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Introduction

Simultaneous pancreas–kidney transplantation (SPK) is a

well-established treatment for patients with insulin-depen-

dent diabetes mellitus and end-stage renal disease. On the

contrary, pancreas transplantation (PT) is associated with

the highest surgical morbidity of all abdominal solid

organ transplantations [1–3].

The aging of the general population has led to

increased numbers of aged pancreas transplant recipients

and more diabetic patients reach older age in better health

than in previous generations [4–6]. Consequently, more

elderly diabetic patients might be considered for PT.

Improved patient and allograft survival after PT reflects

advances in surgical techniques, anesthesia, critical care,

and infection control, as well as the development of tar-

geted, potent immunosuppressants [1]. This success has

expanded the pool of transplant recipients to include per-

sons previously considered ineligible because of advanced

age and comorbid conditions.

At our center, PT was initially restricted to patients

younger than 50 years of age. In the Eurotransplant

region, the previously accepted maximum recipient age

ranged from 45 to 50 years and has been increased to

55 years in some centers in recent years. However, an

international consensus is still missing.
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Summary

Aging of the population and improvements in diabetes therapy have led to an

increased number of older pancreas transplant candidates. The aim of our ret-

rospective study was to evaluate pancreas transplantation (PT) outcomes in

patients ‡50 years, as limited data exist in these patients. We analyzed 398 con-

secutive pancreas transplant patients from June 1994 to June 2009 for different

outcomes (patient/graft survival, rejection rate, and surgical complications)

between the age groups ‡50 years (n = 69) and <50 years (n = 329). Donor

and recipient characteristics were similar except for recipient age (54.0 vs.

38.8 years), BMI (24.6 vs. 22.9 kg/m2), and duration of diabetes mellitus (36.0

vs. 27.7 years). One-, 5-, and 10-year patient and graft (kidney/pancreas) sur-

vival were not significantly different between the groups with patient survival

rates reaching 84% and pancreas graft survival up to 67% after 10 years. Surgi-

cal complications such as relaparotomy rate (34% vs. 33%) or pancreas graft

thrombosis (14% vs. 11%) as well as 1-year rejection rates (35% vs. 31%) were

not significantly different. PT in selected patients aged ‡50 years resulted in

survival comparable with that of younger patients. In conclusion, advanced age

should no longer be considered as an exclusion criterion for PT. However,

good medical assessment and careful patient selection are necessary.
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The feasibility of kidney, liver, or heart transplantation

in older recipients, with the use of potent immunosup-

pressive therapy, has been shown in several reports over

the last decade, but only limited data are available for

older pancreas transplant recipients [7–11]. The aim of

this retrospective study was to determine whether pan-

creas transplant recipients aged 50 years and older achieve

the same benefit after PT compared with those younger

than 50 years.

Patients and methods

Between June 1994 and June 2009, 398 consecutive

adult patients underwent PT at our center; 374 of them

were SPK, 19 were pancreas after kidney transplants

(PAK) and five were pancreas transplantation alone

(PTA). All patients were C-peptide negative type 1 diabet-

ics. Patients were divided into two groups according

to the recipient’s age at the time of transplantation.

Sixty-nine (17% of total) patients were ‡50 years old

(mean age 54.0 ± 3.4 years; range 50–65 years), and 329

patients were between 22 and 49 years (mean age

38.8 ± 5.9 years).

Outcome was analyzed for short- and long-term graft

and patient survival as well as rejection rates and surgical

complications (e.g. relaparotomy, vascular graft thrombo-

sis) for both groups. Rejection episodes were diagnosed

by renal biopsy (75%) or were defined by an increase in

serum creatinine level by 30% or more from baseline, not

attributable to other causes, with subsequent return to

baseline after treatment. Treatment strategies were related

to severity of acute rejection episodes, i.e. mild to moder-

ate rejection episodes were treated with a steroid bolus

for 3 days, whereas severe rejection episodes were treated

with a 7- to 10-day course of OKT3 or antithymocyte

globulin (ATG), rituximab and/or plasmapheresis. Pan-

creas graft biopsies were performed only in five cases.

