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 ■ Abstract 
This report is an update of pancreas and kidney transplant 
activities in the US and non-US region in two periods, 2005-
2009 and 2010-2014. The aim of the report was to analyze 
transplant progress and success in the US compared to non-
US countries, and to compare trends between the two peri-
ods. Between 2005-2009 and 2010-2014, the number of US 
pancreas transplants declined by over 20%, while the overall 
number of pancreas transplants performed outside the US 
has increased. The decline in US numbers is predominantly 
due to the decline in primary and secondary pancreas after 
kidney transplants (PAK). During the time period studied, 
the number of PAK transplants dropped by 50%. In contrast, 
the number of simultaneous pancreas/kidney transplants 
(SPK) declined by only 10%, and the number of pancreas 
transplants alone (PTA) by 20%. Over 90% of pancreas trans-
plants worldwide were performed, with a simultaneous kid-
ney transplant and excellent results. Transplant outcomes in 
SPK improved significantly because of a decrease in the 
rates of technical and immunologic graft loss. In 2010-2014 
vs. 2005-2009, US SPK transplant patient survival at 1 year 
post-transplant increased from 95.7% to 97.4%, pancreas graft 

function from 88.3% to 91.3%, and kidney function from 93.6% 
to 95.5%. A significant improvement was also noted in PAK 
transplants. One-year patient survival increased from 96.4% 
to 97.9% and pancreas graft function from 81.0% to 86.0%. 
PTA 1-year patient survival remained constant at 97%, and 
pancreas 1-year graft survival improved from 81.0% to 85.7%. 
With the decline in the number of transplants, a change to-
wards better pancreas donor selection was observed. In soli-
tary transplants, the donors were primarily young trauma 
victims, and the pancreas preservation time was relatively 
short. A general tendency towards transplanting older re-
cipients was noted. In 2010-2014 vs. 2005-2009, PTA recipi-
ents 50 years of age or older accounted for 32% vs. 22%, PAK 
for 28% vs. 22%, and SPK for 22% vs. 20%. This may be due to 
a relatively lower immunologic graft loss rate, especially in 
solitary transplants, which historically has been high in 
young recipients. The number of pancreas transplants in pa-
tients with type 2 diabetes and end-stage renal disease has 
increased, and accounted for 9% of all SPK recipients in 
2010-2014. 
 

 

Keywords: diabetes · pancreas transplant · kidney · SPK · 
PAK · PTA · graft function · antibody induction 

 

1. Introduction 
 

 ancreas or pancreas/kidney transplants are 
 established procedures for patients with la- 
 bile diabetes mellitus [1]. From December 16, 

1966 to December 31, 2014 more than 48,000 pan-
creas transplants worldwide were reported to the 
International Pancreas Transplant Registry 

(IPTR), including more than 29,000 from the USA 
and more than 19,000 outside the US. The annual 
reported numbers of US and non-US cases are 
shown in Figure 1. Cases were closed for analyses 
on July 31, 2015. For non-US transplants, the re-
porting for 2014 cases at the time of closing was 
incomplete, and information from several coun-
tries was outstanding. At the time of writing, the 

R
ep

ri
nt

fr
om

T
he

 R
ev

ie
w

 o
fD

IA
B

E
TI

C
ST

U
D

IE
S

V
ol

13
N

o 
1

20
16

 



 

36  The Review of DIABETIC STUDIES Gruessner and Gruessner 
   Vol. 13 ⋅ No. 1 ⋅ 2016 

 

Rev Diabet Stud (2016) 13:35-58  Copyright © by Lab & Life Press/SBDR 

reported numbers of transplants outside the US 
was, therefore, lower than the total number will be 
when all information will have been received by 
the registry. 

Additional information for countries that did 
not report or that provided only partial informa-
tion was found on global websites or country-
specific transplant registries. Several institutions 
outside the US are reporting outcomes directly to 
the IPTR. This information is not complete for the 
specific country. Therefore, outcomes are not re-
ported. Information about US and non-US cases 
are given separately to avoid a bias due to the in-
complete reporting. 

In the US, pancreas transplant is an estab-
lished standard of care for patients with brittle 
diabetes mellitus. The benefits, especially of simul-
taneous kidney and pancreas transplantation 
(SPK), are not questioned. The number of pancreas 
transplants reached its peak in 2004, and declined 
steadily from then on. In this report, we focused on 
the last decade when the number of transplants 
steadily declined, and divided this time frame into 
2 eras: 2005-2009 and 2010-2014. The changes be-
tween the two eras are described, and their impact 
on outcome is studied. Also, an update of potential 
risk factors is given. 

2. Methods 
All pancreas transplants between January 2005 

and December 2014 with follow-up information as 
of July 31, 2015 were included in the analyses. The 
analysis concentrated on patients who received a 
pancreas transplant because of insulin-dependent 
diabetes. The definition of pancreas graft failure is 
currently the focus of discussion. In this analysis, 
we followed the most recent UNOS recommenda-
tions for pancreas graft failure. These criteria in-
clude: 

 
- Having the graft removed or being relisted 
- Having died 
- Needing more than 0.5 units of insulin per 

kg per day over a 90-day period 
 
In an increasing number of cases, pancreas re-

cipients with an initial diagnosis of type 1 diabetes 
developed type 2 diabetes after some time with 
good graft function. The transplanted pancreas 
may have been functioning, but the recipients re-
turned to insulin dependence over time. As a con-
sequence, we used a more conservative definition 
of insulin independence for this analysis to deter-
mine pancreas graft function. Reports of partial  

 
graft function (requiring insulin), death with a 
functioning graft, or partially functioning graft 
were considered as reports of graft failure, if not 
stated differently. 

In an additional analysis, early technical fail-
ures and pancreas transplants with a primary 
non-functioning graft were excluded (the remain-
ing cases were considered technically successful 
transplants). In yet another analysis, patients who 
died with a functioning graft were censored at the 
time of death to assess the immunological impact 
on the outcome of the transplant. Early technical 
failures (during the first 90 days post-transplant) 
are primarily early graft losses attributed to graft 
thrombosis or graft removal because of bleeding, 
anastomotic leaks, pancreatitis, and/or infection. 

Kidney grafts were considered to be functioning 
as long as the patients on dialysis before trans-
plant were dialysis-free after transplant or as long 
as patients not on dialysis before transplant had a 

Abbreviations: 
 

AB antibody 
ATGAM anti-thymocyte globulin sterile solution 
BD bladder drainage 
BMI body mass index 
CCV cardio- or cerebro-vascular problems 
CI confidence interval 
CMV cytomegalovirus 
CNS central nervous system 
CoD cause of death 
CsA cyclosporin A 
DCD donation after cardiac death 
DD deceased donor 
ED enteric drainage 
eGFR estimated glomerular filtration rate 
ESRD end-stage renal disease 
GSR graft survival rate 
HLA human leukocyte antigen 
IPTR International Pancreas Transplant Registry 
IS immunosuppression 
LD living donor 
LR log-rank 
MM mismatch 
MMF mycophenolate mofetil 
NS non-significant 
OKT3 orthoclone OKT3, monoclonal antibody 

against CD3 receptor 
pDRI pancreas donor risk index 
PAK pancreas after kidney transplant 
PTA pancreas transplant alone 
PRA panel-reactive antibody 
rePAK PAK retransplant 
RR relative risk 
SPK simultaneous pancreas and kidney transplant 
Srl sirolimus 
TAC tacrolimus 
Tx transplantation 
UNOS United Network for Organ Sharing 
WC Wilcoxon
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post-transplant serum 
creatinine level below the 
pre-transplant level. 

There is variability in the 
type of antibody induction 
therapy given to pancreas 
transplant recipients. For 
analysis reasons, the agents 
were divided into two 
groups: 

 
- T-cell depletion (e.g., 

ATGAM, thymoglobu-
lin, alemtuzumab, 
OKT3) 

- Non-T-cell-depleting 
antibodies (e.g., dacli-
zumab, basiliximab) 

 
B-cell-depleting antibod-

ies (rituximab) were given 
only very rarely during the 
analyzed time period 
(<0.6%), and were thus not 
considered in the analysis. 

In our analyses, we also 
studied the impact of center experience/volume on 
outcome. We defined a pancreas transplant center 
to be small, medium, or large corresponding to the 
number of transplants performed per year during 
a 5-year period, as follows: 

 
- Small center (performed on average less 

than 5 transplants) 
- Medium-size center (performed on average 

between 5 and less than 10 transplants) 
- Large center (performed on average more 

than 10 transplants) 
 
P-values for comparison of survival rates were 

calculated by both Wilcoxon (WC) and log-rank 
(LR) test. The WC test primarily reflects the prob-
ability that early differences are significant, while 
the LR test is weighted to detect the significance of 
late differences. When both WC and LR p-values 
are <0.05, then the highest of the values is given. 
When both are >0.05, then the lowest of the values 
is given, or the differences are designated as non-
significant (NS). When one p-value is < and one is 
>0.05, both are given. To assess the unbiased dif-
ference in outcome between the 2 eras only the 
first 3 years post-transplant were compared in 
both eras. 

Cox proportional and non-proportional hazard 
models were used to investigate the independent 

influence of risk factors for patient survival and 
graft function. For the evaluation of patient sur-
vival dependent on graft status, graft failure times 
were added as time-dependent covariates to esti-
mate the impact of graft failure on outcome. 

All computations were performed using SAS 
version 9.4 (SAS Institute, Cary, NC). 

3. Results of US transplants 

The total number of pancreas transplants re-
ported to IPTR/UNOS from December 16, 1966 to 
December 31, 2014 is 29,128 (Figure 1). During 
the last decade (1/1/2005-12/31/2014) a total of 
11,940 patients received a pancreas transplant. 
The vast majority of these transplants (93%) were 
performed in patients with insulin-dependent dia-
betes mellitus as underlying disease. In 7% of pa-
tients, the pancreas was part of a multi-organ 
transplant in combination with a liver and/or an 
intestine. In these cases, the underlying disease 
was not related to diabetes (n = 818). Therefore, 
we excluded these patients from the analyses. 
There is also a small group of diabetic patients 
who received a pancreas transplant in combination 
with or after a heart or heart/lung transplant (n = 
9). In 4 cases, the pancreas transplant was per-
formed after a liver transplant, and in 2 cases it 
was performed after a lung transplant. Diabetes 

 
 

Figure 1. Annual number of US (1966-2014) and Non-US (1966-2013) pancreas 
transplants. 
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mellitus was the reason for transplant in those pa-
tients. These 15 cases were also excluded from fur-
ther analyses. 

During the last 10 years, only 5 pancreas 
transplants were segmental grafts from living do-
nors (LD). Of the LD pancreas transplants, 2 were 
solitary transplants after a previous kidney trans-
plant (PAK), and 3 transplants were in combina-
tion with a kidney from the same living donor 
(SPK). LD transplants were not included in the 
analyses summarized below, since this procedure 
is so rare and is only performed at 2 centers in the 
US. However, the registry can provide the follow-
ing outcome information on the 5 
LD cases: at 3 years: the patient 
survival and kidney graft sur-
vival rate (GSR) were both 100%; 
the pancreas GSR was 75%. One 
pancreas failed after 34 months 
because of immunologic graft 
loss. 

Over the analyzed 10-year 
time period, 33 SPK transplants 
were reported. In these cases, the 
patients received an LD kidney 
simultaneously with a pancreas 
transplant from a (different) de-
ceased donor (DD) in the same 
procedure. 

