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Abstract

Background: Donation after cardiac death(DCD) has been proposed as an avenue to expand the
liver donor pool.

Methods: We examined factors associated with nonrecovery of DCD livers using UNOS data
from 2015 to 2019.

Results: There 265 non-recovered potential NRP) DCD livers. Blood type AB (7.8% vs. 1.1%)
and B (16.9% vs. 9.8%) were more frequent in the NRP versus actual donors (p < 0.001). The
median driving time between donor hospital and transplant center was similar for NRP and actual
donors (30.1 min vs. 30.0 min; p = 0.689), as was the percentage located within a transplant
hospital (20.8% vs. 20.9%; p = 0.984).The donation service area(DSA) of a donor hospital
explained 27.9% (p = 0.001) of the variability in whether a DCD liver was recovered.

Conclusion: A number of potentially high quality DCD donor livers go unrecovered each year,
which may be partially explained by donor blood type and variation in regional and DSA level
practice patterns.
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1. Introduction

As of May 2020, there are 12,739 patients awaiting liver transplantation in the United States,
with more than 12,000 candidates added to the waiting list every year since 2016.1 Although
deceased donor liver transplants (LT) have increased every year from 6,010 in 2012 to

8,372 in 2019, this still represents a significant shortage of available livers for transplant.
The consequences of this shortage are deadly, with individual centers commonly reporting
waitlist mortality rates of 20% or more.2:3 This has led to recognition that reliance solely
upon organ donors following brain death determination (DBD) is insufficient to meet the
growing need for transplantation.*

Increased utilization of organs from donation after cardiac death (DCD) donors has been
suggested as one potential means to make-up for the shortfall in available livers.3:> Several
centers experienced in DCD liver transplantation have demonstrated good outcomes,3:6-10
and accepting a DCD liver has been shown to provide a survival advantage over awaiting

a DBD liver.11 Recognition of the potential for DCD donors to partially ameliorate the
organ shortage has resulted in an overall increase in DCD donors in the United States, with
the total number of DCD donors increasing from 642 (8% of all donors) in 2006 to 1684
(17% of all donors) in 2017.8 Unfortunately, the increase in DCD donation overall has not
translated into widespread adoption of DCD liver transplantation. Between 65% and 75% of
DCD livers recovered for transplant have been ultimately discarded every year from 2006
through 2018.12

A recent survey of United States liver transplant centers found that 23% of responding
centers categorically do not use DCD livers. Of the remaining centers that continue to
perform DCD liver transplantation, 53% stated they would only accept locally allocated
DCD livers, and 31% responded that they would not accept DCD livers that required a flight.
Travel cost and perceived likelihood of arrest within acceptable limits of warm ischemia
time (WIT) were also cited as considerations in whether to pursue a given DCD liver donor
offer.13 Utilization of DCD livers is also highly concentrated to a few high-volume centers.
Although the majority of US centers performed at least 1 DCD liver transplant from 2013
through 2017, 17.5% of all DCD liver transplants during this period were performed by just
3 centers, while 46% were performed by 11 centers.1* Given the apparent continued lack
of enthusiasm for DCD liver transplantation despite an overall increase in DCD donation,
we hypothesized that a significant untapped pool of potential DCD livers exists. We further
hypothesized that distance from centers performing DCD LT would be a significant factor
in whether the liver from a DCD donor was pursued. Herein, we describe a retrospective
analysis of United Network for Organ Sharing (UNOS) data to test these hypotheses.

2. Methods

2.1. Study population and data sources

Adult DCD organ donors from 2015 onward contained in the March 2019 UNOS Standard
Transplant Analysis and Research (STAR) file were analyzed. Donors from whom a liver
was not recovered were identified by liver disposition code 3, indicating that the liver was
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not recovered and remained with the donor. Amongst this cohort, suitable liver donors

were identified by the following criteria: age under 60, body mass index (BMI) < 35,

AST and ALT <2 times the upper limit of normal, total bilirubin within normal limits,
hepatitis B virus (HBV) core antibody and nucleic acid testing (NAT) negative, hepatitis C
virus (HCV) antibody and NAT negative, no recent (e.g., past 6 months) history of heavy
alcohol use, and interval from withdrawal of life support to crossclamp <30 min. Further
exclusions were made if the reason given for the liver not being recovered indicated that

the liver was evaluated for transplant but found to be unsuitable, time constraints precluded
allocation of the liver, or medical examiner restrictions precluded liver recovery. Donors
fulfilling the above criteria were defined as nonrecovered potential (NRP) DCD liver donors.
A second cohort of nonrecovered potential liver donors was subsequently identified using

a more liberal set of criteria. The liberal criteria for NRP liver donors mirrored the more
conservative criteria outlined above, but without the restriction on history of alcohol use or
HCV antibody or NAT positivity. Comparison was made to DCD donors resulting in a liver
which was transplanted, identified by liver disposition code 6 (transplanted) in the STAR file
and identification of a recipient record corresponding to the donor.