Relaparotomy was defined as any operative procedure

involving the intraperitoneal or retroperitoneal space dur-

ing the first 3 months after transplantation or during the

initial hospital stay, if it exceeded 3 months.

Preprocurement pancreas suitability score (P-PASS)

was calculated when complete donor data were available.

P-PASS is based on the following factors: age, body mass

index, intensive care unit stay, pre-existing cardiac arrest,

serum sodium level, serum amylase or lipase level, and

the use of vasopressive agents [12].

Transplantation technique

Whole pancreas organs were used in 396 patients. Split

PT was performed in two patients. A total of 349 pan-

creas grafts had exocrine enteric drainage, and bladder

drainage was used in 49 patients. The venous outflow of

the pancreas was systemic in the majority of cases

(n = 335), while portal drainage was used in 63 patients.

For organ preservation, University of Wisconsin (UW)

solution (n = 329) or histidine–tryptophan–ketoglutarate

solution (n = 69) was used. All patients received a

3-month antiviral prophylaxis with ganciclovir or

valganciclovir, antibiotic and antifungal agents.

Patient selection

All patients referred to our center were interviewed by a

transplant surgeon and a transplant coordinator. The pre-

transplant work-up includes a full medical assessment

(e.g. electrocardiogram, chest X-ray, lung function test)

with an emphasis on cardiovascular stress tests. All

patients had to undergo a dobutamine stress echocardiog-

raphy or a myocardial perfusion scintigraphy. In case of a

positive stress test, coronary angiography was performed.

In patients ‡50 years, all patients got a full cardiology

review including cardiac catheterization. Exclusion criteria

consist of, besides those commonly established for other

solid organ transplants (active malignancy or infection,

drug abuse, uncontrolled psychiatric disease or noncom-

pliance to the medication), significant coronary disease

not treatable by angioplasty, stenting or surgery, severe

peripheral artery disease, body mass index >35 kg/m2, or

pronounced central obesity.

Immunosuppression

During the 15-year study period, immunosuppressive

therapy changed as new agents became available. A qua-

druple immunosuppressive therapy was applied to all

patients and included an induction with ATG

(Thymoglobulin; Genzyme, Neu-Isenburg, Germany) or

antilymphocyte globulin (ATG-Fresenius S; Fresenius Bio-

tech, Graefelfing, Germany) as single-shot treatment in

the majority of cases. Daclizumab (Zenapax; Roche

Pharma, Grenzach-Wyhlen, Germany) induction was used

in 13 patients. In a series of 25 SPK transplanted patients,

daclizumab was administered in addition to ATG as

described previously [13]. Initially, maintenance immuno-

suppression consisted of cyclosporine A (Sandimmun;

Sandoz, Basel, Switzerland) in combination with azathio-

prine (Imurek; GlaxoSmithKline, München, Germany)

and prednisolone (Solu Decortin H; Merck Pharma,

Darmstadt, Germany). In 1995, azathioprine was replaced

by mycophenolate mofetil (CellCept; Roche Pharma) and

in 1996, cyclosporine A by tacrolimus (Prograf; Astellas,

Munich, Germany). Our current regimen in SPK, PAK,

and PTA recipients includes a thymoglobulin single-shot

induction (1.5 mg/kg BW), tacrolimus, mycophenolate
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mofetil and low-dose prednisolone. In the present study,

maintenance immunosuppression included low-dose

prednisolone, tacrolimus (n = 313; 79%) targeted to

trough levels of 10–15 ng/ml during the first month or

cyclosporine (n = 85; 21%) with trough levels of 150–

250 ng/ml, mycophenolate mofetil (2–3 g/day) or azathio-

prine 100–150 mg/day and in six cases sirolimus. There

were no differences in use of tacrolimus between both

groups (58/69, 84% vs. 255/329, 78%).

Statistical analyses

For statistical analysis, the chi-square test and the Fisher’s

exact test were used to compare categorical variables, and

the Mann–Whitney U-test to compare continuous vari-

ables. Patient and graft survivals were calculated using the

Kaplan–Meier method including the log-rank test. A

P-value below 0.05 was considered as statistically signifi-

cant. Analysis was performed using spss (Chicago, IL,

USA).

