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Abstract
Aims/hypothesis Approximately 50% of organ donors develop hyperglycaemia in intensive care, which is managed with insulin
therapy. We aimed to determine the relationships between donor insulin use (DIU) and graft failure in pancreas transplantation.
Methods UK Transplant Registry organ donor data were linked with national data from the UK solid pancreas transplant
programme. All pancreas transplants performed between 2004 and 2016 with complete follow-up data were included.
Logistic regression models determined associations between DIU and causes of graft failure within 3 months. Area under the
receiver operating characteristic curve (aROC) and net reclassification improvement (NRI) assessed the added value of DIU as a
predictor of graft failure.
Results In 2168 pancreas transplant recipients, 1112 (51%) donors were insulin-treated. DIU was associated with a higher risk of
graft loss from isolated islet failure: OR (95% CI), 1.79 (1.05, 3.07), p = 0.03, and this relationship was duration/dose dependent.
DIU was also associated with a higher risk of graft loss from anastomotic leak (2.72 [1.07, 6.92], p = 0.04) and a lower risk of
graft loss from thrombosis (0.62 [0.39, 0.96], p = 0.03), although duration/dose-dependent relationships were only identified in
pancreas transplant alone/pancreas after kidney transplant recipients with grafts failing due to thrombosis (0.86 [0.74, 0.99], p =
0.03). The relationships between donor insulin characteristics and isolated islet failure remained significant after adjusting for
potential confounders: DIU 1.75 (1.02, 2.99), p = 0.04; duration 1.08 (1.01, 1.16), p = 0.03. In multivariable analyses, donor
insulin characteristics remained significant predictors of lower risk of graft thrombosis in pancreas transplant alone/pancreas after
kidney transplant recipients: DIU, 0.34 (0.13, 0.90), p = 0.03; insulin duration/dose, 0.02 (0.001, 0.85), p = 0.04. When data on
insulin were added tomodels predicting isolated islet failure, a significant improvement in discrimination and risk reclassification
was observed in all models: no DIU aROC 0.56; DIU aROC 0.57, p = 0.86; NRI 0.28, p < 0.00001; insulin duration aROC 0.60,
p = 0.47; NRI 0.35, p < 0.00001.
Conclusions/interpretation DIU predicts graft survival in pancreas transplant recipients. This assessment could help improve
donor selection and thereby improve patient and graft outcomes.
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Abbreviations
aROC Area under the receiver operating characteristic

curve
DIU Donor insulin use
ICAM-1 Inter-cellular adhesion molecule-1
ICU Intensive care unit
NHSBT NHS Blood and Transplant
NRI Net reclassification improvement
PTA/PAK Pancreas transplant alone/pancreas after kidney

transplant

Introduction

Diabetes mellitus is a disease associated with high risks for
morbidity and mortality due to multi-system micro- and
macro-vascular complications. Pancreas transplantation
(simultaneous pancreas and kidney, pancreas after kidney or
pancreas transplant alone) offers a highly effective and life-
saving therapy for patients with severe hypoglycaemia or
renal failure due to diabetes mellitus [1].

Inappropriate donor organ selection impacts adversely on
patient outcomes in pancreas transplantation [2–4]. There is
an urgent need to identify robust objective methods for the
assessment and selection of high-quality pancreases [5].

However, objective measurement of organ quality remains a
significant challenge. The pancreas donor risk index (PDRI)
[4], a composite score calculated from donor factors, is the
best available assessment tool, but can provide unreliable
results [6, 7].

The pancreas is extremely sensitive to ischaemia and
injury as a consequence of brain death or organ procure-
ment [8, 9]. In ~50% of donors, corticosteroids are given
to counter the inflammatory response to brain death.
Steroid administ rat ion is associated with donor
hyperglycaemia [10]. However, the combined insults of
systemic inflammation, catecholamine surge and metabol-
ic stress could also contribute to donor hyperglycaemia.
Insulin, given in intensive care units (ICUs) in response to
donor hyperglycaemia, may modulate the inflammatory,
metabolic and thrombotic responses to brain death as well
as controlling glucose levels [11–13].

