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Improving National Results in Liver
Transplantation Using Grafts From Donation
After Cardiac Death Donors
Kristopher P. Croome, MD, MS,1 David D. Lee, MD,1 Andrew P. Keaveny, MD,1 and C. Burcin Taner, MD1
Background.Published reports describing the national experience with liver grafts from donation after cardiac death (DCD) do-
nors have resulted in reservations with their widespread utilization. The present study aimed to investigate if temporal improve-
ments in outcomes have been observed on a national level and to determine if donor and recipient selection have been
modified in a fashion consistent with published data on DCD use in liver transplantation (LT). Methods. Patients undergoing
DCD LT between 2003 and 2014 were obtained from the United Network of Organ Sharing Standard Transplant Analysis and Re-
search file and divided into 3 equal eras based on the date of DCD LT: era 1 (2003-2006), era 2 (2007-2010), and era 3 (2011-2014).
Results. Improvement in graft survival was seen between era 1 and era 2 (P = 0.001) and between era 2 and era 3 (P < 0.001).
Concurrently, an increase in the proportion of patients with hepatocellular carcinoma and a decrease in critically ill patients,
retransplant recipients, donor age, warm ischemia time greater than 30minutes and cold ischemic time also occurred over the same
period. Onmultivariate analysis, significant predictors of graft survival included: recipient age, biologic MELD score, recipient on
ventilator, recipient hepatitis C virus + serology, donor age and cold ischemic time. In addition, even after adjustment for all of
the aforementioned variables, both era 2 (hazard ratio, 0.81; confidence interval, 0.69-0.94; P = 0.007), and era 3 (hazard
ratio, 0.61; confidence interval, 0.5-0.73; P < 0.001) had a protective effect compared to era 1.Conclusions. The national
outcomes for DCD LT have improved over the last 12 years. This change was associated with modifications in both recipient and
donor selection. Furthermore, an era effect was observed, even after adjustment for all recipient and donor variables on
multivariate analysis.

(Transplantation 2016;100: 2640–2647)
L iver transplantation (LT) using donation after cardiac
death donors (DCD) represents 1 potential means to

help address the rising discrepancy between the number of LT
candidates and the availability of organs.1 Initial reports exam-
ining the use of liver grafts from DCD described inferior long
termoutcomeswhen comparedwith donation after brain death
donors (DBD). These inferior results were ascribed to high rates
of biliary complications, as well as increased rates of primary
nonfunction and hepatic artery thrombosis.2-6 These initial re-
ports have resulted in reservations with the use of liver grafts
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fromDCDdonors; as a result, the number of LTusing these or-
gans has not increased as much as initially projected.7

Multiple studies have described both donor and recipient
factors associated with inferior results with DCD LT. As with
all innovations in surgical and medical care of patients, there
is likely a learning curve for the optimal utilization of liver
grafts from DCD. Collectively, because community behav-
iors are often modified based on published reports, resulting
in improvement of results. More recent publications using
new techniques and better patient selection when implanting
DCD organs have suggested that lower rates of complica-
tions for ischemic cholangiopathy (IC), primary nonfunction,
and hepatic artery thrombosis along with higher survival rates
can be achieved.8-12 These temporal differences in outcome
highlight learning curve associatedwith experience in both do-
nor and recipient selection with the use of DCD grafts.

The present study aimed to investigate if temporal improve-
ments in DCD outcomes have been observed on a national
level and to determine if donor and recipient selection have
been modified in a fashion consistent with published data on
DCD LT.
MATERIALS AND METHODS
After approval from the Mayo Clinic Institutional Review

Board, data were obtained and extracted from the United
Network of Organ Sharing (UNOS) Standard Analysis and
Research file. The study population included all DCD LT
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performed in the United States from January, 1 2003, to
December 31, 2014. DCD LTs were divided into 3 equal
eras based on the date of LT: era 1 (2003-2006), era 2
(2007-2010), and era 3 (2011-2014).