Results

From June 1994 through June 2009, 368 patients under-

went 398 PT at the Department of Surgery, Knappschafts-

Hospital, Ruhr-University of Bochum. Sixty-nine (17%)

of them were performed in patients ‡50 years. Up to

2001, only 5% of patients were ‡50 years, but since then,

the proportion of older patients increased steadily, com-

prising about 50% of all patients in 2009.

Donor characteristics are shown in Table 1. Mean donor

age was slightly higher in the older recipients group. How-

ever, this difference did not reach statistical significance.

Body mass index (BMI), donor sex, cause of death, use

of perfusion solution, cold ischemic time, mean HLA-mis-

matches, and P-PASS were similar in both groups.

The recipient demographics are presented in Table 2.

According to age group assignment, there was a signifi-

cant difference in the mean age of the two groups

(54.0 ± 3.4 years vs. 38.8 ± 5.9 years, P < 0.001). The

oldest patient who underwent PT during the study period

was 65 years old. The ratio of men to women was similar

in both groups.

As expected, duration of diabetes mellitus before trans-

plantation was approximately 8 years longer in the older

patient group (P < 0.001). The number of CMV-positive

recipients was significantly higher in patients aged

50 years and above (P = 0.04). Concerning preoperative

time of dialysis, there was no difference between both

groups. Recipients older than 50 years had a significantly

higher BMI compared with the group younger than

50 years (P < 0.001).

The majority of pancreas grafts were transplanted

simultaneously with a kidney. Sixty-four patients (93%)

of the older group received a SPK compared with 310

patients (94%) in the group <50 years. PAKs were per-

formed more often in the younger group, but this differ-

ence was not statistically significant. PTA (n = 5) was

only performed in recipients younger than 50 years.

Patients and graft survival

The mean duration of follow-up was 7.7 ± 4.3 years.

Patient survival rates at 1, 5, and 10 years were 100%,

89%, and 80% in the older group and 97%, 89%, and

84% in the younger group, respectively (P > 0.05; log-

rank test, Fig. 1). One-, 5-, and 10-year kidney transplant

survival was 95%, 81%, and 74% in patients older than

50 years and 97%, 91%, and 69% in younger recipients,

respectively. Pancreas graft survival rates for 1, 5, and

10 years were 87%, 76%, and 67% in older recipients and

83%, 72%, and 67% in patients under 50 years, respec-

tively. However, there was no significant difference in the

1-, 5-, and 10-year pancreas and kidney graft survival

between both groups (P > 0.05; log-rank test, Fig. 1). The

overall rate of acute rejection episodes within the first

Table 1. Donor characteristics.
Donor characteristics Older (n = 69) Younger (n = 329) P-value

Age (years) 34.7 ± 12.7 31.9 ± 12.4 0.087

BMI (kg/m2) 22.9 ± 2.9 22.8 ± 3.0 NS

Gender (male/female) 36/33 154/174 NS

P-PASS 18.2 ± 1.6 (n = 62) 17.0 ± 3.7 (n = 266) NS

Traumatic cause of death 17 (25) 119 (36) NS

Preservation solution UW 50 (72) 273 (83) NS

Cold ischemic time (h)

Pancreas 12.3 ± 3.0 12.9 ± 5.0 NS

Kidney 13.2 ± 2.2 13.5 ± 5.6 NS

HLA mismatch 4.3 ± 1.1 4.1 ± 1.3 NS

Values are given as mean ± SD or n (% of group).

UW, University of Wisconsin solution; P-PASS, preprocurement pancreas suitability score.
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year was 31.6%; 34.8% in patients ‡50 years, and 31.3%

in patients <50 years (P = 0.57).

The main reason for early pancreas graft loss was

venous graft thrombosis (11.5%, 46/398), with nine

(14%) cases in the older group and 37 (11%) cases in the

younger group. Cause of death for both groups is listed

in Table 3. Complications, requiring repeated laparotomy

in the first 3 months (older vs. younger: 34% vs. 33%) as

well as length of hospital stay were also similar in both

groups (mean 36.0 ± 22 vs. 36.6 ± 19 days). The rather

long hospital stay includes also the rehabilitation process

during the initial admission.

