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1. Introduction

Pancreatic transplantation has become a standard of care for complicated type 1 diabetes 

therapy. In the United States in 2015, there were approximately 1000 patients awaiting 

pancreas transplant, with the percentage of active listings at 65%, the highest in decades.1 

Solid organ pancreata can be transplanted individually, after a kidney transplant (pancreas-

after-kidney [PAK]), or with a simultaneous pancreas-kidney (SPK) transplant. As diabetes 

is cited as a major, in- creasing public health burden,2 pancreas transplant has been 

recommended by the American Diabetes Association and other national guidelines as an 

accepted treatment, particularly when coupled with end-stage renal disease.3 Benefits to 

pancreas transplantation, SPK, and PAK are well described, having both improvements in 

mortality when compared to those on the waiting list4 and better overall glycemic control, 

reducing number of hypoglycemic episodes compared to those on insulin regimens.5 In 

addition, pancreas transplantation has been shown to delay secondary complications of 

diabetes, such as cardiovascular disease6 and nervous system complications.7

Despite these demonstrated advantages for pancreatic transplantation, only approximately 

10% of available organs are recovered from donors after brain death (DBD). Additionally, 

there has been an overall decline in pancreatic transplantation over the past decade.8 In 

pancreatic transplantation, inconsistent donor management and organ acceptance practices 

are pervasive. Potentially contributing to this lack of consistency in donor management is the 

fact that the current risk-adjustment models used to predict both organ procurement 

organization (OPO) donor pancreas utilization and transplant center graft survival models 

lack detailed donor critical care data.
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In an effort to increase standardization and data collection, several OPOs have collaborated 

to develop a checklist of critical care endpoints to guide the bedside care of potential organ 

donors. These endpoints are also known as donor management goals (DMGs), and they 

represent normal hemodynamic, respiratory, renal, acid-base, and endocrine parameters for 

an organ donor. Multiple studies have shown improvements in both organ utilization 

rates9–13 and recipient graft outcomes14–16 when these goals are met.

The link between optimal management of the potential organ donor after brain death (DBD) 

and pancreatic graft utilization and function has not yet been explored in the literature, and 

we sought to further elucidate this relationship using a deceased organ donor database 

containing demographic and critical care data at 4 time points during donor management. 

Given anecdotal reports of insulin requirements being used as criteria for pancreatic 

acceptance or denial, we also sought to determine the relationship between insulin dose and 

pancreatic usage and function.

2. Methods

2.1 Study Design

A prospective observational study of all donors after brain death (DBD) from 10 organ 

procurement organizations (OPOs) in United Network for Organ Sharing (UNOS) Regions 

1,3, 4, 5, and 6 (covering Oregon, California, Nevada, Utah, New Mexico, Arizona, Georgia, 

Massachusetts, and Texas) was performed from July 2013 to September 2015 on 2862 

DBDs. Among DBDs, only standard criteria donors (SCDs) were examined, as pancreata are 

rarely transplanted from expanded criteria donors (ECDs). After removing pediatric donors, 

donors involved in other studies, and donors with incomplete insulin data, the total number 

of donors analyzed was 1819. Of these 1819 donors, 238 pancreata were transplanted, for a 

transplantation rate of 13.0%, consistent with national averages.

2.2 Data Collection and Outcome Measures

Donor demographics and critical care data were collected prospectively through use of the 

UNOS Donor Management Goals Registry Web Portal (https://nationaldmg.org). These data 

were entered remotely by OPOs managing the donor and were collected at 4 standardized 

time points: at the time of referral, authorization for donation, allocation of organs for 

transplantation, and prior to leaving the intensive care unit for organ recovery. There are nine 

critical care endpoints in the DMG Bundle. The current DMGs utilized by participating 

