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Abstract

Aims/hypothesis We aimed to determine whether simulta-
neous pancreas and kidney (SPK) transplantation would
improve patient and kidney graft survival in diabetic end-
stage renal disease (ESRD) compared with kidney trans-
plantation alone (KTA).

Methods Follow-up data were retrieved for all 630 patients
with diabetic ESRD who had received SPK or KTA at our
centre from 1983 to the end of 2010. Recipients younger
than 55 years of age received either an SPK (»=222) or, if
available, a single live donor kidney (LDK; n=171). Older
recipients and recipients with greater comorbidity received a
single deceased donor kidney (DDK; n=237). Survival was
analysed by the Kaplan—-Meier method and in multivariate
Cox regression analysis adjusting for recipient and donor
characteristics.
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Results Patient survival was superior in SPK compared with
both LDK and DDK recipients in univariate analysis. Follow-
up time (mean+SD) after transplantation was 7.1+5.7 years.
Median actuarial patient survival was 14.0 years for SPK,
11.5 years for LDK and 6.7 years for DDK recipients. In
multivariate analyses including recipient age, sex, treatment
modality, time on dialysis and era, SPK transplantation was
protective for all-cause mortality compared with both LDK
(»=0.02) and DDK (p=0.029) transplantation. After the year
2000, overall patient survival improved compared with previ-
ous years (HR 0.40, 95% CI 0.30, 0.55; p<0.001). Pancreas
graft survival also improved after 2000, with a 5 year graft
survival rate of 78% vs 61% in previous years (1988-1999).
Conclusions/interpretation Recipients of SPK transplants
have superior patient survival compared with both LDK
and DDK recipients, with improved results seen over the
last decade.

Keywords Diabetic end-stage renal disease - Kidney graft
survival - Kidney transplantation - Pancreas graft survival -
Pancreatic transplantation - Patient survival

Abbreviations
DDK  Deceased donor kidney

ESRD End-stage renal discase

KTA  Kidney transplantation alone
LDK  Live donor kidney

PAK  Pancreas after kidney

SPK Simultaneous pancreas and kidney
Introduction

The first pancreatic transplantation was performed in
Minnesota in 1966 by Kelly and colleagues [1]. Since then,
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pancreatic transplantation has become an effective treatment
option for patients with diabetes mellitus, especially those
with additional end-stage renal disecase (ESRD) [2—4]. In
patients with ESRD, kidney transplantation increases sur-
vival compared with long-term dialysis treatment [5-7].
This is also the case in the diabetic population with uraemia.

Transplant options for patients with diabetic end-stage
nephropathy include simultaneous pancreas and kidney
(SPK), live donor kidney (LDK) and deceased donor kidney
(DDK) transplantation. SPK transplantation not only
relieves the patient’s uraemia, but also alleviates the hyper-
glycaemic state of diabetes. At our centre, SPK transplanta-
tion has been performed since 1983. Large international
patient registries suggest that the survival rate of SPK recip-
ients is superior to that of diabetic patients receiving a single
kidney graft. However, such registries cannot fully account
for differences in transplantation protocols and medication
at different centres. Due to the increased operative risk of
SPK transplantation, the procedure has historically been
offered to younger and more physically fit recipients while
older diabetic recipients have usually received only a kidney
transplant. It has therefore been difficult to prove the supe-
riority of additional pancreatic transplantation.

At our centre, recipients with type 1 diabetic end-stage
nephropathy have been offered combined pancreas and kid-
ney transplantation (SPK) if they have been physically fit,
motivated and below 55 years of age. Time on dialysis is a
risk factor for impaired post-transplant patient survival [6].
To avoid or reduce the time spent on dialysis, recipients for
whom a live kidney donor is available have therefore re-
ceived a single LDK transplant, often with the intention of
later carrying out a pancreas after kidney (PAK) transplan-
tation. Older patients and those with greater comorbidity
have generally received a single DDK transplant. With this
policy, patients with type 1 diabetes receiving SPK or LDK
transplants are comparable with regard to age and comor-
bidity at transplantation. The benefit of a functioning pan-
creatic transplant may therefore be more accurately reflected
when comparing these two subgroups. We analysed patient
and graft survival rates in recipients with diabetic ESRD
grouped by treatment modality (SPK, LDK or DDK trans-
plant) at first transplantation.