2.2. Analytical methods

NRP DCD liver donors were compared to actual DCD liver donors on baseline
characteristics using the Wilcoxon-Mann-Whitney test for continuous variables and chi-
squared analysis for categorical variables. In order to estimate recipient outcomes should

the livers from NRP donors be transplanted, a subset of actual liver donors was selected

by matching to the NRP donors using propensity scores. Propensity scores were calculated
using multivariable logistic regression with the following covariates: age, race, gender, blood
type, history of diabetes, history of 1V drug use, cause of death, HBV core antibody, HBV
surface antigen, HBV NAT, HCV antibody, HCV NAT, history of recent heavy alcohol use,
HIV NAT, body mass index, height, weight, AST, ALT, total bilirubin, and the interval from
withdrawal of life support to crossclamp.

After calculation of propensity scores, matching was carried out in a 1:1 nearest neighbor
fashion based on the logit of the propensity score. The matching algorithm was “greedy”

in that, once a match was made, it was not broken. In order to prevent poor matches from
being made, a caliper width equal to 0.2 times the pooled standard deviation of the logit
propensity score for the entire cohort was imposed. Matched pairs with a difference in logit
propensity score greater than the caliper were discarded. Residual differences in covariates
between groups after propensity matching were assessed using the formulas for standardized
differences as proposed by Austin.1® Standardized differences <0.1 in absolute value are
generally considered to be insignificant in terms of introducing residual confounding.18 The
reason for using standardized differences in this setting was to minimize the effect of the
smaller size of the propensity matched cohort compared to the overall cohort, which would
reduce the power of traditional significance tests and potentially mask important covariate
imbalances. Recipient survival following transplant from the matched liver donor cohort was
calculated according to the Kaplan-Meier method and compared to recipient survival from
the remaining unmatched cohort of DCD livers in the study period using the log-rank test.
Multivariable Cox proportional hazards regression was then performed to compare survival
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adjusted for recipient factors that were different for the matched and unmatched donor
cohorts at the p < 0.1 level on univariable analysis. Donor factors were not included in the
multivariable model as the goal was to see if there was a survival difference in recipients
of grafts from the two different donor populations; thus, adjusting for donor factors would
not have been appropriate. The proportional hazards assumption was verified by visual
inspection of survival curves. The above analyses were performed using both the original
and more liberal definitions of NRP liver donors defined in the study population section.

The influence of UNQOS region and donation service area (DSA) in which the donor hospital
was located, as well as the travel time from the donor hospital to the nearest transplant
center, on whether livers were recovered for transplant was subsequently investigated using
the more strict definition of NRP liver donors (e.g. cohort that excluded donors with

history of alcohol use or HCV antibody or NAT positivity). The percentage of missed

opportunities for DCD liver donation in each UNOS region and donation service area (DSA)

# of nonrecovered potential liver donors

was calculated as: # of nonrecovered potential liver donors + # of actual liver donors *

The addresses for donor hospitals and transplant centers were obtained from the Centers

for Medicare Services hospital general information filel” and manual web search. The
driving time and distance between each donor hospital and the nearest transplant center was
calculated using ArcGIS (Esri, Redlands CA). Only transplant centers performing at least
one DCD liver transplant during the study period were considered. The locations of the
donor and transplant hospitals, as well as driving routes, were mapped using ArcGIS. The
requirement to fly for donor procurement was determined by a driving time of greater than 2
h from the donor hospital to the nearest transplant center. This time was chosen empirically
based on practice patterns at the authors’ centers.

Multivariable, multilevel logistic regression was performed with missed opportunity for liver
donation using the stricter definition of NRP liver donors (ie. whether the donor was a

NRP vs. actual liver donor) as the dependent variable and driving time between the donor
hospital and the nearest transplant center as the main effect. The models were additionally
adjusted for donor age, blood type, diabetes, and cause of death as fixed effects based on
results of the univariable analysis. Separate models were fitted with either DSA or UNOS
region as random intercepts. The percent of variability in whether a liver was recovered
explained by variance in either DSAs or UNOS regions was determined by the calculation
of the intraclass correlation coefficient (ICC) using the following equation: ¢2/(c3 + x2/3),

where o2 is the variance of the random intercept.1819 Donors in Hawaii and Alaska were

not included in this analysis due to the impossibility or extreme infeasibility of driving
to a transplant center performing DCD liver transplant from these areas. There were no
DCD donors in Puerto Rico during the study period. Association between the percentage
of missed opportunities in a DSA and the percent of DCD livers exported from the DSA
was assessed using linear regression. Continuous variables were summarized by median
and interquartile range (IQR) while categorical variables were summarized as counts and
percentage.
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There was less than 5% missing data for all variables, indicating minimal risk of bias

due to missing data.2® As such, complete case analysis was performed with the following
exception: a category was created for both HIV and HCV NAT results to indicate missing
results due to donors occurring prior to routine inclusion of NAT testing for these diseases
in UNOS Data (3/31/15 for HCV and 4/20/2016 for HIV). It should also be noted that

4 recipients in the survival comparison did not have survival times recorded in the data,
presumably due to proximity of their transplant to the end of recorded follow-up. These
patients were excluded from survival analysis. Statistical analysis was performed using SAS
version 9.4 (SAS Institute, Cary, NC).

