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Older people are increasingly being referred for consideration for pancreas
transplantation (PT). We investigated the outcomes after PT in our older
recipient cohort. A prospectively maintained database was interrogated. The
cohort was analysed for associations between outcome and older recipient
age. A total of 444 transplants were performed in patients aged 23-54 years
and 83 transplants in patients aged 5567 years. There was no difference in
death-censored pancreas or kidney graft survival between the groups.
Patient death was associated with older recipient age (HR 1.63 per 10-year
increase). In multivariate Cox regression, risk of mortality was also associ-
ated with post-transplant myocardial infarction (HR 7.25, P = 0.006), pan-
creas failure (HR 1.91, P = 0.003) and kidney failure (HR 3.55, P < 0.001).
About 40% of recipients who died in the first year post-transplant suffered
early graft loss. Those alive at a year post-transplant had inferior survival if
they had lost their kidney graft (P < 0.001). Mortality is higher in older
patients and is strongly associated with pancreas and kidney graft failure.
This suggests that pancreas transplantation is feasible in older recipients,
and careful selection of donor organs is important to optimize survival.
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this has resulted in an increase in the number of older
people being referred as potential recipients for pancreas

Pancreas transplantation offers insulin independence
and improved quality of life for those suitable for the
procedure [1]. Improvements in medical care have
resulted in an older population of people with type 1
diabetes and, alongside widening of indication criteria
to include people with insulin-dependent type 2 dia-
betes and developments in pre-assessment techniques,
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transplantation. Many transplant centres include an
upper age limit as part of their referral criteria, often
relatively arbitrarily selected.

Diabetes is associated with significant comorbidity,
particularly cardiovascular disease which accounts for
the leading cause of death in this cohort [2]. Addition-
ally, pancreas transplantation is a rather complex
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surgical procedure, associated with significant risk of
requiring transfusion, return to theatre for complica-
tions and the sequelae of graft pancreatitis. With an
expanding population of patients with diabetes and its
complications, pancreas transplantation in older recipi-
ents is now an increasingly relevant consideration.

We aimed to describe the outcomes and investigate
risk factors for outcomes after pancreas transplantation
in older recipients at our centre.

Patient cohort

This is a single-centre, retrospective clinical study. Data
were retrieved from a research database for all pan-
creas transplants performed between 2002 and 2016 in
recipients aged over 55 years old. Simultaneous pan-
creas kidney transplants (SPK) and isolated pancreas
transplants (IP) were included. The IP group included
both pancreas after kidney (PAK) and pancreas trans-
plant alone (PTA) recipients. Previous analyses and
national data have shown graft and patient survival
after PAK and PTA to be equivalent, and therefore,
owing to small numbers these two patient groups were
analysed together [3]. Data relating to donor and
recipient variables, post-transplant cardiac events, graft
survival and patient survival were recorded and com-
pared to a cohort of contemporaneous pancreas trans-
plant recipients aged <55 years at the time of
transplant.

All patients were managed according to a standard
clinical protocol. Patients referred for consideration of
pancreas transplantation were assessed by a consultant
surgeon in an assessment clinic and checked against
unit listing criteria. Metabolic work-up was performed
and consisted of eliciting diabetic history, the presence
and extent of diabetic complications and medication
history, examination including body mass index (BMI)
as well as blood tests including serum c-peptide levels,
HbAlc and autoantibody levels. Potential recipients
with type 2 diabetes were offered pancreas transplanta-
tion providing BMI was within acceptable range
(<30 kg/m?), and insulin doses were less than 1 unit/kg/day.
Amputation, blindness and gastroparesis were not con-
sidered contraindications to transplant. A clinical exam-
ination of the peripheral vasculature was made, and
further investigation requested only in very selected
cases where imaging would benefit implantation plan-
ning. A plan for perioperative feeding jejunostomy was
made for selected patients with severe gastroparesis.
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Our unit does not have a predefined upper age limit
for consideration for pancreas transplantation, and no
specific frailty assessment was performed. Potential
recipients were appropriately counselled and underwent
investigations including standard blood tests, histocom-
patibility profiling and cardiac assessment. All patients
were discussed in a multi-disciplinary listing meeting to
determine the likelihood that pancreas transplantation
would offer clinical benefit. Potential recipients were
considered to gain additional benefit from, and be fit
enough to tolerate, the additional stress of the pancreas
transplant above a kidney transplant alone. Where a
potential recipient was on dialysis and/or had a long
predicted waiting time and had a potential living donor,
living donor kidney transplantation followed by PAK
was considered. These decisions were made on a case-
by-case basis.