Donor and recipient factors were examined, including
all the components of the liver donor risk index, donor sex,
donor body mass index (BMI), donor warm ischemia time
(dWIT), recipient age, recipient BMI, recipient sex, recipient
etiology of liver disease, model for end-stage liver disease
(MELD) score at transplant, presence of hepatocellular
cancer (HCC) as a secondary diagnosis, retransplantation,
mechanical ventilation at the time of transplant, and med-
ical condition at the time of transplant.

Graft survival was calculated from the time of trans-
plant until death, graft loss, or date of last follow-up. The
occurrence and the date of death were obtained from data re-
ported to the Scientific Registry of Transplant Recipients
(SRTR) by transplant centers and were completed by data
from the US Social Security Administration and from the Or-
gan Procurement Transplant Network.

All statistical analyses were performed using STATA 12
(Stata Corp., College Station, TX). Differences between
groupswere analyzed using the unpaired t test for continuous
variables and by the χ2 test or continuity correction method
for categorical variables. Wilcoxon rank-sum was used for
variables that did not display a normal distribution. Survival
curves for patient or graft survival were generated using the
Kaplan-Meier method and compared by the log-rank test.
Cox proportional hazard multivariate regression with back-
wards stepwise selection for graft survival was performed.
All statistical tests were 2-sided, and differences were consid-
ered significant when P value is less than 0.05.

RESULTS
Between January 1, 2003, and December 31, 2014, a total

of 3199DCDLTwas performed in the United States.Median
number of DCD LT performed annually was 214 in era 1,
FIGURE 1. Number of liver transplantation using grafts from donation a

Copyright © 2016 Wolters Kluwer H
285 in era 2, and 300 in era 3 (Figure 1). Median number
of DCD LT performed by each transplant center over the
study period was 16 (range, 1-256). UNOS regions with
highest proportion of DCD LT included regions 7 and 6
(8.3% and 8.2%, respectively), whereas UNOS regions
with the lowest proportion of DCD LT included region 4,
region 11, region 9, and region 5 (1.4%, 2.9%, 3.2%,
and 3.5%, respectively). Median match MELD score, bio-
logic MELD score, and percentage DCD by region over the
3 eras can be seen in Supplemental Table (SDC, http://links.
lww.com/TP/B346). The proportion of DCD LT also varied
significantly by organ procurement organization, ranging
from 0.4% to 14.8% (Figure 2).

Recipient characteristics in each of the 3 eras can be seen
in Table 1A. Mean recipient age at LT increased between
era 1 (52.7 ± 11.6) and era 2 (54.2 ± 11.0) (P = 0.003)
and between era 2 and era 3 (56.0 ± 10.1) (P < 0.001).
No statistically significant differences in recipient BMI or
sex were seen over the 3 eras.

A higher proportion of recipients with hepatitis C virus
(HCV)–positive serology were seen between era 1 (38%)
and era 2 (44%) (P = 0.02) and between era 2 and era 3
(49%) (P = 0.005). The proportion of patients with alcoholic
cirrhosis and nonalcoholic steatohepatitis increased be-
tween era 1 and era 2 (5% to 12%; P = 0.03 and 3% to
7%; P < 0.001, respectively). The proportion of recipients
with cholestatic liver disease decreased between era 1 and
era 3 (7% to 5%; P = 0.02). The number of patients with
a secondary diagnosis of HCC increased between era 1
(19%) and era 2 (26%) (P < 0.001) and between era 2
and era 3 (34%) (P < 0.001). Biologic MELD score did
not change significantly over the 3 eras, whereas a significant
increase in match MELD was seen between era 1 and era 3
(21.8 ± 7.4 to 25.5 ± 6.6; P < 0.001). The proportion of
DCD liver grafts used for retransplants decreased over the
3 eras (6% to 2%; P < 0.001) as did the proportion of criti-
cally ill recipients in the intensive care unit at the time of
fter cardiac death donors performed by year.

ealth, Inc. All rights reserved.
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FIGURE 2. Percentage of DCD liver donors by OPO and region.
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transplant (13% to 8% P < 0.001). The proportion of re-
cipients undergoing a simultaneous liver-kidney (SLK)
transplant increased over the 3 eras (4% to 6% P = 0.006).