3. Results

There were 3087 DCD donors from whom the liver was not recovered during the study
period. Of these, 314 met the initial screening criteria for NRP liver donors. After exclusions
made based on provided reasons for not recovering the liver, there were 154 nonrecovered
potential liver donors remaining. In comparison, there were 1,890 DCD donors resulting in
a liver recovered and transplanted during the study period. In 87% (n = 134) of the NRP
donors, at least one non-hepatic organ was recovered and transplanted. Specifically, 74.7%
(n = 115) NRP donors had both kidneys transplanted while an additional 117% (n = 18%)
had one kidney transplanted. Additionally, 2 (1.3%) donated 1 lung which was transplanted
and 4 (2.6%) donated 2 lungs which were transplanted. No hearts, intestines, or pancreata
were transplanted from NRP donors. The median age of the nonrecovered potential donors
was higher than the actual donors (48 vs. 34; p < 0.001), though transaminases and bilirubin
were significantly lower in the NRP donors (Table 1). Notably, there was an increased
frequency of blood type AB (7.8% vs. 1.1%; p <0.001) and B (16.9% vs. 9.8%; p <0.001)
in the NRP donor cohort compared to actual donors. Significantly more NRP donors
underwent withdrawal of life support at night or on weekends compared to actual donors
(Table 1). Only 2 (1.3%) of NRP donors had liver biopsies compared to 400 (21.2%) of
actual donors. This imbalance likely reflects our cohort selection criteria, as donors ruled
out for biopsy findings were not included in the NRP cohort. The remaining comparison
between the NRP and actual donor cohort is summarized in Table 1.

Propensity score matching yielded a cohort of 144 donors each drawn from the NRP and
actual donor pools. The median age of the matched actual donors was 46, with normal
transaminases and bilirubin levels. Summary of the balance of characteristics between the
actual and NRP liver donors after matching is presented in Table 2. AB blood type, anoxia,
and trauma as causes of death remained slightly out of balance after matching. Recipient
survival at 6 months, 1 year, and 2 years from transplant using livers from the matched
actual donor cohort was 94.5%, 92.4%, and 90.5% compared to 94.0%, 91.0%, and 86.6%
for the unmatched actual donor cohort (p = 0.553; Fig. 1). Graft survival at 6 months, 1 year,
and 2 years from transplant using livers from the matched actual donor cohort was 89.0%,
86.0%, and 84.2% compared to 91.1%, 87.0%, and 81.7% for the unmatched actual cohort
(p = 0.998). Recipient characteristics for the matched and unmatched donor cohorts are
presented in Supplemental Table 1. After adjusting for relevant recipient factors, recipient
survival (HR 0.825; 95% CI 0.457-1.487; p = 0.513) and graft survival (HR 0.955; 95% ClI
0.602-1.515; p = 0.846) remained similar for the matched versus unmatched donor cohorts.
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Using the more liberal definition for NRP liver donors, there were 493 donors who met

the inclusion criteria. After making exclusions based on reasons given for why the liver

was not recovered, there were 265 NRP liver donors in the study period. Comparison
between these 265 NRP donors and the 1,890 actual liver donors is summarized in Table 3.
Propensity score matching yielded a cohort of 245 donors each drawn from the NRP and
actual donor pools. Balance between covariates after matching is summarized in Table 4.
Recipient survival at 6 months, 1 year, and 2 years from transplant using livers from the
matched actual donor cohort was 93.6%, 91.7%, 88.9% vs. 94.1%, 91.0%, and 86.6% for
the unmatched actual donor cohort (p = 0.968; Fig. 2). Graft survival at 6 months, 1 year,
and 2 years from transplant using livers from the matched actual donor cohort was 91.0%,
85.9%, and 80.4% vs. 91.0%, 87.1%, and 82.0% for the unmatched actual donor cohort (p =
0.536). Recipient characteristics for the matched and unmatched donor cohorts are presented
in Supplemental Table 2. After adjusting for relevant recipient factors, recipient survival (HR
1.018; 95% CI 0.665-1.558; p = 0.934) and graft survival (HR 1.130; 95% CI 0.801-1.593;
p = 0.486) again remained similar for the matched versus unmatched donor cohorts.

