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Pancreas transplant outcomes have progressively improved. Despite this,
some centers have continued to employ historical age limits for pancreas
transplant candidates. We sought to determine the importance of chrono-
logical age in determining patient and graft survival rates after pancreas
transplantation. A single-center, retrospective study of adult, deceased
donor simultaneous pancreas and kidney (SPK) and solitary pancreas
transplants (SP, including pancreas transplant alone and pancreas after kid-
ney transplants) in recipients > 55 years (55 + ), occurring between July 1,
1999, and June 30, 2012, was performed. Seven-hundred and forty patients
underwent pancreas transplantation, of which 28 patients were 55 + .
Patient survival was comparable for younger and older pancreas transplant
recipients. Both non-death-censored and death-censored pancreatic graft
survival rates were similar in younger and in older patients. Patients aged
45-54 and those aged 55 + had more frequent cardiovascular events than
younger pancreas transplant recipients. There was no difference in renal
graft survival for SPK patients when compared with diabetic kidney trans-
plant alone recipients aged 55 years and older. Older pancreas transplant
recipients had acceptable long-term patient and graft survival rates,
although complications may occur. Chronological age alone should not
exclude a patient for pancreas transplant candidacy.
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However, the risk versus benefit ratio for procedures
such as pancreas transplantation can change dramati-

Surgeons have generally been wary of performing pan-
creas transplants in older patients. This is due in large
part to the complexity and risks of the procedure, and
potential for unrecognized cardiac and vascular pathol-
ogy, which can negatively impact patient and graft out-
comes [1-3]. However, this exclusionary practice has
been based on limited data. Some authors have
described acceptable outcomes in older patients,
whereas others have remained more cautious [1,3-6].
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cally over time as outcomes improve and as risk factors,
both modifiable and nonmodifiable, become better
appreciated [7]. Indeed, with improvements in technical
aspects of pancreas transplantation, post-transplant care,
and immunosuppression, pancreas transplant outcomes
have continually improved [7]. However, a counter-
point to improving outcomes is the fact that patients
are being referred for transplantation at an older age
and later in their course of diabetes. For example, the

© 2016 Steunstichting ESOT
doi:10.1111/tri. 12754



percentage of patients aged 50-64 listed for pancreas
transplantation in UNOS doubled from 1998 to 2010
[7-9]. Accordingly, the number of pancreas transplant
recipients aged 50 + has increased over the last decade,
while the number of pancreas recipients aged 18-34 and
35-49 has decreased [7]. In 2009, UNOS reported
22.6% of all pancreas transplant recipients were 50 +
years of age (PTA: 28.4%, SPK: 21.4%, PAK: 23.7%).
Older patients on the waiting list and those transplanted
in recent years may reflect delayed progression to end-
stage nephropathy and better diabetes care, education
and advanced insulin delivery technologies [10,11].
Consequently, patients arriving to transplant centers for
transplantation are older. As the diabetic population
being referred for transplantation ages, determination of
the acceptability of age restrictions is more important
than ever [8].

Given the limited and conflicting data available to
inform patient candidacy in the context of changing
recipient demographics and improving graft outcomes,
our primary objective was to describe in a recent cohort
the patient and graft outcomes of those who received
pancreas transplants aged 55 years and older. These
results show that pancreas transplantation in older
patients is safe, but that patient selection and rigorous
preoperative work-up are imperative.

Study population

After obtaining institutional review board approval, we
conducted a retrospective, single-center study of adult
pancreas transplant procedures performed during the
time period between July 1, 1999, and June 30, 2013.
We included all pancreas transplants alone, simultane-
ous pancreas and kidney transplants, and pancreas after
kidney transplants having a minimum of 1-year follow-
up. Patient demographics were considered, as well as
patient and non-death-censored graft survival and
death-censored graft survival.