OPOs are listed in Table 1. The Bundle is considered “Met” when any 7 of the 9 parameters 

are achieved. When a value is not recorded or present, it is counted as “Not Met.” Critical 

care values are recoded over the course of donor management, and Figure 1 illustrates the 

general timeline of a potential organ donor in the ICU, delineating when the DMGs are 

measured. The process begins with a neurologic injury, at which point, OPOs are often 

contacted and a referral is made to the OPO for imminent brain death when clinical triggers 

are met. If regression to brain death occurs, the patient’s family is approached by the OPO 

for authorization for donation, and if this happens, the OPO takes over management of the 

donor after he or she has been determined brain dead. Approximately 12-18 hours later, 

organ offers are being made, and this time point is noted as “Allocation.” Finally, on call to 
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the operating room for organ recovery, terminal values are recorded, and this time point is 

noted as “Prior to OR” These “Prior to OR” measurements are often taken on call to the OR 

for organ recovery, and usually less than an hour passes be- tween the recording of these 

terminal values and actual start of the case. The entire process of donor management by the 

OPO occurs from “Authorization” through “Prior to OR”.

There were two primary outcomes for this study, pancreatic utilization/transplantation and 

recipient graft survival. Independent predictors of each outcome measure were determined 

using the statistical methods described in the next section. We hypothesized that higher 

insulin doses in the donor would predict decreased pancreas graft utilization, but these 

higher doses would not affect recipient graft survival.

2.3 Statistical Analysis

A two-part analysis was performed to identify predictors of pancreatic transplantation. First, 

a univariate analysis was conducted to assess demographic and critical care elements 

associated with pancreas graft acceptance for transplantation. Categorical variables were 

analyzed using Pearson’s chi-square test, and continuous variables were analyzed using 

independent samples t test.

Variables with a P < 0.05 on univariate analysis were then included in multivariable logistic 

regression models to determine independent predictors of utilization. For multivariable 
analysis, when multiple time points were significant on univariate analysis, time points 
closest to Allocation were preferentially used, given that this is when organ offers are being 
made and accepted. In addition, categorical data were preferentially used over continuous 
variable data, as it produces more relatable odds ratios. Lastly, inherently related values were 
run in separate models. For this study, we ran two multivariable analyses for both utilization 

and survival, one that contained the individual DMG elements and one which contained the 

variable “Bundle Met,” defined as meeting seven of the nine individual DMG elements. 

Variables with a P < 0.05 on multivariable analysis were considered independent predictors 

of pancreatic transplantation.

To determine independent predictors of pancreas graft survival, we also performed univariate 

and multivariate analyses. Only donors whose pancreata were accepted for transplantation 

were included in these analyses. Again, for multivariable analysis, categorical data were 

preferentially used over continuous variable data, time points closest to Allocation were 

used, given this being the closest time point to when organ offers are being made, and 

inherently related values were run in separate models. For those variables with a P < 0.05 on 

univariate analysis, Cox regression analysis were performed to deter- mine independent 

predictors of pancreatic graft survival.

Statistical analysis was performed with Stata version 25.0 for Windows (StataCorp). Within 

the text and tables, values are reported as mean ± standard deviation (SD) or percent 

frequency (%) unless stated otherwise.
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3. Results

There were 1819 DBDs with complete data that met all of the inclusion criteria. A total of 

238 pancreatic transplants were performed, for a transplantation rate of 13.1%. A total of 

198 of these pancreatic transplants were simultaneous pancreas-kidney (SPK) and 40 were 

either pancreas-after-kidney (PAK) transplants or pancreas trans- plant alone (PTA). The 

average age of donors was 37.0 ± 11.6 years and 63% were male. For the 238 pancreata 

transplanted, survival rate was 91.6% with mean time to follow up of 192 ± 156 days. The 

mean number of OTPD for donors with a pancreas transplanted was 5.9 ± 1.1, and for those 

donors that did not have a pancreas trans- planted, the mean OTPD was 3.4 ± 1.6 (P < 

0.001).