Geographic analysis demonstrated that the percentage of missed opportunities by UNOS
region ranged from 2.0% to 24.5% (Fig. 3). At the DSA level, the percentage of missed
opportunities ranged from 0% to 31.8% in the continental US (Fig. 4), and this percentage
did not correlate with the percentage of actual DCD livers which were exported versus
transplanted locally (RZ = 0.031, p = 0.188; Fig. 5). The median driving time was not
different for NRP (30.1 min, IQR 2.9-76.3) and actual liver donors (30.0 min, IQR 3.6-90.2
min; p = 0.618). The percentage of donors outside driving distance was also similar for
NRP (15.7%) and actual (16.9%; p = 0.689) donors. The locations of donor hospitals and
transplant centers in the study are presented in an interactive online map at https://arcg.is/
nHKe4.

Notably, 20.8% of NRP donors and 20.9% (p = 0.984) of actual donors were located in
transplant centers. Of the NRP donors located in transplant centers, 21.9% had blood type
AB or A compared to 25.4% located in hospitals without a transplant center (p = 0.680).

Multivariable analysis with random intercept for UNOS region indicated that donor age,
blood types AB and B, and “other” as a cause of death were significantly associated with
being a NRP rather than actual donor (Table 5). The ICC associated with UNOS region on
the multilevel logistic model was 0.154 (variance 0.599; p = 0.026), indicating that 15.4%
of variation in whether a donor was a NRP vs. actual donor is explained by regional level
variation. The model with random intercepts for DSA demonstrated the same significant
predictors as the regional random intercept model (Table 6). The ICC for DSA was 0.279
(variance 1.274; p = 0.001), indicating that 27.9% of variation was explained by DSA level
variation. Driving time was not a significant predictor in either model.

4. Discussion

In this analyses we found 154 donor livers that were discarded despite evidence in the
data to suggest that they could have been transplanted with excellent results. Using more
lenient criteria, this number increases to 265 non-recovered potential donor livers. Each of
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these cases represents a potentially missed opportunity to save a life and alleviate suffering.
Because these estimates are based on analysis of donors who were actually taken to the

OR for organ recovery, we believe that the estimates presented above are actually quite
conservative. For organ procurement organizations in areas where transplant programs do
not routinely utilize DCD livers, there is little incentive to pursue potential DCD liver donors
unless there is potential for donation of other organs. Potential donors that aren’t pursued
never make it into national level data on organ donation, and aren’t included in the widely
used eligible death metric upon which organ procurement organizations are evaluated. In
some donation service areas, the true number of potential donors is double the number of
eligible deaths.2! When considering these facts, the number of non-recovered potential liver
donors is likely much higher than we have estimated in this study.

Reasons for reluctance to pursue DCD liver donors can be divided into three broad
categories: concern over clinical outcomes, workload, and financial considerations. Perhaps
one of the more feared complications specific to DCD liver transplantation is development
of ischemic cholangiopathy (1C).22-26 Absence of an expedient rescue pathway for
retransplantation in patients developing IC was quoted as a significant barrier to greater

use of DCD livers by 74% of responding centers in a recent survey.!3 In addition to patient
suffering induced by IC, there is also a significant financial cost incurred in the management
of biliary strictures, which have been estimated to add an incremental cost of over $80,000
per patient.2728 |t is important to note that rates of IC reported vary widely in the literature,
ranging from 7.0%29:30 up to 44%,23 with lower rates typically found in more recent studies.
Since specific complication rates were not reported in UNOS data, the majority of the
literature on IC rates comes from single center studies. The first report from the multicenter
Improving DCDD Outcomes in Liver Transplantation (IDOL) consortium published in 2017
demonstrated an 11.8% rate of 1C,31 further confirming improved outcomes with DCD
transplantation in the current era.

We intentionally chose conservative criteria to define the cohort of NRP donors in order to
minimize the likelihood that unfavorable donor characteristics backed by evidence would be
a reason for failure to recover the liver. We recognize that the upper limit of age we set (59
years) in defining a high quality donor is above thresholds set by earlier single center studies
as a risk factor for worse outcomes23:24; however, we believe that current literature supports
this choice. In the IDOL consortium report, 21.3% of the donors were in the 50-59 year old
strata, and age was not found to be significantly associated with 1C.31 In a study by the three
Mayo Clinic programs specifically examining DCD donors age 50 or older, there was no
difference in graft survival or ischemic cholangiopathy between the 50 and over and under
50 year old donor cohorts.” The UK DCD risk score, which was validated using UNOS data,
includes donors up to age 59 in the low risk category.32 Finally, the analysis of outcomes

in recipients of liver transplants from DCD donors matched to the NRP donor cohort in the
present study further confirms our choice of selection criteria regarding quality of the NRP
donors.