Donor characteristics for the 3 eras can be seen in
Table 1B. The proportion of donors aged 60 years or older
(5% to 0.7%; P < 0.001) and the proportion of donors be-
tween ages 50 and 59 years (18% to 11%; P < 0.001) de-
creased significantly over the 3 eras. No significant changes
in donor sex, BMI, or ethnicity were seen over the 3 eras.
Donor warm ischemic time data were missing in a high
number of DCD cases in era 1 (11%) compared with era
3 (0.2%). Of the patients who had complete data on dWIT,
there were trends of a lower proportion of patients with
long dWIT (>30 minutes); however, these differences were
not statistically significant. Mean dWIT remained similar
between era 1 (15.6 ± 9.2 minutes) and era 2 (16.2 ± 8.6 mi-
nutes) (P = 0.12), but did increase significantly between era 2
and era 3 (17.5 ± 7.7minutes) (P < 0.001). Cold ischemia time
decreased significantly over the 3 eras (7.7 ± 3.5 hour in era 1
to 5.9 ± 2.9 hour in era 3,P < 0.001). The proportion of locally
shared organs increased (P < 0.001), whereas the proportion
of nationally shared organs decreased (P < 0.001).

Graft survival for the 3 eras can be seen in (Figure 3). A sig-
nificant improvement in graft survival was seen between era
1 and era 2 (P = 0.001) and between era 2 and era 3
(P < 0.001). Graft survival at 1, 3, and 5 years was 72%,
62%, and 55% in era 1; 79%, 69%, and 63% in the era 2;
and 85%, 75%, and 67% in era 3. Patient survival for the
3 eras can be seen in Figure 4. No significant change in pa-
tient survival was seen between era 1 and era 2 (P = 0.43);
however, a significant improvement was seen between era 2
and era 3 (P = 0.03) and between era 1 and era 3
(P = 0.001). Patient survival at 1, 3, and 5 years was 83%,
74%, and 69% in era 1, 86%, 77%, and 71% in the era 2;
and 88%, 81%, and 78% in era 3. When comparing the
gap in graft survival between DCD and DBD donors over
time, a significant improvement in DCD graft survival
can be seen by a reduced gap in era 3 compared with era
1 and era 2 (Figure 5).
Copyright © 2016 Wolters Kluwer
Amultivariate analysis with backward stepwise regression
predicting graft survival looking at recipient and donor vari-
ables was performed (Table 2). Eras 2 and 3 were included in
themodelwith era 1 as the reference.Variableswith significance
retained in the model included recipient age (hazard ratio [HR],
1.04; confidence interval [CI], 1.01-1.07; P = 0.035), biologic
MELD score (HR, 1.07; CI 1.03-1.11; P = 0.002), recipient
on a ventilator at the time of transplant (HR, 1.65; CI, 1.2-
2.2; P = 0.001), HCV-positive serology (HR, 1.24; CI, 1.1-
1.4; P = 0.002), donor age (HR, 1.06; CI, 1.03-1.08;
P < 0.001), and cold ischemic time (CIT) (HR, 1.03; CI,
1.01-1.05; P < 0.001). Even after adjustment for all of the
aforementioned variables, both era 2 (HR, 0.81; CI,
0.69-0.94; P = 0.007) and era 3 (HR, 0.61; CI, 0.5-0.73;
P < 0.001) had a protective effect compared to era 1.
DISCUSSION
Due to the inferiority of DCD LT results in early reports,

there has been reluctance among many centers to use DCD
liver grafts.3 As with all innovations in transplant practice,
there is undoubtedly a learning curve associated with the op-
timal utilization of liver grafts from DCD donors which has
taken place as new data and analyses have become available.
Single-center experiences are valuable; however, these pro-
vide smaller sample size with underpowered associations.
They are also subject to individual practice differences with
donor and recipient selection bias as well as surgical tech-
nique and medical management of recipients after LT. The
current study provides data and analyses to give a broader
picture of practice and provides long-term outcomes for re-
cipients of DCD LT. The current study is designed to provide
data after implementation ofMELD. The present study dem-
onstrates a national improvement in graft survival with DCD
LT from 2003 to 2014. Concurrently, there were changes
that occurred over the same period in recipient variables,
such as the proportion of patients with a diagnosis of HCC,
patients who were critically ill or required retransplantation
along with donor variables, such as donor age, prolonged
 Health, Inc. All rights reserved.
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TABLE 1B.

