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Abstract 



Background. Simultaneous pancreas-kidney transplantation (SPK) is a definitive treatment for type 1 diab.etics with 

end-stage renal disease (ESRD). Because of the shortage of deceased donors in Japan, the mortality rate during the waiting 

period is high. We evaluated mortality risk in patients with type 1 diabetes waiting for SPK, and the benefit of living donor 

kidney transplantation (LDK) preceding pancreas transplantation, which may reduce mortality in patients awaiting SPK. 

Materials and methods. This retrospective study included 71 patients with type 1 diabetes. Twenty-six patients underwent . 

SPK, 15 underwent LDK, and 30 were waiting for SPK. Their cumulative patient and graft survival rates were retrospectively 

evaluated. Risk factors contributing to mortality in patients with type 1 diabetes awaiting SPK were evaluated using a Cox 

() 
proportional hazards model. 

Results. The 5-year cumulative patient survival rates in the SPK and LDK groups were 100% and 93.3%, respectively 

(P=0.19), and 5-year kidney graft survival rates were 95.7% and 100% (P=0.46), respectively. The cumulative survival rate in 

patients awaiting SPK was 77 .7% at 5 years of registration. Duration of dialysis was the only factor significantly associated 

with patient and graft survival by both univariate and multivariate analyses. 

Conclusion. Patient and graft survival rates were similar in the SPK and LDK groups, but the survival rate of patients 

(_)waiting SPK decreased over time. Duration of dialysis was an independent risk factor for patient and graft survival.LDK 

preceding pancreas transplantation may be an effective therapeutic option for patients with type 1 diabetes and ESRD. 



INTRODUCTION 

Despite the increase in brain-dead organ donors in Japan after the amendment of the organ transplantation law in 2010, a 

severe shortage of donors remains a serious problem. This has resulted in long waiting periods and high mortality rates during 

waiting for transplantation [l]. 

According to the statistical data of the Japanese Pancreas and Islet Transplantation Association, the mean waiting period 

for pancreas transplantation in Japan is 1305 days. This compares unfavorably with the mean waiting period in Europe and 

the United States, which is <l year. Of 194 patients are waiting for pancreas transplantation in Japan, 53 (27.3%) have 

already been waiting for >5 years. 
0 

Long-term dialysis in type 1 diabetes is inevitably accompanied by cardiovascular complications, which can be one of the 

factors to worsen the prognosis of type 1 diabetes. Held et al. have reported that patients with type 1 diabetes receiving 

dialysis have a life expectancy half that of a healthy person [2]. Longer duration of dialysis is generally associated with 

poorer patient prognosis [3], especially in type 1 diabetics with ESRD. Thus, early kidney transplantation from a living donor 

can be a leading option in Japan, where there are few brain-dead donors. Living donor kidney transplantation, (LDK) 

preceding pancreas transplantation would be expected to enhance patient prognosis. We therefore evaluated the therapeutic Q 

utility ofLDK preceding pancreas transplantation in patients awaiting simultaneous pancreas-kidney transplantation (SPK). 



MATERIALS AND METHODS 

Seventy-six patients with type 1 diabetes were approved for pancreas transplantation at our institution by the Pancreas 

Transplantation Central Coordination Commission between April 1999 and March 2014. Five of these patients were excluded 

for cancellation ofregistration. Approval for SPK was based on clinical diagnosis, current and previous medical histories, 

family history, current medications, contraindications, evaluation of possible complications (including renal function, 

retinopathy, neural disturbance, arteriosclerotic lesions, and malignant disorders), and general medical condition. Approval 

also required pancreatic absolute endogenous insulin deficiency, as assessed by daily urinary C-peptide excretion or by a 

certain C-peptide level on glucagon stimulation tests. 

Of the 71 included patients, 41 underwent transplantation, including 26 who underwent SPK and 15 who underwent LDK, 

including three who later underwent pancreas after kidney transplantation (PAK). The remaining 30 patients were still 

awaiting SPK. 

The cumulative patient survival rates were retrospectively calculated for three groups: SPK, LDK, and those awaiting 

SPK. The cumulative kidney graft survival rates in the SPK and LDK groups were evaluated and compared. The cumulative 

l)urvival of all 71 patients registered for SPK was evaluated and their long-term prognosis was evaluated by univariate and 

multivariate analyses. 

JMP pro 11 (SAS Institute) was used for statistical analysis. Cumulative patient and graft survival rates were evaluated 

using the Kaplan-Meier method and compared using the log-rank test. The demographic and clinical characteristics of all 71 

patients registered for SPK were evaluated, including age, sex, age at onset of type 1 diabetes, duration of type I diabetes 

(duration of insulin therapy), duration of dialysis, history of cardiovascular disease (CVD), history of infectious disease, 

glycosylated hemoglobin A1c (HbA1c) (National Glycohemoglobin Standardization Program : NGSP), insulin concentration, 

LDK, and history of pancreas or kidney transplantation. Potential risk factors were evaluated by univariate and multivariate 



analyses using a Cox proportional hazards model. x,2 tests were used to compare the demographic and clinical factors. 