Cold ischemia time is another oft-cited risk factor for inferior outcomes in DCD liver
transplantation,’-32 with 6-8 h being commonly cited thresholds for optimal outcomes. If
concern for prolonged cold ischemia time was a major factor into the decision not to pursue
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liver donation from the potential donor cohort, then we would expect to see a greater
proportion of donor hospitals located far from a transplant center in the group of donors
where the liver was not recovered. Instead, we found that the median driving time from the
donor hospital to the nearest transplant center for the NRP donors was only 30 min, and 75%
of NRP donors were within a 76-min drive of the nearest transplant center performing DCD
liver transplantation. These distances were statistically (and numerically, for that matter)
strikingly similar to those seen in the actual cohort. As such, we have to conclude that
potential for prolonged cold ischemia time was likely not a major factor for failure to
recover livers from the NRP donor cohort. A donor’s clinical history may lead to suspicion
of a diseased liver that is not necessarily reflected in laboratory parameters. An obese donor
with a history of diabetes, for example, would be at increased risk for hepatic steatosis, and
the presence of these additional risk factors may tip the balance away from pursuing a DCD
liver. Notably, our study did not find any significant difference in diabetes or BMI between
the NRP and actual donor cohorts.

Having determined that unfavorable donor characteristics and cold ischemia times were
unlikely to be the reason for discard of these seemingly high quality donor livers, we must
turn to workload and financial considerations. Warm ischemia times of greater than 30 min
are widely considered to convey unacceptable risk for DCD liver transplantation.13:32 In a
recent single center study, Montgomery and colleagues found that only 47.9% of accepted
DCD liver donors ultimately resulted in liver transplantation. The high number of “dry runs”
in their study translated into 218 additional miles that were traveled per successful DCD
liver in comparison to travel per successful donation after brain death liver.33 Although
reimbursement arrangements vary widely, it is common for centers and recovery surgeons
to be paid significantly less when a liver is not recovered from a donor. We are even aware
of some organ procurement organizations (OPOs) that do not reimburse recovery surgeons
at all for dry runs, which serves to further hamper enthusiasm for pursuing a donor not
expected to expire in time for donation.

When considering the time and resources that must be invested to pursue a potential donor,
it is understandable that programs in some cases may not wish to pursue a potential donor
liver if they believe the donor is unlikely to expire within an acceptable timeframe. The fact
that the NRP liver donors in this study all donated other organs somewhat mitigates this
explanation as, by definition, a recovery team was already being dispatched to the donor.
Other time and resource expenditures exist outside of those directly involved in the recovery
operation, however, including admitting a recipient to the hospital, mobilizing an OR team,
and potentially arranging for separate air transportation for the liver in the case of a remote
donor hospital. The logistical challenges are potentially greater when donor recovery takes
place during a night or weekend, when less personnel are available to assist with these
frequently complex cases. These difficulties may explain our finding that the percentage

of NRP donors is greater for donors undergoing withdrawal of life support at night or on

a weekend. Alternatively, given the decreased number of organs procured from the NRP
donors, centers may not have given these donors priority for a daytime recovery to minimize
disruption to normal OR operations.
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Our multilevel model revealed that 27.6% of the variation in whether a donor liver was
pursued could be explained by the donation service area (DSA) of the donor hospital.

The fact that non-hepatic organs were recovered from these donors means that the OPOs
involved were willing to pursue the donor, so the decision to not pursue the livers from
these donors likely lies with the local and regional transplant centers. In fact, some of

the DSAs with the highest rate of missed opportunities for liver donation identified in

this study are the territory of OPOs with high overall percentages of DCD donation.

Wide center level variation in DCD utilization has been previously described,4 lending
further credence to the idea that transplant center practice patterns play a large role in

the variation seen in the current study. Multicenter collaborations such as the Improving
DCDD Outcomes in Liver Transplantation (IDOL) consortium3! may help in disseminating
best practices and improving DCD utilization by centers that have traditionally utilized
DCD organs infrequently or not at all. Visual inspection of Fig. 4 demonstrates that some
areas with higher percentages of missed DCD opportunities correspond to regions with
higher allocation MELD scores. This finding is in keeping with Hobeika and colleagues’
observation that high allocation MELD scores at transplant do not necessarily translate into
more aggressive DCD utilization.14

There are a number of limitations to this study. Without having the actual match run data
for each donor, we can’t definitively say that there were suitable recipients available for all
NRP donors identified in the study, nor do we know how far down the match run the host
OPO went in attempting to allocate the liver. As Croome and colleagues have previously
noted, “when local centers do not routinely pursue these organs, OPOs may falsely assume
that other regional and national transplant programs also would not be interested”.> Without
match run level data, we don’t know how aggressively host OPOs pursued allocation beyond
the initial local centers. We also don’t have data that would inform estimation of the
probability that the donors would expire such as reflexes, respiratory rate, and sedation.
Such information would have provided valuable insight into the possible decision-making
processes leading to declining to pursue the liver. Predicting which donors will expire has
long been a challenge, with a number of scoring systems devised that all are relatively
limited in utility.3* A marginal donor that may be pursued if an expeditious arrest is
expected may wind up being declined if a more drawn out agonal period is anticipated.