Discussion

This is the first large single-center study showing the

feasibility of PT in patients older than 50 years with

comparable risks for death or graft loss than in younger

recipients. PT is currently the only treatment of type 1

diabetes mellitus that restores normoglycemia and

returns hemoglobin A1c (HbA1c) levels to normal. Addi-

tionally, SPK has become a therapy of choice in type 1

diabetics with end-stage renal disease. Over the past

20 years, the outcome of SPK transplants has been

improved substantially in terms of long-term survival

and protection from secondary diabetes complications

[14–16]. Nevertheless, PT has the highest surgical

complication rate of all routinely performed solid organ

transplantations, resulting in relaparotomy in 30–40% of

patients [1–3]. The long-term advantages of this surgical

procedure have to be balanced to the associated morbid-

ity and mortality, as well as the side effects of the long-

term immunosuppression.

In the present study, the patient survival rates were not

different at 1, 5, and 10 years between both groups.

Increasing recipient age was not associated with higher

risk for early or late death. A potential concern in the

elderly patients is the risk of death as a result of post-

transplant cardiovascular complications and infections,

which were observed in 43% and 28.5% of our patients

aged 50 years or older compared with 22% and 36.5% in

Table 2. Recipient characteristics.

Recipient

characteristics

Older

(n = 69)

Younger

(n = 329) P-value

Age (years) 54.0 ± 3.4 38.8 ± 5.9 <0.001

Gender (male/female) 40/29 187/142 NS

BMI (kg/m2) 24.6 ± 3.1 22.9 ± 3.0 <0.001

Time of diabetes

mellitus (years)

36.0 ± 8.9 27.7 ± 7.0 <0.001

Time of dialysis (months) 26.7 ± 28.2 26.2 ± 27.4 NS

Previous transplantation 7 (10) 27(8) NS

SPK 64 (93) 310 (94) NS

PAK 5 (7) 14 (4) NS

PTA 0 5 (2) NS

Enteric drainage 66 (96) 283 (86) 0.02

CMV recipient positive 40 (58) 147 (45) 0.04

CMV (R)/D+) 15 (22) 86 (26) NS

CMV (R)/D)) 14 (20) 96 (29) NS

CMV (R+/D+) 15 (22) 70 (21) NS

CMV (R+/D)) 25 (36) 77 (23) 0.03

ATG 66 (96) 319 (97) NS

IL-2 RA 7 (10) 31 (9) NS

Tacrolimus 58 (84) 255 (78) NS

Cyclosporine A 11 (16) 74 (22) NS

Mycophenolate mofetil 67 (97) 299 (90) NS

Azathioprine 2 (3) 24 (7) NS

1-year acute rejection rate 24 (35) 103 (31) NS

Values are given as mean ± SD or n (% of group).

BMI, body mass index; SPK, simultaneous pancreas kidney transplanta-

tion; PAK, pancreas after kidney transplantation; PTA, pancreas

transplantation alone; CMV, cytomegalovirus; R, recipient; D, donor;

IL2-RA, interleukin 2-receptor antibody; ATG, antithymocyte globulin.
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Figure 1(a–c) Kaplan–Meier survival

estimates after simultaneous pancreas

kidney transplantation, by patient age at

time of transplantation. There was no

significant difference between the two

survival curves (P > 0.05; log-rank test).

Table 3. Cause of death (n = 48) in 398 consecutive adult patients

undergoing pancreas transplantation in the older and younger recipi-

ent group during the study period.

Cause of death

Older (n = 69) Younger (n = 329)

N (%) n (%)

Infection 2 (28.5) 15 (36.5)

Cardiovascular 3 (43) 9 (22)

Cerebrovascular 0 (0) 2 (5)

Malignancy 2 (28.5) 5 (12)

Suicide 0 (0) 2 (5)

Other 0 (0) 8 (19.5)

Total 7 (100) 41 (100)
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the younger group respectively. This difference was not

statistically significant.