Univariate analysis of categorical donor variables associated with pancreatic transplantation 

is displayed in Table 2. This table displays the percentages of pancreata transplanted when 

DMG elements are met or not met. Achieving the DMGs for ejection fraction, pH, 

PaO2:FiO2 ratio, urine output, and low-dose vasopressors at various time points were 

significantly associated with pancreatic transplantation. Additionally, the Bundle being met 

at all time points was also significantly associated with pancreas graft utilization. Regarding 

demographic variables, cause of death being anoxia was the only notable donor 

characteristic associated with pancreatic transplantation. Table 3 displays continuous donor 

variables associated with pancreatic transplantation. Of note, lower donor age, weight, BMI, 

HgbA1c, lactate level, serum glucose, and insulin dose were associated with pancreatic 

trans- plantation on univariate analysis.

HgbA1c measurements were further broken into quartiles and analyzed for their effects on 

pancreatic transplantation. Quartile 1 (≤5.2%) and quartile 2 (5.3%-5.4%) showed levels 

associated with pancreatic usage, consistent with a mean value for acceptance of 5.3% 

(Table 3). If the donor’s HgbA1c fell within quartiles 3 (5.5%-5.7%) and 4 (≥5.8%), there 

was an association with not trans- planting the pancreas. These results can be seen in Figure 

2.

We then used multivariable regression to look for independent predictors of pancreatic 

transplantation. On this analysis, age, HgbA1c, and an EF ≥ 50% at allocation all proved to 

be independent predictors of pancreatic utilization. Results of multivariable regression are 

displayed in Table 4. Though trending toward significance, insulin use was not 

independently predictive of pancreatic transplantation.

For graft survival, categorical elements associated with graft survival on univariate analysis 

were achieving the MAP DMG at referral as well as achieving the EF and glucose DMGs 

prior to organ recovery (Table 5). For continuous donor demographic elements, lower age 

and lower hemoglobin A1C were associated with survival of pancreatic grafts. In addition, 

values for MAP and pH at referral were noted to be associated on univariate analysis (Table 

6). When analyzing continuous and categorical data with a Cox multivariable regression 

model, lower age, achieving the MAP DMG at the referral time point, and achieving the 

glucose DMG at the prior to organ recovery time point were all found to be independent 

predictors of pancreatic graft survival (Table 7). When stratifying transplanted pancreata by 
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binary independent predictors, we can see the survival of the pancreatic grafts as a function 

of meeting the MAP DMG at the referral time point, and the glucose DMG at the prior to 

organ recovery time point in Figure 3.

4. Discussion

Transplantation of the pancreas is a common therapeutic procedure for complicated type 1 

diabetes, although its frequency has been declining over the last decade. Transplantation of 

islet cells has likely contributed to this decline; however, several studies have shown superior 

results with simultaneous pancreas kidney transplant or pancreas after kidney transplants.17 

This study aimed to address potential modifiable donor variables that could affect 

transplantation rates as well as graft outcomes in order to offer potential steps for 

intervention to improve pancreatic transplantation. We found that lower donor age, lower 

donor HgbA1c levels, and achieving the EF DMG at allocation were independent predictors 

of pancreatic transplantation. After analyzing data from pancreata that had been 

transplanted, we found that achieving the DMG for MAP at the referral time point and the 

DMG for glucose at the prior to organ recovery time point were independent predictors of 

graft survival. Of note, insulin dose was neither a predictor of pancreas graft utilization nor 

survival.

Multiple studies have shown that aggressive donor management can result in improved 

outcomes, in terms of both organ yield and organ function.9–11,14,18 Both kidney14 and 

hepatic16 grafts have been studied and analyzed for predictors of usage and function, and we 

have attempted to expand this work to help identify modifiable fac- tors in the donor that 

affect pancreas graft acceptance as well as survival in the recipient. With just over 1000 

pancreas and kidney/ pancreas transplants performed in 2017 per OPTN data, it is import- 

ant to both optimize the number of available organs for transplant and create an environment 

in which good critical care can improve outcomes from these rare grafts.