With these limitations in mind, we have found in this study a relatively small, but significant,
pool of seemingly high quality DCD livers which were buried with their donors due to lack
of interest in pursuing them. Some reasons for the lack of enthusiasm regarding these livers
can be gleaned from the data, most notably the donor blood type. The potential donors in
this study were significantly enriched with ABO type B and AB compared to the cohort

of donors where the liver was procured. Given decreased competition on the waitlist for
these blood types, it indeed may not be in the best interest of some blood type B and AB
candidates to accept a DCD liver when their likelihood of getting a DBD liver is higher
than if they had a more common blood type. This is particularly the case if their MELD
scores are low. With the current shortage of pilots and high cost of charter aircraft, it is also
reasonable that centers may not wish to pursue donors requiring a fly-out if the likelihood
of expiration in an acceptable timeframe is thought to be low. More concerning is the 1

in 5 potential donors located in hospitals with a transplant center. It is one thing to be
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unwilling or unable to pay for an airplane and potentially risk the safety of a team to pursue
a donor thought to have low potential to yield a transplantable organ, it is quite another to

be unwilling to walk down the hallway. We recognize that the pool of organs represented in
this study represents only a fraction of the shortfall between the number of patients needing
a transplant and the number of available organs. Nonetheless, these organs could have saved
the lives of a significant number of patients across the country. At a time when we are
overhauling our allocation system to fly more livers over longer distances than at any time in
the past in order to get organs to those in need, it remains incumbent upon all of us to be as
aggressive as possible in pursuing the organs in our own back yards.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier recipient survival using donors matched to the nonrecovered potential donor
cohort versus the unmatched remaining donation after cardiac death donors.
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Fig. 2.
Kaplan-Meier recipient survival using donors matched to the potential donor cohort

constructed using more liberal criteria versus the unmatched remaining donation after
cardiac death donors.
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Fig. 4.
Map of the 56 continental DSAs shaded by percentage of missed opportunities for donation

after cardiac death liver recovery.
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Fig. 5.
Plot of percentage of missed opportunities after cardiac death liver recovery (x-axis) by DSA

versus percentage of donation after cardiac death livers exported by DSA (y-axis)
Online Map: https://arcg.is/nHKe4. Interactive map depicting the locations of hospitals
performing DCD liver transplants during the study period (red dots), hospitals with
recovered DCD livers (blue dots), and hospitals with non-recovered potential DCD livers
(green dots). Click the icon to select layers representing each of the three hospital types
above.
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Table 1

Characteristics of non-recovered potential versus actual donation after cardiac death liver donors.

Non-Recovered Potential DCDs (n = 154)  Actual DCDs (n =1,890) P-value
Age 48.0 (33.0-55.0) 34.0 (24.0-47.0) <0.001
Male Gender 102 (66.2%) 1295 (68.5%)
Height (cm) 174.5 (165.1-180.3) 173.0 (165.1-180.0) 0.779
Weight (kg) 81.1 (69.6-95.5) 79.5 (68.0-92.1) 0.322
BMI (mg/m?) 27.5(23.8-31.5) 26.4 (23.0-30.6) 0.138
AST 38.5 (25-58) 54.0 (34.0-87.0) <0.001
ALT 33 (20-48) 43.0 (25.0-78.0) <0.001
Total Bilirubin (mg/dl) 0.5 (0.3-0.7) 0.6 (0.4-0.9) <0.001
Diabetes 19 (12.3%) 144 (7.6)% 0.104
Ethnicity
Caucasian 127 (82.5%) 1442 (76.3%) 0.539
African American 11 (7.1%) 182 (9.6%)
Hispanic 13 (8.4%) 209 (11.1%)
Asian 2 (1.3%) 35 (1.9%)
Native American/Other 1(0.7%) 22 (1.2%)
ABO
A 54 (35.1%) 771 (40.8%) <0.001
AB 12 (7.8%) 20 (1.1%)
B 26 (16.9%) 185 (9.8%)
o 62 (40.3%) 914 (48.4%)
Cause of Death
Anoxia 65 (44.2%) 994 (52.6%) 0.002
CVA 32 (20.8%) 279 (14.8%)
Trauma 43 (27.9%) 541 (28.6%)
Other 14 (9.1%) 76 (4.0%)
IV Drug Use 16 (10.4%) 255 (13.5%) 0.466
Withdrawal to Crossclamp Interval (min)  24.0 (20.0-27.0) 23.0 (19.0-26.0) 0.065
Weekend Recovery 51 (33.1%) 485 (25.7%) 0.043
Night (1700-0600) Recovery 99 (64.3%) 974 (51.5%) 0.002
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Page 19

Comparison of balance between a propensity score matched cohort of nonrecovered potential and actual
donation after cardiac death liver donors. Standardized differences greater than 0.1 in absolute value are

considered significant and highlighted in bold type.