In an analysis of registry data, Novitzky et al reported that
donor insulin use (DIU) to treat hyperglycaemia in ICUs was
associatedwith lower rates of pancreas donation proceeding to
transplantation. The authors speculated that DIU could be a
marker of donor pancreatic failure [14]. However, this analy-
sis lacked data on post-transplant outcomes [14]. We have
previously demonstrated that DIU predicts poorer islet func-
tion following islet transplantation [15]. Therefore, we
hypothesised that DIU is a predictor of adverse outcomes in
pancreas transplantation and aimed to assess the relationships
of DIU with graft failure.

1376 Diabetologia (2021) 64:1375–1384



Methods

Patient cohorts Data on all organ donors and recipients from
the UK solid organ pancreas transplant programme
(2004–2016) were accessed from the UK Transplant
Regis t ry , held by NHS Blood and Transplant
(NHSBT). We included all cases of pancreas transplan-
tation from the registry which commenced in 2004.
Data were collected prospectively with written informed
consent from all transplant recipients with type 1 diabe-
tes mellitus.

Standardising DIU The UK NHSBT donor care bundle
provides standardised guidance to maintain donor glucose
levels between 4 and 10 mmol/l and to start a variable rate
insulin infusion (VRII) at a minimum rate of 1 U/h when
appropriate [16]. DIU was defined as any requirement for
exogenous insulin during the peri-donation period. The dura-
tion of insulin use was also considered, but data on total insu-
lin dosage were not available.

Defining graft failure Early pancreas graft failure was defined
as a return to exogenous insulin therapy within 3 months post
transplantation. Pancreas graft failures from all causes were
considered in the analysis and included thrombosis, pancrea-
titis, anastomotic leak, infection/sepsis, rejection, bleeding,
islet failure with no attributable cause and death with function-
ing graft. Kidney graft failure was defined as a return to dial-
ysis dependence.

Statistical methodsWe assessed the distribution of donor and
recipient variables for exposures, covariates and outcomes.
Cases with missing outcome data (n = 103) were immediately
excluded. Data on cold ischaemic time were missing in 9% of
cases, for donor creatinine in 12% of cases and for recipient
BMI in 27% of cases; this was addressed by using pooled
results from multiple imputation. Missing data for all other
variables were <1%. Covariates were compared by DIU status
using Fisher’s exact test, Student’s t test or the Mann–
Whitney U test, as appropriate. Univariable and multivariable
logistic regression models determined relationships between
DIU and graft failure within 3 months of transplantation.
Follow-up began at transplantation and ended 3 months post
transplantation. Multivariable models included potential
confounders that were identified at univariable analysis
(p < 0.1). Receiver operating characteristic curves (ROCs)
were calculated for all predictive models. Net reclassification
improvement (NRI) was used to determine the added value of
insulin use as a predictor of early graft failure [17].

Statistical analysis was performed using SPSS (IBM SPSS
Statistics for Windows, version 22.0. Armonk, NY, USA:
IBMCorp, 2013 release). Statistical significance was assumed
with p < 0.05 unless otherwise stated.

Results

Of the 2168 pancreas transplant recipients with complete follow-
up data (1866 simultaneous pancreas and kidney; 151 pancreas
after kidney; 151 pancreas transplant alone; female: n = 925
[42.7%]; mean [SD] age: 42 [8] years, BMI 23.5 [3.4] kg/m2),
1112 (51%) had a donor treated with insulin; the median (IQR)
duration of insulin use was 35 (20–58) h. Table 1 shows that

Table 1 Characteristics associated with DIU in intensive care in pancre-
as donors

Donor variable DIU in intensive care p value

Yes (n=1112) No (n=1052)