Methods

This retrospective single-centre analysis comprises follow-
up data on 630 patients with diabetic ESRD who received a
first kidney or a combined transplant (SPK) between
January 1983 and the end of 2010. During this time, we
performed a total of 5,885 consecutive renal transplanta-
tions. Data on patient death, kidney graft loss defined as
need for dialysis or retransplantation, and pancreas graft loss

defined as need for insulin treatment, were retrieved from
the Norwegian Renal Registry. HbA . data have been
reported annually since 1997 and were used for a more
precise assessment of glycaemic control in SPK recipients
who had received their grafts after 1997. Oral glucose-
lowering agent use and C-peptide levels have not been
reported. Follow-up data were available to the end of June
2011. No patient was lost to follow-up.

Out of 630 patients, 56 underwent a second kidney
transplantation, five patients had a third, and one patient
received a fourth kidney allograft due to a failed kidney
transplant. Four patients received a PAK transplant, eight
patients later received a combined allograft (SPK), and ten
patients later received islet cell transplantations. Data on
recipients who had received a single pancreas graft (no
kidney) are not presented here. The study was approved
by the Regional Ethics Committee.

Eras At our centre, patients with diabetic ESRD have had
the possibility of receiving a combined pancreas and kidney
transplant (SPK) since 1983. In the first period from 1983 to
the end of 1987, a duct-occluded segmental pancreas was
used for transplantation. From 1988, a whole-pancreas graft
was used and the exocrine secretion was drained by anasto-
mosing the duodenal segment to the urinary bladder. Since
1998, bladder drainage has been substituted with enteric
drainage by anastomosing the duodenal segment to the
proximal jejunum. Before 1999, an exercise electrocardio-
gram or myocardial stress scintigraphy was the only man-
datory coronary work-up pre-transplantation. Coronary
angiography was only performed for indications based on
symptoms, clinical findings and an exercise ECG or myo-
cardial stress scintigraphy. From 1999 onwards, we imple-
mented a mandatory coronary work-up with angiography
prior to patient enlisting and transplantation [8].

Immunosuppressive therapy Over time, the protocols for
induction therapy and maintenance immunosuppression
have changed [9, 10]. From 1983 to 2000, all recipients
received triple immunosuppression with ciclosporin, azathi-
oprine and prednisone. After 2000, immunosuppression was
intensified by induction therapy for both pancreas (antithy-
mocyte antiglobulin) and kidney (basiliximab) transplants
alone. Azathioprine was substituted by mycophenolate
mofetil (MMF) and ciclosporin by tacrolimus. Mammalian
target of rapamycin (mTOR) inhibitors were not used as
primary immunosuppressive treatment for any of the
patients included in the present analysis.

Since ‘milestones’ in the protocols presented above oc-
curred in 1988 and 2000, we also grouped the recipients into
eras by date of transplantation. For patient and kidney graft
survival, the eras were defined as 1983-1999 and 2000
2010, respectively. The analyses for pancreas graft survival
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were divided into the eras 1983-1987, 1988—-1999 and
20002010, since a duct-occluded segmental pancreas was
used from 1983 to the end of 1987. We examined long-term
patient, kidney and pancreas graft survival grouped by treat-
ment modality (SPK, LDK or DDK transplant) and era.

