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	 Background:	 Current solid organ pancreas transplantation protocols have differing donor criteria for donor pancreas accep-
tance and recipient eligibility criteria for transplant workup. We quantified this variation and compared cur-
rent Australia and New Zealand (ANZ) solid pancreas transplant eligibility criteria with current international 
practice.

	 Material/Methods:	 A survey of donor and recipient eligibility criteria for solid pancreas transplantation was disseminated to 85 
transplant units in 23 countries. Responses were grouped by regions (ANZ, North America, Eurotransplant, 
Europe, United Kingdom) and analyzed for significant differences between regions and for ANZ compared to 
all other regions.

	 Results:	 Responding UK pancreas transplant units reported the highest mean donor upper age limit (61 years old) and 
the highest mean donation after cardiac death donor (DCD) age limit (55 years old). All responding UK and 
USA units utilized DCD pancreas donors and accepted suitable type 2 diabetes (T2DM) recipients for pancre-
as transplantation; however, this was less common among responding European or Eurotransplant units. ANZ 
mean standard and DCD pancreas donor upper age limits (47 and 35 years old, respectively) were lower com-
pared to all other regions (54 years old and 48 years old, respectively).

	 Conclusions:	 Pancreas donor age limits, DCD pancreas donor utilization, and transplanting T2DM recipients differ between 
responding pancreas transplant units. ANZ units have more conservative donor upper age limits compared to 
other responding units. Increased utilization of DCD pancreas donors and T2DM recipients while standardiz-
ing pancreas donor age limits might increase donor numbers and improve access to solid pancreas transplan-
tation both locally and abroad.
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Background

Solid organ pancreas transplantation, usually performed in 
combination with a kidney transplant when renal failure is 
present, is the definitive treatment for medically suitable pa-
tients with type 1 diabetes [1]. Pancreas transplant recipients 
have improved mortality and quality of life compared to pa-
tients on the waiting list or who cannot be transplanted [1-3]. 
In Australia and New Zealand, annual solid pancreas transplan-
tation and pancreas donations have increased over the last de-
cade [4-8], while in other regions such as the United States of 
America (USA) and the United Kingdom (UK), transplant num-
bers have decreased or plateaued during the same period [7,9]. 
However, the total number of solid pancreas transplants per-
formed per capita annually in Australia/New Zealand is much 
lower than in the USA or the UK (2 per million population vs 
2.8 in the UK and 3.1 in USA in 2018) [4,5,7,8].

National pancreas transplant protocols guide donor organ ac-
ceptance as well as recipient assessment for transplant eligi-
bility [10-14]. However, differences exist in donor and recip-
ient criteria determining organ acceptance and eligibility for 
entering transplant workup, respectively, between pancre-
as transplant protocols for different jurisdictions (Table 1). 
Transplant volume can influence these differences, as dem-
onstrated by a USA registry study reporting that low-volume 
pancreas transplant centers were accepting more ‘favor-
able’ pancreas donors with lower Pancreas Donor Risk Index 
(PDRI) [15] scores compared to high-volume centers [16]. 
Furthermore, varying eligibility criteria between regions might 
result in a pancreas transplant candidate or donor being con-
sidered high-risk in one jurisdiction but acceptable in anoth-
er. We aimed to quantify these differences by region and to 
determine whether these differences were correlated with 
the transplant volume by region. We also compared Australia 
and New Zealand (ANZ) solid pancreas transplant criteria to 
those of similar units worldwide. We hypothesized that donor 
and recipient eligibility criteria for solid pancreas transplan-
tation significantly differ between units as well as between 

countries and that local criteria are more conservative than 
those employed elsewhere.

Material and Methods

Survey Development

A survey on donor and recipient eligibility criteria for pancreas 
transplantation was disseminated to pancreas transplant units 
worldwide. The survey format was chosen due to its ability to 
rapidly obtain information from a targeted population at a low 
cost [17]. With guidance from the existing literature [18-20], 
Microsoft Excel and Qualtrics were used to design the survey, 
consisting of 4 domains (Unit demographics, Recipient crite-
ria, Donor criteria, and Other criteria) (Supplementary Table 1).

Unit demographics requested included the number of solid 
pancreas transplants performed between 1 January 2017 and 
31 December 2017 stratified by transplant type: whether si-
multaneous pancreas-kidney (SPK) transplant, pancreas after 
kidney (PAK) transplant, or pancreas transplant alone (PTA). 
Recipient criteria questions included upper age limit, body 
mass index (BMI) limits, whether type 2 diabetic (T2DM) re-
cipients were accepted, criteria regarding type 1 diabetes se-
verity, smoking history, alcohol intake, recreational drug use, 
and any criteria regarding severity of peripheral vascular dis-
ease or cardiovascular disease. Donor criteria questions also 
included age and BMI limits, whether donation after cardiac 
death (DCD) donors were accepted, and whether specific cri-
teria on age, BMI, and ischemic time existed for DCD donors, 
as well as any use of donor risk indices to guide donor pancre-
as acceptance. Other criteria questions included if any logisti-
cal factors would impede pancreas transplantation. Questions 
regarding immunological matching criteria were excluded, as 
their use depended on existing infrastructure and funding be-
tween various regions. Units could link national/regional pro-
tocols influencing unit-specific protocols. The survey (designed 
to be completed within 30 minutes) was piloted internally on 

Units SPK PAK PTA Total

North America 3 84 17 35 136

UK 4 90 6 5 101

Rest of Europe 5 30 1 15 46

Eurotransplant 6 40 1 1 42

ANZ 3 51 1 0 52

Table 1. Responding units by region with number of SOPTx by transplant type performed within the 2017 calendar year.