Age, years 35±13 34±14 0.01

BMI, kg/m2 24±3.6 24±3.5 0.21

Sex (female) 600 (54) 477 (45) <0.0001

Ethnicity

White 1019 (92) 980 (93) 0.27a

Asian 25 (2.2) 15 (1.4) NA

Black 16 (1.4) 14 (1.3) NA

Other 52 (4.7) 43 (4.1) NA

Smoking 543 (49) 530 (50) 0.52

Alcohol excess 75 (6.7) 89 (8.5) 0.12

Hypertension 86 (7.7) 99 (9.4) 0.19

Cardiac disease 37 (3.3) 28 (2.7) 0.45

Cardiac arrest 299 (27) 329 (31) 0.03

Donor type (DBD) 1005 (90) 788 (75) <0.0001

Cause of death

Trauma 157 (14) 206 (20) <0.01

Meningitis 39 (3.5) 12 (1.1) <0.01

Stroke (thrombo-embolic) 64 (5.8) 56 (5.3) 0.71

Intracranial haemorrhage 578 (52.0) 510 (49) 0.11

Hypoxic brain damage 186 (17) 207 (20) 0.08

Brain tumour 16 (1.4) 18 (1.7) 0.73

Other 72 (6.5) 43 (4.1) NA

Creatinine >221 μmol/lb 26 (2.3) 19 (1.8) 0.55

Methylprednisolone use 483 (43) 300 (29) <0.0001

Age and BMI are continuous data presented as mean±SD. All other data
are binary and presented as n (%)

All available variables were included in the analysis

Smoking: either past or present

Alcohol excess: ≥7 units/day

Cardiac disease: either ischaemic heart disease or valvular disease

Cardiac arrest: cessation of circulation during the acute event that led to
organ donation

Methylprednisolone use: 15mg/kg to a maximum of 1 g as outlined in the
donor care bundle
a Ethnicity: white vs non-white
bMissing data handled by multiple imputation (12% of cases)

NA, Not applicable; DBD, donation after brain death
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donor characteristics associated with DIU included: donor type
(proportion with donor after brain death: DIU vs no DIU, 90%
vs 75%; p < 0.001); sex (female 54% vs 45%; p < 0.001); use of
corticosteroids (43% vs 29%; p < 0.001); age (35 [13.2] vs 34
[13.8]; p = 0.013); cardiac arrest (27% vs 31%; p = 0.03); and
trauma as cause of death (14% vs 20%, p = 0.001).

There were 261 graft failures within 3 months post trans-
plantation: thrombosis, 83 (32%); pancreatitis, 21 (8%); anas-
tomotic leak, 23 (9%); infection, 21 (8%); bleeding, 23 (9%);
rejection, 8 (3%); isolated islet failure with no attributable
cause, 60 (23%); and death with functioning graft, 22 (8%).
Univariable logistic regression demonstrated that DIU was
associated with a higher risk of graft loss from islet failure
(OR [95% CI], 1.79 [1.05, 3.07], p = 0.03), and that a
duration-dependent relationship was seen (1.00 [1.00, 1.01],
p = 0.02). DIU was also associated with a higher risk of graft
loss from anastomotic leak (2.72 [1.07, 6.92], p = 0.04) and a
lower risk of graft loss from thrombosis (0.62 [0.39, 0.96], p =
0.03), although duration/dose-dependent relationships were
only identified in pancreas transplant alone/pancreas after
kidney transplant (PTA/PAK) recipients with grafts failing
due to thrombosis (0.86 [0.74, 0.99], p = 0.03). DIU was not
a significant predictor of other causes of graft loss within
3 months (Table 2). Neither DIU nor insulin duration/dose
was a predictor of kidney graft failure.

Other nominal predictors of graft loss from islet failure
included donor BMI (OR [95% CI], 1.09 [1.01, 1.17],
p < 0.01) and cold ischaemic time (1.10 [1.02, 1.19], p =
0.01), which were included as covariates in appropriate
regression models (p < 0.1 inclusion threshold) (Table 3).
Donor age, donor BMI, donor type (comparing donors after
circulatory death with donors after brain death), thrombo-
embolic stroke as a cause of donor death, cold ischaemic time
and transplant type (simultaneous pancreas and kidney trans-
plantation vs pancreas transplant alone or pancreas after
kidney transplant) were predictors of thrombosis as the cause
of graft failure (Table 3). Donor age and donor BMI were
predictors of failure owing to anastomotic leak. Cold

ischaemic time and transplant type were predictors of failure
owing to graft rejection (Table 3). Recipient BMI was a weak
(but non-significant) predictor of failure due to anastomotic
leak (1.10 [0.98, 1.25], p = 0.09) and was included as a covar-
iate in the appropriate multivariable regression analysis.
Otherwise, recipient age, BMI and sex were not significant
predictors of outcomes (Table 3).