Our primary study group was patients with pancreas
transplants who were aged 55 years or older. Our com-
parison groups were as follows: group 1 (n = 28), aged
55 and older; group 2 (n = 229), aged 45-54; group 3
(n =316), aged 35-44; and group 4 (n = 167), aged
25-34. A fifth group (n =260) of diabetic, deceased
donor renal transplant recipients aged 55 and older was
included as an additional comparator. Pancreas trans-
plantation as well as immunosuppressive protocols used
at the University of Wisconsin has been described
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previously [12-14]. Our surgical approach for the time
period studied here included only enteric drainage of
exocrine secretions, and systemic drainage for the
venous outflow. Immunosuppression regimens generally
included induction with a steroid taper (typically
100 mg of intravenous dexamethasone tapered to
10 mg of oral prednisone twice daily over a period of
approximately 10 days). Thymoglobulin was the pri-
mary T-cell depletion agent for SP as well as SPK
patients with increased immunologic risk. IL-2 receptor
blockade was used for selected patients undergoing SPK
who had lower immunologic risk. Advanced age is used
as a consideration for immunosuppression reduction in
the maintenance stage, as an outpatient.

With regard to patient evaluation, patients with both
type I and type II diabetes are considered candidates for
pancreas transplantation. In the case of type II diabetes,
c-peptide-positive patients are required to have a body
mass index lower than 30. Based on that stress tests in
the diabetic population are less sensitive for coronary
disease, the cardiac evaluation at our center is rigorous.
Generally, a history of diabetes greater than 5 years at
the time of evaluation prompts a preoperative cardiac
catheterization. Anecdotally, older patients are scruti-
nized to a more significant degree with regard to preop-
erative evaluation, and compounded risk from medical
comorbidities is considered heavily in the decision to
proceed with pancreas transplantation.

Outcomes

Kidney graft failure was defined as initiation of dialysis,
and pancreas graft failure was defined as re-initiation of
an  exogenous requirement.
events and rejection were determined by from the medi-
complications included
myocardial demand, myocardial infarction, or need for
cardiac stenting and/or coronary artery bypass grafting;
these criteria were used so as to identify as many
patients as possible who experienced a cardiac event.
Rejection events included biopsy-proven acute cellular,
antibody-mediated, mixed, and chronic rejection of the
pancreas. For details regarding the standard pretrans-
plantation cardiac work-up at the University of Wiscon-
sin, please see the discussion section.

insulin Cardiovascular

cal record. Cardiovascular

Statistical analyses

We determined actuarial patient and graft survival rates,
death-censored graft survival rates, and the cumulative
incidence of biopsy-proven acute rejection episodes.
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exception of group 1 (P = 0.065).
P-values for pairwise comparison of
each curve are presented in

Figure 1b. Panc55 = group 1;
Panc45 = group 2; Panc35 = group

Actuarial patient and graft survival rates were calculated
beginning at the time of transplantation. Kidney graft
failure was defined as removal, or loss of function
requiring return to dialysis. Pancreas graft failure was
defined as removal, or loss of function requiring return
to insulin therapy. Actuarial survival estimates were
calculated using Kaplan—Meier life table analysis [15],
and the series was followed through July 1, 2014. The
Cox—Mantel test was used to compare differences in
rejection rates. All statistical tests were two-tailed;
P < 0.05 was considered significant. In each figs. (1-4),
P-values are shown in the upper right-hand corner of
each Kaplan—Meier curve. These P-values relate to pair-
wise comparison of all represented curves. Individual
comparisons are presented in the text, legends, and the
figures themselves.

A total of 740 pancreas transplants were performed dur-
ing the study period. Twenty-eight pancreas transplant
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3; Panc25 = group 4; Kid55 = group 5.

recipients were aged 55 years or older (Table 1). There
were 584 (78.9%) primary pancreas transplants, 129
(17.4%) were second transplants, 22 (3.0%) third
transplants, and 5 (0.7%) were quaternary transplants.
In the cohort of recipients aged 55 years or older, 18
(64.3%) were primary, 8 (28.6%) were secondary, and
2 (7.1%) were tertiary pancreas transplants. The vast
majority of patients who underwent pancreas trans-
plantation carried a diagnosis of type I diabetes melli-
tus (Table 2). In contrast, only 42 of 260 older
patients (16.2%) who received kidney transplants alone
(group 5) had type I diabetes. Older patients were far
less likely to undergo combined kidney pancreas trans-
plantation (39%), versus pancreas transplantation
alone (61.0%; P < 0.001). All recipients of kidney
transplants alone (group 5) were diabetic. Of these
patients, 238 (91.5) were primary transplants, 21
(8.1%) were secondary, and 1 (0.4%) was a tertiary
kidney transplant.