ANZ – Australia and New Zealand; Europe – Israel, Italy, Norway, Spain, Sweden; Eurotransplant – Austria, Belgium, Germany, Hungary, 
the Netherlands; North America – USA, Canada; UK – United Kingdom. SPK – simultaneous pancreas transplant; PAK – pancreas after 
kidney; PTA – pancreas transplant alone.
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2 occasions by 2 nephrologists with experience in pancreas-
kidney transplantation with no changes made after the pilot-
ing stage. The project was approved by the Monash Health 
Human Research Ethics Committee as a quality and service 
improvement project without ethical concerns.

Purposive sampling [21] and snowball sampling [22] were em-
ployed to identify the intended cohort. Contact details for 134 
pancreas transplant units worldwide were identified via directo-
ry-searching by country (ie, the Scientific Registry of Transplant 
Recipients directory of pancreas transplant units in the United 
States of America [USA]), as well as personal correspondence 
with unit directors abroad via direct contact with email and 
telephone. Due to the number of pancreas transplant units in 
the USA (n=143), only units that had performed more than 
10 solid pancreas transplants in 2017 were contacted (n=26). 
However, contact details were incorrect or outdated for 49 
units and further attempts to obtain contact details for these 
units were unsuccessful. In total, the survey was distributed 
via email to the unit directors of 85 pancreas transplant units 
worldwide: Australia, Austria, Belgium, Canada, the Czech 
Republic, France, Germany, Hungary, Ireland, Israel, Italy, the 
Netherlands, New Zealand, Norway, Poland, Portugal, Romania, 
Russia, Spain, Sweden, Switzerland, Turkey, the United Kingdom 
(UK), and the USA. An email reminder was sent 1 month after 
the initial invitation to participate.

Data Analysis

Units were de-identified and grouped by regions to allow ba-
sic statistical analysis. Differences between continuous donor 
and recipient variables by region were analyzed via one-way 
analysis of variance with Bonferroni correction, while Fisher’s 
exact test was used for categorical variables with binary out-
comes. We aggregated the mean transplants by number of 
units per region to derive the transplant volume for each re-
gion. This represented the differences in transplant number by 
region. We then analyzed the data for associations between 
donor and recipient eligibility criteria and transplant volume 
(as defined above) via linear regression analysis. Differences 
in eligibility criteria between countries was examined for units 
in the Eurotransplant (6 units), the rest of Europe (5 units), 
UK (4 units), North America (3 units), and ANZ (3 units) based 
on existing pancreas transplant guidelines (Supplementary 
Tables 2, 3).

Results from Australia and New Zealand were also analyzed 
as a single region against all other regions. P values of £0.05 
were considered significant. Survey responses in the form of 
categorical variables with multiple outcomes were analyzed 
descriptively due to the small sample size. All donor responses 
do not include donation after cardiac death (DCD) donors un-
less otherwise stated. Finally, we analyzed differences between 

donor and recipient eligibility criteria within linked national 
pancreas transplant protocols and commented on the differ-
ences in reported criteria between responding units within their 
respective regions. All statistical analyses were performed us-
ing Stata 15 (StataCorp, College Station, TX).

Results

Survey Response

From 85 pancreas transplant units across 23 countries, 21 units 
(24.7%) in 15 countries responded: Australia, Austria, Belgium, 
Canada, Germany, Hungary, Israel, Italy, the Netherlands, 
Norway, New Zealand, Spain, Sweden, UK, and USA. All 3 
Australia/New Zealand units responded, as did 2 of 11 USA 
units, 4 of 7 UK units, and 1 of 7 Canadian units. Units were 
divided into 5 regions: North America (Canada and USA), UK, 
Europe (Israel, Italy, Norway, Spain, Sweden), Eurotransplant 
(Austria, Belgium, Germany, Hungary, the Netherlands), and 
ANZ (Australia and New Zealand) (Table 1).

Transplant volume as defined above was the highest in North 
America (45 transplants per unit) in 2017, followed by UK 
(25), ANZ (17), Eurotransplant (9), and Europe (7). SPK was 
the most common transplant type performed, followed by PTA 
and PAK (Table 1). Six units linked to national pancreas pro-
tocols (4 from UK and 2 from Eurotransplant). Transplant vol-
ume was only significantly different between North America, 
Eurotransplant, and Europe regions (45 vs 9.2 vs 8 transplants/
unit, respectively) (Table 2). When analyzed by transplant type, 
North American units performed more PTA transplants per unit 
compared to other regions (P<0.05). No difference was seen 
in SPK or PAK transplants by region.

Donor Criteria

All responding units reported a donor upper age limit to guide 
pancreas acceptance; the commonest being 55 years (6/21 
units, 29%). Other reported upper age limits were 45 years (5 
units), 50 years (5 units), 60 years (4 units), and 65 years (1 
unit). UK units reported the highest mean donor upper age lim-
it (61.3±2.5 years) compared to North America (50±8.7 years), 
Eurotransplant (51.7±4.1 years), and ANZ (46.7±2.9 years). 
Donor upper age limits significantly differed (P<0.05) between 
UK and all regions apart from Europe (Table 2).

Seventeen of 21 (81%) responding units reported a donor up-
per BMI limit; the commonest being 30 kg/m2 (10 of 17 units, 
59%). Other donor upper BMI limits ranged from 32 kg/m2 
(1 unit) and 33 kg/m2 (1 unit) to 35 kg/m2 (3 units). Two units 
did not specify a donor upper BMI limit despite stating donor 
BMI was part of the unit protocol. No significant difference 
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was observed between regions for the mean donor upper 
BMI limit (Table 2).