3.1 Centers and volume 

The number of US centers 
performing pancreas transplants 
overall had its peak in 2007, with 

132 active transplant centers, and its 
low point in 2014, with only 114 active 
centers. The number of centers per-
forming SPK transplants declined only 
slightly during the 2 eras (Figure 2). 
Almost all of the transplant centers 
performed at least one SPK. The num-
ber of centers performing PTA is still 
low. Only 30% of all active pancreas 
transplant centers performed a PTA in 
2014, but, in contrast to SPK and PAK 
centers, an increase in the number of 
centers performing at least one PTA 
was noticed. The number of centers 
performing PAK transplants signifi-
cantly declined during the 2 eras (Fig-
ure 2). In 2005, 83 transplant centers 
performed a PAK, but only 45 centers 
reported this procedure in 2014. 

Seventy percent of the centers per-
formed fewer transplants in 2010-2014 than in 
2005-2009. On average, the overall number of 
transplants declined by 8 pancreas transplants per 
center during 2010/14 (range of change: +67 to -
202 transplants). The number of high-volume cen-
ters declined with the decreased number of pan-
creas transplants. The number of centers perform-
ing at least 100 pancreas transplants dropped 
from 14 centers (10%) in 2005-2009 to 9 centers 
(7%) in 2010-2014. At the same time, the number 
of very-low-volume centers (≤10 transplants in 5 
years) increased from 36 centers (25%) in 2005-09 
to 42 centers (31%) in 2010-2014. 

 
 

Figure 2. Number of US transplants centers for SPK, PAK and 
PTA for 2005-2009 and 2010-2014. 
 

 
 

Figure 3. Number of US primary pancreas transplants (A) and US pancreas re-
transplants (B) in 2005-2009 and 2010-2014. 
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Between 2005-09 and 2010-2014, the number of 
transplants decreased overall by 20%. During the 
2 eras, the highest decline was found in primary 
PAK (Figure 3A), where the number of trans-
plants decreased by 54%, followed by primary PTA 
(19%) and primary SPK (11%). 

Most of the retransplants were PAKs. A pan-
creas retransplant was performed after a failed 
SPK pancreas graft and a still functioning SPK 
kidney. The number of solitary re-transplants 
(PAK and PTA) decreased by 40% and 32%, re-
spectively, and the number of re-SPK transplants 
decreased by 22% (Figure 3B) between the 2 peri-
ods. 

3.2 Recipient characteristics for eras 

For the last decade, a total of 11,104 pancreas 
transplants were reported in the 3 major catego-
ries (SPK, PAK, and PTA). Overall, SPK was the 
most frequently performed transplant category 
(74%) followed by PAK (17%) and PTA (9%). 

In total, there were 7% retransplants (n = 789) 
during this time. Most of the retransplants were 
second transplants (92%). Third (n = 54) or fourth 
pancreas transplant (n = 10) was only very rarely 
performed. The majority of pancreas retransplants 
were PAK (68%), with a retransplant of a pancreas 
and a previous kidney graft still functioning. 

Over the decade, a shift in the distribution of 
transplant types was noted (p < 0.0001). The rate 
of SPK transplants increased, while the rate of 
PAK transplants decreased. The rate of PTA re-
mained relatively constant. The overall rate of pri-
mary SPK transplants increased from 75% in 
2005-2009 to 82% in 2010-2014. In contrast, the 
number of primary PAK transplants decreased 
from 17% to 10% in 2010-2014. The rate of PTA 
remained constant at around 8% over this period. 
The overall rate of retransplants changed between 
the 2 eras (p = 0.002) because of a decrease in PAK 
retransplants (rePAK) from 70% in 2005-2009 to 
65% in 2010-2014. 

In both eras, the majority of recipients reported 
type 1 diabetes as reason for the pancreas trans-
plant (Table A1, in the Appendix). The rate of 
type 2 diabetes increased significantly in SPK 
from 6% to 9% (p < 0.0001). The rate of type 2 dia-
betes remained stable in solitary transplants 
(PAK, PTA), but was significantly lower in com-
parison to SPK transplants (p < 0.0001). The num-
ber of pancreas transplants for other reasons 
(mostly after pancreatectomy) remained constant 
over the eras, and accounted only for a very small 
percentage of all transplants (Table A1). 

Over the 2 eras, recipient age at transplant 
showed a trend to older age, especially in solitary 
pancreas transplants, but there was a statistically 
significant difference for PTA only. In PTA, the 
median recipient age increased from 41 years to 44 
years. In 2010-14, almost half of the recipients of a 
solitary transplant were 45 years or older. The 
rate of patients under 30 years of age continued to 
be low; the rate remained stable in SPK and PAK 
transplants with 6-8% of all recipients. The high-
est rate of recipients under 30 years of age re-
mained in the PTA category, with over 10% of re-
cipients. Overall, the average age of solitary 
transplants was significantly older than the age of 
SPK transplants (p < 0.002). 

The rate of male/female recipients in SPK and 
PAK remained constant over the 2 eras; male re-
cipients (~60%) received a pancreas transplant 
more frequently than females (p < 0.0001). In con-
trast, the rate of female PTA recipients was still 
significantly higher in both eras (~60%). 

The majority of pancreas transplant recipients 
were white, but the rate of minorities who received 
a pancreas transplant increased significantly in 
the SPK and PAK category (Table A1). The larg-
est increase could be seen in black and Hispanic 
recipients in the SPK category. In 2010-14, 37% of 
the SPK recipients were reported to be of minority 
origin. In 2010-14, solitary transplants were less 
frequently performed in minorities (25 % of PAK 
and 9% of PTA). 

In all 3 pancreas transplant categories, increas-
ing recipient body weight at the time of transplant 
was observed. Half of all recipients in all 3 catego-
ries were either overweight or obese. In the SPK 
transplant category, the increase in BMI over time 
was significant (p = 0.03); the same trend was also 
noted in solitary transplants. 

The rate of sensitized recipients with panel-
reactive antibody (PRA) levels 20% or over in-
creased significantly in all 3 categories over time. 
The highest increase could be seen in PTA, where 
the rate of recipients with increased levels more 
than doubled (Table A1). 

The rate of SPK recipients who received a pre-
emptive kidney transplant together with the pan-
creas decreased significantly from 12% in 2005-09 
to 10% in 2010-14 (p = 0.001). 

The number of PAK recipients who received a 
kidney from a living donor also changed over time. 
Almost 80% of all primary PAK recipients had re-
ceived a previous living donor kidney (p = 0.005). 

In solitary transplants, good kidney function at 
the time of transplant is essential. In PTA, a sig-
nificantly improved estimated glomerular filtra-



 

40  The Review of DIABETIC STUDIES Gruessner and Gruessner 
   Vol. 13 ⋅ No. 1 ⋅ 2016 

 

Rev Diabet Stud (2016) 13:35-58  Copyright © by Lab & Life Press/SBDR 

tion rate (eGFR) of the native kidney could be ob-
served in 2010-14 (p = 0.02). The same trend could 
be found for the PAK kidney graft at the time of 
the pancreas transplant. 

The time on the waitlist for those recipients 
who actually received a transplant increased in all 
3 categories. The median wait-time for PAK trans-
plant increased from 8.5 months in 2005-09 to 10.5 
months in 2010-14; PTA wait-time increased from 
3.8 months to 4.9 months. The median time on the 
waitlist for SPK transplant increased from 7.8 
months to 8.4 months. Comparing the wait time 
between the 3 groups for 2010-14, the time on the 
waitlist was shortest for PTA and longest for PAK 
transplant (p < 0.0001). 

3.3 Donor characteristics 

The age of the deceased pancreas donor contin-
ued to decrease over time (Table A2, in the Ap-
pendix). The majority of pancreas donors were 
young: in 2010-14, 74% of all SPK donors were un-
der 30 years (p < 0.0001). During the analyzed 
time, the youngest SPK donor was 1 year old, the 
oldest was 61 years. The donor age distribution of 
solitary transplants showed the same trend. The 
rate of donors under the age of 30 years was 79% 
in PTA and 78% in PAK transplant in 2010-14. 
Comparing donor age between the 3 categories in 
2010-14, the donor age for SPK transplants was 
significantly higher than the donor age in solitary 
transplants (p < 0.02). 

The rate of male/female donors remained con-
stant over time in all 3 transplant categories (p > 
0.31). The majority of deceased donors were male, 
accounting for ~70% of all donations. In all 3 cate-
gories, the majority of donors were white (Table 
A2). However, a significant shift in the rate to-
wards more minority donors could be noted in all 3 
categories. 

The rate of trauma as cause of donor death in-
creased significantly over time in SPK and PAK 
transplants, and remained stable in PTA. Dona-
tions after cardiac death (DCDs) were only rarely 
accepted. No change in the rate of the use of DCD 
could be found in SPK transplants and PTA. Only 
1 DCD donor was used in a PAK transplant in 
2010-14. 

Donor weight did not change over time. The 
majority of donors chosen for transplantation had 
normal BMIs in all 3 categories (Table A2). 

Regarding human leukocyte antigen (HLA) 
matching, there has been a progressive decrease in 
the emphasis over time in all 3 categories (Table 
A2). In 2010-14, 57% of SPK transplants, 53% of 

PAK transplants, and 47% of PTA reported to have 
5 or more HLA-A, -B and -DR mismatches (MM). 
Only 0.7% of all transplants were done with a 6 
antigen match in 2010-14. 

The cytomegalovirus (CMV) status of recipients 
changed, especially in SPK, over time (p < 0.002). 
In 2005-09, 48% of SPK transplants, 53% of PAK 
transplants, and 46% of PTA tested CMV-positive 
at the time of transplant. In comparison, 52% of 
SPK transplants, 59% of PAK transplants, and 
43% of PTA tested positive in 2010-14. This change 
was significant in SPK and PAK. The rate of do-
nors with a positive CMV test remained relatively 
constant over time (Table A2). In SPK and PAK, 
the rate of CMV-negative recipients and CMV-
positive donors decreased, while the rate of CMV-
positive recipients and CMV-negative donors in-
creased. 

Pancreas preservation time decreased signifi-
cantly in SPK and PAK. In 2010-14, overall 62% of 
all transplants had a preservation time of less 
than 12 hours, and only 1% reported a preserva-
tion time of over 24 hours. A comparison of preser-
vation times in all 3 categories showed a slightly 
longer preservation time for PTA compared to SPK 
(p < 0.0001) because of the higher rate of organ 
imports. 

The improvement in pancreas donor quality is 
reflected in the pancreas donor risk index (pDRI), 
which significantly decreased over the analyzed 
time period (p < 0.0001), and which was signifi-
cantly lower for solitary transplants (p < 0.0001). 

3.4 Transplant characteristics 

With the change in center volume, the number 
of transplants performed at large centers changed 
in the SPK category (Table A3, in the Appendix). 
In 2010-14, 30% of SPK transplants were per-
formed in 12 large-volume centers (8% of centers). 
In contrast, 48% of SPK transplants were per-
formed at 115 low-volume centers (78% of all cen-
ters). In the PTA category, the numbers remained 
stable, but PTA transplants were more likely to be 
performed at one of the 12 large-volume transplant 
centers. 

Enteric drainage (ED) is now by far the most 
frequently used technique in SPK and solitary 
pancreas transplant. In 2010-14, 91% of SPK 
transplants, 89% of PAK transplants, and 89% of 
PTA were enterically drained (Table A3). While 
the increase was not as large in SPK transplants, 
the increase was more extensive in solitary trans-
plants. The rate of ED transplants using a Roux-
en-Y loop significantly decreased in PAK trans-
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plants from 21% to 15%, in SPK 
from 25% to 21%, and in PTA from 
21% to 15% in 2010-14 (p < 0.05). 

The use of portal drainage of 
the ED pancreas graft venous ef-
fluent slightly increased in SPK 
over time. It remained relatively 
constant in PTA, but significantly 
declined in PAK (Table A3). 
Overall, portal drainage was more 
frequently used in SPK than in 
solitary transplants. 