Our primary objective was to determine whether
there were any statistically significant differences in
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Figure 2 Age-stratified pancreas graft survival. Non-death-censored (Figure 2a) and death-censored (Figure 2b) pancreas graft survival

between group 1 and groups 2, 3, or 4. Data include pancreas graft survival from PTA, PAK, and SPK procedures. DC, death censored; GS,
graft survival, PTA, pancreas transplant alone; PAK, pancreas after kidney transplant; SPK, simultaneous pancreas and kidney transplant. Statis-
tics based on test of equality across strata using log rank. Presented P-values relate to comparison of all four curves. Panc55 = group 1;
Panc45 = group 2; Panc35 = group 3; Panc25 = group 4.
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Figure 3 Kidney graft survival in patients aged 55 and older. There was no difference in non-death-censored kidney graft survival (Figure 3a)
when SPK kidney grafts were compared with kidneys alone in patients aged 55 and older (P = 0.65). Death-censored graft survival (Figure 3b)
was also not different (P = 0.944). DC and non-DC kidney graft survival in patients aged 55 years or older following: 1) kidney transplants
alone and 2) SPK and PAK procedures. DC, death censored; GS, graft survival, SPK, simultaneous pancreas and kidney transplant; PAK, pan-
creas after kidney transplant. There were 11 SPK patients aged 55 and older from whom a comparison of renal graft survival could be com-
pared to group 5 (n = 260). Statistics based on test of equality across strata using log rank. Panc55 = group 1; Kid55 = group 5.

patient and graft survival rates between the different
cohorts of pancreas transplant recipients stratified by
age. Our secondary objective was to analyze a recipient
cohort similar in age who received pancreas or kidney
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transplants, respectively, and to determine any differ-

ences in outcomes.

Regarding our primary objective, pairwise compar-
isons of pancreas patient and graft survival between
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Figure 4 Freedom from cardiovascular events (Figure 4a). Pairwise comparison of group 1 vs. 2, P = NS; group 3 vs. 4, P = NS; group 1 vs. 3
and 4, P < 0.05; group 2 vs. 3 and 4, P < 0.05. Freedom from pancreas graft rejection (Fig. 4b) in patients receiving pancreatic transplants.
Younger patients were more likely to experience rejection. CV, cardiovascular. Presented P-values relate to comparison of all four curves.
Panc55 = group 1; Panc45 = group 2; Panc35 = group 3; Panc25 = group 4.

Table 1. Demographics for patient groups 1-5.

Pancreas (n = 740)

Kidney (n = 260)

55 + 45-54 35-44 25-34 55 +
Group 1 Group 2 Group 3 Group 4 Group 5 P-VALUE
Number (n (%))* 28 (2.8) 229 (22.9) 316 (31.6) 167 (16.7) 260 (26.0) <0.01
Mean Age (years) 57.0 48.7 40.0 31.4 62.2 <0.01
Gender (male; n (%))t 22 (78.6) 131 (57.2) 206 (65.2) 79 (47.3) 181 (69.6) <0.01
Race <0.01
Caucasian [n (%)t 27 (96.4) 220 (96.1) 292 (92.4) 151 (90.4) 214 (82.3) NS
African American [n (%)]+ 1(3.6) 6 (2.6) 17 (5.4) 14 (8.4) 21 (8.1) NS
Other [n (%)]t 0 (0) 3(1.3) 7(2.2) 2 (1.1) 25 (8.1) NS
Type of Pancreas Transplant
SPK (n = 552; n (%))t 11 (39.3) 164 (71.6) 241 (76.3) 136 (81.4) NA <0.01
SP [n = 188; n (%)t 17 (60.7) 65 (28.4) 75 (23.7) 31 (18.6) NA <0.01

SPK, simultaneous pancreas and kidney transplant; SP, solitary pancreas and kidney transplant (includes pancreas transplant
alone and pancreas after kidney); NS, not significant; NA, not applicable.