Twelve of 21 units (57%) accepted DCD pancreas donors. 
All responding units from North America and the UK accept-
ed suitable DCD donors, in contrast to Europe (2 of 6 units) 
and Eurotransplant (1 of 5 units). Within ANZ, only Australian 
units accepted DCD donors for solid pancreas transplanta-
tion. Acceptance of DCD donors significantly differed by re-
gion (P=0.047) (Table 2).

Within units utilizing DCD pancreas donors, the DCD donor 
upper age limit ranged from 35 years (2 units), 40 years (3 
units), 45 years (2 units), and 50 years (3 units) to 55 years (2 
units) (Table 2). Between regions, UK units reported the high-
est mean DCD donor upper age limit (55±4.1 years) compared 
to North America (43.3±2.9 years, p=0.017), Eurotransplant (40 
years, p=0.008), and ANZ (35 years, P=0.001) (Table 2). DCD 
donor upper age limit was not significantly different between 
UK and Europe (45 years, P=0.23) (Table 2).

All units accepting DCD donors reported a DCD donor upper 
BMI limit of 30 kg/m2. The commonest time limits for DCD 
donor warm ischemic time (WIT) and cold ischemic time (CIT) 
were 30 minutes (8 of 12 units, 67%) and 12 hours (5 of 12 
units, 42%), respectively. Other WIT limits ranged from 60 min-
utes (2 units), while 2 other units did not specify a maximum 
time limit. Other CIT limits ranged from 8 hours (1 unit), 10 
hours (2 units), 11 hours (1 unit), and 18 hours (1 unit) to 20 
hours (1 unit). Only 1 unit utilizing DCD donors did not report 
a CIT time limit. For units accepting DCD donors, 9 of 12 units 
(75%) stated that the retrieval of other organs from the same 
donor would not affect donor pancreas acceptance. No signif-
icant differences were observed between regions for DCD do-
nor BMI/WIT/CIT limits (Table 2).

Only 4 of 21 units used a risk index (Pre-procurement Pancreas 
Suitability Score) to guide donor pancreas acceptance [23]. 
Finally, no association was observed between transplant vol-
ume by region and limits for donor age/BMI, or DCD donor 
age/WIT/CIT (Table 3).

Donor/recipient 
characteristics

North America UK Rest of Europe Eurotransplant ANZ P-value* 

Donor upper age limit 
(years)

	 50	 (8.66) 	 61.25	 (2.5) 	 53	 (2.74) 	 51.67	 (4.08) 	 46.67	 (2.89) 0.005

Donor upper BMI limit 
(kg/m2)

	 30 	 30 	 31.25	 (2.5) 	 32	 (2.12) 	 30 0.49

DCD upper age limit 
(years)

	 43.33	 (2.89) 	 55	 (4.08) 	 45 	 40 	 35 0.001

DCD max WIT (minutes) 	 30 	 30	 (24.5) 	 30 	 45	 (21.21) 	 30 0.874

DCD max CIT (hours) 	 14.67	 (4.62) 	 11.75	 (0.5) 	 8 	 11	 (1.41) 	 14	 (5.66) 0.455

Recipient upper age limit 
(years)

	 60	 (7.07) 	 61.67	 (2.89) 	 55	 (4.08) 	 58.33	 (2.58) 	 52.5	 (3.54) 0.086

Recipient upper BMI limit 
(kg/m2)

	 33.33	 (2.89) 	 30.5	 (1) 	 33.75	 (2.5) 	 31.66	 (2.07) 	 30 0.14

T2DM recipient 
(responding units)
Yes
No

3
0

4
0

2
3

2
4

0
3

0.023*

DCD donor 
(responding units)
Yes
No

3
0

4
0

1
4

2
4

2
1

0.047*

Transplant volume*** 	 45.33	 (10.12) 	 25.25	 (26.56) 	 9.2	 (887) 	 7	 (5.22) 	 17.33	 (13.5) 0.012

Table 2. Donor and recipient characteristics between all regions.

* ANOVA unless stated; ** Fisher’s exact test p-value; ***mean number of transplants/unit for each region. BMI – body mass index; 
CIT – cold ischaemic time; DCD – donor after cardiac death; WIT – warm ischaemic time. DCD donor BMI not analysed as similar upper 
limits were reported by all responding units. Continuous variables presented as mean (standard deviation)
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Recipient criteria

Seventeen of 21 units (81%) reported a recipient upper age 
limit for entering solid pancreas transplant workup; the com-
monest being 60 years (7 of 17 units, 41%). Other recipient 
upper age limits reported were 50 years (2 units), 55 years (6 
units) and 65 years (1 unit). Regarding recipient BMI, 10 units 
reported upper BMI cut-offs of 30 kg/m2 and 10 other units 
reported upper BMI cut-offs between 30 to 35 kg/m2 (1 unit 
did not specify a limit). No responding units used donor-re-
cipient age-matching protocols. No significant difference was 
observed between regions for upper limits of recipient age 
or BMI (Table 2). Similarly, no association was observed be-
tween transplant volume by region with recipient age or BMI 
limits (Table 3).