Myocardial perfusion scanning was undertaken where
possible, with stress echocardiography accepted as an
alternative. If myocardial perfusion scanning was abnor-
mal, potential recipients were referred for angiography
and/or cardiac intervention. All cases where there was
abnormality in the cardiac screening were discussed in a
Cardiology Multi-disciplinary meeting comprising cardi-
ologists, anaesthetists and surgeons prior to listing.

All potential recipients underwent routine pretrans-
plant immunogenetic analysis comprising ABO group-
ing, HLA genotyping and alloantibody detection. These
data were used to inform potential waiting times to
transplantation and were used to enable national alloca-
tion of deceased donor organs. Deceased donor organs
were allocated to potential recipients via a centrally
managed national organ allocation process. All trans-
plants were performed with systemic venous drainage.
Enteric ductal drainage was used in all except ten recipi-
ents, who received IP transplants with bladder drainage
because of a change in centre protocol. All recipients
received alemtuzumab induction (Campath 30 mg, day
1 and day 2) immunosuppression.
immunosuppression therapy consisted of tacrolimus,
initially at 0.5 mg/kg bd, and titrated to maintain
trough levels between 8 and 10 ng/ml throughout the
follow-up and mycophenolate mofetil, at 750 mg bd,
with dose adjustments as clinically indicated. Intraoper-
ative intravenous heparin was utilized for anticoagula-
tion, with postoperative dextran infusion and
prophylactic  subcutaneous heparin. All recipients
received prophylaxis against pneumocystis pneumonia
and fungal infection, with additional cytomegalovirus
and tuberculosis prophylaxis as indicated. Postoperative
steroids were not used routinely. No modifications were
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made to the immunosuppression regimen based on
recipient age.

Post-transplant recipients were regularly reviewed in
centre outpatients clinics and referred back to their
referring units after six months post-transplant, with
annual review at our centre. As such, detailed data
regarding the frequency of infections and readmissions
were not collected as much of this care was undertaken
at the recipient’s local centres. Graft failure was defined
as a return to insulin dependence. Values for serum c-
peptide or exogenous insulin doses were not collected at
the time of failure. Graft failure that occurred within
90 days of transplant was considered early graft failure
secondary to technical failure, thrombosis and/or graft
pancreatitis. Graft failure that occurred after 90 days
post-transplant was considered chronic pancreas graft
failure secondary to rejection or recurrence of diabetes.
Pancreas biopsies are not performed at our centre, and
as such, defining a precise cause of graft loss was not
possible. Rejection was assumed based on the clinical
context. Data were entered into an anonymized data-
base and analysed as below.

Statistical analysis

Quantitative parametric data were compared between
groups using Student’s t-test or the Mann—Whitney U
test in the case of nonparametric distribution. Cross-
tabulated data were analysed by the chi-squared test or
by Fisher’s exact test when the expected count was <5.
Patient and death-censored graft survival and recipient
age at time of transplant were assessed using Kaplan—
Meier curves and compared with the log-rank test. The
Cox proportional hazard regression model was utilized
to estimate the impact of recipient age and co-variables
known to impact on pancreas graft survival. Variables
with a significance level of P < 0.15 on univariate

Pancreas transplantation in older recipients

analysis were selected for inclusion in the multivariate
model. Values of P < 0.05 were considered statistically
significant. Statistical calculations were made using spss
for Windows software (IBM SPSS Statistics version 22;
Chicago, IL, USA).