*percent calculated from all patients (pancreas plus kidney, total n = 1000.

tpercent calculated from all patients in each age strata (i.e., kidney 55 + , pancreas 55 + , etc.).

groups were made (Figure 1). There was a trend toward
worse patient survival in group 1 (55 + ) patients, but
the worst patient survival outcomes were found in those
diabetic uremic patients receiving kidney transplants
alone. Actuarial non-death-censored and death-censored
pancreas graft survival rates were analyzed. Neither
non-death-censored nor death-censored pancreas graft
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survival rates between group 1 and groups 2, 3, or 4
were statistically significantly different from one another
(Figure 2a and 2b). We did observe a significant differ-
ence in non-death-censored pancreas graft survival
between groups 3 and 4 (P = 0.039). There was no dif-
ference in non-death-censored and death-censored kid-
ney graft survival rates in SPK patients aged 55 and
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Table 2. Diagnosis of diabetes type in pancreas
transplant recipients.

Diabetes diagnosis SP SPK Kidney alone
Type 1 Diabetes 186 548 42*

Type 2 Diabetes 2 4 218*

Total 188 552 260

DM1, diabetes mellitus type I; DM2, diabetes mellitus type I
SP, solitary pancreas transplant (pancreas transplant alone
and pancreas after kidney); SPK, simultaneous pancreas and
kidney transplant.

*Difference between frequency of DMI and Il in kidney alone
and pancreas transplant groups was statistically significant at
P < 0.01.

older compared with younger SPK patients (Figure 3a
and 3b). With regard to kidney graft survival in patients
aged 55 years and older, when we controlled for the
type of diabetes (n =42 type 1 diabetic kidney trans-
plant recipients vs. n = 10 type 1 diabetic SPK recipi-
ents), we again found no difference in graft survival
(P = 0.439).

We observed higher rates of cardiovascular events in
older patients (Figure 4a). Patients in groups 1 and 2
were more likely to experience a cardiovascular event
than those in groups 3 and 4 (P < 0.001). There was no
difference in cardiovascular event incidence when com-
paring group 3 with 4, or group 1 with group 2. Analy-
sis of freedom from pancreas graft rejection in pancreas
transplant recipients revealed that the youngest patients
(group 4) were at significantly higher risk of rejection
than those in group 3 or in group 2. There was no dif-
ference in risk of rejection between group 1 and group
4 (Figure 4b). We next evaluated the need for pretrans-
plantation cardiac catheterization in each group. The
incidence of pretransplantation catheterization increased
incrementally, for each age-stratified group. That is,
those aged 25-34 years had an incidence of 32%, 43%
in those aged 35-44 years, and 58% in those aged
45-54, and for patients aged 55 years and older, the
incidence of pretransplantation catheterization was 64%
(P < 0.001). These interventions led to a stent more fre-
quently in older patients as well (Table 3). Notably, the
incidence of catheterization, angioplasty, and stenting in
older kidney transplant patients was not different when
compared with the oldest pancreas transplant recipients
(P =0.36, P = 0.43, and 0 = 0.06, respectively).

Regarding our secondary objective, we observed that
diabetic recipients of kidney transplants alone aged
55 + (group 5) years had statistically significantly lower
patient survivals when compared with every other group

Transplant International 2016; 29: 810-818
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Table 3. Pretransplantation cardiac catheterization
incidence, as stratified by age in pancreas transplantation
candidates.

*Pretransplantation catheterization and intervention

Catheterization
Diagnostic and Catheterization
Catheterization  Angioplasty and Stent
Group 1 64.3 3.6 35.7
Group 2 58.1 3.5 12.7
Group 3 434 2.9 7.0
Group 4 32.3 1.2 2.4
P-Value 0.001 0.55 0.001

*Rows 1-4 presented as percentages, P-value represents chi-
squared analysis.

(Figure 1), with the exception of pancreas transplant
recipients aged 55 + years (P = 0.065). We observed
statistically ~ significantly patient
patients aged 55 years and older, only when compared
with group 3 (P = 0.037). In contrast, there was no dif-
ference in patient survival when group 1 was compared
with group 2 or with group 4, suggesting patients aged
55 + vyears have a nearly equal likelihood of surviving
long-term post-transplant as patients between 45-54
and younger than 35 in our cohort.

lower survival in

There has been an evolution of our understanding of age
limits for transplantation of the pancreas over the last
20 years. In 1998, Freise et al. [1] showed that increased
age (50 years and older, n = 10) was a risk factor for early
graft loss and mortality. They observed that when grafts
were lost, they were lost within the first year, and that
graft losses were not due to cardiac events. In 2008,
Ablorsu et al. [3] published their results with 31 pancreas
transplants (SP and SPK) from 2001 to 2007 where the
recipients were over the age of 50. The authors showed
no difference in patient or graft survival when compared
with younger recipients. Notably, there was also no
observed difference in technical complication rate. The
investigators did observe a higher rate of respiratory
infection in the old cohort, however.

