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Background: Simultaneous pancreas-kidney (SPK) transplants for patients with type 1 diabetes mellitus 
(T1DM) remains disproportionately higher than that for type 2 diabetes mellitus (T2DM) patients. 
However, understanding the surgical outcomes for these patients is not well described. Therefore, the results 
of DM patients with end-stage renal disease and their transplantations were reported.
Methods: Between September 2016 and June 2019, 63 SPK transplants were performed in our organ 
transplantation center. χ2 and t-test compared the variables between the groups and the record review verified 
the patient survival. Using Kaplan-Meier survival estimates and Cox proportional hazards regression, we 
examined the influence of SPK on patient and graft survivals.
Results: Sixty-three SPK transplantation was performed, 18 (29%) were T1DM, and 45 (71%) T2DM. 
T2DM recipients had older age, duration of diabetes, and pretransplant dialysis time. No differences were 
found in human leukocyte antigen (HLA) mismatch, body mass index (BMI), and other variables. Patient 
survivals for T1DM was 98.2% and 94.8% at 1 and 2 years vs. 100% and 94.1% for T2DM recipients 
(P=0.87). There was no increased risk between kidney disease, pancreas failure, or death when comparing 
T2DM and T1DM.
Conclusions: In our single-center cohort of SPK transplants, we concluded that SPK recipients with 
T2DM diagnosis were not at increased risk for death, kidney failure, or pancreas failure when compared with 
recipients with T1DM.
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Introduction

It is known that simultaneous pancreas-kidney (SPK) 
transplantation is a new and promising therapeutic option 
for the treatment for type 1 diabetes mellitus (T1DM) 
patients and end-stage renal disease. From December 16, 

1966, to December 31, 2016, more than 30,000 pancreas 
transplants in the USA and 50,000 worldwide have 
been recorded on the International Pancreas Transplant 
Registry (IPTR) (1). From the past three decades, SPK 
transplantation results have been shown to be superior 
to pancreas transplantation, although this disparity has 
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reduced over time. There is a consensus that patients with 
T1DM with end-stage renal disease should receive an SPK 
transplant if a suitable donor is available (2).

However, the clinical outcomes of SPK in type 2 
diabetes mellitus (T2DM) patients are described less fully. 
Furthermore, there is little information available regarding 
the long-term glycemic control and graft survivals after SPK 
transplantation in T2DM patients. An impaired glucose 
tolerance or insulin resistance or DM recurrence probably 
existed in some of these patients after SPK transplantation. 
Thus, its value in T2DM patients continues to be carefully 
evaluated.

At our institution, 63 SPK transplants, with at least 
four months follow-up after transplantation, have been 
performed. Furthermore, T2DM was present in 71% of 
the SPK recipients’ cohort. This study aimed to compare 
the long-term effects of pancreas transplantation about 
glycemic control and graft survivals between T1DM and 
T2DM patients.

Methods

Study population

The Institutional Review Board of the Second Affiliated 
Hospital of Guangzhou Medical University approved 
protocols of the study. Written informed consent was 
obtained from each participant for the collection of clinical 
data. This trial is registered with Chinese Clinical Trial 
Registry, number ChiCTR1900026543. Between September 
2016 and June 2019, a total of 63 T1DM and T2DM 
patients with end-stage renal disease who underwent SPK 
were included in the present study. The recipients who had 
a previous transplant of a pancreas- or kidney-alone were 
excluded. The study population was stratified into two 
groups according to their diabetes diagnosis: T1DM and 
T2DM. T1DM is an auto-immune condition in which the 
body destroys the beta cells in the pancreas that produce 
insulin. Type 2 is a metabolic disorder where our body cells 
unable to use insulin effectively because the cells of the 
body are resistant to the action of insulin.