A total of 527 transplant recipients were included in the
analysis. A total of 444 transplants (84.2%) were per-
formed in patients aged 23-54 years. A total of 83
transplants were performed in patients aged 55—
67 years. The cohort included 59 (11.2%) recipients
aged 55-59 years, 19 (3.6%) recipients aged 60—64 years
and 5 (1.5%) recipients aged 65-67 years. Older recipi-
ents (aged over 55 years) had slightly higher BMI (26.3
vs. 25.3 kg/m?, P = 0.025) and were more likely to have
type 2 diabetes (10% vs. 2.7%, P = 0.003) and a longer
duration of diabetes (32.2 vs. 27.4 years, P = 0.025);
Table 1.

Six of 83 recipients (7.2%) in the older recipient
group had abnormal pretransplant cardiac investigations
requiring intervention. Three went on to percutaneous
cardiac intervention, and three underwent coronary
artery bypass grafting. In the younger group, three of
444 (0.7%) recipients had abnormal cardiac investiga-
tions resulting in intervention to be considered. Two
went on to percutaneous cardiac intervention, and one
was managed with optimization of medical manage-
ment.

Owing to the National matching algorithm, older
recipients were more likely to receive pancreases from
older donors (40.5 vs. 35.8 years, P = 0.004) but there
were no other statistically significant differences in
donor- and transplant-related factors, including donor
BMI, DCD status, cold ischaemia time or transplant
type (SPK versus IP) as shown in Table 1.

Table 1. Cohort demographics relating to recipient and donor variables.

Young recipients (23-54 year) Older recipients (55+ year) P-value
N 444 83
Recipient BMI (kg/m?) 253 + 6.6 263 + 3.4 0.025
Recipient gender (% female) 176 (39.6%) 31 (37.3%) 0.758
Diabetes type (% type 2) 12 (2.7%) 8 (10.0%) 0.003
Diabetes duration (years) 274 £ 84 32.2 £ 13.6 0.025
Donor age (years) 35.8 +£ 13.1 40.5 + 14.8 0.004
Donor BMI (kg/mz) 240 +£ 4.3 233+ 4.7 0.310
Donor type (% DCD) 56 (12.7%) 12 (16.4%) 0.328
CIT (min) 685 + 169 690 + 150 0.813
Transplant (% SPK) 333 (75%) 67 (80.7%) 0.358
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Post-transplant rates of cardiac events and interven-
tions were low in both groups with no statistically sig-
nificant differences between the groups (CVA 3.8% vs.
2.3%, MI 1.3% vs. 0.7% and PCI 1.3% vs. 0.5%).

In unadjusted Kaplan—Meier analysis, patient survival
was inferior in the older age group; however, early
patient survival was equivalent with divergence evident
only beyond 2 years post-transplant (1 year 96% vs.
95%, 3 year 92% vs. 87%, 5 year 89% vs. 77% and
10 year 78% vs. 36%; P < 0.001; Fig. 1). In the older
group, the cause of death was recorded as cardiac fail-
ure or sudden cardiac death (4/20, 20%), respiratory
failure (3/20, 15%), malignancy (3/20, 15%), cere-
brovascular accident (1/20, 0.5%), trauma (1/20, 0.5%),
haemorrhage (1/20, 0.5%) or unknown (7/20, 35%).

In an adjusted multivariate Cox regression model,
risk of mortality was not independently associated with
recipient BMI, donor organ characteristics (age, BMI,
DCD status and CIT) or type of transplant (SPK versus
IP). However, when considered as a continuous vari-
able, increasing recipient age (HR 1.05, CI 1.02-1.07;
P <0.001), or HR 1.63 per 10-year age increase, was
independently associated with death. Post-transplant MI
(HR 7.25, CI 1.75-30.1; P = 0.006), pancreas graft fail-
ure (HR 1.91, CI 1.24-2.96; P = 0.003) and kidney graft
failure (HR 3.55, CI 2.14-5.89; P < 0.001) were also all
independently associated with mortality.