Non-Recovered Potential DCDs (n = 144)

Actual DCDs (n = 144)

Standardized Difference

Age

Male Gender
Height

Weight

BMI

AST

ALT

Total Bilirubin
Diabetes
Ethinicity
Caucasian
African American
Hispanic

Asian

Native American/Other
ABO

A

AB

B

o

Cause of Death
Anoxia

CVA

Trauma

Other

1V Drug Use

Withdrawal to Crossclamp Interval

(minutes)
HIV NAT
Negative

Not Done

Prior to Routine Collection

Hepatitis C NAT
Negative

Prior to Routine Collection

Heavy Alcohol Use
No

48.0 (34.0-55.0)
95 (66.0%)

174.5 (165.1-180.0)

80.9 (70.0-95.4)
27.5(23.7-31.6)
38.5 (25.0-58.5)
33.0 (20.0-48.5)
0.5 (0.4-0.7)

18 (12.5%)

118 (81.9%)
11 (7.6%)
12 (8.3%)

2 (1.4%)
1(0.7%)

52 (36.1%)
10 (6.9%)

24 (16.7%)
58 (40.3%)

64 (44.4%)

31 (21.5%)

37 (25.7%)

12 (8.3%)

16 (11.1%)

24.0 (20.0-27.0)

139 (96.5%)
2 (1.4%)
3(2.1%)

141 (97.9%)
3 (2.1%)

140 (97.2%)

46.0 (35.5-54.5)

97 (67.4%)

175.0 (167.8-180.2)
83.1 (67.7-97.9)
27.3 (23.5-31.5)
36.0 (23.0-48.0)
28.0 (16.0-41.0)
05 (0.3-0.7)

17 (11.9%)

120 (83.3%)
8 (5.6%)

13 (9.0%)

2 (1.4%)
1(0.7%)

54 (37.5%)
5 (3.5%)

21 (14.6%)
64 (44.4%)

54 (37.5%)

35 (24.3%)

44 (30.6%)

11 (7.6%)

16 (11.1%)

22.0 (19.0-22.5)

136 (94.4%)
3(2.1%)
5 (3.5%)

139 (96.5%)
5 (3.5%)

138 (95.8%)
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-0.01
-0.03
-0.06
-0.06
-0.05
0.07
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-0.01
0.02
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-0.02
0.00
0.00

-0.03
0.16
0.06
-0.08

0.14
-0.07
0.11
0.03
0.00
0.06

0.09
-0.05
-0.08
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Non-Recovered Potential DCDs (n = 144)  Actual DCDs (n = 144)

Standardized Difference

Unknown

4 (2.8%) 6 (4.2%)

-0.08
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Table 3

Page 21

Characteristics of non-recovered potential versus actual donation after cardiac death liver donors using more
liberal inclusion and exclusion criteria.

Non-Recovered Potential DCDs (n =265) Actual DCDs (n=1,890) P-value
Age 48.0 (34.0-55.0) 34.0 (24.0-47.0) <0.001
Male Gender 192 (72.5%) 1295 (68.5%) 0.195
Height (cm) 175.3 (168.0-182.0) 173.0 (165.1-180.0) 0.007
Weight (kg) 81.6 (70.8-95.2) 79.5 (68.0-92.1) 0.104
BMI (mg/m?) 26.9 (23.6-31.0) 26.4 (23.0-30.6) 0.439
AST 42.0 (27.0-58.0) 54.0 (34.0-87.0) <0.001
ALT 33.0 (20.0-47.0) 43.0 (25.0-78.0) <0.001
Total Bilirubin (mg/dl) 0.5 (0.3-0.7) 0.6 (0.4-0.9) <0.001
Diabetes 26 (9.8%) 144 (7.6)% 0.426
Ethinicity 0.069
Caucasian 220 (83.0%) 1442 (76.3%)
African American 17 (6.4%) 182 (9.6%)
Hispanic 21 (7.9%) 209 (11.1%)
Asian 2 (0.8%) 35 (1.9%)
Native American/Other 5 (1.9%) 22 (1.2%)
ABO <0.001
A 97 (36.6%) 771 (40.8%)
AB 20 (7.6%) 20 (1.1%)
B 38 (14.3%) 185 (9.8%)
o 110 (41.5%) 914 (48.4%)
Cause of Death 0.003
Anoxia 121 (45.7%) 994 (52.6%)
CVA 54 (20.4%) 279 (14.8%)
Trauma 70 (26.4%) 541 (28.6%)
Other 20 (7.6%) 76 (4.0%)
1V Drug Use 47 (17.7%) 255 (13.5%) 0.159
Withdrawal to Crossclamp Interval (min)  24.0 (20.0-27.0) 23.0 (19.0-26.0) 0.003
Weekend Recovery 77 (29.1%) 485 (25.7%) 0.238
Night Recovery 172 (64.9%) 974 (51.5%) <0.001
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Comparison of balance between a propensity score matched cohort of nonrecovered potential and actual

Page 22

donation after cardiac death liver donors using more liberal criteria to define non-recovered potential donors.
Standardized differences greater than 0.1 in absolute value are considered significant and highlighted in bold.