Predicting graft utilization, especially in relatively rare pancreatic grafts, may be difficult 

and subject to many biases from varied sources. In 2010, the pancreas donor risk index 

(PDRI) was developed as a way to identify primarily donor factors associated with 

pancreatic allograft failure and as a way to inform organ acceptance practice.19 It consists of 

8 donor factors (age, sex, race, height, BMI, serum creatinine, cause of death, and donor 

being of DCDD status) and 2 transplant factors (including CIT and type of transplant—SPK, 

PAK, or PTA). We chose not to examine the PDRI for this population, as many of the factors 

used in the PDRI calculation were already included in our analysis, where we focused on 

potentially modifiable donor factors. Additionally, not all transplant centers use this metric 

in evaluating pancreatic donors and other pretransplant screening tools such as Pre-

Procurement Pancreas Allocation Suitability Score (P-PASS), which contains the variables 

of age, BMI, intensive care unit stay, preexistent cardiac arrest, serum sodium, serum 

amylase or lipase, and the use of vasopressive agents, have been found to be advantageous in 

certain populations.20 Other composite models containing many of these variables have been 

studied21; however, we chose not to introduce a new scoring system for these grafts. In 

addition, due to the fact that OPOs do not have agency over the critical care of DCDDs, our 

study was limited to brain-dead donors, which would make the PDRI model less relevant for 
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this group of donors. In this data set, precise or individual reasons for an organ being 

accepted or declined for transplantation by transplant centers are unknown; however, we 

have attempted to identify donor factors which may affect these decisions. Unmodifiable 

donor factors that we found as independent predictors of pancreatic utilization were donor 

age and hemoglobin A1C. The only modifiable donor critical parameter that predicted 

pancreas graft utilization was an EF ≥ 50% at organ allocation, and we believe this result to 

be due to the fact that pancreata are typically accepted from the youngest and healthiest 

subset of donors.

Defining pancreatic graft failure has gone through multiple evolutions throughout the brief 

history of the therapy. Typically, graft failure is defined as the need for exogenous insulin 

after transplant, but this may underestimate the role of insulin insensitivity and may not 

represent complete absence of beta cell function. Several groups have examined factors 

predictive of graft function in recipients, including Dean et al, who found multiple recipient 

factors as predictive of insulin need post-transplant.22 Multiple reports have examined the 

donor immune function as a contributor to graft dysfunction and failure; however, few have 

examined the impact of the critical care of the donor after declaration of brain death on 

successful transplantation. One report has examined traditional donor and recipient factors 

and found im- paired recipient early glucose tolerance being independently associated with 

poor long-term graft survival.23 However, only donor age, type (DCDD vs DBD), and BMI 

were used in their model. In this study, we present the first analysis of donor critical care 

data that may affect pancreatic graft survival. Modifiable parameters that predicted graft 

survival were achieving a MAP 60-110 mm Hg at the beginning of donor management and a 

glucose ≤180 mg/ dL prior to organ recovery. These donor factors contributing to graft 

survival likely representing an overall hemodynamic and physiologic stability of the donor, 

which can contribute to graft success. We also must consider that this analysis of recipient 

survival is limited to those donors whose pancreata were accepted for transplantation, a 

more homogenous cohort than the overall pool of donors. These grafts are biased toward 

optimal characteristics, which diminishes the ability to discriminate across a range of 

variables. For example, BMI, historically found as a contributor to graft survival, did not 

significantly affect survival in this population, likely as a result of few grafts being selected 

from those with higher BMIs. This notion is confirmed with the univariate data on selection 

(Table 3) showing higher BMIs not being selected for transplant. This overall homogeny is a 

limitation of all studies that compare donor factors predicting organ utilization with those 

that affect recipient outcomes.