The relationship between donor insulin and higher likeli-
hood of islet failure remained significant after adjusting for
potential confounders (BMI and cold ischaemic time): DIU,
1.75 (1.02, 2.99), p = 0.04; duration/dose, 1.08 (1.01, 1.16),
p = 0.03 (Table 4). Relationships between graft failures owing
to anastomotic leak, rejection and thrombosis did not remain
significant after adjusting for potential confounders (Table 4).
However, when analysed according to sub-groups of trans-
plant type (simultaneous pancreas kidney or PTA/PAK), data
on insulin remained as significant predictors of lower risk of
graft thrombosis in multivariable analyses: DIU, 0.34 (0.13,
0.90), p = 0.029; insulin duration/dose, 0.02 (0.001, 0.85), p =
0.040.

When data on insulin were added to models predicting
isolated islet failure, a significant improvement in risk reclas-
sification (NRI) was observed in all models: without insulin,
area under the receiver operating characteristic curve (aROC)
0.56; DIU, aROC 0.57, p = 0.86; NRI 0.28, p < 0.00001; insu-
lin duration, aROC 0.60, p = 0.47; NRI 0.35, p < 0.00001
(Table 5).

Discussion

Main findings We have shown that: (1) DIU was associated
with 1.79-fold higher odds of graft loss due to islet failure
within 3 months following pancreas transplantation; (2) the
relationship between DIU and islet failure is duration/dose
dependent; and (3) data on DIU and insulin duration/dose
improve the performance of models to predict post-
transplant islet failure. We have also shown that risk of graft

Table 2 Donor insulin-related
graft failure within 3 months after
pancreas transplantation in
univariable analysis

Cause of failure n DIU Donor insulin duration

OR (95% CI) p value OR (95% CI) p value

Thrombosis 83 0.62 (0.39, 0.96) 0.03 0.99 (0.98, 1.01) 0.34

Pancreatitis 21 0.71 (0.30, 1.69) 0.44 1.00 (0.99, 1.01) 0.89

Anastomotic leak 23 2.72 (1.07, 6.92) 0.04 1.00 (0.99, 1.01) 0.45

Infection 21 0.57 (0.14, 2.39) 0.44 0.90 (0.72, 1.12) 0.33

Bleeding 23 1.24 (0.54, 2.83) 0.62 1.00 (0.99, 1.01) 0.45

Rejection 8 2.86 (0.58, 14.20) 0.20 0.89 (0.78, 1.02) 0.09

Isolated islet failure 60 1.79 (1.05, 3.07) 0.03 1.00 (1.00, 1.01) 0.02

Death with functioning graft 22 0.79 (0.34, 1.84) 0.58 1.00 (0.99, 1.01) 0.76
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thrombosis in recipients of PTA/PAK was threefold lower
when pancreases were transplanted from donors that received
insulin compared with from donors not receiving insulin, and
that this relationship was dependent on the duration/dose of
insulin.

Prior studies In 63,593 brain-dead donors in the United
Network for Organ Sharing registry, Novitzky et al assessed
the relationships between donor use of several hormones in

intensive care (thyroid hormone, antidiuretic hormone, corti-
costeroids and insulin, and their combinations) and the
procurement of multiple organs (heart, lungs, kidneys, liver,
pancreas, intestine) for transplantation [14]. The authors
reported that across all hormone treatment combinations,
DIU, compared with no DIU, was associated with a 16%
lower (15% vs 18%) use of organs for pancreas transplanta-
tion, although no reason for non-transplantation was provided.
In four out of eight hormone treatment combinations

Table 4 Multivariable analysis for graft failure within 3 months after pancreas transplantation