Acceptance of T2DM recipients for solid pancreas transplanta-
tion differed significantly between region (P=0.028) (Table 2). 
Eleven units (52.3%) performed solid pancreas transplantation 
in T2DM patients (all responding USA and UK units, 2 units 
each from Europe and Eurotransplant regions). The common-
est reported endocrine criteria guiding acceptance of T2DM 
patients for pancreas transplant workup was insulin depen-
dence (9 of 11 units, 81%). Six units further defined daily insu-
lin limits, of which the commonest cut-off for failing eligibility 
was ³1 unit/kg/day. Six of 11 units (55%) performed C-peptide 
testing, but only 2 units defined C-peptide cut-offs (<0.01 and 
<5 ng/ml respectively). Four of 11 units (36%) included BMI 
assessment as part of their endocrine criteria; however, only 2 
units further defined an upper BMI limit (£30 kg/m2).

The commonest endocrine criteria guiding acceptance of a 
type 1 diabetic patient for transplant workup was C-peptide 
levels (ranging from absent levels to <0.8 ng/ml) (9 units), fol-
lowed by quantification of insulin burden (5 units), autoanti-
body levels, and measures of hypoglycemic severity such as 
hypoglycemic unawareness (3 units). Regarding patient referral 

for pancreas transplant workup, 16 of 21 units (76%) received 
referrals before patients had entered chronic kidney disease 
stage V (eGFR £15 ml/min).

Current smoking status was considered as a relative contrain-
dication for solid pancreas transplant workup by 86% of units. 
All units considered excessive alcohol intake and ongoing illic-
it drug use as relative contraindications for transplant workup. 
Abstinence before transplant workup for patients with illicit 
drug use was required by 71% of units, but only 50% of units 
considered abstinence necessary in current smokers and by 
38% of units for patients with excessive alcohol intake. Referral 
to drug and alcohol services or psychologists was indicated 
by 62% of units for illicit drug use, 56% of units for smoking, 
and 43% of units for excessive alcohol abuse.

Eighteen of 21 units (86%) reported criteria governing accept-
able cardiac and vascular comorbidities to guide acceptance 
for transplant workup. Specifically, 11 units reported a strat-
ified approach using cardiac stress testing, with positive re-
sults proceeding to coronary angiogram and intervention as 
necessary. Left ventricular ejection fraction lower limits of 40% 
(2 units) and 30% (1 unit) were described as relative contra-
indications. Four units cited “non-improvable coronary artery 
disease” as an absolute contraindication. Three units reported 
that they would accept cardiology recommendations regard-
ing solid pancreas transplant candidacy.

Regarding vascular criteria, 5 units reported limitations based 
on degree of iliac artery stenosis not amenable to revascu-
larization as contraindications for pancreas transplant work-
up (up to 50% in 2 units and 60% in 3 units). As an absolute 
contraindication, 5 units cited “the absence of clinically sig-
nificant peripheral vascular disease allowing anastomosis”, 
while 2 units cited “non-improvable peripheral vascular dis-
ease”. Three units reported they would accept a vascular sur-
geon’s recommendations regarding transplant candidacy. Two 

Donor/recipient characteristics Beta coefficient 95% C.I. P-value

Donor upper age limit (years) 0.073 -0.082-0.227 0.336

Donor upper BMI limit (kg/m2) -0.042 -0.096-0.011 0.109

DCD donor upper age limit (years) 0.038 -0.244-0.321 0.77

DCD max WIT (minutes) 0.249 -0.262-0.761 0.303

DCD max CIT (hours) 0.071 -0.035-0.177 0.165

Recipient upper age limit (years) 0.105 -0.005-0.216 0.061

Recipient upper BMI limit (kg/m2) 0.007 -0.055-0.068 0.824

Table 3. Donor and recipient characteristics by transplant volume via linear regression analysis.

BMI – body mass index; CI – confidence interval; CIT – cold ischaemic time; DCD – donor after cardiac death; WIT – warm ischaemic 
time. DCD donor BMI not analysed as similar upper limits were reported by all responding units. Age in years, BMI in kg/m2, ischaemic 
time in minutes, values in mean (standard deviation).
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units reported that any history of peripheral vascular disease 
requiring revascularization would be an absolute contraindi-
cation for solid pancreas transplantation.

Other Criteria

Eight of 21 units (38%) stated that geographical factors would 
affect decisions to proceed with pancreas transplantation. Of 
these, 6 units (75%) stated associated concerns regarding CIT. 
One unit reported ‘multiple factors’ without further elabora-
tion. Another unit specified an important factor was ensuring 
the surgeons explanting the donor organs were from the same 
transplant hospital. Fifteen of 21 units (71%) stated that lo-
gistical factors would not affect the decision to proceed with 
pancreas transplantation. Logistical factors affected transplan-
tation decisions in 5 units (unavailability of vascular surgeons 
in 4 units and unavailability of intensive care beds post-oper-
atively in 1 unit). One unit reported multiple factors (transport 
costs, donor team availability) would influence their decision 
to proceed with solid pancreas transplantation.

ANZ Against All Regions

The mean DCD donor upper age limit was lower in ANZ than 
in all other regions (35 years vs 47.5±7.2 years respective-
ly, P=0.001) (Table 4). The mean donor upper age limit was 
also lower in ANZ than in all other regions (46.7±2.9 years 
vs 53.9±5.8 years respectively, P=0.052). The difference be-
tween the mean recipient upper age limit also trended toward 

significance (58.3±4.1 for ANZ vs 52.5±3.5, P=0.075). Other do-
nor and recipient characteristics were not significantly differ-
ent between ANZ and all other regions.

Variation Between Units Within Regions

Responding UK, Eurotransplant and ANZ units reported recipi-
ent and donor pancreas age limits consistent with their nation-
al protocols [10,11,13,14]. Varying recipient and donor upper 
age limits were reported for the USA units (55-65 years and 
45-65 years, respectively), consistent with the lack of formal 
recipient and donor age limits within the USA pancreas pro-
tocol [12]. Reported recipient and donor BMI limits were con-
sistent between units (30-35 kg/m2).