Statistical analyses Demographic data were summarised
and grouped by mode of treatment. Continuous variables
are reported as the mean+SD, whereas categorical out-
comes are described using frequencies or proportions.
The Mann—Whitney U (Wilcoxon) and x? tests were used
to compare continuous and categorical variables, respec-
tively. Single LDK recipients were used as a reference.
Patient and graft survival rates were calculated according
to the Kaplan—-Meier method, and differences by mode of
treatment were evaluated with the logrank test. Cox pro-
portional hazards regression was used to obtain HRs and
95% ClIs for patient death and kidney and pancreas graft
losses. Several levels of multivariate adjustment were used
for patient survival analyses: an unadjusted model includ-
ing transplant type alone, a partly adjusted model includ-
ing transplant type and recipient factors alone, and finally
a fully adjusted model including transplant type and re-
cipient and donor factors. All risk factors significant at
p<0.1 in univariate analysis were retained in multivariate
analysis. All reported p values were two-tailed, and
p<0.05 was considered significant. Statistical analyses
were conducted using Stata version 12.1 (StataCorp LP,
College Station, TX, USA) and PASW Statistics version
18.0.3 (SPSS, Chicago, IL, USA).

Results

The demographic features of the study population are given
in Table 1.

Patient survival Kaplan—Meier curves for patient survival in
diabetic ESRD recipients grouped by mode of treatment are

Table 1 Demographic features of the study population

presented in Fig. 1. Follow-up time after transplantation
(mean+SD) was 7.1+5.7 years. Median actuarial patient
survival was 14.0 years for combined transplantation
(SPK), 11.5 years for LDK and 6.7 years for DDK recipi-
ents, respectively. Overall patient survival by treatment mo-
dality at 1, 3, 5 and 10 years post-transplant is presented in
Table 2. Patient survival was superior for SPK trans-
plantation compared with both LDK (»p=0.009) and
DDK (p<0.001) recipients on logrank analysis.

In a multivariate Cox regression analysis (Table 3) adjust-
ing for recipient age, sex, treatment modality, time on dial-
ysis and transplant era (Model 1), we found that receiving a
combined graft (SPK) was still associated with improved
survival compared with LDK recipients (p=0.02). When
donor age was included (Model 2), patient survival was no
longer different between the combined pancreas and kidney
and the LDK recipients (p=0.32). The survival of recipients
receiving a DDK was still significantly impaired (p=0.029).
The most striking effect on patient survival was seen by
transplant era. Patients (all subgroups taken together) trans-
planted after 2000 had an HR of 0.40 (95% CI 0.30, 0.55)
for all-cause mortality compared with recipients trans-
planted from 1983 and to the end of 1999. Among the 317
patients who died during the study, the most common cause
was cardiovascular disease (62%). Infections claimed 16%
and malignancy 8%. The remainder of the patients (14%)
died from other causes.

A subgroup analysis of SPK (n=82) and LDK (n=71)
recipients with age-matched donors was performed, only
including donors between 30 and 50 years of age. In this
subgroup analysis, donor age (mean+SD) was 40.3+
5.4 years in the SPK and 40.8+5.7 years in the LDK group,
respectively. Median actuarial patient survival was 15.0 years
for the combined transplantation (SPK) and 13.8 years for
LDK recipients, respectively. There was no difference in
patient survival between the two groups by logrank
analysis (p=0.70) or in a multivariate Cox regression
analysis adjusting for both recipient and donor charac-
teristics (p=0.66).

Characteristic SPK (n=222) LDK (n=171) DDK (n=237) SPK vs LDK DDK vs LDK
Recipient age (years) 40.6+7.4 45.1+12.5 55.1£11.4 p=0.003 »<0.001

Male recipient (n) 164 114 164 p=0.12 p=0.59

Time on dialysis (days) 400+349 2484222 565+408 p<0.001 p<0.001
Pre-emptive transplantation () 76 71 40 p=0.14 »<0.001
Donor age (years) 30.1+13.2 50.3£13.2 46.3+17.8 »<0.001 p=0.12

Cold ischaemia time (h) 10.84+3.7 2.8+1.7 14.9+6.1 »<0.001 p<0.001
Absence of HLA-DR mismatches () 48 61 108 p=0.002 p=0.045