Cause of failure Predictor Insulin use Predictor Insulin duration

OR (95% CI) p value OR (95% CI) p value

Islet failure

DIU 1.75 (1.02, 2.99) 0.04 Donor insulin duration 1.08 (1.01, 1.16) 0.03

Donor BMI 1.09 (1.01, 1.17) 0.03 Donor BMI 1.05 (0.95, 1.17) 0.34

CIT 1.10 (1.02, 1.19) 0.02 CIT 1.13 (1.02, 1.25) 0.02

Thrombosis

DIU 0.72 (0.49, 1.07) 0.11 Donor insulin duration 0.87 (0.69, 1.09) 0.22

Donor age 1.02 (1.01, 1.04) <0.01 Donor age 1.01 (0.99, 1.04) 0.32

Donor BMI 1.09 (1.02, 1.15) <0.01 Donor BMI 1.09 (0.99, 1.21) 0.09

Donor type (DCD) 1.50 (0.94, 2.41) 0.09 Donor type (DCD) 1.60 (0.63, 4.06) 0.32

Cause of death (stroke) 2.03 (1.08, 3.81) 0.03 Cause of death (stroke) 3.29 (1.28, 8.45) 0.01

Transplant type (SPK) 0.35 (0.23, 0.55) <0.00001 Transplant type (SPK) 0.64 (0.27, 1.53) 0.32

CIT 1.05 (0.99, 1.12) 0.09 CIT 1.08 (0.97, 1.19) 0.17

Anastomotic leak

DIU 2.91 (0.93, 9.10) 0.07 Donor insulin duration 1.00 (1.00, 1.01) 0.36

Donor age 1.01 (0.97, 1.05) 0.61 Donor age 1.02 (0.97, 1.08) 0.36

Donor BMI 1.13 (0.97, 1.30) 0.11 Donor BMI 1.14 (0.94, 1.37) 0.19

Recipient BMI 1.11 (0.98, 1.26) 0.10 Recipient BMI 1.16 (0.98, 1.37) 0.08

Rejection

DIU 3.10 (0.61, 15.69) 0.17 Donor insulin duration 0.04 (0.00, 1.49) 0.08

Transplant type 0.11 (0.03, 0.045) <0.01 Transplant type 0.08 (0.01, 0.95) 0.05

CIT 1.29 (1.08, 1.54) <0.01 CIT 1.34 (0.96, 1.85) 0.08

Transplant type is defined as simultaneous pancreas kidney vs pancreas alone and pancreas after kidney

Age, BMI and CIT are continuous data; all other variables are binary data

CIT, cold ischaemic time; DCD, donor after circulatory death; SPK, simultaneous pancreas kidney

Table 5 Improvements in
outcome discrimination and risk
reclassification for isolated islet
failure associated with adding
donor insulin to base prediction
models

Variables in the predictive models aROC aROC (SEM)
improvement

p value NRI p value

BMI + CIT 0.56 Reference Reference

BMI + CIT + insulin use 0.57 0.01 (0.06) 0.856 0.28 <0.00001

BMI + CIT + insulin duration 0.60 0.04 (0.05) 0.468 0.35 <0.00001

p values refer to the assessment of aROC improvement or NRI associated with adding DIU to models

BMI and CIT are continuous data; all other variables are binary data

All stated variables are included in the models

CIT, cold ischaemic time

1380 Diabetologia (2021) 64:1375–1384



involving insulin in intensive care, the lower rates of use of
organs for pancreas transplantation were statistically signifi-
cant, although only two of these comparisons would have
remained significant after adjusting for multiple comparisons.
Whilst their analysis lacked data on post-transplantation func-
tion or outcomes, the authors speculated that DIU could either
be directly harmful to pancreatic beta cells or could simply be
a marker of donor pancreatic failure [14]. However, since
pancreatic endocrine function is not formally monitored in
ICUs, it is difficult to understand howDIU could lead to lower
rates of organ use, unless surgeons were rejecting organs
simply based on an assumption that DIU was a marker of beta
cell dysfunction. Another important limitation of the study is
that the authors were unable to exclude pre-existing diabetes
in ‘many’ of the donors. Therefore, it is possible that surgeons
were appropriately rejecting pancreases from donors treated
with insulin in ICUs because they had diabetes.