Induction therapy changed sig-
nificantly in all 3 categories over 
time (Table A3). The rate of trans-
plants without induction therapy 
decreased significantly in 2010-14 
in SPK from 17% to 10%, in PAK 
from 21% to 11%, and in PTA from 
12% to 6%. At the same time, the 
use of non-depleting antibodies 
alone or in combination with de-
pleting antibodies dropped. De-
pleting antibodies were used for 
induction therapy in 80% or more 
of all pancreas transplants. 

For maintenance therapy, the major protocol 
for successful pancreas transplants is still tac-
rolimus (TAC) in combination with mycophenolate 
mofetil (MMF) therapy (Table A3). The use of 
TAC alone without MMF increased in SPK trans-
plants from 3% to 13% and in PTA from 4% to 
10%. Cyclosporin A (CsA)-based protocols are 
rarely used, as is the case with protocols based on 
MMF alone. Sirolimus-based protocols were less 
frequently used in SPK and PAK, but accounted 
for 15% of all PTAs in 2010-14. 

The use of steroid-free maintenance protocols 
did not change in SPK and PAK over time. In SPK 
and PAK, 67-73% of the recipients remained on 
steroids for maintenance therapy. In PTA, a 
change from 54% to 46% of recipients on a steroid-
free maintenance therapy protocol was noted be-
tween 2005-09 and 2010-14 (p = 0.01). The rate of 
patients on a steroid-free protocol at 6 months 
post-transplant decreased slightly to 43% in PTA, 
36% in PAK, and 24% in SPK recipients in 2010-
14. 

3.5 Patient survival 

Unadjusted patient survival after pancreas or 
simultaneous pancreas and kidney transplant was 
excellent with over 98% at 6 months post-
transplant in all 3 recipient categories in 2010-14. 

One year patient survival rates have been over 
95% in 2005-09 and over 96% in 2010-14 (Table 
A4, in the Appendix). The improvement reached 
statistical significance only in the SPK category, 
but improved survival was also noted in the PAK 
and PTA categories. 

Five-year patient survival could only be com-
puted for recipients transplanted in 2005-09. It 
showed the same survival for SPK and PTA, fol-
lowed closely by PAK patient survival (Table A4). 
There was no difference in overall long-term pa-
tient survival between the 3 categories in 2005-09 
(p = 0.99) and also for a shorter follow-up time in 
2007-11 (p = 0.90). 

In all 3 categories and in both eras, cardio- or 
cerebro-vascular problems (CCV) and infections in 
general were the leading causes of early and late 
recipient death. Independent of time of death, CCV 
were responsible for 31% of death cases followed 
by 24% due to infections. In 21% of deaths, the 
causes were unknown. Hemorrhage was the cause 
in 6% of all deaths, followed by malignancies in 4% 
of all cases. 

CCV and infections were seen most frequently 
in the first 3 month post-transplant, but also re-
mained the main causes of death later on. In all 3 
categories, the rate of CCV- and infection-related 
death did not change over time. The risk to die 
from hemorrhage was initially high, but decreased 

 
 

Figure 4. SPK patient survival for primary deceased donor transplants by 
pancreas and kidney graft status, 2005-2014. Abbreviations: Fxn – func-
tional, Fld – failed, panc – pancreas. 
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over time in all 3 categories. The early rate of ma-
lignancies was low, but accounted for 6-9% of all 
death cases later than 1 year post-transplant. 

Table A5 (in the Appendix) shows the multi-
variate risk factor analysis for patient survival in 
the 3 transplant categories during the first 3 years 
post-transplant. A significant improvement in out-
come of SPK transplants was found between 2010-
14 and 2005-09; this was not the case for solitary 
transplants. The status of the transplanted graft 
had the highest overall impact on patient survival. 
A failed pancreas and/or kidney graft significantly 
increased the relative risk (RR) to die in all 3 cate-
gories. A failed SPK kidney graft increased the RR 
to die by factor 18, and a failed SPK pancreas graft 
by factor 3. In a recipient with a failed PTA graft, 
the RR to die was over 6 times higher; with a 
failed PAK graft almost 5 times higher. Figure 4 

illustrates the significant impact of a function-
ing/failed pancreas and kidney graft on SPK pa-
tient survival and the impact over time. These 
findings emphasize the need for, and the positive 
impact of, a functioning kidney graft on long-term 
patient survival. 

In all 3 categories, recipients 45 years of age or 
older carried an increased risk to die after trans-
plant compared to 30-45 year old recipients as ref-
erence (Table A5). Young SPK recipients, in con-
trast, had a statistically better outlook after trans-
plant. In contrast, younger PTA recipients had an 
increased risk compared with the reference age 
group. For PAK transplants, the risk in younger 
recipients was not increased. 

In all 3 categories, the RR to die was slightly 
lower in male recipients, but this was not signifi-
cant. African American recipients showed the 

 
 

Figure 5. Primary deceased donor (DD) graft function, 2005-2009 and 2010-2014. SPK pancreas graft (A), SPK kidney graft 
(B), PAK pancreas graft (C), PTA pancreas graft (D). 
 



 

Pancreas Transplantation 2005-2014 The Review of DIABETIC STUDIES  43 
  Vol. 13 ⋅ No. 1 ⋅ 2016 
 

www.The-RDS.org  Rev Diabet Stud (2016) 13:35-58  

same outcome as the remaining recipients. It is 
noteworthy that the RR was significantly higher 
for SPK recipients who were on dialysis before 
transplant compared to those who received a pre-
emptive kidney transplant. Diabetes type did not 
impact patient survival in SPK and PAK recipi-
ents, but it did in PTA. The RR to die was signifi-
cantly decreased in PTA recipients with type 2 
diabetes. 

The donor type of the previous kidney trans-
plant had an impact on patient survival in PAK 
recipients. Recipients who received a kidney from 
a living donor reduced their relative risk to die by 
38% (Table A5). 

An overall effect of center volume on patient 
survival could not be found. Patient survival was 
slightly better in PTA in medium- and high-
volume centers, but this was not significant. 

3.6 Graft function 

Overall, pancreas graft survival rates (GSRs) 
improved in all 3 categories between the 2 eras 
(Figure 5). While the improvements during the 
first 3 years post-transplant for both SPK grafts 
and PAK grafts were statistically significant (p < 
0.01), the changes in PTA graft survival did not 
reach significance (p = 0.12). In both eras, SPK 
pancreas GSRs were significantly higher than 
those for solitary transplants (p < 0.0001). While 
in 2005-09 no difference in GSRs between PAK 
and PTA (p > 0.13) was found, there was a signifi-
cant improvement in PAK in 2010-14. This later 
improvement provides a convergence of the out-
comes in PAK and SPK. For the first 6 months, the 
results in graft survival were comparable, but at 
one year, the outcome in SPK was still clearly bet-
ter than that in solitary transplants. In 2010-14, 
the outcome in PAK at 2 years post-transplant was 
with 79.1% significantly better than in PTA with 
73.3% (p = 0.01). 

The causes of pancreas graft loss and their dis-
tributions post-transplant were different between 
the 3 categories, and changed during follow-up 
post-transplant. 

Figure 6A shows the distribution of causes for 
pancreas graft loss during the first 3 months post-
transplant in all 3 categories for primary trans-
plants between 2010 and 2014. Graft loss due to 
early technical problems was predominant in all 3 
categories. The second most frequent reason for 
pancreas graft failure in SPK was dying with a 
functioning graft. While the rate of dying with a 
function graft was higher in SPK, the rate of tech-
nical losses was lower compared with solitary 

transplants. No difference in the rate of acute or 
chronic immunologic graft loss was noted between 
the 3 categories in this time period. The rate of 
primary non-functioning graft accounted for 
around 4% in all 3 categories. 

Between 3 months and 1 year after transplant, 
death with a functioning graft becomes the most 
frequent reason for graft failure in SPK (Figure 
6B). The rate of graft loss due to acute immu-
nological problems peaked in the category of soli-
tary transplants, and presented the main problem 
there. The rate of chronic immunological graft loss 
increased, especially in solitary transplants, dur-
ing this time period. Infections also remained a 
problem, accounting for around 12% of graft losses 
in all 3 categories. 

After the first year post-transplant, dying with 
a functioning graft was the main reason of graft 
loss in over 40% of recipients in the SPK category 
(Figure 6C). The rate of dying with a functioning 
graft was clearly lower in solitary transplants. In 
contrast, the rate of immunologic graft loss was 
clearly higher in solitary transplants, and remains 
a problem for solitary transplants. Any type of 
diabetes recurrence or malignancy accounted only 
for a small percentage of graft losses during that 
period. 

If dying with a functioning graft was not 
counted as graft failure, the SPK pancreas GSR 
increased to 88.3% at 1 year and 83.4% at 3 years; 
for PAK and PTA, the changes in GSR were small 
because the rate of recipients dying with a func-
tioning graft was small. When only recipients who 
reached the 1-year mark with a functioning graft 
were considered (conditional function), the 3-year 
GSR increased to 95% in SPK, 92% in PAK, and 
84% in PTA. 

The improvement in graft outcome is also re-
flected in the estimated half-lives for pancreas 
transplants. The half-life for a primary SPK pan-
creas performed between 2000 and 2008 was 152 
months. The half-life for a pancreas transplant 
that functioned at the 1-year mark (conditional 
half-life) reached 173 months. The half-life of the 
simultaneous SPK kidney was 186 months, with a 
conditional half-life of 203 months. The half-life of 
a PAK pancreas graft was 96 months, but the con-
ditional half-live was 166 months, very similar to 
the SPK pancreas. For a PTA pancreas graft, the 
half-life was 81 months, and the conditional half-
life 123 months. The significant improvement in 
pancreas graft half-lives over time is one of the 
greatest achievements in this field. 

Multivariate risk factor analyses for overall 
SPK graft function showed a significant improve-
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ment in pancreas GSR and kidney GSR in 2010-
14. Pancreas and kidney grafts were associated 
with a significantly increased risk of graft loss in 
younger recipients (Table A6, in the Appendix). 
The outcome in male SPK recipients was signifi-
cantly better, but obesity and an increased PRA 
level accounted for an increased risk of pancreas 
and loss of kidney graft. African American had an 
increased risk for the kidney graft only. Pre-
transplant dialysis impacted the outcome of the 
kidney graft only. 

The analyses showed that the donor selection 
and management process is essential for the out-
come in SPK transplant. Older donors, cardio-
cerebrovascular cause of death and extended pres-
ervation times were associated with significantly 
higher rates of graft loss. This effect was more ex-
tensive in the pancreas graft, and had a lower im-
pact on the kidney graft. 

The type of duct management had no impact on 
pancreas outcome, but enteric drainage in SPK 

transplants provided significantly better kidney 
function. 

A previous kidney transplant in SPK or more 
than one previous kidney transplant in PAK had 
no impact on pancreas graft outcome. 

The analyses showed that the use of depleting 
antibody therapy for induction, TAC in combina-
tion with MMF and sirolimus-based immunosup-
pressive protocols for maintenance, were prefer-
able. A steroid-free protocol showed no impact on 
outcome for the SPK pancreas graft, but was asso-
ciated with a significantly increased risk of SPK 
kidney graft loss (Table A6). 

Center volume had a significant impact on both 
pancreas and kidney GSR. The results in medium- 
to high-volume centers were better than in low-
volume centers. 

A similar impact of the different risk factors 
could be found in solitary pancreas transplants. 
The risk of graft loss decreased with increasing re-
cipient age. The RR to lose the graft was almost 

 
 
Figure 6. Causes of pancreas graft failure for transplants performed between 2010 and 2014, 0 to <3 months transplant (A), 3 
to < 12 months posttransplant (B), and 1 to 5 years posttransplant (C). Abbreviations: Chron – chronic, Flr – failure, Fx – func-
tion, Fxn – functional, Pmy – primary, Rej – rejection. 
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60% higher in recipients un-
der 30 years of age and 23% 
lower in recipients over 45 
years of age compared to the 
30 to <45 age group. 

