (P = .85). (D) Anti~glutamate decarbox-
ylase (GAD) antibody positivity also did not correlate with islet graft survival (P = .23). The follow-up time ranged from 58.7 months to

94.1 months, and the mean follow-up time was 76.4 + 3.3 months.

compared with those receiving a single infusion (P = .017).
The graft survivals of multiple infusions were 90.0%, 70.0%,
and 30.0% at 1, 2, and 5 years, respectively, whereas the
corresponding graft survivals after a single infusion were
37.5%, 12.5%, and 12.5% (Fig 1B). Three of these re-
cipients achieved insulin independence transiently after the
2nd transplantation for 215 days and after a 3rd trans-
plantation for 14 days and 79 days.

Donor-specific alloantibodies were examined using flow
PRA. Among these, 4 patients developed detectable levels
of donor-specific alloantibodies. PRA positivity did not
correlate with islet graft survival. Graft survivals for PRA-
positive patients were 75.0%, 50.0%, and 25.0% at 1, 2,
and 5 years, respectively, whereas the corresponding graft
survivals for PRA-negative patients were 50.0%, 50.0%, and
21.4%, respectively (Fig 1C). Nine patients were positive for
anti-glutamate decarboxylase (GAD) antibody. Being
positive for anti-GAD antibodies also did not correlate with
islet graft survival. The graft survivals of anti-GAD
antibody-positive subjects were 66.7%, 44.4%, and 0% at
1, 2, and 5 years, respectively, whereas the corresponding
graft survivals of anti-GAD antibody—negative subjects were
66.7%, 44.4%, and 44.4%, respectively (Fig 1D).

Hb, . levels and a requirement of exogenous insulin were
improved before loss of graft function, but gradually wors-
ened after the loss of graft function (Fig 2A). Serum
creatinine levels were maintained even after the loss of graft
function (Fig 2B).

All recipients became free of severe hypoglycemia un-
awareness, but at least 5 of 14 patients who had graft failure
experienced recurrence of severe hypoglycemia after the
loss of graft function.

DISCUSSION

Previously, we reported that pancreatic islet transplants
from uncontrolled DCD sustained significant levels of
C-peptide after a mean follow-up of 41 months [3]. The
present report uses an extended follow-up from a multi-
center study of outcomes after pancreatic islet trans-
plantation from uncontrolled DCD.

Use of marginal-donor pancreata for islet isolation, such
as DCD, is a way to alleviate donor shortages, particularly in
countries such as Japan, where DBD are not readily avail-
able. According to the modified Maastricht classification [4],
DCDs are classified into 5 categories; category I refers to
subjects who are dead on arrival; category II is an unsuc-
cessful resuscitation; category III (anticipated cardiac
arrest) and category IV (cardiac arrest in a brainstem-dead
donor) are described as controlled DCD; and category V
(unexpected cardiac arrest in a patient in the intensive care
unit) is described as uncontrolled DCD. Zhao et al reported
that they isolated more viable islets from controlled DCD
with short warm ischemia times than from pancreata from
DBD, and that the islets from DCD were fully biofunctional
[2]. Markmann et al reported that islets transplantation

- 73 -



UNCONTROLLED DONORS AFTER CARDIAC DEATH

12.0
11.0

10.0 .
9.0
8.0 -

7.0 I

6.0

5.0
4.0

>

HbA1c (%)

w

2.00
1.80 |
1.60 -
1.40 -
1.20 -
1.00

0.80 -
0.60

0.40
0.20 -
0.00

Creatinine {mg/dL)

0 6 12 18 24 30 36 42 48 54
Number of months after first transplantation

Fig 2. Changes in (A) Hbaic levels and (B) serum creatinine
levels. Hbay levels and the requirement of exogenous insulin
were improved before loss of graft function, but gradually wors-
ened after the loss of graft function. Serum creatinine levels were
maintained even after the loss of graft function.

isolated from a single controlled DCD reversed diabetes of
a T1DM recipient [1]. However, reports series of islet
transplantations from DCD are limited. DCD are still not
deemed to be suitable for donation.

In our series, all donors were considered to be uncon-
trolled DCD and category V of the modified Maastricht
classification. Uncontrolled DCD have been used for kidney
transplantation [11] and liver transplantation [12]. Islets are
more likely to be damaged by warm ischemia in uncon-
trolled DCD. Damaged islets can be readily influenced by
graft ischemia and/or instant blood-mediated inflammatory
reactions [13]. Also, it has been suggested that DCD islets
have lower contents of adenosine triphosphate and guano-
sine triphosphate, which could indicate energy loss [2]. The
survival of transplanted islet grafts in our series reached
only 22.2% at 5 years when >10,000 IEQ/kg were trans-
planted. However, in a publication from the Collaborative
Islet Transplant Registry [14], the survival of transplanted
islets from DBD after 5 years was 74%. Development of
HLA antibodies against class I and/or II antigens can be
associated with subsequent loss of islet grafts [15]. In our
series, PRA-positive samples were detected less often, and a
definitive association with graft survival could not be
determined. Autoantibodies at the time of transplantation
has been associated with reduced survival of islet grafts

1983

[16,17]. The presence of autoantibodies did not significantly
affect graft survival in our series. However, 5-year graft
survival was not observed in the anti-GAD antibody—
positive group (though this could have been due to the small
study cohort in our series). Overall, the reason for lower
graft survival at 5 years in our series is not known, but could
reflect the adverse effect of long intervals between trans-
plantations [3] or may be associated with energy depletion
within grafts.

In conclusion, islet transplantation from uncontrolled
DCD can relieve glucose instability and problems with
hypoglycemia while the graft is functioning. However, islets
from DCD may be associated with reduced long-term graft
survival. Further improvements in outcome by modification
of the protocols for the isolation and transplantation of
islets are necessary to establish islet transplantation from
DCD. Recently, the f-cell secretory reserve of engrafted
islets was shown to be improved markedly with the use of a
protocol involving induction of antithymocyte globulin
(ATG) and inhibition of tumor necrosis factor (TNF) [18].
We have started a phase II clinical trial in TIDM patients
for islet transplantation from DBD and DCD to evaluate a
protocol involving induction of ATG and inhibition of TNF
(UMIN-CTR: 000003977). This trial could play a critical
part in establishing islet transplantation in Japan.
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