We have previously reported data from the entire UK
experience of islet transplantation, where we showed that
DIU was a significant predictor of islet function 3 months
post transplantation [15]. Specifically, we demonstrated
the relationships of DIU with higher HbA1c and fasting
and 90 min stimulated glucose, lower fasting C-peptide
and a lower BETA-2 score (a validated composite
measure of graft function) [15, 18]. Higher rates of graft
failure were also seen in transplants with DIU, although
this relationship was not statistically significant, in part
because of the impact of relatively small numbers on the
power of the study. In pancreas transplantation, islet fail-
ure that is not associated with any discernible underlying
cause is the category of graft failure that is most closely
aligned with graft failure and impaired function in islet
transplantation. It is reasonable to consider, therefore, that
the data relating to islet failure following pancreas and
islet transplantation are concordant.

Mechanistic insights We hypothesised that DIU would be a
predictor of adverse outcomes in solid pancreas transplanta-
tion. However, we showed that DIU had contrasting relation-
ships with graft failure according to the underlying cause. This
poses numerous challenges in interpreting the data, both in the
context of existing literature and known bio-molecular path-
ways as well as in identifying new and potentially plausible
mechanistic explanations.

Beta cell stress and insulin resistance is a clearly document-
ed phenomenon that occurs after brain death and which may
be accountable for the need for insulin to manage
hyperglycaemia following brain death [19]. It is reasonable
to speculate that isolated islet failure, as a cause of graft loss,
may be due to beta cell death, either as undiagnosed pre-
existing diabetes mellitus or as a consequence of the high
levels of inflammation and inotrope and corticosteroid admin-
istration during organ donation. Yet, in our data on islet

transplantation, we demonstrated that DIU was associated
with similar HbA1c values to donors not treated with insulin,
thereby excluding the pre-existing diabetes hypothesis [15].
The hypothesis that beta cell death occurring secondarily to
brain death may be accountable for a sizeable proportion of
early graft losses following pancreas and islet transplantation
is worthy of due consideration and further research.

In our data, there was no relationship between DIU and
graft loss from pancreatitis. One novel explanation is that
insulin, once given (because of beta cell failure and/or stress),
could exert a protective effect upon pancreatic acinar cells (the
predominant cell type in pancreas transplantation). In animal
models of acute pancreatitis, insulin-treated pancreatic acinar
cells are protected against cytosolic calcium overload and
cellular death [20]. This cellular protection could be mediated
by insulin promoting glycolytic metabolism, preventing ATP
depletion and maintaining the plasma membrane calcium
pump [21]. Interestingly, we showed no relationship between
the duration of insulin use and graft failure.

The relationship between DIU and lower risk of graft
thrombosis is interesting, not least because insulin therapy is
known to have potent anti-inflammatory and anti-thrombotic
properties [11, 22]. Peri-transplant insulin–heparin infusion
has been reported to be associated with enhanced islet surviv-
al, although this has not been demonstrated in pancreas trans-
plantation [23]. We speculate that insulin therapy in the donor
leads to a reduction in ischaemia–reperfusion injury and there-
fore better survival outcomes. Reperfusion pancreatitis repre-
sents the predominant manifestation of ischaemia–reperfusion
injury, and is the precipitating event associatedwith early graft
loss from thrombosis, rejection and sepsis [24–30]. Inter-
cellular adhesion molecule-1 (ICAM-1)-mediated micro-
circulatory failure is the underlying pathophysiological
process resulting in reperfusion pancreatitis [26, 31–33].
Intensive insulin therapy in critically ill patients has been
demonstrated to reducemorbidity andmortality [34], and clin-
ical benefits have been attributed to the anti-inflammatory and
metabolic properties of insulin and not merely to improve-
ments in glycaemic control per se [13]. Intensive insulin ther-
apy has been shown to lower levels of circulating ICAM1 and
nitric oxide, both of which act on the endothelium [35]; this
mechanism could also explain the lower rates of graft failure
from thrombosis in donors receiving insulin.