Figure 7 shows a suba-
nalysis of type 1 diabetes re-
cipients with depleting anti-
body induction therapy and 
a maintenance protocol of 
TAC in combination with 
MMF and age at transplant. 
This analysis shows the 
positive correlation between 
age at transplant and 1-year 
pancreas graft function. This 
effect was much more pro-
nounced in solitary trans-
plants and less evident in 
the SPK category. 

When only patients with 
graft function at one year 
were included in the Cox-
regression analysis, the im-
pact of the different risk fac-
tors changed. The only re-
maining significant factor for improved SPK pan-
creas graft function was the usage of depleting an-
tibody induction therapy, which reduced the RR by 
31%. Younger age remained a risk factor, but with 
much less impact (p = 0.08). For SPK kidney graft, 
young age remained the most significant risk fac-
tor, with an increased RR of 1.76 (p = 0.001). Male 
recipients had a significantly better outcome than 
female recipients (RR = 0.72, p = 0.001). The main-
tenance protocol of TAC and MMF reached signifi-
cance with a RR of 0.66 (p = 0.02). In functioning 
solitary pancreas transplants at one year post-
transplant, the most significant factor remaining 
was again young age, which significantly increased 
the risk for graft loss. It was noteworthy that the 
risk significantly decreased in enteric drained 
PTA, with an RR risk reduction of >50%. 

3.7 Early technical failures 

Between 2005-09 and 2010-14, the incidence of 
technical failure decreased significantly in all 3 
categories (Figure 8). The technical failure rates 
for solitary transplants in 2005-09 were signifi-
cantly higher than for SPK (Table A7, in the Ap-
pendix); this difference was not significant in 
2010-14. The difference between SPK and solitary 
transplants may be due to a higher number of mis-
classifications of early immunologic graft loss, 

falsely declared as technical failure (graft throm-
bosis). Of interest is the small technical SPK kid-
ney graft loss rate in comparison to the SPK pan-
creas (Figure 8). A reduction in the rate of kidney 
graft technical failures was also noted (p = 0.06). 

Table A7 shows the most common reasons for 
early technical pancreas graft failures. Graft loss 
due to graft thrombosis remains the major problem 
in all 3 categories. While the rate of graft thrombo-
sis decreased in all 3 categories, the decline 
reached significance in SPK only. Also, the rate of 
early pancreatitis declined significantly in SPK 
(Table A7). The incidence of graft loss due to an-
astomotic leakage and bleeding did not change 
over the analyzed time in all 3 categories; it re-
mained very low, similar to complications of pro-
curement injuries. 

A comparison of the impact of the duct man-
agement technique on technical outcome showed 
that the technical failure rate further declined sig-
nificantly in enteric drained pancreas transplants. 
The technical failure rate was in general slightly 
lower in bladder drained transplants, but re-
mained unchanged over time in all 3 categories. 
The use of enteric drainage still presented a higher 
risk in SPK, but not in PAK and PTA. In 2005-09, 
enteric drainage in SPK was associated with a sig-
nificantly increased technical failure rate, but the 
difference was no longer statistically significant in 

 
 

Figure 7. One-year pancreas graft function with 95% confidence intervals by re-
cipient age for recipients with type 1 diabetes with induction therapy and main-
tenance with TAC and MMF. 
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2010-14. In 2010-14, the technical failure rate for 
enteric drained SPK transplants was 5.1% com-
pared to 3.2% for bladder-drained transplants (p = 
0.18). 

Table A8 (in the Appendix) shows the multi-
variate risk factor analysis for graft failure due to 
graft thrombosis. As in the univariate analysis, the 
reduction of graft thrombosis can be found in all 3 
categories, but it reached significance in SPK only. 
A decrease in the risk of thrombosis with an in-
crease in age was noted. Obesity remained a risk 
factor in all 3 categories, but again reached signifi-
cance in SPK only. Obese SPK recipients carried a 
53% higher relative risk of graft thrombosis. 

Factors of donor quality revealed a much 
stronger impact in SPK recipients than in solitary 
transplants. Especially, donor cause of death and 
extended preservation time were associated with 
an increased risk of graft thrombosis. Solitary 
transplants do not have to compete for a kidney 
graft, and one can therefore be more selective in 
the choice of the donor organ. Also, solitary pan-
creas transplant recipients already have a func-
tioning kidney at the time of transplant, and do 
not have to overcome acute tubular necrosis (ATN) 
of a simultaneously transplanted kidney. 

Enteric drained SPK transplants showed a sig-
nificantly higher risk for graft thrombosis than 
bladder drained SPK transplants, but no impact of 
duct management was found in solitary trans-
plants. 

In all 3 categories, factors which 
have an impact on immunological graft 
loss showed an effect on graft thrombo-
sis in this model. PRA level and type of 
maintenance immunosuppression 
reached significance in SPK, mainte-
nance immunosuppression, in solitary 
transplants. 

In all 3 categories, the risk of graft 
thrombosis was lower in high versus 
low volume centers, but this trend was 
only significant for solitary transplants. 

3.8 Immunological graft loss 

Our analysis of immunologic pan-
creas graft loss was limited to the first 
3 years post-transplant. The differences 
in outcome between the 3 transplant 
categories were mainly due to in-
creased rates of immunologic graft loss 
in PTA and PAK compared to SPK (p < 
0.0001). The immunologic graft loss 
rate was significantly lower in the SPK 

pancreas than in solitary pancreas transplants. In 
2010-14, the rates of immunological graft loss de-
creased significantly in SPK pancreas transplants 
(Figure 9A) from 5.7% to 4.3% at 3 years post-
transplant. The same trend could be seen in PAK 
(Figure 9B): at 3 years post-transplant, the im-
munologic loss decreased from 14.2% to 8.4%. Only 
in PTA, no change could be detected (Figure 9C). 
In 2010-14, the reported immunologic 1-year graft 
loss rate for PAK was 4.0%, for PTA 4.7%, and for 
SPK 1.2%. While for the first 6 months, the immu-
nologic graft loss rates for PAK and PTA were still 
comparable, at 1.4% and 1.9%, the long-term dif-
ference between the two groups became highly 
significant (p = 0.01). The results in the PAK cate-
gory approached the excellent results in SPK. 

The immunologic loss for the SPK kidney is 
very low. It decreased from 0.8% to 0.6% at 1-year 
post-transplant (p = 0.018). At 3 years post-
transplant, the immunologic kidney graft loss rate 
was below 3%. 

The multivariate risk factor analysis confirmed 
a significant decrease in immunologic pancreas 
graft losses for SPK and PAK in 2010-14, but not 
for PTA (Table A9, in the Appendix). Again, a 
highly significant correlation between decreasing 
age and increasing immunologic risk was found in 
all 3 categories. Of special interest was the pro-
nounced risk in PTA, where the immunological 
graft loss rate in younger recipients remained ex-
tremely high. Recipient and donor gender, donor 

 
 
Figure 8. Rate of early technical failures in deceased donor primary 
pancreas transplants for the major recipient category, 2005-2009 
and 2010-2014. 
 



 

Pancreas Transplantation 2005-2014 The Review of DIABETIC STUDIES  47 
  Vol. 13 ⋅ No. 1 ⋅ 2016 
 

www.The-RDS.org  Rev Diabet Stud (2016) 13:35-58  

cause of death, and sensitization of the recipients 
did not have a significant impact, but older donor 
age carried a significantly higher RR of graft loss 
in SPK transplant. HLA-A and -B mismatching 
did not impact the immunologic risk in all 3 cate-
gories. Only a full HLA-DR mismatch resulted in a 
significantly higher risk of SPK. The effect of HLA 
mismatching did not reach significance in PTA. 

In our analysis, enteric drainage was associated 
with a lower RR in all 3 categories, but this result 
did not reach significance. 

The use of non-depleting antibodies for induc-
tion therapy did not reach significance in SPK, but 
showed a negative effect in solitary transplants. 
The maintenance protocol of TAC in combination 
with MMF- and sirolimus-based protocols achieved 
excellent outcomes in all 3 categories. The use of a 
steroid-free protocol did not show a significant im-
pact on outcome. Center volume did not influence 

the risk of immunologic graft loss in any of the 3 
categories. 

4. Results of non-US transplants 

As shown in Figure 1, the number of pancreas 
transplants outside the US started to increase 
around 10 years later than in the US. But in con-
trast to the US, the number of transplants kept in-
creasing, and new programs have been started in 
many countries. Table A10 (in the Appendix) 
shows the newest developments in pancreas 
transplant by continent/region over the last dec-
ade. 

North America is still leading, with the highest 
number of pancreas transplants, but the number 
of transplants declined overall by 21% during 
2010-14. This decline was due to significantly 
fewer transplants in the US and Canada. There 

 
 
Figure 9. Immunological graft loss for technically successful primary deceased donor transplants, performed 2005-2009 and 
2010-2014, with SPK (A), PAK (B), and PTA (C). 
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were only very few transplants performed in Mex-
ico and Cuba. 

Next to the US, Europe reported the most pan-
creas transplants. The overall number of pancreas 
transplants in Europe further increased by 9% in 
2010-14. While the transplant numbers of most 
European countries remained stable, the Scandi-
navian countries Sweden, Norway, and Finland 
showed a significant increase in pancreas trans-
plants. The United Kingdom, Portugal, Poland, 
and the Czech Republic also recorded an increase 
in pancreas transplants over the last decade, but 
in Austria, Italy and Belgium a significant de-
crease was recorded. 

After the initial strong growth of transplants in 
South America, no further expansion was noted. 
While the programs in Argentina were further 
growing, the numbers in Brazil went slightly 
down. In Chile, Peru, Colombia, and Uruguay, few 
pancreas transplants were performed. 

An increase in pancreas transplants was also 
seen in the West-Pacific region, with Japan and 
South Korea recording the highest increase. The 
numbers of pancreas transplants in Australia re-
mained stable. In New Zealand, between 1 and 3 
pancreas transplants were performed per year 
only. 

In the Eastern 
Mediterranean re-
gion, the transplant 
activity is slowly in-
creasing. Most of 
the reported pan-
creas transplants 
came from Iran 
which recorded be-
tween 20 and 30 
pancreas trans-
plants per year. The 
number of pancreas 
transplants in Is-
rael remained sta-
ble over the last 
decade, while the 
number in Turkey 
decreased. 

Pancreas trans-
plants in Africa 
were performed in 
South Africa only. 
The number of 
transplants re-
mained stable, with 
about 10 trans-
plants per year. 

Only very incomplete information was available 
for the South-East Asia region, preventing a com-
prehensive analysis. In Taiwan, around 10 pan-
creas transplants were performed per year. 

Figure 10 shows the number of pancreas 
transplants per country in relation to the number 
of population in 2013. In Scandinavia, the highest 
rates of pancreas transplants were recorded in 
Norway and Sweden, and to a lesser degree in 
Finland, indicating excellent access for the respec-
tive populations. The number of transplants in re-
lation to the size of the population was also very 
high in the United Kingdom. The US, when ad-
justed for population size, was ranked 5th. 

While the rates of solitary pancreas transplants 
were reported to be around 20% in the US, they 
were significantly lower outside the US. There, the 
majority of pancreas transplants were performed 
in combination with a simultaneous kidney graft. 
In most countries, the rates of solitary transplants 
account for less than 10% of all pancreas trans-
plants. 

Since the reporting for non-US transplants was 
not complete at the time of analysis, we have not 
published outcome results in this report. An initial 
analysis of the reported data showed comparable 
patient and graft survival rates. 