The duration of diabetes mellitus was more than

8 years longer in the older patients group. However, look-

ing at end-organ failures such as renal insufficiency, there

were no apparent differences. Improved diabetes therapy,

early aggressive antihypertensive treatment, and progress

in prevention and treatment of diabetic nephropathy have

led to a type 1 diabetic population that increasingly suf-

fers from end-stage renal disease at an age older than

50 years.

Pancreas graft survival rates for 1, 5, and 10 years were

87%, 76%, and 67% in older recipients and 83%, 72%,

and 67% in patients below 50 years, respectively. These

survival rates are comparable with results from enteric

drained pancreas recipients in the United States [17,18]

and elsewhere [19,20].

Elderly patients are by far the fastest growing popula-

tion requiring renal replacement therapy both in Europe

and in the USA [21,22]. Only two decades ago, elderly

people had limited access to dialysis therapy, whereas

nowadays patients older than 65 years of age constitute

69% of all German patients starting therapy for end-stage

renal failure [22,23].

Because of the critical shortage of donor organs, selec-

tion of candidates for transplantation is based on the

potential for maximal benefit in terms of functional

recovery and long-term survival. The upper age limit used

to select potential candidates for PT has significantly

changed over the last 15 years, and it is still a matter of

debate. Several studies have shown an increased morbidity

and mortality in elderly pancreas transplant patients, and

some concluded that PT should be reserved for young

patients [24–27]. Ojo and coworkers [28] reported an evi-

dent survival advantage of SPK across different demo-

graphic subgroups except in patients who were ‡50 years

old at the time of transplantation. However, these studies

have in common a small number of elderly patients

studied.

Initially, PT was restricted to patients younger than

50 years. As short- and long-term survival after transplan-

tation improved, selection criteria, including age, were

progressively liberalized at our center. Evidence for such a

change in the upper age limit came from our own experi-

ence regarding kidney transplantation in older patients

(Eurotransplant Senior Program) and from several studies

reporting that morbidity and mortality after kidney, liver

and heart transplantation were not significantly increased

in selected older patients [8–11].

To the best of our knowledge, only limited data are

available reporting outcome of PT in patients aged

50 years and above. Ablorsu et al. [7] reported about

their single center experiences with similar outcomes in

significantly less patients. Sutherland et al. [29] had quite

similar results in their experiences, which were also

confirmed by US registry data [30,31]. However, the

definition of ‘old recipients’ was >45 years of age in most

of these studies, with similar results to our group of ‘old

recipients’ ‡50 years of age.

With a mean follow-up of 7.7 years, this is the first

study that demonstrates comparable long-term patient

and graft survival in selected pancreas transplant recipi-

ents older than 50 years. The careful selection of pan-

creas transplant candidates is a likely explanation for

the good outcomes in the older group. In this regard,

coronary angiography was performed in the majority

(94%) of older patients prior to acceptance on the

waiting list. Half of these patients had to undergo cor-

onary stent angioplasty or coronary artery bypass

surgery. We have not used coronary disease as exclu-

sion criteria for PT. As long as the coronary lesions are

correctable by stent angioplasty or bypass, we will per-

form a PT.

Improvements in PT are another explanation for the

good results and the increase in upper age limit for

potential pancreas transplant recipients. Likely reasons for

improved patient survival rates and decreased surgical

complications after PT include better surgical techniques

and critical care, better antimicrobial therapy, and a more

sophisticated immunosuppressive therapy (e.g. tacrolimus,

mycophenolate mofetil).

Center experience and surgeon-related factors may

influence the outcome of PT. It has been shown that pan-

creas transplant center volume did not affect patient sur-

vival in the United States [32]. Other reports have

demonstrated an inverse relationship between center vol-

ume and mortality for a number of surgical procedures

[33–37]. In 2009, approximately one quarter (24%) of all

SPK in Germany was performed at our institution [38].

As a high volume center for PT, we did accept a higher

number of elderly patients.

In summary, despite the limitations of a retrospective

study, our experience with selected patients aged

50 years and older is favorable and indicates that PT

can be successfully performed in these patients, with

long-term survival comparable with that seen in younger

patients.

We conclude that advanced age alone should no longer

be considered a contraindication to PT. However, good

medical assessment and careful patient selection are

necessary.
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