Clinical implications Identification of the optimal and sub-
optimal donor has implications for both the selection and the
allocation of donor pancreases. Low utilisation of existing
predictive models by clinicians to guide donor selection [4,
36] can be attributed, in part, to the fact that validation studies
have not uniformly confirmed the predictive value of risk
scores [6, 7, 37–39]. We have shown the value of including
data on DIU in predicting outcomes following both modalities
of beta cell replacement therapy. DIU predicts a higher risk of
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isolated islet failure and a lower risk of thrombosis and this
ought to be considered in the context of other predictors of
adverse outcomes when selecting donors. For example, trans-
plant type was a significant predictor of graft thrombosis but
not of isolated islet failure. Therefore, selection of donors
using insulin for PTA/PAK transplants, where a significant
reduction in thrombosis risk was seen with DIU, may offset
the higher risk of thrombosis normally seen in PTA/PAK
recipients. Likewise, selecting older donors using insulin
might be appropriate when the increased risk of isolated islet
failure may be considered an acceptable trade-off in exchange
for a lower risk of graft thrombosis.

Routine measurement of HbA1c in potential donors would
help to identify those with pre-existing but unidentified diabe-
tes mellitus and may be a useful adjunct to prevent islet failure
in recipients post transplantation.

Research implications Further research is called for to deter-
mine whether there is a causal relationship between DIU and
outcomes in pancreas transplantation. This might be best
achieved within a randomised controlled trial of insulin ther-
apy in organ donors in intensive care. However, performing
such research in deceased people, or patients with no capacity
and in whom on-going clinical care has been deemed futile,
within legal restrictions poses several practical, clinical and
ethical challenges. One such challenge is the standardisation
of the management of potential organ donors in intensive care,
in particular the indications for and duration of insulin use. In
the meantime, animal models provide an opportunity to
explore the mechanistic processes underlying the improved
outcomes in pancreas transplantation associated with DIU.

In donors who received both corticosteroids and insulin
therapy, corticosteroids were administered before the initia-
tion of insulin in only 78 (3.6%) donors. Interestingly, this
confirms that administration of high-dose corticosteroids is
an unlikely cause of donor hyperglycaemia necessitating insu-
lin therapy. Further research is required to investigate the
mechanistic relationships among donor hyperglycaemia, insu-
lin therapy and beta cell function in both donors and transplant
recipients.

The modest aROC (0.60) achieved by our modelling using
data on donor insulin demonstrates that the potential for robust
donor selection based on donor characteristics alone is limited.
Our research highlights the potential value in improving
objective assessment of donor pancreas quality, including
providing better measures of pancreatic cellular physiology
prior to organ retrieval. Exclusion of donors exhibiting high
levels of cellular abnormality, such as apoptosis or inflamma-
tion, could appropriately remove those organs from the donor
pool because they could be predicted to fail early. This could
spare recipients unnecessary surgical risk, antibody sensitisa-
tion and anxiety, and provide recourse and cost benefits to

healthcare systems. Such assessment could also help to
expand the potential donor pool by using organs with low
levels of cell death from donors currently deemed unsuitable
based on donor characteristics.

Strengths and limitations Using data from the entire UK
cohort of pancreas transplantation, we provide the first analysis
of the relationship between DIU and clinical outcomes. The
demonstration of a significant duration/dose-dependent rela-
tionship between DIU and graft loss from islet failure validates
the findings of our previous data in islet transplantation [15].

We acknowledge some limitations of this study: First, our
study is subject to the limitations associated with the observa-
tional retrospective design of registry studies, although this
can be offset by robust data capture. This is highlighted in that
data on total insulin dosage are not routinely collected, and we
had only categorical data on insulin use and continuous data
on insulin duration. Further retrospective studies to validate
our findings would likewise be subject to the same issues, not
least because different institutions in different countries may
have different indications for insulin use in ICUs. Second,
there is the potential for unmeasured confounders that could
explain the association between DIU and outcomes, although
all conventional covariates were included and accounted for.
Finally, we are unable to determine causality, but the findings
are highly valuable in generating hypotheses to test in future
work.

Conclusions We provide data showing that DIU is associated
with a higher risk of graft loss due to islet failure and a lower
risk of graft loss due to thrombosis in pancreas transplant
recipients. Our research highlights the potential value of
developing an objective assessment of donor pancreas quality
including a reliable measure of pancreatic physiology prior to
organ retrieval. This assessment could help to improve donor
selection and thereby improve patient and graft outcomes.
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