 
 

Figure 10. Number of pancreas transplants per million population by country in 2013. 
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5. Discussion 
A plethora of literature exists by now demon-

strating that whole organ pancreas transplanta-
tion is the best short- and long-term treatment op-
tion for patients with labile insulin-dependent dia-
betes mellitus for achieving good metabolic control 
and avoiding or ameliorating secondary complica-
tions of diabetes [2-4]. Yet, despite significant and 
ongoing improvements in outcome, the number of 
pancreas transplants in the US surprisingly con-
tinued to decline. This decline was most pro-
nounced in the PAK category, in which, of all cate-
gories, the results had improved the most. In the 
2010-14 era, 16 US transplant centers stopped per-
forming PAK transplants, while the number of 
centers performing SPK transplants and PTAs 
remained stable. 

However, this US-specific trend is balanced by 
a significant increase in the number of pancreas 
transplants outside of the US, primarily in Europe 
and Asia. Of particular interest is the current de-
velopment in the United Kingdom. It has one of 
the highest pancreas transplant rates per popula-
tion in the world, despite the fact that pancreas 
and islet transplant candidates are placed on the 
same waitlist, and compete for the same organ [5]. 
Because outcome data for non-US cases were not 
complete at the time of analysis, survival data 
were presented in this report for US cases only. 

This IPTR analysis not only confirmed the re-
sults of previous registry reports, but also showed 
new or refined findings. In the US, the time on the 
waitlist for an SPK transplant, even with the re-
cent changes in organ allocation, was significantly 
longer than for a solitary pancreas transplant. The 
SPK transplant waiting time remained associated 
with a significantly higher mortality risk and rate 
than for solitary pancreas transplant candidates 
without end-stage renal disease (ESRD). Also, the 
surgical risk of the dual transplant remained 
higher than its post-transplant mortality, the lat-
ter in part because of the advanced secondary dia-
betic complications. 

Therefore, a solitary pancreas transplant 
should be considered early in the life of a brittle 
diabetic patient and before the development of 
ESRD [6, 7]. However, there is reluctance to rec-
ommend a solitary pancreas transplant before the 
development of secondary complications because 
many physicians still believe that exogenous insu-
lin administration outweighs the surgical risks 
and the risk of post-transplant immunosuppres-
sion. But the facts are in favor of pancreas trans-
plantation: 1-year patient survival is >95% and 

graft survival is at 80%, all achieved in conjunc-
tion with normoglycemia and absence of wide glu-
cose oscillations, including hypoglycemic episodes 
and hypoglycemic unawareness. With the im-
provement in patient management and surgical 
techniques, life-threatening infections due to im-
munosuppression and technical failures have be-
come very rare, and compare very favorably with 
the morbidity and mortality of non-transplanted 
brittle diabetics [7-9]. 

If ESRD has already developed, and a living 
kidney donor is available, the possibility of a PAK 
transplant should be discussed with the patient to 
prevent dialysis or significantly shorten the time 
on dialysis. Time on dialysis does not only increase 
mortality on the waitlist, but also post-transplant. 

The most important reasons for the improved 
patient and graft survival in the most recent 2010-
14 era were: 

 
1. Over the last decade, the recipients in all 3 

categories were older, and therefore had a 
lower immunologic risk of graft loss. 

2. In the PTA category, a significant decrease 
for an additional kidney transplant was 
noted, and in the PAK category, the function 
of the previously transplanted kidneys im-
proved. The same trend was noted in SPK 
kidney function. In all 3 categories, the im-
proved kidney function was most likely the 
result of refinements in immunosuppression. 

3. Better selection of pancreas donors. The 
trend was clearly towards younger and 
healthier donors. 

 
With the decrease in overall pancreas trans-

plant numbers, not only a change to younger and 
better pancreas donors was observed, but also a 
trend towards risk minimization. This is also re-
flected by the fact that the average preservation 
time decreased significantly in all 3 categories. 

Enteric drainage is now used in over 80% of all 
pancreas transplants, and no overall negative ef-
fects of this technique were found. Technical com-
plications seem to be slightly higher in enteric 
drained transplants only. Drainage of the donor 
venous system into the recipient portal vein fur-
ther declined, and was used in less than 20% of all 
enterically drained transplants. 

TAC in combination with MMF and antibody 
induction therapy was the most widely used proto-
col, providing excellent results. Induction therapy 
was given in the vast majority of transplants. 

The use of steroid-free maintenance protocols 
increased. However, while no negative effect on 
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pancreas outcome was noted, there seems to be an 
increased relative risk for long-term kidney graft 
loss in SPK. 

Late immunologic graft loss rates showed a 
lower frequency in SPK than in solitary trans-
plants, but the difference in long-term outcome, 
especially between PAK and SPK, was small. 

While some risk factors became less important 
during the reporting periods (such as duct man-
agement, technique, or preservation time), others 
gained in importance (age at transplant, center 
volume). The rate of African American and His-
panic recipients increased significantly, particu-
larly in the SPK category; their transplant results 
were similar to that in white recipients. The rate 
of type 2 diabetes as reason for SPK transplants 
increased significantly in 2010-14. With the de-
cline in overall numbers of pancreas transplants, 
we also noted a decline in the number of trans-
plants within centers. The overall number of cen-
ters remained somewhat stable but, as mentioned, 
the number of transplants per center declined. 

There is a broad geographic variation in the in-
cidence of type 1 diabetes. The predominance of 
pancreas transplantation in the US and Europe 
remained, primarily because of the increased fre-
quency of type 1 diabetes in these continents [10]. 
Particularly in Scandinavian countries, the rate of 
type 1 diabetes is very high, which also explains 
the high rate of pancreas transplants in these 
countries. In contrast, in many African and Asian 
countries, the risk of type 1 diabetes is much 
lower, and therefore pancreas transplant has not 
yet been introduced. 

Type 2 diabetes is rapidly increasing all over 
the world. It will be seen if pancreas transplanta-
tion will become a more frequent procedure in type 
2 diabetes in the future. 

Since outcome reporting is not obligatory out-
side the US, exact graft survival rates in various 
parts of the world remain somewhat unclear. For 
those that were reported, the outcome results were 
remarkably similar to those in the US. 
Disclosures: The authors report no conflict of interests. 
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Table A1. Characteristics for primary deceased donor pancreas transplant recipients, transplanted 2005-2009 and 2010-2014 
 

 SPK PAK PTA 
 2005-09 2010-14 p 2005-09 2010-14 p 2005-09 2010-14 p 
# of primary Tx (%) 4,266 (75) 3,797 (82)  955 (17) 439 (10)  472   (8) 381   (8)  
Diabetes type 
 Type 1 
 Type 2 
 Other 

 
4,004 (94) 
   225   (6) 
       7   (0) 

 
3,464 (91) 
   327   (9) 
       6   (0) 

<0.0001  
914 (96) 
  34   (4) 
    7   (1) 

 
417 (95) 
  19   (4) 
    3   (1) 

0.78  
444 (94) 
  18   (4) 
  10   (2) 

 
352 (95) 
  17   (4) 
  12   (1) 

0.56 

Recipient age (yr)           
    <30 
 30-44 
 45-59 
 ≥ 60 

   308   (7) 
2,362 (55) 
1,541 (36) 
     55   (1) 

   299   (8) 
2,004 (53) 
1,437 (38) 
     57   (1) 

0.21   54   (6) 
508  (53) 
375 (39) 
  18   (2) 

  27   (6) 
210 (48) 
189 (43) 
  13   (3) 

0.22   73 (15) 
215 (46) 
170 (36) 
  14 (  3) 

  41 (11) 
156 (41) 
162 (43) 
  22   (6) 

0.03 

Gender          
 Male 2,702  (63) 2,352   (62) 0.20 548   (57) 263  (60) 0.37 193   (41) 144  (38) 0.36 
Race          
 White 
 Black 
 Hispanic 
 Asian 
 Native American 
 Pacific Island 
 Multi/Other 

3,059 (72) 
   695 (16) 
   311   (7) 
     56   (1) 
     23   (1) 
       8   (0) 
   114   (3) 

2,404 (63) 
   792 (21) 
   433 (11) 
     76   (2) 
     27   (1) 
     14   (0) 
     51   (1) 

<0.0001 795 (83) 
  78   (8) 
  45   (5) 
    5   (1) 
    3   (0) 
    0   (0) 
  29  ( 3) 

330  (75) 
  44 (10) 
  49 (11) 
    3   (1) 
    6   (1) 
    0   (0) 
    7   (2) 

<0.0001 447  (95) 
  15   (3) 
    6   (1) 
    0   (0) 
    1   (0) 
    0   (0) 
    3   (1) 

345  (91) 
  20    (5) 
  13   (3) 
    1   (0) 
    1   (0) 
    0   (0) 
    1   (0) 

0.12 

Body mass index 
 < 18.5 (underw.) 
 18.5-24.9 (normal) 
 25-29.9 (overw.) 
 ≥ 30 (obese) 
 Missing 

 
   108   (3) 
2,165 (51) 
1,455 (34) 
   521 (12) 
     17  

 
     94   (2) 
1,868 (49) 
1,381 (36) 
   450 (12) 
       4  

0.25  
  18   (2) 
441 (47) 
358 (38) 
125 (13) 
  13 

 
  13   (3) 
190 (43) 
164 (37) 
  71 (16) 
    1  

0.25  
  16   (3) 
215 (46) 
173 (37) 
  61 (13) 
    7  

 
    7   (2) 
166 (44) 
157 (41) 
  51 (13) 
    0  

0.36 
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Table A1 continued 
 

 SPK PAK PTA 
 2005-09 2010-14 p 2005-09 2010-14 p 2005-09 2010-14 p 
Recent PRA (%)          
 0-19 
 ≥ 20 
 Missing 

3,807 (92) 
   332   (8) 
   127  

3,019 (87) 
   469 (13) 
   309  

<0.0001 844 (92) 
  72   (8) 
  39  

357 (87) 
  53 (13) 
  29  

0.004 406 (91) 
  42   (9) 
  24  

266 (75) 
  90 (25) 
  25  

<0.0001 

eGFR 
    0 - 14.9 
 15 - 29.9 
 30 - 59.9 
 60 - 89.9 
 90 + 
 Missing 

 
3,728 (87) 
   475 (11) 
     48   (1) 
       7   (0) 
       3   (0) 
       5  

 
3,424 (90) 
   341   (9) 
     23   (1) 
       4   (0) 
       0   (0) 
       5  

0.0004  
    0   (0) 
  18   (2) 
365 (46) 
349 (44) 
  62   (8) 
161  

 
    0   (0) 
    6   (2) 
163 (44) 
176 (47) 
  29   (8) 
  65  

0.70  
    0 (  0) 
    3 (  1) 
  76 (16) 
186 (40) 
198 (43) 
    9  

 
    0   (0) 
    2   (1) 
  38 (10) 
136 (36) 
197 (53) 
    8  

0.01 

Time to Tx (d) 
      0 - 29 
   30 - 179 
 180 - 359 
 360 + 

 
   433 (10) 
1,353 (32) 
   942 (22) 
1,538 (36) 

 
   315   (8) 
1,182 (31) 
   859 (23) 
1,441 (38) 

0.02  
  91 (10) 
278 (29) 
224 (23) 
362 (38) 

 
  30   (7) 
  97 (22) 
106 (24) 
206 (47) 

0.003  
  83 (18) 
208 (44) 
  98 (21) 
  83 (18) 

 
  71 (19) 
139 (36) 
  88 (23) 
  83 (22) 

0.14 

 

Legend: eGRF – estimated glomerular filtration rate, PAK – pancreas after kidney transplantation, PRA – panel reactive antibody, PTA – pan-
creas transplantation alone, SPK – simultaneous pancreas kidney transplantation, Tx – transplantation. 