Surgical techniques

Renal transplants were performed to the right external 
iliac artery and vein, and the ureter was anastomosed to 
the recipient ureter by using end-to-end anastomoses 
techniques. All the renal allografts were placed into 

retroperitoneum.
Over the years, there have been different surgical 

techniques described for managing the type of venous 
drainage and exocrine pancreatic secretions. Enteric 
drainage of exocrine secretions was performed on all 
pancreas transplants, systemic venous outflow (postcava), 
and arterial reconstruction with “y” graft (iliac artery). 
Lastly in all cases of renal transplant, the artery was 
anastomosed in all cases. The pancreas was placed intra-
abdominally in all cases.

Many different antibody induction regimens were noted. 
For analyses, antibody induction therapy was defined as the 
use of depleting [e.g., antithymocyte globulin (ATG)] and/
or nondepleting (rituximab, basiliximab) antibodies.

The diagnos i s  of  acute  re ject ion a f ter  k idney 
transplantation was confirmed by a kidney graft biopsy and 
based on the imaging, clinical, and laboratory, data. When 
clinically indicated, pancreas graft biopsies were performed. 
The type of rejection was classified using the Banff score. 
Kidney graft function was followed by measuring serum 
creatinine levels and creatinine clearance. For pancreas graft 
function, serum glycemia, insulin levels, C-peptide, and 
HbA1c were used.

Statistical analyses

The primary outcomes of the interest were allograft 
survival. This was defined as the time between the date of 
transplantation and/or the date of the graft failure. Failure 
was marked by a return to dialysis or retransplantation or 
the last date of follow-up had a functioning graft. Other 
outcomes of interest were if there were transplantation 
complications, how long the length of stay was, if there 
were any delayed graft functions, the causes of graft loss, a 
recurrence of DM, and if there was an allograft rejection.

Baseline characteristics of the donor, recipient, and 
transplant characteristics, including immunosuppressive 
drug schedules at discharge, were compared. All data were 
expressed as mean ± standard deviations (SD) of three 
independent experiments, and comparisons were performed 
using Student’s t-tests. Patient survival, graft function, and 
recurrence of DM were estimated using the Kaplan-Meier 
method, and log-rank test compared the resulting curves. 
All P values were two-sided, and statistical significance 
was defined as a P<0.05 or P<0.01. Statistical analyses 
were performed using the SPSS 13.0 software (SPSS Inc., 
Chicago, IL, USA).
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Results

Baseline characteristics

Between September 2016 and May 2019, a final cohort 
of 63 SPK transplants was included in our study cohort. 
Table 1 describes the baseline characteristics of the two 
groups, according to diabetes type. SPK transplants in 
type 2 recipients (71%) were mainly performed in our 
study cohort. Compared with T1DM recipients, T2DM 
recipients were older at the time of transplant and the onset 
of diabetes. Moreover, T2DM recipients had older age, 
duration of diabetes, and pretransplant dialysis time. Other 
variables were not found to be different between T1DM 
and T2DM patients.

Posttransplant complications

For kidney graft, the mean cold ischemia time was  
240±55 mins implanted on the right iliac vessels for all cases. 
The mean cold ischemia time for the pancreas grafts were 
380±110 mins, which was inserted after the kidney. Table 2  
shows the posttransplant complication rates in T1DM 
and T2DM recipients. Only one patient had delayed renal 
graft function in T2DM group; five patients with T1DM 
occurred kidney allograft rejection. Eight patients occurred 
in the T2DM group and did not differ significantly between 
the two groups (P=0.376). Until the end of the analysis, two 
patients (T2DM) required hemodialysis. These two patients 
lost their kidney grafts due to antibody-mediated rejection.