Data are presented as mean+SD or frequencies; p values denote differences between groups

Pre-emptive transplantation denotes patients receiving a transplant before starting dialysis
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0 3 6 9 12 15
Time since transplantation (years)

Number at risk

LDK 171 140 99 66 41 20
SPK 222 168 129 90 51 33
DDK 237 147 84 44 22 5

Fig. 1 Kaplan—Meier estimates of long-term patient survival in 630
patients with diabetic ESRD grouped by mode of treatment; SPK, solid
line; LDK, dashed line; DDK, dotted line. Overall patient survival is
compared by logrank analysis. SPK compared with LDK recipients
(p=0.009); DDK compared with LDK recipients (p<0.001)

Kidney graft survival Kaplan—Meier curves for kidney graft
survival by treatment modality are presented in Fig. 2.
Median kidney graft survival was 11.0 (SPK), 9.3 (LDK)
and 5.9 (DDK) years, respectively. Overall kidney graft
survival at 1, 3, 5 and 10 years post-transplant in the SPK,
LDK and DDK populations is presented in Table 2. On
logrank analysis, patients receiving a combined allograft
(SPK) had superior overall kidney graft survival compared
with those receiving an LDK (p=0.043) transplant. DDK
recipients had an inferior overall kidney graft survival com-
pared with LDK recipients (p<0.001) by logrank analysis.

In a multivariate Cox regression analysis (Table 4) adjust-
ing for recipient age, sex, treatment modality, time on dial-
ysis, donor age, cold ischaemia time, HLA-DR mismatches
and transplant era, DDK recipients had still inferior kidney
graft survival (p=0.014), using LDK recipients as a refer-
ence. However, kidney graft survival was no longer differ-
ent between SPK and LDK recipients (p=0.99).

Pancreas graft survival The overall pancreas graft survival
curves by era using Kaplan—Meier analysis are presented in
Fig. 3. According to era of transplantation, SPK recipients
were divided into three groups (1983-1987, 1988—1999 and
2000-2010). Overall pancreas graft survival by era at 1, 3, 5
and 10 years post-transplant are presented in Table 2. The
mean+SD of all annual measurements of HbA,. for all
patients was 5.5+£0.3% (37+3.3 mmol/mol) and the
range of the HbA,. data was 4.6-6.4% (27-46 mmol/-
mol) for recipients receiving pancreas allografts after
1997 (n=130) and who had a functioning pancreas graft
(n=94) at the end of the study. Pancreas graft survival
was significantly different between all three periods of
transplantation, the largest differences being between the
first and later periods of transplantation (p<0.001) by
logrank analysis.

In a univariate Cox regression analysis, presented in
Table 5, the only significant factor associated with pancreas
graft survival was the era of transplantation. Inferior surviv-
al was seen in the first era using the middle era as a reference
(»<0.001). The most recent era showed superior pancreas
graft survival compared with the middle era (p=0.029).

Discussion

The major finding in this single-centre long-term follow-up
study of recipients with diabetic ESRD was that patients
receiving a combined allograft (SPK) had improved survival
compared with the recipients of either an LDK or a DDK
transplant. It is not a novel discovery that SPK recipients
have improved survival compared with DDK recipients [4,
11-17]. There has, however, been a selection bias towards
healthier and younger recipients receiving an SPK transplant
rather than a DDK transplant alone. Therefore the finding
that SPK recipients had superior survival compared with the
recipients of LDK allografts is important. Our policy has
been to refer younger and healthier diabetic patients for an

Table 2 Patient, kidney and
pancreas graft survival at 1, 3,
5 and 10 years after

Survival by treatment modality or era

Survival (%)

transplantation 1 year 3 year 5 year 10 year
Patient survival SPK 94 89 85 67
LDK 95 90 79 56
DDK 89 78 63 36
Kidney graft survival SPK 90 84 75 57
LDK 92 85 72 45
DDK 85 74 60 30
Pancreas graft survival 20002010 87 83 78 64
1988-1999 80 70 61 45
1983-1987 49 30 26 14
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Table 3 Cox regression analysis of risk factors for patient death