All responding UK and USA units accepted suitable T2DM re-
cipients for transplantation, while only a minority of respond-
ing Eurotransplant (2 of 5), other European units (2 of 6), and 
none of the ANZ units did so. All responding UK and USA units 
also accepted DCD pancreas donors, but this was less common 
among responding Eurotransplant (1 of 5), other European (2 
of 6), and ANZ (2 of 3) units. DCD pancreas donor age ranged 
from 50 to 60 years old in responding UK units and from 40 to 
50 years old in Eurotransplant units. Comparatively, respond-
ing units within ANZ and USA had more uniform DCD donor 
upper age limits (35 years and 45 years old, respectively).

Donor/recipient characteristics Other responding units ANZ P-value*

Donor upper age limit (years) 	 53.89	 (5.83) 	 46.67	 (2.89) 0.052

Donor upper BMI limit (kg/m2) 	 31.07	 (1.9) 	 30 0.452

DCD upper age limit (years) 	 47.5	 (7.17) 	 35 0.039

DCD max WIT (minutes) 	 33	 (17.03) 	 30 0.815

DCD max CIT (hours) 	 12.1	 (3.07) 	 14	 (5.66) 0.49

Recipient upper age limit (years) 	 58.33	 (4.08) 	 52.5	 (3.54) 0.075

Recipient upper BMI limit (kg/m2) 	 32.18	 (2.32) 	 30 0.21

T2DM donor (responding units)
	 Yes
	 No

11
7

0
3

0.09*

DCD donor (responding units)
	 Yes
	 No

10
8

2
1

1.000*

Table 4. Comparison of donor and recipient characteristics between ANZ and all other responding units.

* ANOVA unless otherwise stated, ** Fisher’s exact test p-value. ANZ – Australia and New Zealand; BMI – body mass index; CIT – cold 
ischaemic time; DCD – donor after cardiac death; WIT – warm ischaemic time. DCD donor BMI not analysed as similar upper limits 
were reported by all responding units. Age in years, BMI in kg/m2, ischaemic time in minutes, values in mean (standard deviation).
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Variation Between National Pancreas Protocols

Transplant eligibility criteria for solid pancreas recipients and do-
nor pancreas acceptance for the Eurotransplant [10], UK [13], and 
the USA [12] were compared with the Transplantation Society of 
Australia and New Zealand (TSANZ) criteria [14] (Supplementary 
Tables 2, 3). The Eurotransplant, UK, and USA do not have for-
mal recipient upper age limits for solid pancreas transplanta-
tion. Eurotransplant and the USA do not have a recipient BMI 
upper limit, while this is 30 kg/m2 for the UK. Regarding diabe-
tes classification, the Eurotransplant and UK criteria stipulates 
autoantibody and C-peptide testing in selecting suitable pan-
creas transplant candidates, while USA criteria broadly define 
suitable recipients as those demonstrating pancreatic exocrine 
insufficiency. Only UK criteria contain relative and absolute con-
traindications for pancreas transplantation based on recipient 
comorbidities as well as addressing other risk-taking behavior 
such as drug or alcohol abuse. In comparison, the TSANZ pan-
creas recipient criteria state an upper age limit of 50 years, a 
BMI limit of under 35 kg/m2, and also suggests C-peptide test-
ing to delineate the presence of low or absent insulin produc-
tion. TSANZ criteria also comment on the risk of significant 
cardiovascular and peripheral vascular disease and risk-taking 
behavior in the form of smoking and illicit drug use.

Regarding donor criteria for solid pancreas acceptance, the up-
per donor age limit is 50 years old from Eurotransplant criteria 
(up to 60 years old in the Netherlands), while the UK criteria 
accept donation after brain death (DBD) donors under 66 years 
old and DCD donors under 56 years old for solid pancreas trans-
plantation. Donor BMI criteria range from 25 kg/m2 (UK) to 30 
kg/m2 (Eurotransplant). The USA does not have formal donor 
pancreas age or BMI limits but allocate donors above 50 years 
old and above 30 kg/m2 differently to younger and lighter do-
nors. In comparison, TSANZ donor pancreas criteria stipulate 
a 45-year age limit, a donor weight between 25 to 100 kg, and 
specific DCD donor pancreas criteria (Supplementary Table 2).

Discussion

This is the first study to report differences in donor and recip-
ient criteria for solid pancreas transplant eligibility between 
units from various countries with comparisons to current cri-
teria in Australia and New Zealand. The main differences be-
tween regions were pancreas donor and DCD donor upper age 
limits and the acceptance of DCD pancreas donors and T2DM 
recipients for solid pancreas transplantation. There are a few 
reasons for these differences.

Firstly, differences between local pancreas allocation proto-
cols contribute to the differences in unit responses observed 
(Supplementary Tables 2, 3). For instance, Eurotransplant 

guidelines defines pancreas donors >50 years old and with BMI 
³30 kg/m2 as so-called extended-criteria donors [10], with the 
Netherlands extending the DBD donor upper age limit to 60 
years old. UK criteria also have a donor upper age limit of up to 
60 years for DBD donors. However, ANZ guidelines would not 
accept pancreas donors >45 years old [14]. Also, the presence 
of unique mechanisms such as donor-recipient age-matching, 
which is built into the UK pancreas allocation scheme [11], may 
have contributed to the high mean donor (and DCD donor) age 
limit reported by responding UK units, allowing selected older 
recipients to receive older donor pancreata.