Differences between two groups were determined using the Wilcoxon method. Statistical significance was defined as P<0.05. 

RESULTS 

The demographic and clinical characteristics of the 71 patients registered for SPK are shown in Table 1. The cumulative 

survival rates of the SPK and LDK groups were 100 and 93.3%, respectively, at 1 year and 100 and 93.3%, respectively, at 5 . 

years (P=0.19; Fig 1 ). One patient who underwent LDK died from a hypoglycemic coma during the follow-up. The 5-year 

death-censored kidney graft survival rates of the SPK and LDK groups were 95.7 and 100%, respectively.(P=0.46; Fig 2) .. 
0 

The cumulative survival rate in patients awaiting SPK was 77.7% at 5 years, decreasing rapidly thereafter to 66.1 % at 6 years 

and 49.6% at 7 years (Fig 3). The cumulative survival rate in all 71 patients was 89.1 % at 5 years (Fig 4). A total of 11 

patients died during the waiting period, including six from sudden death, two from cerebrova.Scular disease, two from sepsis, 

and one from aspiration pneumonia after hypoglycemic coma. 

Univariate and multivariate analyses using a Cox proportional hazards model were performed to identify factors 

associated with survival during the waiting period. Factors analyzed included patient age, sex, duration of diabetes (history oQ 

insulin therapy), HbA1o level, insulin level, duration of dialysis, history of CVD, history of infectious disease, and history of 

pancreas or kidney transplantation. Both univariate and multivariiite analyses demonstrated that mean duration of dialysis was 

the only independent factor significantly predictive of survival during the waiting period (Tables 2 and 3). 

DISCUSSION 

Initiation of dialysis drastically reduces patient survival rates. In Japan, the 5- and 10-year survival rates of patients 

undergoing dialysis are 59.4 and 36.3%, respectively, with low rates also observed in type 1 diabetes patients receiving. 



dialysis. We found that the 5-year survival rate of patients awaiting SPK was 77. 7%, which was lower than that of the SPK 

and LDK groups, which was 100% and 93.3%, respectively. Patients initiating dialysis are at risk of developing 

complications such as CVD [4]. Pancreas and kidney transplantation decreases cardiovascular and neural complications [5,6] 

.and improves patient prognosis. Although SPK, the primary therapeutic option, has been shown to benefit patients, it also has 

disadvantages, including its invasiveness, shortage of suitable donors, and resultant long-waiting period. 

Kidney transplantation alone can moderately decrease cardiovascular complications caused by dialysis and improve 

·quality oflife (QOL). LDK is especially appropriate for patients with type 1 diabetes and severe complications, such as 

(! 
'- - / 

severe arteriosclerosis, which make SPK more difficult. In both LDK and SPK, their life-threatening risks become lower than 

that of dialysis, however, the operative risk ofLDK becomes lower earlier than for SPK, at 15 and 101 days, respectively, 

after surgery [7]. LDK is less invasive than SPK and can be an effective treatment option. LDK has many other benefits: (1) 

there are some reports that patient and graft survival rates ofLDK and SPK have little difference [8-1 OJ; (2) LDK can reduce 

dialysis-associated complications and improve patient prognosis; (3) unlike a transplant from a brain-dead donor, LDK 

recipients can be preoperatively examined and undergo safe transplantation·by elective operation; (4) the costs of 

Cransplantation are lower than those for dialysis in the 2nd and subsequent years [11]; and (5) physical and psychological 

QOL is drastically improved by transplantation [12,13]. In contrast, LDK has several drawbacks, first is the need for a living 

donor. However, this procedure has been shown to be safe for living donors, with no loss of renal function or life expectancy 

[14]. Second is the inability ofrecipients to stop insulin therapy, the instability of glycemic control, and the recurrence of type 

1 diabetes [15,16]. In consideration of these advantages and disadvantages, cautious and appropriate decisions for surgery are 

required. 

To date, 15 patients with type 1 diabetes have undergone LDK in our institution. Three of them had undergone successful 

PAK. There are advantages and disadvantages to PAK, thus careful assessment is required to judge the adaptation of surgery. 



The advantages of PAK are that it is the best method to achieve insulin withdrawal [17]. It is particularly effective for brittle 

diabetes. Additionally, it has protective efficacy against diabetic complications, and prevents diabetic nephropathy of the 

kidney graft, arteriosclerosis, retinopathy, and autonomic neuropathy. It may also result in continuous improvement of 

prognosis. The disadvantages of PAK are that reoperation is necessary, and it may exacerbate kidney graft dysfunction 

because of operative invasion and immuiiosuppression. Generally, the following conditions are required when performing 

PAK: a physical state that can tolerate a second transplantation, no aggravation of cardiovascular complications [18], and 

well-maintained kidney graft function. In particular, good renal function is imperative, otherwise it may be lost even after 

successful pancreas transplantation. Kleinclauss et al. have proposed that renal function should be maintained, with a 
0 

. creatinine level <1.5 mg/dL with no proteinuria [19]. When concern about diabetic complications is resolved, although there 

is no clear limitation for the period of up to PAK, early subsequent pancreas transplantation after LDK is desirable, if possible 

within 1 year after LDK [20]. In addition, there are some reports that PAK is inferior to SPKin terms of patient and graft 

survival rates. However, the results of PAK are improved by immunosuppressants such as anti-thymocyte globulin [20-25]. 