In 2011, Schenker et al. [16] reported on 69 pancreas
transplant recipients (SP and SPK) older than 50 years of
age who were transplanted between 1994 and 2009. Older
patients had similar rates of re-laparotomy, rejection, and
patient and graft survival. In this study, there were differ-
ences in the older and younger groups, such as enteric
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drainage rates; this difference likely reflected trends in
surgical technique over the course of the study. In addi-
tion, older patients were transplanted later in the data set.

In 2013, Shah et al. [4] published their experience
with 405 pancreas transplants. Patients were stratified
by age; among these, 85 patients were aged 50-59 years
and 18 patients were 60 years or older. Graft survival at
5 years was statistically worse for recipients who were
younger than 30 years of age at the time of transplanta-
tion. Importantly, patient and graft survival rates were
not statistically different between the older (50-59 and
>60 years) cohorts and the middle age (3149 years)
cohorts. This single-center study demonstrated that
excellent outcomes can be achieved in pancreas trans-
plant recipients of advanced age.

Most recently, in 2014, Siskind et al. [6] published an
analysis of more than 20 000 pancreas transplant recipi-
ents reported to UNOS. Of these, 3440 patients were
over the age of 50. In contrast to the single-center study
results reported by Shah et al, the authors observed
worse patient and graft survival, when compared with
younger age cohorts. While this study carries an impres-
sive number of patients, there were some limitations
insofar as granularity.

Our data demonstrate acceptable patient and graft
survival rates after pancreas transplantation in recipients
aged 55 + years, when compared with younger patients.
These data need to be qualified by the knowledge that
many of the oldest pancreas transplant recipients were
transplanted in the last several years. As such, there is a
potential era bias in the comparison of these patients
with those who were transplanted years ago. In addi-
tion, there is a potential patient selection bias inherent
in the retrospective nature of this study. Nevertheless,
our findings of acceptable patient and graft survival
rates after pancreas transplantation in patients older
than 55 years of age are relevant to consider in light of
the hesitancy of many transplant centers to offer pan-
creas transplantation to these candidates.

Diabetic kidney transplant patients (group 5) were
included as a comparator. These patients were included
to investigate the outcomes of older patients undergoing
a less complex transplant operation. Notably, the inci-
dence of type I diabetes was far less frequent in the kid-
ney transplant alone group. We believe this is due to
our aggressive policy to offer SPK transplantation as the
primary option for type 1 diabetic uremic patients and
the fact that only a subset of type 2 diabetic uremic
patients are typically eligible for SPK transplantation
due to accumulation of other comorbidities. This
dissimilarity may have affected our data because uremic
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type I and type II diabetes may differ with regard to (i)
duration of disease, (ii) presence of metabolic syn-
drome, and (iii) associated obesity and other recipient
risk factors. Nonetheless, we found that diabetic kidney
transplant patients have worse kidney graft survival than
do those patients who underwent pancreas transplanta-
tion. This underscores the severity of renal failure in the
aging diabetic population and the importance of pre-
transplantation patient selection and optimization. As
such, the patient survival in older patients with diabetes
requiring a renal transplant is quite poor. Accordingly,
many older patients with type 1 diabetes were consid-
ered noncandidates for pancreas transplantation
(n = 42, group 5). On the other hand, these data show
that even in the oldest population, a pancreas transplant
in addition to the kidney transplant procedure did not
confer increased risk of death or graft failure, despite
ostensible increases in patients’ quality of life.