Secondly, individual pancreas units are likely to assess trans-
plant candidates on a case-by-case basis, using existing guide-
lines as relative rather than absolute contraindications for trans-
plantation. Units reported slightly higher recipient and donor 
upper age limits and upper BMI limits than their correspond-
ing national pancreas transplant guidelines (Supplementary 
Tables 2, 3). For instance, Eurotransplant units reported a donor 
upper age limit of 45 to 55 years old despite the Eurotransplant 
guidelines recommending a donor upper age limit of 50 years 
old (with donors over 50 considered as meeting extended cri-
teria) [10]. Our unit has previously transplanted patients up to 
55 years old, although solid pancreas transplants in patients 
above 50 years of age are relatively rare. Transplant caseload 
in individual centers and available expertise may also influ-
ence these differences [16], although no significant associa-
tions between transplant volume by region and donor/recipi-
ent age and BMI were noted in our results.

The varying acceptance of T2DM patients for solid pancreas 
transplantation is due to the difficulty in classifying diabetes 
type (and assessing transplant benefit) [24,28,29]. Solid pan-
creas transplantation has been avoided in the setting of insu-
lin resistance, leading to the use of C-peptide testing as a sur-
rogate for insulin synthesis [25]. High C-peptide levels are not 
usually be observed in type 1 diabetic patients (with little to no 
insulin production) [25]. However, retrospective reviews of solid 
pancreas recipients with diabetes classified by C-peptide levels 
showed no significant difference in graft survival by diabetes 
type at 5-10 years, although sample sizes were generally small 
[26-28]. Furthermore, when diabetes classification was based 
on a combination of autoantibodies, C-peptide measurements, 
and absence of ketoacidosis, some type 1 diabetic patients still 
had detectable C-peptide levels, while some T2DM patients had 
low C-peptide levels <0.8 ng/ml [29], which was used in other 
studies to classify type 1 diabetic patients [27,28]. Therefore, 
C-peptide should be used in combination with clinical and bio-
chemical criteria, as C-peptide alone may not correctly classify 
diabetes type [30] or predict transplant outcomes [26,27]. This 
correlates with our findings, in which the top reported criteria 
for assessing T2DM recipients for solid pancreas transplantation 
included C-peptide levels, insulin dependence, and recipient BMI.
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Despite previous findings [24,31], there is evidence that in-
cluding older donors and recipients results in non-inferior sol-
id pancreas transplant outcomes [32,33]. A retrospective study 
showed non-inferior outcomes at 5 years after transplant be-
tween solid pancreas recipients from different age groups 
(from <30 to ³60 years old) [34]. Similarly, a Canadian study 
found no difference in pancreas/kidney or patient survival be-
tween recipients ³55 years and recipients <55 years old [35]. 
The Extended Pancreas Donor Program study showed similar 
1-year pancreas survival between a cohort transplanted with 
extended criteria organs (donors aged 50-60 years) and a stan-
dard criteria donor cohort [36]. This implies that carefully se-
lected older recipients (³55 years old) and donors (>50 years 
old) have non-inferior solid pancreas transplant outcomes com-
pared to standard criteria donors and recipients. Also, a re-
cent systematic review reported non-inferior outcomes up to 
10 years with DCD donors (compared to DBD) for solid pan-
creas transplantation [37].

Despite the differences in the criteria presented above, some 
similarities exist among pancreas transplanting units. Recipient 
and donor BMI limits were uniform within most responding 
pancreas transplant units. C-peptide and autoantibody testing 
were commonly used measures for identifying suitable type 1 
diabetic candidates for transplantation throughout respond-
ing units. Smoking, excessive alcohol intake, and illicit drug 
use were relative contraindications for pancreas transplan-
tation; however, most units did not require total abstinence 
from such risk-taking behavior to determine eligibility for sol-
id pancreas transplantation (with the exception of illicit drug 
use). Most units did not use donor risk indices to guide donor 
pancreas acceptance.

A limitation of the present study was the relatively low re-
sponse rate. Anticipating this, we contacted department heads 
directly via telephone and email to introduce the survey prior 
to sending the initial survey invitation, followed by a reminder 
1 month later. The survey response rate, while low, is similar to 
that of other survey-based organ transplant research [38,39]. 
Another limitation was that data consisted of pre-specified 
and free-text responses, which varied in details. For example, 
responses to cardiac and vascular criteria such as ‘stable cor-
onary artery disease’ or ‘absence of clinically relevant periph-
eral vasculopathy’ limited our analysis. Also, responses per-
taining to extended donor criteria were also excluded from the 
analysis, as the definition of an extended criteria donor differs 
between units, making comparison difficult. These limitations 
are due to the survey format; however, this was a low-cost 
method to contact a large cross-section of the internation-
al pancreas transplant community relatively quickly. We also 
acknowledge that the variability in pancreas transplant eligi-
bility criteria worldwide involves more factors than those in-
cluded in this survey, such as human leukocyte antigen (HLA) 

matching, which is included in USA and UK pancreas alloca-
tion protocols [11-13], as well as institutional factors such as 
availability of donor retrieval services. However, capturing such 
data was beyond the scope of our project.