Table A2. Deceased donor (DD) characteristics for pancreas transplants, 2005-2009 and 2010-2014 
 

 SPK PAK PTA 
 2005-09 2010-14     p 2005-09 2010-14    p 2005-09 2010-14    p 
# of primary Tx (%) 4,266 (75) 3,797 (82)  955  (17) 439 (10)  472    (8) 381   (8)  
Donor age (yr)           
 <15 
 15-29 
 30-44 
 45 -59 

   287   (7) 
2,716 (64) 
   975 (23) 
   288   (7) 

   260   (7) 
2,543 (67) 
   869 (23) 
   125   (3) 

 
<0.0001 

  65   (7) 
652 (68) 
194 (20) 
  44   (5) 

  40   (9) 
302 (69) 
  89 (20) 
    8   (2) 

 
0.039 

  42   (9) 
307 (65) 
  94  (20) 
  29   (6) 

  39 (10) 
262 (69) 
  66  (17) 
  14   (4) 

 
0.25 

Donor gender          
 Male 2,935 (69) 2,652 (70) 0.31 673 (70) 311 (71) 0.88 317 (67)  245  (64) 0.38 
Donor race          
 White 
 Black 
 Hispanic 
 Asian 
 Native American 
 Other/multi 
 Missing 

2,753 (65) 
   758 (18) 
   526 (12) 
     78   (2) 
     20   (0) 
   131   (3) 
       0  

1,926 (62) 
   594 (19) 
   415 (13) 
     65   (2) 
     11   (0) 
     92   (3) 
   694  

 
 
 
0.32 

637 (67) 
138 (14) 
146 (15) 
  15   (2) 
     1   (0) 
  18   (2) 
    0  

236 (61) 
  73 (19) 
  56 (14) 
  11   (3) 
    3   (1) 
    8   (2) 
  52  

 
 
 
0.08 

333 (71) 
  67 (14) 
  49 (10) 
    4   (1) 
    5   (1) 
  13  (  3) 
    0   

205 (67) 
  52 (17) 
  40 (13) 
    5   (2) 
    1   (0) 
    4   (1) 
  74  

 
 
 
0.31 

Preservation time (hr)           
 0-<12 
 12-23 
 ≥ 24 
 Missing 

2,099 (54) 
1,712 (44) 
     75   (2) 
   380  

2,275 (63) 
1,294 (36) 
     50   (1) 
   178  

 
<0.0001 

427 (52) 
379 (46) 
  21   (2) 
128  

234 (58) 
168 (42) 
    2   (0) 
   35  

 
0.01 

204 (50) 
202 (49) 
    6   (1) 
  45  

179 (53) 
155 (46) 
    2   (1) 
  45  

 
0.34 

DCD    124   (3)     111  (3) 0.96   10   (1)      1   (0) 0.11   14   (3)   11   (3) 0.94 
Donor cause of death 
 Trauma 
 CCV 
 CNS tumor 
 Missing 

 
3,296 (78) 
   881 (21) 
     22   (1) 
     67  

 
2,945 (79) 
   783 (21) 
    12   (0) 
    57  

 
 
0.38 

 
732 (78) 
205 (22) 
    2   (0) 
  16 

 
335 (78) 
  94 (22) 
    0   (0) 
   10 

 
 
0.63 

 
349 (75) 
114 (25) 
    2   (0) 
    7  

 
279 (76) 
  79 (22) 
    8   (2) 
  15  

 
 
0.05 

Body mass index 
 < 18.5 (underweight) 
 18.5-24.9 (normal) 
 25-29.9 (overweight) 
 ≥ 30 (obese) 
 Missing 

 
   165   (4) 
2,262 (57) 
1,210 (30) 
   341   (9) 
   288  

 
   160   (5) 
2,031 (57) 
1,089 (31) 
   257   (7) 
   260  

 
 
 
0.19 

 
  31   (3) 
502 (56) 
298 (34) 
  59   (7) 
  65  

 
  14   (3) 
240 (60) 
126 (32) 
  19   (5) 
  40  

 
 
 
0.46 

 
  11   (3) 
265 (62) 
125 (29) 
  29   (7) 
  42  

 
  16   (5) 
210 (61) 
108 (32) 
    8   (2) 
  39   

 
 
 
0.01 
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Table A2 continued 
 

 SPK PAK PTA 
 2005-09 2010-14    p 2005-09 2010-14   p 2005-09 2010-14    p 
HLA-A, -B, -DR MM 
 0 
 1 
 2 
 3 
 4 
 5 
 6 
 Missing 

 
     49   (1) 
     20   (0) 
   151   (4) 
   537 (13) 
1,120 (26) 
1,511 (35) 
   870 (20) 
       8 

 
     25   (1) 
     16   (0) 
   124   (3) 
   443 (12) 
1,025 (27) 
1,343 (36) 
   800 (21) 
      21   

 
 
 
 
0.25 

 
    9   (1) 
  23   (2) 
  36   (4) 
172 (18) 
242 (25) 
310 (32) 
162 (17) 
     1  

  
    1   (0) 
    7   (2) 
  24   (6) 
  70 (16) 
102 (24) 
153 (36) 
  74 (17) 
     8  

 
 
 
 
0.34 

 
    6    (2) 
  11    (3) 
  84    (9) 
132  (20) 
125  (21) 
144  (20) 
  77  (16) 
     1   

 
    5    (1) 
    7    (2) 
  29    (8) 
  65  (17) 
  95  (25) 
104  (28) 
  73  (19) 
     3  

0.91 

Rec./donor CMV status 
- /- 
- /+ 
+ /- 
+ /+ 

 Missing 

 
   809 (20) 
1,261 (31) 
   710 (18) 
1,225 (31) 
   261  

 
   726 (20) 
1,046 (28) 
   743 (20) 
1,195 (32) 
     87  

 
 
 
0.002 

 
170 (19) 
246 (28) 
180 (20) 
292 (33) 
  67  

 
  66 (15) 
110 (26) 
113 (26) 
139 (32) 
  11  

 
 
 
0.06 

 
112 (25) 
129 (29) 
  91 (20) 
120 (27) 
  20  

 
  86 (23) 
124 (33) 
  65 (18) 
  97 (26) 
    9  

 
 
 
0.47 

 

Legend: CCV – cerebro-cardiovascular, CMV – cytomegalovirus, CNS – central nervous system, DCD – donation after cardiac death, HLA – 
human leukocyte antigen, PAK – pancreas after kidney transplantation. 

Table A3. Transplant characteristics for primary deceased donor pancreas transplants, 2005-2009 and 2010-2014 
 

 SPK PAK PTA 
 2005-09 2010-14    p 2005-09 2010-14   p 2005-09 2010-14   p 
# of primary Tx (%) 4,266 (75) 3,797 (82)  955 (17) 439 (10)  472   (8) 381   (8)  
Tx center volume          
 Low 
 Medium 
 Large 

1,765 (46) 
1,033 (27) 
   999 (26) 

1,805 (48) 
   836 (22) 
1,123 (30) 

 
0.005 

468 (49) 
205 (21) 
282 (30) 

231 (53) 
  87 (20) 
121 (27) 

 
0.45 

110 (23) 
107 (23) 
255 (54) 

  98 (26) 
  91 (24) 
192 (50) 

 
0.56 

Duct management          
 Enteric drainage 
 Bladder drainage 
 Duct injection 
 Other 
 Missing 

3,742 (90) 
   375   (9) 
     46   (1) 
       1   (0) 
   102 

3,421 (91) 
   299   (8) 
     20   (1) 
       0   (0) 
    57 

 
 
0.009 

793  (84) 
129  (14) 
  18    (2) 
    0    (0) 
  15 

386 (89) 
  34   (8) 
  13   (3) 
    0   (0) 
    6 

 
 
0.004 

364 (78) 
  99 (21) 
    5   (1) 
    1   (0) 
    3 

333 (89) 
  43 (11) 
    0   (0) 
    0   (0) 
    5 

 
 
0.0002 

Venous mgmt in ED Tx          
 Systemic 
 Portal 
 Missing 

2,984 (80) 
   744 (20) 
    14 

2,661 (78) 
   751 (22) 
       9   

0.03 662 (84) 
130 (18) 
    1 

344 (89) 
  41 (11) 
    1 

0.009 311 (86) 
  52 (14) 
    1 

290 (87) 
  42 (13) 
    1  

0.52 

Induction therapy          
 None 
 Non-depleting AB 
 Depleting AB 
 Both 
 Missing 

   701 (17) 
   482 (12) 
2,892 (69) 
   111   (3) 
     80  

   359 (10) 
   308 (  8) 
2,902 (79) 
   121   (3) 
   107  

 
 
<0.0001 

193 (21) 
  81   (9) 
638 (69) 
  10   (1) 
  33  

  49 (11) 
  23   (5) 
349 (82) 
    3   (1) 
  15  

 
 
<0.0001 

  55 (12) 
  23   (5) 
373 (81) 
    7   (2) 
  14  

  23   (6) 
  24   (7) 
307 (85) 
    8   (2) 
  19  

 
 
0.037 

Maintenance protocol 
 Tac & MMF 
 Tac alone 
 MMF alone 
 Srl-based 
 Other 
 None 
 Missing 

 
3,433 (83) 
   125   (3) 
   101   (2) 
   465 (11) 
       9   (0) 
     48 
     85  

 
2,939 (79) 
   467 (13) 
     59   (2) 
   193   (5) 
     22   (1) 
       7 
   110  

 
 
 
 
<0.0001 

 
710 (79) 
  30   (3) 
  51   (6) 
105 (14) 
    5   (4) 
  17 
  37  

 
344 (81) 
  47 (11) 
    7   (2) 
  24   (6) 
    1   (1) 
    1 
  15  

 
 
 
 
<0.0001 

 
313 (72) 
  17   (4) 
  14   (3) 
  93 (21) 
    0   (0) 
  21 
  14  

 
254  (71) 
  36  (10) 
    7    (2) 
  57  (15) 
    4    (1) 
    5 
  19  

 
 
 
 
0.002 

Steroid-free protocol 
 Yes  
 No 
 Missing 

 
1,085 (28) 
2,855 (72) 
   326   

 
   966 (27) 
2,601 (73) 
   230   

 
 
0.65 

 
284 (33) 
569 (67) 
102   

 
150  (37) 
259  (63) 
  30   

 
 
0.23 

 
235 (55) 
194 (45) 
  43   

 
159 (46) 
188 (54) 
  16   

 
 
0.01 

 

Legend: AB – antibody, ED – enteric drainage, MMF – mycophenolate mofetil, PAK – pancreas after kidney transplantation, PTA – pancreas 
transplantation alone, SPK – simultaneous pancreas kidney transplantation, Srl – sirolimus, Tac – tacrolimus, Tx – transplantation. 
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Table A4. Patient survival after primary deceased donor pancreas transplants, 2005-2009 and 2010-2014 
 

 SPK PAK PTA 
 2005-09 2010-14 p 2005-09 2010-14 p 2005-09 2010-14 p 
# of primary Tx (%) 4,266 (75) 3,797 (82)  955 (17) 439 (10)  472   (8) 381   (8)  
Patient survival (%)          
 3 mo 
 6 mo 
 1 yr 
 2 yr 
 3 yr 
 5 yr 

97.7 
96.8 
95.7 
94.5 
93.3 
89.8 

98.7 
98.8 
96.3 
95.7 
94.9 

- 

 
0.0004 

 

98.7 
97.5 
96.4 
95.5 
93.1 
88.8 

99.2 
98.7 
97.9 
96.0 
94.5 

- 

 
0.40 

 

98.9 
98.2 
97.5 
94.5 
93.3 
89.8 

99.4 
98.8 
96.3 
95.7 
94.9 

- 

 
0.65 

 

 

Legend: PAK – pancreas after kidney transplantation, PTA – pancreas transplantation alone, SPK – simultaneous pancreas kidney transplan-
tation, Tx – transplantation. 
 