After the SPK transplants, insulin requirement was 
stopped were on the first day in the two groups. The 
patients had a measurement of long-term blood glucose 
control. Pancreas complications were similar between 
groups. Only one patient (T1DM) had to take insulin 
injections (multiple daily infusions) afterwards. This 
was due to him losing the pancreatic graft from arterial 
thrombosis. Also, oral hypoglycemic drugs were used in 
the other two patients (T2DM). The incidence of acute 
pancreas allograft rejection was 22.2% for the entire cohort 
and it did not differ significantly between both the T1DM 
and T2DM recipients. In the immediate post-transplant 
period, 5 for pancreatitis, 1 for the duodenal leak, 1 for 
pancreatic fistula, and 5 for intestinal obstruction. One 
T2DM patient died from severe pneumonia (3 months 
after the transplantation). The last cohort death was due to 
a T1DM patient having cardiovascular disease 25 months 
after performing the transplantation.

Overall the 1 and 2 years patient survival rate was: 98.4% 
and 96.8%; and overall kidney graft survival was 98.4% 
and 96.8% respectively; while it was 96.5%, and 89.0%, 
respectively, for pancreas grafts. Patient survival, pancreas 
graft survivals, and kidney graft survival for each group are 
shown in Figure 1. No statistically significant difference was 
seen for any types of diabetes.

Discussion

There are about 21 million people in the United States 
that have been diagnosed with diabetes, which represents 
about 9.3% of the US population. Additionally, there 
are thought to be another 8.1 million people who have 
undiagnosed diabetes. Most of these people were diagnosed 
as having T2DM, with T1DM accounting for 8–10% 
of cases (2). The most severe complication of diabetes is 
diabetic nephropathy. Many clinical pieces of research have 
suggested that sustained restoration of glycemic control 
for the T1DM patients with end-stage renal disease results 
from SPK transplantation (3-5). There is much less of a 
consensus as to whether patients with T2DM patients have 
a similar benefit.

In the present study, we studied the characteristics and 
outcomes of all of the SPK recipients between Sep 2016 and 
May 2019 in our organ transplantation center. There are 
older age and a longer pretransplant dialysis time in T2DM 
recipients. Furthermore, we haven’t found significant 
differences in blood glucose level and patient survival 
between T1DM and T2DM recipients. Also, T2DM was 
not associated with increased graft loss when compared with 
T1DM recipients.

Though the diagnosis of T2DM was once thought to 
be a contraindication to SPK transplantation, usefulness 
has been demonstrated on the chosen subjects with type 2 
diabetes (6-8). Light et al. (9) analyzed the results of 10 to 
15 years of SPK transplants in a single-center retrospective 
review from 135 type 1 and type 2 insulin-dependent 
DM patients. The results from this study revealed that 
the outcome of a SPK transplant is equivalent no matter 
the type of diabetes. Margreiter et al. (10) led a single-
center retrospective review that analyzed 21 T2DM SPK 
recipients and compared them to a conventional T1DM 
SPK and T2DM kidney transplantation alone (KTA) 
control group. A multivariate analysis that had adjusted for 
any potential variables such as donor/recipient age, presence 
of secondary diabetic complications, body mass index (BMI) 
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Table 1 Baseline recipient, donor, and transplant characteristics