Given the response rate, we acknowledge the results may not 
be fully representative of worldwide practice. However, the ex-
isting variation demonstrated warrants further research into 
determining optimal pancreas donor and recipient eligibility 
criteria for solid pancreas transplantation. Certainly, despite 
the differences in eligibility criteria, pancreas transplant out-
comes are fairly similar between jurisdictions. UK data from 
2018/2019 reported 1- and 5-year pancreas graft survival at 
90% and 81%, respectively, similar to ANZ data from 2018 
showing 1- and 5-year pancreas graft survival of 90% and 
85%, respectively [9,40]. One-year and 5-year patient sur-
vival was 98% and 89%, respectively, from UK data and 96% 
and 92%, respectively, from ANZ data during the same period 
[9,40]. Similarly, 1- and 5-year patient survival for SPK trans-
plants was 97.6% and 91.9%, respectively from USA data [7]. 
Standardizing eligibility criteria would potentially reduce non-
utilization of donor organs as well as increasing wait-listing of 
recipients previously felt to be too high-risk for transplantation. 
Indeed, in ANZ, donor age is currently the second most com-
mon reason for donor pancreas non-retrieval (21% of non-re-
trieved pancreata in 2018), following the donor being ‘not med-
ically suitable’ [4]. However, such changes in donor/recipient 
eligibility criteria need to consider other factors, such as the 
current waiting time and mortality on the solid pancreas wait-
ing list (as an alternative to transplanting with older donors), 
and ensuring that other donor factors are accounted for such 
that the overall pancreas donor quality remains acceptable.

Conclusions

Solid pancreas transplant units in the UK and USA more com-
monly utilize DCD donors and transplant suitable T2DM recip-
ients compared to European and ANZ units. DCD and standard 
donor upper age limits for solid pancreas transplantation were 
significantly higher in the UK compared to the other regions 
represented in this study. ANZ solid pancreas transplant units 
reported lower DCD and standard donor upper age limits com-
pared to other regions. Transplanting T2DM patients remains 
controversial due to the phenotypic overlap and current lim-
itations in differentiating between diabetes types. Given the 
current variation in pancreas donor and recipient eligibility 
worldwide, more research into optimal criteria defining eligible 
solid pancreas donors and recipients (both locally and abroad) 
is needed to minimize non-utilization of potentially usable do-
nors and to increase the number of wait-listed recipients. This 
also would better inform potential future changes in the ANZ 
solid pancreas transplant protocol to reflect worldwide practice.
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International Pancreas Survey of Recipient Eligibility and Donor Acceptance Criteria for Solid Organ Pancreas Transplantation

Unit Demographics

Please specify your pancreas transplant unit (i.e. Monash Medical Centre, Victoria, Australia)

In what year did your unit start performing solid organ pancreas transplants?

How many solid organ pancreas transplants were performed in your unit from 1 Jan 2017 to 31 Dec 2017?

Recipient Eligibility

Does your unit have a recipient age limit for acceptance to solid pancreas transplant workup? If so, please specify the age limit.

Does your unit have a recipient body mass index (BMI) limit for acceptance to solid pancreas transplant workup? If so, please 
specify the BMI limit.

Regarding SPK transplants, does your unit transplant both Type 1 and Type 2 diabetic recipients?

Does your unit have any eligibility criteria for Type 2 diabetes recipients to receive an SPK?

What range of C-peptide levels would be acceptable?

List any specific criteria pertaining to insulin dependence (i.e. <1 unit/kg/day)

Please specify any specific endocrine criteria utilised in your unit for Type 2 diabetic patients (i.e. C-peptide levels, insulin 
dependence)

In Type 1 diabetic patients, are there specific endocrine criteria for acceptance for pancreas transplant workup in your unit?

For pancreas-only transplantation (PTA/PAK), are similar endocrine criteria used as above to determine eligibility for 
transplantation?

Is current smoking in potential recipients an absolute contraindication to entering the waiting list for solid organ pancreas 
transplantation in your unit?

Is excessive alcohol intake in potential recipients an absolute contraindication to entering the waiting list for solid organ pancreas 
transplantation in your unit?

Is illicit substance use in potential recipients an absolute contraindication to entering the waiting list for solid organ pancreas 
transplantation in your unit?

For the above, what criteria do such recipients need to adhere to before being accepted into the waiting list? (i.e. total 
abstinence)

Does your unit have specific contraindications to entry into solid organ pancreas transplant workup from a recipient’s cardiac 
perspective (i.e. ejection fraction, severity of coronary artery disease)?

Does your unit have specific contraindications to entry into solid organ pancreas transplant workup from a recipient’s vascular 
perspective (i.e. degree of stenosis of bilateral iliac arteries)?

Donor Eligibility Criteria

Does your unit have a donor age limit for donor pancreas acceptance for solid pancreas transplantation? If so, what is the limit?

Supplementary Table 1. Survey questions.

Supplementary Data
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Supplementary Table 1 continued. Survey questions.

Does your unit have a donor BMI limit for donor pancreas acceptance for solid pancreas transplantation? If so, what is the limit?

Does your unit use any donor risk indices to guide donor pancreas acceptance decisions (i.e. Pancreas Pre-Procurement Suitability 
Score)?

Does your unit accept donation after cardiac death (DCD) pancreas donors?

If so, what is the donor age limit for DCD pancreas donors in your unit?

If so, what is the donor BMI limit for DCD pancreas donors in your unit?

If so what is the warm ischaemic time limit for DCD pancreas donors in your unit?

If so what is the cold ischaemic time limit for DCD pancreas donors in your unit?

Would the acceptance of other organs (liver, heart, kidney) for transplantation affect the acceptance of a DCD pancreas donor in 
your unit?

Other Criteria

Do geographical factors affect the decision to proceed with solid organ pancreas transplantation in your unit?

Do logistical factors affect the decision to proceed with solid organ pancreas transplantation in your unit?

Do other factors not mentioned above affect the decision to proceed with solid organ pancreas transplantation in your unit?