Characteristic Univariate analysis

Multivariate analysis

Multivariate analysis

Model 1 Model 2
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Recipient age (years) 1.03 (1.02, 1.04) <0.001 1.03 (1.02, 1.04) <0.001 1.03 (1.02, 1.04) <0.001
Male recipient 1.06 (0.83, 1.34) 0.65
Treatment modality

LDK (n=171) Reference Reference Reference

SPK (n=222) 0.68 (0.51, 0.91) 0.009 0.70 (0.52, 0.95) 0.02 0.84 (0.60, 1.18) 0.32

DDK (n=237) 1.82 (1.39, 2.37) <0.001 1.29 (0.96, 1.75) 0.094 1.41 (1.04, 1.93) 0.029
Time on dialysis (days) 1.00 (1.00, 1.00) 0.001 1.00 (1.00, 1.00) 0.001 1.00 (1.00, 1.00) 0.001
Transplant era

1983-1999 Reference Reference Reference

2000-2010 0.57 (0.43, 0.77) <0.001 0.41 (0.30, 0.56) <0.001 0.40 (0.30, 0.55) <0.001
Donor age (years) 1.01 (1.01, 1.02) <0.001 1.01 (1.00, 1.02) 0.018

Model 1 is adjusted for transplant type and recipient factors. Model 2 is additionally adjusted for donor age

All risk factors significant at p<<0.1 in univariate analysis were retained in multivariate analysis

LDK if this was available. These patients were placed on a
waiting list for an SPK transplantation if and only if a live
donation was not an option. Thus, the selection bias between
SPK and LDK recipients may be less pronounced than in
most other published studies, and the metabolic effects of a
functioning pancreatic transplant may therefore more accu-
rately reflect the differences in long-term outcomes.
Several previous studies have compared patient and graft
survival in diabetic patients receiving an SPK or kidney
transplant alone (KTA), with somewhat conflicting results
[11-26]. However, two recent major publications have pre-
sented long-term results in favour of better outcomes with

1004
751

501

Kidney graft survival (%)

T
0 3 6 9 12 15
Time since transplantation (years)

Number at risk

LDK 171 131 85 55 34 16
SPK 222 156 110 76 40 21
DDK 237 139 74 38 17 4

Fig. 2 Kaplan—Meier estimates of long-term kidney graft survival in 630
patients with diabetic ESRD grouped by mode of treatment; SPK, solid
line; LDK, dashed line; DDK, dotted line. The differences between all
groups are significant by logrank analysis. SPK compared with LDK
recipients (p=0.043); DDK compared with LDK recipients (»p<0.001)
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SPK transplantation [16, 22]. Data from the international
Collaborative Transplant Study have shown that SPK recip-
ients had superior survival beyond the 10th year post-
transplant than those receiving an LDK or DDK transplant
alone [16, 27]. Long-term kidney graft survival was also
superior in the group receiving a combined allograft after
20 years of follow-up, which was a finding we could not
confirm in the present study. A study from the Scientific
Registry of Transplant Recipients in the US by Weiss et al
also showed superior patient and kidney graft survival
among SPK recipients compared with both LDK and DDK
recipients [22]. However, only SPK recipients with a func-
tioning pancreas graft 1 year after transplantation were
included in their analysis.