Table A5. Relative risk (RR) for patient death for primary deceased donor (DD) pancreas transplants, 2005-2009 and 2010-2014. 
 

 SPK PAK PTA 
 RR (95% CI) p RR (95% CI) p RR (95% CI) p 
Era 
 2005-09 
 2010-14  

 
1.00 
0.78 (0.63 - 0.97) 

0.03  
1.00 
0.95 (0.51 - 1.74) 

0.86  
1.00 
0.99 (0.46 - 7.10) 

0.97 

Recipient age 
 15 - 29 
 30 - 44 
 ≥45  

 
0.80 (0.56 - 1.21) 
1.0 
1.58 (1.31 - 1.99) 

<0.0001  
1.01 (0.41 - 2.04) 
1.00 
1.69 (0.88 - 2.87) 

 
0.11 

 
2.43 (0.85 - 6.09) 
1.00 
2.97 (1.29 - 6.79) 

 
0.03 

Recipient gender 
 Female 
 Male 

 
1.00 
0.93 (0.76 - 1.44) 

0.50  
1.00 
0.75 (0.59 - 1.22) 

0.24  
1.00 
0.93 (0.46 - 1.89) 

0.84 

Recipient race 
 Other 
 African American 

 
1.00 
0.90 (0.69 - 1.18) 

0.59  
1.00 
1.30 (0.63 - 2.84) 

0.50  
- 
- 

 

Diabetes type 
 Type 1 
 Type 2 

 
1.00 
0.90 (0.60 - 1.31) 

0.62  
1.00 
0.97 (0.35 - 2.70) 

0.96  
1.00 
0.29 (0.12- 0.71) 

0.005 

PreTx dialysis 
 No 
 Yes 

 
1.0 
1.44 (1.10 - 1.83) 

0.006  
- 
- 

  
- 
- 

 

Pancreas status 
 Functional 
 Failed 

 
1.00 
3.13 (2.51 - 3.89) 

<0.0001  
1.00 
4.65 (2.67 - 8.55) 

<0.0001  
1.00 
6.39 (2.87- 14.71) 

<0.0001 

Kidney status 
 Functional 
 Failed 

 
1.00 
18.04 (13.41 - 24.47) 

<0.0001  
1.00 
3.03 (1.15 - 7.57) 

0.02  
- 
- 

 

Kidney donor type  
 Deceased 
 Living 

 
- 
- 

  
1.00 
0.62 (0.36 - 1.02) 

0.07  
- 
- 

 

Kidney Tx 
 Primary 
 ReTx 

 
1.00 
1.37 (0.88 - 2.15) 

0.17  
1.00 
0.27 (0.04 - 1.94) 

0.19  
- 
- 

 

Center volume 
 Low 

Medium 
 High 

 
1.00 
0.84 (0.64 - 1.09) 
1.19 (0.95 - 1.50) 

0.047  
1.00 
1.18 (0.63 - 2.24) 
1.07 (0.62 - 1.89) 

0.86  
1.00 
0.61 (0.24 - 1.58) 
0.65 (0.30 - 1.41) 

0.47 

 

Legend: CI – confidence interval, PAK – pancreas after kidney transplantation, PreTx dialysis – dialysis prior to transplantation, PTA – pan-
creas transplantation alone, RR – relative risk, SPK – simultaneous pancreas kidney transplantation, Tx – transplantation. 
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Table A6. Overall relative risk (RR) for pancreas and pancreas/kidney graft failure for primary deceased donor (DD) pancreas transplants, 
2005-2009 and 2010-2014 
 

 SPK 
 Pancreas Kidney 

PAK PTA 

 RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p 

Era 
 2005-09 
 2010-14  

 
1.00 
0.83 (0.73 - 0.93) 

0.002  
1.00 
0.89 (0.76 - 1.05) 

0.17  
1.00 
0.73 (0.56 - 0.94) 

0.016  
1.00 
0.93 (0.68 - 1.26) 

0.63 

Recip. age (yr) 
 15 - <30 
 30 - <45 
 45 + 

 
1.26 (1.03 - 1.55) 
1.00 
1.01 (0.89 - 1.14) 

0.08  
1.86 (1.45 - 2.36) 
1.00 
1.08 (0.92 - 1.27) 

<0.0001  
1.46 (0.98 - 2.18) 
1.00 
0.81 (0.64 - 1.01) 

0.01  
1.56 (1.07 - 2.28) 
1.00 
0.77 (0.57 - 1.05) 

0.002 

Recip. gender 
 Female 
 Male 

 
1.00 
0.89 (0.79 - 0.99) 

0.04  
1.00 
0.84 (0.71 - 0.98) 

0.02  
1.00 
0.96 (0.77 - 1.19) 

0.70  
1.00 
0.75 (0.55 - 1.02) 

0.06 

Recipient race 
 Other 
 African Am. 

 
1.00 
1.08 (0.93 - 1.25) 

0.33  
1.00 
1.22 (1.01 - 1.47) 

0.04  
1.00 
0.97 (0.67 - 1.40) 

0.87  
1.00 
1.06 (0.53 - 2.11) 

0.86 

Recipient BMI 
 < 30 
        ≥ 30 

 
1.00 
1.44 (1.24 - 1.68) 

<0.0001  
1.00 
1.11 (0.89 - 1.39) 

0.34  
1.00 
0.99 (0.74 - 1.36) 

0.99  
1.00 
1.08.(0.73 - 1.59) 

0.71 

PRA 
 < 20% 
        ≥ 20% 

 
1.00 
1.36 (1.12 - 1.61) 

0.001  
1.00 
1.39 (1.10 - 1.77)  

0.007  
1.00 
0.92 (0.61 - 1.40) 

0.71  
1.00 
1.15 (0.78 - 1.70) 

0.48 

PreTx dialysis 
 No 
 Yes 

 
1.00 
0.97 (0.85 - 1.12) 

0.69  
1.00 
1.25 (1.02 - 1.52) 

0.03  
- 
- 

-  
- 
- 

- 

Donor age (yr) 
   0 - <15 
 15 - <30 
 30 - <45 
 ≥ 45 

 
0.71 (0.57 - 0.89) 
0.71 (0.62 - 0.82) 
1.00 
1.39 (1.09 - 1.77) 

<0.0001  
0.79 (0.58 - 1.07) 
0.86 (0.71 - 1.04) 
1.00 
1.16 (0.81 - 1.65) 

0.16  
0.63 (0.42 - 0.95) 
0.54 (0.42 - 0.71) 
1.00 
1.07 (0.56 - 2.04) 

<0.0001  
0.87 (0.51 - 1.49) 
1.01 (0.67 - 1.50) 
1.00 
0.96 (0.46 - 2.02) 

0.96 

Donor CoD 
 CCV 
 Trauma 

 
1.00 
0.80 (0.69 - 0.92) 

0.002  
1.00 
0.86 (0.71 - 1.04) 

0.12  
1.00 
0.99 (0.81 - 1.24) 

0.13  
1.00 
0.64 (0.44 - 0.91) 

0.013 

Donor gender 
 Female 
 Male 

 
1.00 
1.10 (0.96 - 1.24) 

0.16  
1.00 
1.01 (0.85 - 1.20) 

0.91  
1.00 
1.30 (1.00 - 1.69) 

0.047  
1.00 
1.25 (0.91 - 1.72) 

0.17 

Pres. time (hr) 
   0 - 11 
 12 - 23 
 ≥ 24 

 
1.00 
1.18 (1.06 - 1.33) 
2.38 (1.60 - 3.53) 

<0.0001  
1.00 
1.05 (0.90 - 1.22) 
2.48 (1.49 - 4.11) 

0.002  
1.00 
1.13 (0.91 - 1.41) 
0.90 (0.36 - 2.22) 

0.50  
1.00 
0.91 (0.69 - 1.22) 
3.51 (1.02 - 8.10) 

0.09 

Duct mgmt 
 BD 
 ED 

 
1.00 
0.89 (0.72 - 1.10) 

0.27  
1.00 
0.75 (0.58 - 0.98) 

0.03  
1.00 
1.02 (0.72 - 1.45) 

0.90  
1.00 
0.63 (0.45 - 0.89) 

0.008 

Kidney Tx 
 Primary 
 ReTx 

 
1.0 
1.03 (0.73 - 1.46) 

0.86  
1.0 
0.87 (0.53 - 1.43) 

0.57  
1.00 
0.96 (0.51 - 1.80) 

0.90  
- 
- 

- 

Depleting AB 
 No 
 Yes 

 
1.0 
0.81 (0.70 - 0.93) 

0.004  
1.0 
0.74 (0.61 - 0.90) 

0.002  
1.00 
0.81 (0.62 - 1.06) 

0.12  
1.00 
0.79 (0.20 - 0.41) 

0.40 

TAC & MMF 
 No 
 Yes 

 
1.0 
0.70 (0.59 - 0.83) 

<0.0001  
1.0 
0.55 (0.45 - 0.69) 

<0.0001  
1.0 
0.64 (0.48 - 0.85) 

0.002  
1.0 
0.29 (0.22 - 0.44) 

<0.0001 

Sirolimus 
 No 
 Yes 

 
1.0 
0.60 (0.46 - 0.80)) 

0.0004  
1.0 
0.62 (0.44 - 0.87) 

0.006  
1.0 
0.55 (0.35 - 0.87) 

0.01  
1.0 
0.26 (0.16 - 0.43) 

 
 

<0.0001 
 



 

Pancreas Transplantation 2005-2014 The Review of DIABETIC STUDIES  55 
  Vol. 13 ⋅ No. 1 ⋅ 2016 
 

www.The-RDS.org  Rev Diabet Stud (2016) 13:35-58  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A6 continued 
 

 SPK 
 Pancreas Kidney 

PAK PTA 

 RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p 
Rapid steroid WD 
 No 
 Yes 

 
1.0 
1.08 (0.95 - 1.23) 

0.25  
1.0 
1.23 (1.03 - 1.46) 

0.02  
1.0 
0.91 (0.71 - 1.16) 

0.45  
1.0 
1.44 (1.05 - 1.98) 

0.025 

Center volume 
 Low 
 Medium 
 High 

 
1.00 
0.86 (0.76-0.99) 
0.83 (0.72-0.96) 

0.02  
1.00 
0.80 (0.66-0.97) 
0.86 (0.70-1.05) 

0.054  
1.00 
0.70 (0.52-0.93) 
0.77 (0.58-1.02) 

0.025  
1.00 
1.31 (0.89-1.91) 
0.64 (0.45-0.93) 

0.0005 

 

Legend: AB – antibody, BMI – body mass index, CCV – cerebro-cardiovascular, CI – confidence interval, CoD – cause of death, mgmt – ma-
nagement, MMF – mycophenolate mofetil, PAK – pancreas after kidney transplantation, PRA – panel reactive antibody, PreTx dialysis – dialy-
sis prior to transplantation, PTA – pancreas transplantation alone, RR – relative risk, SPK – simultaneous pancreas kidney transplantation, Tac 
– tacrolimus, Tx – transplantation, WD – withdrawal. 
 

Table A7. Reasons for early technical failures for bladder and enteric drained primary deceased donor (DD) pancreas transplants, 2005-2009 
and 2010-2014 
 

Technical failure SPK PAK PTA 
 2005-09 2010-14 p 2005-09 2010-14 p 2005-09 2010-14 p 

Overall technical failure rate 7.4 5.4    0.0003 10.9 7.1 0.03 9.1 5.9 0.08 
Graft thrombosis 5.5 4.1  0.002 8.5 6.4 0.18 7.1 5.0 0.23 
Infection 0.6 0.5 0.58 1.1 0.5 0.27 0.4 0.3 0.68 
Pancreatitis 0.5 0.2 0.04 0.5 0.2 0.47 0.7 0.3 0.47 
Anastomotic leak 0.5 0.4 0.69 0.4 0.0 0.17 0.4 0.0 0.20 
Bleeding 0.2 0.2 0.93 0.2 0.0 0.35 0.4 0.3 0.68 
Procurement injury 0.1 0.1 0.97 0.1 0.0 0.49 0.0 0.0 - 
 

Legend: Data are given as percentages.  