Donor age Donor BMI Other donor-related criteria

Australia and New 
Zealand [13] 

• �3-45 years old (DBD, solid pancreas 
donor)

• �3-65 years old (DBD, islet donor)
• �£35 years old (DCD, solid pancreas 

donor)

• �>25 kg and ideally <100 kg 
(solid pancreas donor)

• �>25 kg and ideally <150 kg 
(islet donor)

• �ABO compatibility (absolute 
requirement)

• �HLA typing not required for 
allocation

• �DCD pancreas donor criteria:
  No known pancreatic trauma
 � No history of alcoholism or 

chronic pancreatitis
 � Maximum warm ischaemic time 

<30 minutes

USA [11] • �No formal donor age limits 
however donors £50 years and 
>50 years old are allocated 
differently

• �No formal donor BMI limits 
however donors £30 kg/m2 
and >30 kgm2 are allocated 
differently

• �ABO compatibility
• �HLA matching is taken into 

consideration
• �No specific DCD criteria

UK [10] • �<66 years old (DBD, solid pancreas 
donor)

• �<56 years old (DCD, solid pancreas 
donor)

• �<51 years old (DCD, islet donor)
• �Donor-recipient age-matching is 

reflected in the Total Points Score

• �<25 kg/m2 (initial offer to solid 
pancreas recipient)

• �³31 kg/m2 (initial offer to islet 
recipient)

• �ABO compatibility
• �HLA mismatch is reflected in the 

Total Points Score

Eurotransplant [9] • �>5 and £50 years old (solid 
pancreas donor)

• �<5 and >50 years old (islet donor*)
• �In Netherlands, donor age limit for 

DBD donors is £60 years old

• �<30 kg/m2 (and if age criteria 
met, for solid pancreas donor)

• �³30 kg/m2 (or if age criteria 
met, for islet donor*)

• �ABO compatibility
• �HLA matching is taken into 

consideration
• �No specific DCD criteria

Supplementary Table 2. �Donor criteria for pancreas acceptance for solid pancreas transplantation according to current national 
pancreas protocols.

ABO – ABO blood group; BMI – body mass index; DBD – donation after brain death donor; DCD – donation after cardiac death donor; 
HLA – human leucocyte antigen.
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Recipient age and BMI Other recipient-related criteria Contraindications

Australia and New 
Zealand [13] 

• �<50 years old* (solid pancreas 
recipient)

• �>18 years old (islet recipient)
• �<35 kg/m2 (solid pancreas 

recipient)
• �Ideally <80kg (islet recipient)

• �Solid pancreas recipient:
  T1DM+GFR <30ml/min (for SPK)
  Patient iliac vessels bilaterally
 � Absence of significant cardiac 

disease (or adequately treated 
cardiac disease)

  C-peptide testing is suggested 

• �Solid pancreas recipient:
 � Significant cardiac or vascular 

disease
 � Continuous dual antiplatelet 

therapy that cannot be safely 
ceased

 � Significant psychiatric disease 
affecting ability to comply with 
treatment

 � Ongoing cigarette smoking
 � Addiction to non-prescription illicit 

drugs
 � Inability to comply with complex 

medical therapy

USA [11] • No formal recipient age limits
• �Accrues waiting time once 

³18 years old and all of:
  Registered for an SPK
 � Qualifies for kidney waiting 

time
  Is on insulin

• SPK recipient needs one of:
  Diagnosis of diabetes
 � Evidence of pancreatic exocrine 

insufficiency
 � Require procurement or 

transplantation of pancreas 
as part of a multiple organ 
transplant

• None listed

UK [12] • �No formal recipient age limits
• �£30 kg/m2 (solid pancreas 

recipient)
• �³31 kg/m2 (initial offer to islet 

recipient) 

• �All: insulin-treated diabetes 
(mainly Type 1 diabetes but 
a minority of Type 2 diabetic 
patients are suitable)

• �SPK recipient:
 � Receiving dialysis OR GFR 

£20 ml/min
• �PTA recipient:
 � ³2 severe hypoglycaemic 

episodes within last 24 
months AND assessed by an 
endocrinologist to have disabling 
hypoglycaemia

 � C-peptide and autoantibody 
testing is suggested

• �Absolute contraindications:
 � Excessive cardiovascular risk (severe 

and non-correctable coronary artery 
disease OR myocardial infarction 
within 6 months)

 � Non-curable malignancy
  Active sepsis
  Active peptic ulcer
 � Major psychiatric history affecting 

adherence to treatment
 � Inability to withstand surgery and 

immunosuppression
• Relative contraindications: 
 � Ejection fraction <50%
 � Cerebrovascular accident+long-term 

impairment
 � Active Hepatitis B or C
 � BMI >30 kg/m2 (absolute for PTA or 

T2DM recipients)
 � Extensive peripheral vascular 

disease
 � Continued abuse of alcohol or drugs
 � Insulin requirements >100 units/day

Eurotransplant [9] • �No formal recipient age limits 
listed

• �Autoantibody (IA-2, ICA-, GAD) 
positive

• �If autoantibody-negative:
 � C-peptide £0.5 ng/ml+no 

increase >20% after stimulation

• �None listed

Supplementary Table 3. Recipient eligibility criteria for solid pancreas transplantation by current national pancreas protocols.

BMI – body mass index; GAD – glutamic acid decarboxylase; GFR – glomerular filtration rate; IA – insulin autoantibody; ICA – islet cell 
antibody; PAK – pancreas after kidney transplantation; PTA – pancreas transplantation alone; SPK – simultaneous pancreas-kidney 
transplantation; T2DM – type 2 diabetes mellitus.
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