We observed a higher rate of cardiovascular events in
the two older cohorts of pancreas transplant recipients
compared with the younger recipient cohorts. In 2000,
La Rocca et al. [17] compared the incidence of cardio-
vascular events in SPK patients, diabetic kidney trans-
plant alone patients, and patients with diabetes on
dialysis. Authors found a higher rate of cardiovascular
complication in those who underwent kidney transplant
versus those who underwent pancreas transplantation.
Interpretation of these data is difficult because their
results were not age-stratified. Additionally, and much
like the present study, patients with diabetes who receive
a kidney transplant alone were perhaps not pancreas
transplant candidates because they were deemed too ill.
In a more recent study, Medina-Polo et al. [18] showed
that in patients with functioning SPKs, 5 of 89 patients
(5.6%) experienced a cardiovascular event at a mean fol-
low-up of almost 3 years. Notably, of these 5 events, 4
(80%) were perioperative. Again, these data were not
age-stratified. In the present report, our observed inci-
dence of cardiovascular events increased (statistically)
with increasing age (i.e., comparing group 3 to group 2).
That is, there were significantly more cardiovascular
events following pancreas transplantation in recipients
aged 45 years and older. Our data set represents one of
the few designed to evaluate age-stratified cardiac risk
after pancreas transplantation. Taken together, these data
reinforce the importance of preoperative cardiac opti-
mization for pancreatic transplant candidates.

The finding of increased frequency of cardiovascular
complications in the older pancreas transplant recipient
is perhaps not surprising. Based on the high prevalence
of coronary artery atherosclerosis in patients with

Transplant International 2016; 29: 810-818
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diabetes, its asymptomatic presentation, and the high
false-negative rates of cardiac stress tests, it is our practice
for over 10 years to rigorously scrutinize the cardiovascu-
lar health of all pancreas transplantation candidates, typi-
cally with a cardiac stress test as well as coronary
angiography prior to listing. Despite this rigorous and
comprehensive evaluation, we observed more frequent
CV events post-transplantation in the 45-55 group and
in the 55 + group, whereas we observed only few CV
events in those younger than 45 years. In older pancreas
recipients, it is not uncommon to have been exposed to
the deleterious effects of diabetes for 4050 years prior to
undergoing transplantation. Thus, patient selection and
medical optimization of the pancreas transplant candidate
is critical to the success of the post-transplant patient.

We also evaluated rates of acute rejection stratified
by recipient age. Other authors have shown lower rates
of rejection in older patients [19,20]. In the present
study, we found that rejection is more common in
younger patients and less common in older recipients.
The reason for lower rates of rejection in older patients
observed in our study and others[19] is not clear. One
explanation for this finding is the phenomenon of
immunosenescence [21-23]. Mechanisms underlying
this difference in rejection rate have been suggested.
Some investigators have hypothesized that as T cells
age, small dysregulations (signaling, etc.) become
magnified and lead, over time, to T-cell dysfunction.
Inhibited B-cell development and a decrement in B-cell
affinity maturation have been observed in older individ-
uals [21,22,24]. Multiple pathways of innate immunity
also appear to be compromised in the elderly
[23,25,26]. Taken together, these subtle defects in
immune function that can develop with age may
explain a blunted alloreactive response and ultimately
lower overall rates of rejection.

Shortcomings of our study include its retrospective
nature and the small number of patients in our oldest
age group. However, because the oldest patients from
our study are uncommonly transplanted, it is our inter-
pretation that this granular, single-center experience
with pancreas transplantation represents proof of princi-
ple that these procedures can be safely performed in this

1. Freise CE, Stock PG, Melzer JS. Increased 2. Freise CE, Narumi S, Stock PG, Melzer JS.
pancreas-kidney  trans-

morbidity and mortality of simultaneous Simultaneous

Pancreas transplantation for older patients

population. While our data provide support for pan-
creas transplantation in the oldest patient group, it is
possible that as a result of the limited number of
patients in this group, we have encountered a type II
statistical error. Accordingly, larger multicenter studies
will be required.

In conclusion, we have observed acceptable patient and
graft outcomes in pancreas transplant recipients aged
55 years and older. Although lower rates of immunologic
rejection in older pancreas transplant recipients is a
potential advantage, the consequences of
advanced and unrecognized cardiovascular disease is a
major clinical concern in this population. Given the long-
term exposure to the deleterious effects of diabetes melli-
tus, patient selection and a rigorous preoperative evalua-
tion are of paramount importance in achieving long-term
success after pancreas transplantation.
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