In the multivariate analysis, no recipient-, donor- or
transplant-related factors could be identified to predict
post-transplant MI or kidney graft failure. Pancreas
graft failure was associated with IP transplant (HR 2.47,
CI 1.65-3.69; P < 0.001), donor age (HR 1.02, CI 1.00-
1.03; P = 0.48) and recipient male gender (HR 1.61, CI
1.08-2.40; P = 0.02) but was not predicted by recipient
age group, BMI, duration of diabetes, donor BMI, DCD
status or cold ischaemia time.
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kidney and (b) isolated pancreas.

Comparing recipients aged over 55 years to those
<55 years, in Kaplan—Meier analysis, there was no dif-
ference between the older and younger groups in death-
censored pancreas graft survival or kidney graft survival;
Fig. 2.

Twenty recipients died within the first year post-
transplant, of which 12 died with both organs function-
ing, seven suffered pancreas graft failure within the first
60 days post-transplant, and one recipient lost both
grafts in the first 60 days. Further Kaplan—Meier analy-
sis comparing surviving recipient groups by status at
1 year post—transplant, both pancreas and kidney func-
tion (n =99 IP, n = 341 SPK), pancreas failed (n = 25
IP, n =27 SPK), kidney failed (n =8 SPK) or both
organs failed (n = 7 SPK), found there was no signifi-
cant difference in patient survival between the groups in
the case of IP transplant; however, failure of the kidney
(P = 0.002) or both organs (P < 0.001) was significantly
associated with higher mortality compared to pancreas
failure or dual stable function. Those with dual function
achieved a five-year survival of 91.3% for IP and 93.9%
for SPK (Fig. 3).

In this study, we describe the outcomes of a large cohort
of pancreas transplants in older recipients at a single
large-volume pancreas programme in the modern era,
including a number of recipients aged over 60 years old.
We found death-censored pancreas and kidney graft sur-
vival to be equivalent to outcomes in younger recipients.
In other solid organ transplantation, death-censored graft
survival has been noted to be equivalent in older recipi-
ents [4], whereas in pancreas transplantation a previous
UNOS database analysis suggested that optimal graft sur-
vival is seen in those aged 40—49 years with poorer graft
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Figure 2 Graft survival stratified by age. Pancreas (a) and kidney (b) graft survival in simultaneous pancreas kidney transplants; pancreas graft

survival () in isolated pancreas transplant.

survival in older age groups [5]. However, single-centre

studies have not demonstrated any difference in graft

outcomes between older and younger recipients.
Laurence et al. compared 30 recipients aged over

recognized that in this analysis, the recipients selected
for SPK and those selected for kidney alone had differ-
ent comorbidity profiles resulting in selection bias and
therefore making the groups incomparable. Equivalent

55 years to 352 younger recipients and found no differ-
ence in rates of postoperative complications, graft or
patient survival. However, they note a lower rate of
rejection in the older group (13% vs. 33%, although
details of how this was diagnosed are not presented)
[6]. Scalea et al. [7] analysed 720 recipients of whom 28
were over 55 years and found that older recipients

graft and patient survival rates have also been reported
by other single-centre analyses, including patients aged
over 50 years and over 60 years old at the time of trans-
plant [7,8], that support the findings of this study.

At the same time, we have demonstrated an associa-
tion between recipient age and increased mortality over
time in both Kaplan—-Meier and multivariate analyses,

receiving SPK had better survival than those receiving  although divergence in survival rates was only evident

kidney alone. While there may be some evidence that
the excellent glycaemic control achieved in SPK trans-
plantation may have some survival benefit, it must be

Figure 3 Patient survival in pancreas
transplant recipients alive at 1 year
post-transplant stratified by organ
function for (a) simultaneous
pancreas kidney and (b) isolated
pancreas.
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after two years post-transplant in Kaplan—Meier analy-
sis. This refutes the concept that perioperative mortality
risk should preclude consideration of older recipients

(a) (b)
0 1 3 5 10 0 1 3 5 10
Dual 340 | 334 |311 |282 |49 99 96 90 82
function

Pancreas | 27 26 25 23 6
loss

25 24 23 21 2

Kidney |8 8 5 4 0
loss

Both 7 3 2 0 0
lost

1007

80

607

40

Patient Survival (%)