Islet cell transplantation has also been examined as a therapy for diabetes and offers a less 

invasive strategy for achieving glucose homeostasis. Despite this potential benefit, data have 

shown the frequent need for multiple islet cell transplants and overall inferior outcomes 

compared to pancreas transplantation, though this gap is closing.24 One proposed allocation 

strategy for islet allocation is to preferentially use them from obese donors, whose organs 

have been shown to have worse outcomes after pancreatic transplantation than nonobese 

donors.25,26 Despite the technical issues associated with graft failure cited in these studies, 

we were unable to find an independent association between donor BMI and pancreatic trans- 

plantation or survival in our study of DBDs.

Sally et al. Page 6

Clin Transplant. Author manuscript; available in PMC 2021 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



One of the assumed influences on pancreatic graft function is donor insulin requirements. 

Anecdotal reports exist of trans- plant centers turning down pancreata for transplantation 

based on donor insulin requirements. Given this bias that insulin use in the donor portends a 

worse clinical outcome in the recipient, we hypothesized that greater insulin use during 

donor management would predict decreased graft utilization. However, being that insulin 

insensitivity may simply be a bystander of the inflammatory physiologic milieu that 

accompanies brain death and does not necessarily represent impaired function of the 

pancreas, we hypothesized that insulin dose would not have an impact on graft survival. One 

group recently demonstrated this phenomenon in a COHORT, finding that in addition to 

normoglycemia, DBDs on high-dose insulin therapies also had increases in anti-

inflammatory cytokines and decreases in pro-inflammatory cytokines.27 Our results 

demonstrated a significant association between lower insulin dose and pancreas utilization 

on univariate analysis, but these trends did not remain significant when placed in 

multivariable models. In addition, graft function was not affected by increasing dosages of 

insulin in the donor. However, independent of insulin requirements, our results did illustrate 

the impact of normoglycemia, as meeting the terminal DMG value for glucose (≤180 

mg/dL) was an independent predictor of graft survival.

A limitation of this donor-derived data set is that we are only able to analyze donor factors 

affecting transplantation rates and success. Many groups have addressed recipient factors 

and how they affect pancreatic graft function; however, these are not included in our current 

study. Additionally, though the area under the curve for our Cox regression model is 0.76, 

we recognize that with a model built on 20 events, fewer degrees of freedom may result in a 

more reliable model. We also recognize that one potential future investigation would be to 

examine the Bundle over time and how it affects pancreatic acceptance and transplantation. 

As seen in a previous study,28 positive Bundle status change does result in more OTPD; 

however, this metric has not been applied yet to individual organs. Future studies should 

include examining Bundle status change over time for pancreata, a larger number of 

subjects, and should examine both donor and recipient factors in the same model. In 

addition, future studies will address the length of time donor management occurs, which has 

not been carefully studied in pancreatic grafts. Though a recent publication examined longer 

lengths of donor management, and showed improvements in heart, lung, and overall OTPD 

with >20 hours of donor manage- ment,29 these metrics have yet to be applied specifically to 

pancreatic grafts and are outside of the scope of our current study.

This study presents a prospective analysis of 1819 brain-dead organ donors with 238 

pancreata transplanted, of which 91% were still functioning after an average of over 6 

months. The modifiable donor predictors of graft utilization and survival included 

hemodynamic parameters as well as serum glucose. Insulin dose in the donor did not predict 

graft acceptance or survival. Agencies that create risk-adjustment models that aim to 

examine transplant center performance should investigate whether adding donor critical care 

parameters improves model performance.
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Figure 1: 
Donor management timeline
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Figure 2: 
Kaplan-Meir curves for pancreatic graft survival, stratified for independent predictors of 

survival
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Figure 3: 
HgbA1c quartiles and associations with pancreatic transplantation. Percentages expressed as 

percentage of total pancreata transplanted (n = 238) or not transplanted (n= 1581)
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