In Japan, there is a shortage of brain-dead donors, therefore, LDK preceding pancreas transplantation should be able to 

prevent an extension of dialysis-related pomplications and decrease the mortality during the SPK waiting period. When . Q 

performing PAK after LDK, because complications are inhibited by LDK, PAK can be performed under safe conditions. 

CONCLUSION 

Patient and kidney graft survival rates were excellent in both SPK and LDK groups, with no significant differences. 

However, patient survival rate in those awaiting SPK decreased over time, especially after 5 years. Duration of dialysis was 

an independent mortality risk factor, indicating the need for early kidney transplantation. In line with this, LDK preceding 

pancreas transplantation may be an effective therapeutic option altern~tive to SPK for type 1 diabetics with ESRD when there 



is a shortage of brain-dead donors, as in Japan. 
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Table 1. Demographic and clinical characteristics of the patient population 

Patients 

SPK LDK awaiting· 
Characteristics P value 

(n=26) (n=15) SPK 

(n=30) 

Age, years 36.4±7.4 41.5±8.3 42.3±8.3 0.013 

Sex (male:female) 6:20 6:9 15:15 0.11 

Age at onset of type 1 diabetes, years 15.7±8.2 14.6±6.5 14.6±7.2 0.86 

0 
Duration of type 1 diabetes, years 23.8±6.0 27.2±9.5 27.6±8.1 0.16 

Duration of dialysis, years 5.6±4.0 2.8±3.0 12.4±8.4 <0.001 

History of CVD 2 (7.7%) 2(13.3%) 7 (9.8%) 0.85 

History of infectious disease 2 (7.7%) 0 (0%) 5 (16.7%) 0.10 

HbA1, (NGSP: %) 7.5±1.5 7.6±1.6 7.9±1.6 0.63 

HbA1o (NGSP: 2::7.6%) 50.0% 33.3% 60% 0.23 

0 
Insulin level, U 30.5±10.0 34.2±13.8 28.6±9.1 0.25 

Observation period, days 3685±1333 1373±1055 1837±1094 <0.001 

Results are mean±standard error of the mean 

CVD = cardiovascular disease; HbA1o = glycosylated hemoglobin; LDK = living donor kidney transplantation; SPK = 

simultaneous pancreas-kidney transplantation 

*P<0.05. 



Fig 1. Kaplan-Meier analysis of cumulative survival rates in SPK and LDK groups. 
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Fig 2. Kaplan-Meier analysis of death-censored kidney graft survival rates in SPK and LDK groups. 
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Fig 3. Kaplan-Meier analysis of cumulative survival rate in patients awaiting SPK. 
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Fig 4. Kaplan-Meier analysis of cumulative survival rate in all 71 patients r~gistered for SPK. 
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Tabie 2. Univariate analysis of factors associated with mortality in patients with type 1 diabetes registered for SPK using a 

Cox proportional hazards model 

Variable HR 95%CI P value 

Age, years 1.02 0.95-1.10 0.57 

Sex (male:female) 0.98 ., 0.26-3.11 . 0.97 

Age at onset of type 1 diabetes, years 0.48 0.01-9.80 0.66 

(! 
Duration of type 1 diabetes, years 1.00 0.93-1.08 0.90 

Duration of dialysis, years 1.10 1.03-1.16 0.007 

History of CVD 0.92 0.05--4.80 0.94 

History of infectious disease 3.24 0.71-10.9 0.11 

HbA1o (NGSP: :;::7.6%) 2.91 0.86-13.15 0.09 

Insulin level, units 0.90 0.81-0.97 0.0059 

SPK l.66E-10 0.14-0.14 <0.0001 

' \__) 
LDK 0.60 0.032-3.17 0.60 

*P<0.05 

CI= confidence interval; CVD =cardiovascular disease; HbA1o = glycosylated hemoglobin; HR= hazard ratio; LDK =living 

donor kidney transplantation; SPK = simultaneous pancreas-kidney transplantation 



Table 3. Multivariate analysis of factors associated with mortality in patients with type 1 diabetes registered for SPK using a 

Cox proportional hazards model 

Variable HR 95%CI P value 

Duration of dialysis, years 1.09 1.01-1.17 0.0215 

History of CVD 0.41 0.02-3.15 0.43 

History of infectious disease 3.12 0.56-12.5 0.17 

0 
HbA1, (NGSP: 7.6% and over) 1.6 0.42-7.95 0.49 

LDK 1.81 0.089-13.6 0.62 

*P<0.05. 

CI = confidence interval; CVD = cardiovascular disease; HbA1, = glycosylated hemoglobin; HR= hazard ratio; LDK = living 

donor kidney transplantation; SPK = simultaneous pancreas-kidney transplantation 
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