Non-Recovered Potential DCDs (n = 245)

Actual DCDs (n = 245)

Standardized Difference

Age

Male Gender
Height

Weight

BMI

AST

ALT

Total Bilirubin
Diabetes
Ethinicity
Caucasian
African American
Hispanic

Asian

Native American/Other
ABO

A

AB

B

o

Cause of Death
Anoxia

CVA

Trauma

Other

1V Drug Use

Withdrawal to Crossclamp Interval

(minutes)
HIV NAT
Negative

Not Done

Prior to Routine Collection

Hepatitis C NAT
Positive

Negative

Prior to Routine Collection

Hepatitis C Serology Positive

48.0 (34.0-55.0)
179 (73.1%)

175.3 (168.0-182.0)

81.2 (71.1-95.0)
26.9 (23.6-31.0)
43.0 (28.0-58.0)
33.0 (20.0-46.0)
0.5 (0.3-0.7)

26 (10.6%)

203 (82.9%)
16 (6.5%)
20 (8.2%)
2(0.8%)

4 (1.6%)

92 (37.6%)
10 (4.1%)
37 (15.1%)
106 (43.3%)

115 (46.9%)

51 (20.8%)

63 (25.7%)

16 (6.5%)

45 (18.4%)

24.0 (20.0-27.0)

236 (96.3%)
2 (0.8%)
7 (2.9%)

21 (8.6%)
217 (88.6%)
7 (2.9%)

32 (13.1%)

46.0 (37.0-54.0)
181 (73.9%)

175.0 (168.0-182.9)

80.7 (70.7-92.3)
26.3 (23.5-30.7)
36.0 (25.0-51.0)
28.0 (18.0-40.0)
0.5 (0.3-0.7)

27 (11.0%)

197 (80.4%)
17 (6.9%)
22 (9.0%)
2(0.8%)

7 (2.9%)

98 (40.0%)
8 (3.3%)

36 (14.7%)
103 (42.0%)

116 (47.4%)

55 (22.5%)

56 (22.9%)

18 (7.4%)

41 (16.7%)

23.0 (19.0-27.0)

234 (95.5%)
1 (0.4%)
10 (4.1%)

17 (6.9%)
218 (89.0%)
10 (4.1%)
24 (9.8%)
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-0.05
0.04
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Non-Recovered Potential DCDs (n = 245)  Actual DCDs (n = 245)

Standardized Difference

Heavy Alcohol Use
Yes
No

Unknown

76 (31.0%) 73 (29.8%)
163 (66.5%) 165 (67.4%)
6 (2.5%) 7 (2.9%)

0.03
-0.02
-0.03
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Table 5

Page 24

Multivariable logistic regression model for non-recovered potential versus actual donation after cardiac death
liver donors with random intercepts for UNOS region. The probability modeled is that the liver is not
recovered. The intraclass correlation coefficient for UNOS region was 0.154. Cl: Confidence interval. P values

significant at p < 0.05 are in bold.

Odds Ratio  Lower 95% CI

Upper 95% CI

P-value

Age (per year) 1.067 1.050
Driving Time (per hour)  1.009 0.867
ABO type (versus tye O)

A 1.000 0.672
AB 15.520 6.577
B 2.052 1.211
Donor diabetes 1.428 0.817

Donor Cause of Death (versus anoxia)

Cerebrovascular accident  1.219 0.752
Head Trauma 1.426 0.925
Other 2.759 1.358

1.084
1.174

1.489
36.622
3.477
2.497

1.976
2.197
5.604

<0.001
0.907

0.998
<0.001
0.008
0.211

0.421
0.108
0.005
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Table 6

Multivariable logistic regression model for non-recovered potential versus actual donation after cardiac death
liver donors with random intercepts for donation service area. The probability modeled is that the liver is not
recovered. The intraclass correlation coefficient for donation service area was 0.279. Cl: Confidence interval.
P values significant at p < 0.05 are in bold.

Odds Ratio  Lower 95% CI  Upper 95% ClI  P-value

Age (per year) 1.071 1.054 1.089 <0.001
Driving Time (per hour)  0.996 0.842 1.179 0.967
ABO type (versus tye O)

A 1.021 0.677 1.540 0.920
AB 20.601 8.115 52.297 <0.001
B 2.178 1.256 3.775 0.006
Donor diabetes 1.484 0.827 2.662 0.185

Donor Cause of Death (versus anoxia)

Cerebrovascular accident  1.232 0.742 2.045 0.419
Head Trauma 1.400 0.894 2.193 0.142
Other 4.086 1.906 8.760 <0.001
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