Table A8. Relative Risk (RR) for early graft failure due to graft thrombosis for primary deceased donor (DD) pancreas transplants, 2005-2009 
and 2010-2014 
 

 SPK PAK PTA 
 RR (95% CI) p RR (95% CI) p RR (95% CI) p 
Era 
 2005-09 
 2010-14  

 
1.00 
0.67 (0.54 - 0.85) 

     0.0009  
1.00 
0.89 (0.52 - 1.50) 

0.66  
1.00 
0.47 (0.21 - 1.03) 

0.06 

Recip. age (yr) 
 15 - 29 
 30 - 44 
 > 44 

 
1.22 (0.81 - 1.84) 
1.00 
0.94 (0.74 - 1.18) 

0.49  
1.60 (0.72 - 3.52) 
1.00 
0.60 (0.37 - 0.98) 

0.03  
1.63 (0.60 - 4.41) 
1.00 
0.65 (0.29 - 1.46) 

0.20 

Recipient BMI 
 < 30 
 ≥ 30 

 
1.00 
1.47 (1.09 - 1.99) 

  0.013  
1.00 
1.12 (0.60 - 2.10) 

0.72  
1.00 
1.78 (0.66 - 4.78) 

0.26 

PRA 
 < 20% 
 ≥ 20% 

 
1.00 
1.54 (1.10 - 2.14) 

0.01  
1.00 
1.14 (0.52 - 2.47) 

0.74  
1.00 
1.27 (0.47 - 3.38) 

0.64 

Donor age (yr) 
   0 - 14 
 15 - 29 
 30 - 44 
 > 44 

 
0.65 (0.41 - 1.04) 
0.78 (0.60 - 1.02) 
1.00 
1.21 (0.73 - 2.01) 

0.08  
0.36 (0.14 - 0.95) 
0.51 (0.29 - 0.88) 
1.00 
2.03 (0.76 - 5.44) 

0.007  
0.96 (0.27 - 3.44) 
1.04 (0.36 - 2.97) 
1.00 
0.50 (0.05 - 4.65) 

0.93 

Donor CoD 
 Trauma 
 CCV 

 
1.00 
1.52 (1.18 - 1.98) 

   0.002  
1.00 
1.33 (0.77 - 2.28) 

0.31  
1.00 
4.25 (1.73 - 10.97) 

0.002 
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Table A8 continued 
 

 SPK PAK PTA 
 RR (95% CI) p RR (95% CI) p RR (95% CI) p 
Preserv. time (hr) 
   0 - <12 
 12 - <24 
 24 + 

 
1.00 
1.18 (0.94 - 1.49) 
3.14 (1.51 - 6.51) 

   0.005  
1.00 
1.44 (0.91 - 2.23) 
 -  

0.29  
1.00 
1.58 (0.73 - 3.44) 
9.07 (0.91 - 18.73) 

0.13 

Duct mgmt 
 BD 
 ED 

 
1.00 
1.75 (1.041 - 2.95) 

0.03  
1.00 
1.12 (0.50 - 2.51) 

0.77  
1.00 
0.91 (0.36 - 2.32) 

0.85 

Deleting AB 
 No 
 Yes 

 
1.0 
0.83 (0.65 - 1.06) 

0.13  
1.00 
0.43 (0.28 - 0.70) 

0.0005  
1.00 
1.29 (0.55 - 2.99) 

0.56 

TAC & MMF 
 No 
 Yes 

 
1.0 
0.48 (0.37 - 0.64) 

<0.0001  
1.0 
0.34 (0.21 - 0.56) 

<0.0001  
1.0 
0.03 (0.01 - 0.06) 

<0.0001 

Sirolimus 
 No 
 Yes 

 
1.0 
0.39 (0.22 - 0.69) 

0.001  
1.0 
0.43 (0.18 - 1.09) 

0.07  
1.0 
0.10 (0.03 - 0.34) 

0.0002 

Center volume 
 Small 
 Medium 
 High 

 
1.0 
0.87 (0.66 - 1.13) 
0.81 (0.61 - 1.08) 

0.29  
1.0 
0.74 (0.43 - 1.28) 
0.29 (0.15 - 0.59) 

0.002  
1.0 
1.50 (0.60 - 3.75) 
0.37 (0.14 - 0.97) 

0.007 

 

Legend: AB – antibody, BMI – body mass index, CCV – cerebro-cardiovascular, CI – confidence interval, CoD – cause of death, mgmt – ma-
nagement, MMF – mycophenolate mofetil, PAK – pancreas after kidney transplantation, PRA – panel reactive antibody, PreTx dialysis – di-
alysis prior to transplantation, PTA – pancreas transplantation alone, RR – relative risk, SPK – simultaneous pancreas kidney transplantation, 
Tac – tacrolimus, Tx – transplantation, WD – withdrawal. 

Table A9. Relative risk (RR) for immunological pancreas graft loss in technically successful primary deceased donor (DD) pancreas 
transplants, 2005-2009 and 2010-2014 
 

 SPK PAK PTA 
 RR (95% CI) p RR (95% CI) p RR (95% CI) p 
Era 
 2005-09 
 2010-15  

 
1.00 
0.73 (0.56 - 0.95) 

0.016  
1.00 
0.60 (0.38 - 0.94) 

0.025  
1.00 
1.16 (0.73 - 1.83) 

0.63 

Recip. age (yr) 
 15 - 29 
 30 - 44 
 > 44 

 
1.43 (0.99 - 2.07) 
1.00 
0.56 (0.43 - 0.75) 

<0.0001  
1.39 (0.72 - 2.66) 
1.00 
0.66 (0.45 - 0.98) 

0.02  
1.70 (1.00 - 2.88) 
1.00 
0.52 (0.32 - 0.85) 

0.0006 

Recipient gender 
 Female 
 Male 

 
1.00 
0.74 (0.59 - 0.95) 

0.01  
1.00 
0.78 (0.54 - 1.11) 

0.17  
1.00 
0.73 (0.47 - 1.15) 

0.18 

PRA (%) 
 < 20  
 ≥ 20  

 
1.00 
1.20 (0.81 - 1.80) 

0.36  
1.00 
1.08 (0.54 - 2.17) 

0.83  
1.00 
1.21 (0.69 - 2.15) 

0.38 

Donor age (yr) 
   0 - 14 
 15 - 29 
 30 - 44 
 > 44 

 
0.74 (0.47 - 1.16) 
0.62 (0.47 - 0.83) 
1.00 
1.56 (0.94 - 2.58) 

0.0003  
0.86 (0.45 - 1.64) 
0.57 (0.36 - 0.91) 
1.00 
0.70 (0.16 - 2.58) 

0.08  
1.68 (0.77 - 3.67) 
1.35 (0.72 - 2.53) 
1.00 
1.05 (0.34 - 3.25) 

0.61 

Donor CoD 
 CCV 
 Trauma 

 
1.00 
1.07 (0.78 - 1.47) 

0.67  
1.00 
1.68 (0.98 - 2.19) 

0.08  
1.00 
0.77 (0.46 - 1.30) 

0.32 

Donor gender 
 Female 
 Male 

 
1.00 
1.05 (0.80 - 1.38) 

0.71  
1.00 
1.74 (1.07 - 2.80) 

0.02  
1.00 
1.05 (0.67 - 1.64) 

0.84 
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Table A9 continued 
 

 SPK PAK PTA 
 RR (95% CI) p RR (95% CI) p RR (95% CI) p 
HLA-A MM 
   0,1 
   2 

 
1.00 
1.13 (0.89 - 1.43) 

0.32  
1.00 
1.18 (0.82 - 1.68) 

0.32  
1.00 
1.06 (0.69 - 1.62) 

0.80 

HLA-B MM 
   0,1 
   2 

 
1.00 
0.79 (0.62 - 1.02) 

0.07  
1.00 
1.18 (0.80 - 1.74) 

0.41  
1.00 
0.72 (0.46 - 1.13) 

0.14 

HLA-DR MM 
   0,1 
   2 

 
1.00 
1.36 (1.07 - 1.72) 

0.01  
1.00 
1.04 (0.73 - 1.48) 

0.83  
1.00 
1.19 (0.77 - 1.82) 

0.43 

Duct management 
 Bladder drain. 
 Enteric drain. 

 
1.00 
0.81 (0.53 - 1.24) 

0.33  
1.00 
0.94 (0.55 - 1.59) 

0.72  
1.00 
0.61 (0.37 - 1.01) 

0.12 

Depleting AB 
 No 
 Yes 

 
1.0 
0.82 (0.61 - 1.12) 

0.21  
1.00 
1.56 (0.93 - 2.61) 

0.09  
1.00 
1.09 (0.53 - 2.21) 

0.91 

Non-deleting AB 
 No 
 Yes 

 
1.0 
0.84 (0.56 - 1.25) 

0.39  
1.0 
2.95 (1.61 - 5.31) 

0.0004  
1.0 
1.11 (0.44 - 2.79) 

0.81 

TAC & MMF 
 No 
 Yes 

 
1.0 
0.75 (0.51 - 1.11) 

0.15  
1.0 
0.58 (0.37 - 0.93) 

0.024  
1.0 
0.74 (0.36 - 1.53) 

0.42 

Sirolimus 
 No 
 Yes 

 
1.0 
0.62 (0.31 - 1.01) 

0.12  
1.0 
0.31 (0.14 - 0.71) 

0.006  
1.0 
0.52 (0.21 - 1.29) 

0.16 

Steroid-free IS 
 No 
 Yes 

 
1.0 
1.05 (0.79 - 1.39) 

0.74  
1.0 
0.95 (0.73 - 1.55) 

0.74  
1.0 
0.91 (0.57 - 1.44) 

0.68 

Center volume 
 Small 
 Medium 
 High 

 
1.0 
1.19 (0.91 - 1.57) 
0.86 (0.62 - 1.20) 

0.16  
1.0 
0.76 (0.46 - 1.24) 
1.21 (0.78 - 1.92) 

0.25  
1.0 
1.79 (0.98 - 3.30) 
1.17 (0.64 - 2.11) 

0.11 

 

Legend: AB – antibody, CCV – cerebro-cardiovascular, CI – confidence interval, CoD – cause of death, HLA – human leukocyte antigen, IS – 
immunosuppression, MMF – mycophenolate mofetil, PAK – pancreas after kidney transplantation, PRA – panel reactive antibody, PTA – pan-
creas transplantation alone, RR – relative risk, SPK – simultaneous pancreas kidney transplantation, Tac – tacrolimus. 

Table A10. Number of pancreas transplants by continent/region, 2005-2009 and 2010-2014 
 

Region # of Transplants 
2005-09 

# of Transplants 
2010-14 

North America 
   (Canada, US, Mexico, Cuba) 

7,087 5,616 

South America 
   (Argentina, Brazil, Chile, Colombia, Uruguay) 

1,135 1,141 

Europe 
   (Austria, Belgium, Belarus, Croatia Czech Republic, Finland,     
   France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithua-
   nia, Netherlands, Norway, Poland, Portugal, Romania, Russia,  
   Slovenia, Spain, Swiss, UK) 

4,069 4,433 

West Pacific 
   (Australia, New Zealand, Japan, South Korea) 

326 505 

Eastern Mediterranean 
   (Israel, Saudi Arabia, Kuwait, Iran, Turkey) 

181 247 

South-East Asia 
   (China, India, Thailand) 

NA NA 

Africa 
   (South Africa) 

47 52 
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