Our observations are in contrast to the findings of Young
and colleagues, who analysed Organ Procurement and
Transplantation Network/United Network of Organ Sharing
database registry data [21]. On multivariate analysis, LDK
transplantation was associated with lower adjusted risks than
SPK transplantation over a period of 72 months’ follow-up
with respect to both kidney graft failure and patient death.
Several studies have reported equal outcomes in diabetic
patients when comparing SPK with LDK recipients [14, 15].
The differences in outcomes between the various studies could
partly be due to a lack of sufficient follow-up time. It has been
shown that the benefit of a functioning pancreas graft on the
kidney is first recognised after 5-10 years [28]. It also takes
more than 10 years to lower the risk of cardiovascular disease
with improved glycaemic control in both type 1 and type 2
diabetes [29, 30]. In addition, pancreatic transplantation
appears to have metabolic effects beyond improved glucose
control. A combined allograft (SPK) transplantation leads to
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Table 4 Cox regression analysis
of risk factors for overall Characteristic Univariate analysis Multivariate analysis
kidney graft loss
HR (95% CI) p value HR (95% CI) p value
Recipient age (years) 1.02 (1.01, 1.03) <0.001 1.01 (1.00, 1.03) 0.009
Male recipient 1.06 (0.85, 1.33) 0.61
Treatment modality
LDK (n=171) Reference Reference
SPK (n=222) 0.76 (0.58, 0.99) 0.043 0.99 (0.73, 1.37) 0.99
DDK (n=237) 1.59 (1.23, 2.06) <0.001 1.45 (1.08, 1.96) 0.014
Time on dialysis (days) 1.00 (1.00, 1.00) 0.005 1.00 (1.00, 1.00) 0.002
Donor age (years) 1.01 (1.01, 1.02) <0.001 1.01 (1.00, 1.02) 0.001
Cold ischaemia time (h) 1.02 (0.99, 1.04) 0.10
Absence of HLA-DR mismatches 1.04 (0.84, 1.30) 0.71
All risk factors significant at Transplant era
p<0.1 in univariate analysis 1983-1999 Reference Reference
were retained in multivariate 2000-2010 0.55 (0.42, 0.71) <0.001 0.42 (0.32, 0.56) <0.001

analysis

improved blood pressure and lipid control compared with
KTA in patients with type 1 diabetic ESRD [31]. Our findings
and those of others emphasise the importance of long-term
follow-up data to assess any benefit of combined pancreas and
kidney transplantation [27].

To our knowledge, our report represents the largest
single-centre experience in Europe to compare the long-
term outcomes for SPK, LDK and DDK recipients. In a
previous, smaller centre report from Leiden, the authors
concluded that SPK transplantation prolonged survival com-
pared with KTA, but they did not specifically address the
relation to LDK recipients [25]. In addition, a Swedish study
found superior patient survival for SPK recipients compared

with KTA recipients, but in that study too the KTA recipi-
ents comprised both LDK and DDK recipients [11].

Most single-centre publications originate in the USA [3,
4]. Sollinger and colleagues published a study including
SPK recipients followed for more than 20 years [4]. They
also reported superior recipient survival with SPK compared
with LDK. In another single-centre study from Minnesota,
the effect of time eras was put in focus, but patient survival
was also superior in cohorts receiving SPK [3]. The effect of
era was also a major finding in the present study. In fact, the
HR for death was only 0.4 after the year 2000 compared
with previous time periods, and in addition pancreas surviv-
al rate was improved, with a 5 year survival of 78% com-
pared with 61% before 2000. It is of interest to note that
similar success rates have recently been published for single
pancreas transplantation [32, 33].

Table 5 Cox regression analysis of risk factors for overall pancreas
graft loss

25+

Pancreas graft survival (%)

T T T T T T

0 2 4 6 8 10
Time since transplantation (years)

Number at risk

1988-1999 64 49 43 38 31 29
1983-1987 43 15 12 10 8 6
2000-2010 115 76 56 39 23 9

Fig. 3 Kaplan—Meier estimates of pancreas graft survival in 222
patients with diabetic ESRD grouped by era; 2000-2010, solid line;
1988-1999, dashed line; 1983—1987, dotted line. For overall pancreas
graft survival, the differences between all periods are significant by
logrank analysis. Era 2000-2010 compared with era 1988—1999
(p=0.029); era 1983-1987 compared with era 1988-1999 (p<0.001)