Characteristics T1DM (n=18) T2DM (n=45) P

Age, years 35.72±6.70 49.79±8.53 0

BMI, kg/m2 23.83±3.15 25.45±3.09 0.068

Duration of diabetes, years 156.11±92.56 245.62±75.72 0

Hypertension 0.913

Grade II 3 7

Grade III 15 38

Coronary artery disease 0.786

Yes 2 4

No 16 41

Cerebrovascular disease 0.495

Yes 1 1

No 17 44

PRA 0.852

Positive 1 2

Negative 17 43

Fasting blood glucose 5.79±0.59 5.67±0.61 0.477

Degree of HLA mismatch 0.864

2 2 3

3 13 32

4 1 5

5 2 5

Dialysis modality 0.042

None 1 8

Peritoneal dialysis 2 0

Hemodialysis 15 37

Induction 0.501

ATG 4 5

Thymoglobulin + basiliximab 13 38

Multiple 1 2

Calcineurin inhibitor 0.852

Cyclosporine A 1 2

Tacrolimus 17 43

Donor age 30.55±7.30 29.13±10.79 0.610

Hospital day 28.78±15.81 27.78±12.16 0.788

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index; PRA, panel-reactive antibody; HLA, human 
leukocyte antigen; ATG, antithymocyte globulin.
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waitlist time, cold ischemic time, delayed graft function, and 
coronary risk factors. After the analysis was finished it was 
revealed that there was no statistical significance between 
the recipients in the T1DM and T2DM groups. A growing 
body of evidence has shown that in suitably selected patients 
with T2DM, the clinical course and outcomes following 
SPK transplants were similar to the parallel patients with 
T1DM that underwent the SPK transplants (7,11,12).

Diabetes is generally considered as either T1DM or 
T2DM, depending on many factors. For example: genetic 
preponderance, age of onset, body habitus, inciting origin, 
and associated symptoms. However, there is a great amount 
of overlapping between the clinical symptoms of T1DM 
and T2DM. This may suggest that DM is actually a 
heterogeneous disorder, so T1DM and T2DM might have the 

same roots in insulin resistance that progress in people with 
a beta-cell failure genetic predisposition. Following decades 
of debate about the worth of PT for type 2 diabetic patients, 
the ratio of 1999–2003 pancreas transplant recipients that 
were classified as having type 2 DM was higher in the SPK 
(6%) than in the pancreas after kidney (PAK) transplantation 
(4%) and pancreas transplant alone (PTA) (3%) categories. 
For the 1999–2003 SPK recipients, the pancreas graft 
survival rates (post-transplant insulin independence)  
1 year after was not significant in patients with type 1 (84.5%) 
and type 2 (85.2%) DM (13).

There are concerns that insulin resistance in T2DM 
recipients leads a cascade in insulin production with islet 
exhaustion in a damaging way. This results in allograft 
failure. Peripheral insulin resistance is associated with 

Table 2 Post-SPK transplant complications in type 1 and 2 diabetic recipients.

Complications T1DM (n=18) T2DM (n=45) P

Kidney complications

Delayed graft function 0 1 0.524

Kidney rejection 5 8 0.376

Pancreas complications

Pancreatitis 2 3 0.555

Pancreas rejection 5 9 0.502

Duodenal leak 0 1 0.524

Pancreatic fistula 0 1 0.524

Portal thrombosis 2 2 0.324

Intestinal obstruction 2 3 0.555

SPK, simultaneous pancreas-kidney; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

Figure 1 Kaplan-Meier curves for (A) patient survival, (B) overall pancreas graft survival, (C) overall kidney graft survival in type 1 diabetic 
and type 2 diabetic recipients. T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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relative insulin deficiency and insulin secretory defects in 
T2DM patients (14). Successful SPK transplants achieve 
endogenous insulin secretion (C-peptide production) 
that has been shown to be reactive to standard feedback 
mechanisms. The result is the normalization of the 
glycosylated hemoglobin levels without needing exogenous 
insulin administration or close glucose monitoring. Insulin 
secretion and sensitivity have been shown to improve long 
term results after SPK for T2DM recipients (15).

The key limitation of the study is the lack of concrete 
data on the criteria that is used for defining diabetes type. In 
our study, diabetes type diagnosis in patients with end-stage 
renal disease relies mainly on medical history and laboratory 
parameters. Thus, this could lead to an incorrect diagnosis 
of T2DM. The small size of our study reduced our 
ability to analyze the subgroup data in our study. Finally, 
retrospective studies are inadequate in their capability to 
prove the contributing factors and only show associations.

In conclusion, compared with recipients diagnosed with 
T1DM, T2DM was associated with similar risks for death 
and kidney or pancreas allograft survival after an SPK 
transplant when compared with T1DM recipients. These 
data provided a framework for identifying best practices to 
modify recipient selection criteria for SPK transplantation. 
Further studies should be performed to develop the 
indications beyond the current acceptable C-peptide levels 
and BMI.
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