201

Stable _ Pancreas

“unction ~ failed
JKidney _yaBoth
faied " failed

T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10

Years post-transplant

1007TT*+

-1

80

60

Patient Survival (%)

Stable _ 4Pancreas
~uncion ~ "failed

T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Years post-transplant

533



Mittal et al.

for pancreas transplant. Indeed, rates of cerebrovascular
and cardiovascular events were low in both groups, sug-
gesting pancreas transplantation is feasible carefully
selected in older recipients with the use of robust car-
diac pre-assessment and optimization. Other studies
have reported higher pre-operative cardiac intervention
rates to that observed in our study, with Laurence et al
describing cardiac intervention in the older recipient
group at a rate of 46% vs. 13%, despite the recipient
groups showing equivalent duration of diabetes pre-
transplant [6]. Scalea also demonstrated that recipients
over 55 years of age are more likely to have a pretrans-
plant cardiac intervention, but not more likely to have
post-transplant cardiac events than recipients aged 45
and over [7].

Protocols for pretransplant assessment and cardiac
optimization vary between transplant centres. Histori-
cally, angiocardiography was recommended for cardiac
assessment; however, with the emergence of more
sophisticated radiological cardiac imaging modalities,
there has been a trend away from this invasive investi-
gation. Stress echocardiography has also been used for
cardiac stratification [9], while in our unit the mainstay
of pretransplant assessment is myocardial perfusion
scanning, as it offers the advantage of sensitive and
detailed functional assessment in these high-risk
patients.

Further to any analysis that has been presented previ-
ously, we have performed multivariate assessment of
factors associated with patient survival and demon-
strated that postoperative MI, kidney failure and pan-
creas graft failure are independently associated with a
higher risk of mortality. While there were no factors
identified to predict risk of MI or kidney graft loss,
donor age was identified as a potentially useful risk fac-
tor for pancreas graft loss. Donor age has been estab-
lished in many single-centre [10] and national database
analyses to be associated with poor pancreas graft sur-
vival and forms the most significant predictor in the
Pancreas Donor Risk Index [11].

Life expectancy for patients with end-stage renal fail-
ure secondary to type 1 diabetes is low with a median
survival of five years after initiation of renal replace-
ment therapy, reduced to 3.5 years for patients over
55 years of age [8]. Previous analyses have shown that
the use of older donors for pancreas transplantation is
acceptable and offers survival benefit over remaining on
the waiting list [12]. However, in an analysis of SRTR
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data, Kayler et al. [13]reported that older recipients
(>40 years) can achieve graft and patient survival rates
equivalent or superior to younger recipients when allo-
cated a pancreas from a younger donor (<40 years).
While there was a survival benefit for older recipients to
undergo transplantation rather than remaining on the
waiting list, older donors were associated with higher
graft failure and mortality rates when allocated to both
younger and older recipients, with outcomes poorest in
the older recipient group. Similar conclusions had been
drawn in other published analyses [14]. Our analysis
found 40% of recipients who died within the first year
post-transplant and had suffered the insult of early pan-
creas or kidney graft failure. About 96% of patients sur-
vived beyond one year post-transplant and enjoyed a
five-year survival of 91.3% for IP and 93.9% for SPK in
the context of stable pancreas and kidney function.
Although the use of young donor organs for transplan-
tation into recipients at the upper limit of acceptable
age criteria may be controversial, it is important to bal-
ance risk factors in organ selection at time of offering
for this cohort of patients in order to optimize graft
and patient survival.

In conclusion, this analysis has demonstrated equiva-
lent graft outcomes in recipients over and below
55 years of age at the time of transplant. Age alone
should not be an exclusion criterion for pancreas trans-
plantation. While recipient age is predictive of patient
mortality, excellent patient survival can be achieved in
the context of stable graft function. Pancreas and kidney
graft failure are both highly predictive of mortality, and
therefore, careful selection of donor organs is recom-
mended in this cohort.
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