Characteristic Univariate analysis

HR (95% CI) p value

Recipient age (years) 0.99 (0.97, 1.02) 0.60
Male recipient 1.19 (0.78, 1.81) 0.42
Transplant era

1983-1987 (n=43) 2.82 (1.84,4.32) <0.001

1988-1999 (n=64) Reference

2000-2010 (n=115) 0.58 (0.36, 0.94) 0.029
Time on dialysis (days) 1.00 (0.99, 1.00) 0.37
Donor age (years) 0.99 (0.99, 1.01) 0.99
Cold ischaemia time (h) 1.01 (0.95, 1.07) 0.70
Absence of HLA-DR mismatches 1.29 (0.82, 2.03) 0.26
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Donor age is an important predictor of graft and patient
survival in kidney transplantation. SPK recipients generally
receive organs with more favourable donor characteristics,
such as younger age. In our study, the benefit of long-term
survival with SPK disappears when donor age is accounted
for. A lower donor age is an inherent characteristic of SPK
transplantation and is thus not a variable as is seen for LDK,
where the age span is much wider. The subgroup analysis of
SPK vs LDK recipients found no significant difference in
patient survival when donor ages were comparable.
However, the relevance of such a subgroup analysis is
hampered by lower statistical power and possibly selection
bias. Moreover, young donor age is considered to be a
prerequisite for successful pancreas graft function and sur-
vival [3, 34]. Therefore, our results do not necessarily prove
the concept that long-term normoglycaemia improves the
long-term survival rate, but they certainly support the opin-
ion that SPK transplantation is superior in uraemic patients
with diabetic nephropathy. It is also worth noting that sev-
eral studies support the fact that normoglycaemia obtained
after pancreatic transplantation substantially improves
patients’ quality of life [3, 35].

It is well acknowledged that patients with diabetic ESRD
are at particularly high risk of cardiovascular complications
and death [8]. In line with this, more than half of the deaths
in the present study were caused by cardiovascular compli-
cations, whereas the death rate from malignancies was quite
low. The low death rate for malignancies was reassuring
since diabetes, kidney failure and immunosuppressive ther-
apy predispose to such complications [36]. However, such
an effect may have been ameliorated by a competing risk of
death from cardiovascular disease.

There are some differences between Norway and most
European countries with respect to the treatment of ESRD.
The differences are mainly related to a higher rate of kidney
transplantation in Norway (61 per million inhabitants in
2011) and a considerably shorter waiting time. The median
waiting time for recipients receiving a combined transplan-
tation (SPK) or a DDK in the time period 2007-2011 was 5
and 9 months, respectively. A short waiting time before
transplantation is generally associated with improved patient
survival. However, there was a similar percentage of pre-
emptive transplantation in those receiving a combined pan-
creas and kidney transplantation (34%) and those receiving
a kidney from a live donor (42%), precluding the suggestion
that this might have caused the difference between the
groups.

The advantages of our study are that it represents a large
single-centre experience with a long-term observation peri-
od, and that no patient was lost to follow-up. Therefore the
selection bias for SPK vs LDK recipients may have been
less than in large international registries. Selection has prob-
ably been further minimised in that all patients since 1999

@ Springer

have undergone a pre-transplant coronary work-up with
angiography. We acknowledge that a pre-transplant coro-
nary work-up with angiography has by now become stan-
dard procedure in most centres performing pancreas and
kidney transplantation in patients with diabetic ESRD.

The limitations of the present study are its retrospective and
non-randomised design. Apart from a few exceptions, it is a
cohort of only white individuals, and data on cardiovascular
risk factors at transplantation are incomplete, especially for the
carly era (1983-1999).

In conclusion, SPK transplantation has emerged as an
effective treatment for diabetic patients with ESRD. A clear
benefit in terms of superior patient survival has been found for
SPK recipients compared with both LDK and DDK recipients.
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