Characteristics in DCD donors in the 3 eras

Donor Characteristics Era 1 (2003-2006) Era 2 (2007-2010) Era 3 (2011-2014) Era 1 vs Era 2 Era 2 vs Era 3 Era 1 vs Era 3

N = 856 N = 1142 N = 1201 P P P

Age, y

<18 108 (13%) 137 (12%) 128 (11%) 0.68 0.31 0.17

18-49 553 (65%) 828 (73%) 931 (78%) <0.001 0.005 <0.001
50-59 152 (18%) 158 (14%) 133 (11%) 0.02 0.04 <0.001
≥60 43 (5%) 19 (1.7%) 9 (0.7%) <0.001 0.04 <0.001
Sex (male) 563 (66%) 789 (69%) 800 (67%) 0.12 0.2 0.69
BMI 26.1 ± 5.7 26.1 ± 5.7 26.3 ± 5.7 >0.99 0.4 0.43
Race/ethnicity
White 730 (85%) 960 (84%) 986 (82%) 0.46 0.21 0.06
Black 67 (8%) 89 (8%) 110 (9%) 0.98 0.24 0.29
other 59 (7%) 93 (8%) 105 (9%) 0.3 0.6 0.13
Cause of death
Anoxia 266 (31%) 403 (35%) 521 (43%) 0.048 <0.001 <0.001
Stroke 183 (21%) 206 (18%) 199 (17%) 0.06 0.35 0.006
Trauma 359 (42%) 473 (41%) 447 (37%) 0.82 0.04 0.03
Other 48 (6%) 60 (5%) 34 (3%) 0.73 0.003 0.002
dWIT, min
<15 424 (50%) 538 (47%) 462 (38%) 0.28 <0.001 <0.001
15-20 163 (19%) 244 (21%) 345 (29%) 0.2 <0.001 <0.001
20-25 77 (9%) 167 (15%) 217 (18%) <0.001 0.02 <0.001
25-30 39 (4.6%) 87 (7.6%) 116 (9.7%) 0.005 0.08 <0.001
>30 60 (7.0%) 60 (5.3%) 58 (4.8%) 0.1 0.64 0.036
Unknown 93 (11%) 46 (4%) 3 (0.2%) <0.001 <0.001 <0.001
Cold ischemia time, h 7.7 ± 3.5 6.9 ± 3.3 5.9 ± 2.9 <0.001 <0.001 <0.001
Share type
Local 541 (63%) 778 (68%) 860 (72%) 0.02 0.07 <0.001
Regional 213 (25%) 245 (21%) 280 (23%) 0.07 0.28 0.41
National 102 (12%) 119 (10%) 61 (5%) 0.29 <0.001 <0.001
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dWIT and CIT. Notwithstanding these modifications, an era
effect remained when controlling for the aforementioned
changes in multivariate analysis. The improvements in graft
survival were likely multifactorial, with the transplant
community's behavior being influenced by the emerging data
in the field.

Recipient Selection
Previous reports have demonstrated that LT using DCD

grafts is associated with inferior outcomes when used in
critically ill patients.13,14 Over the 3 eras in the present study,
a decrease in the proportion of recipients in the intensive care
unit before LT was observed as was the proportion of venti-
lated patients between era 2 and era 3. This suggests that pro-
grams were avoiding DCD organs for critically ill recipients.
The multivariate analysis confirmed that one of the most sig-
nificant variables in predicting graft survival was the recipi-
ent being on a ventilator at the time of LT. Other data also
suggested inferior outcomes when DCD organs were used
in cases of retransplantation—a decrease in the proportion
of retransplant recipients was also observed over the 3 eras.15

An inverse relationship has been reported between an in-
creasing MELD score and post-LT outcome when DCD or-
gans are used. Mathur et al16 noted an HR of 1.47 with the
use of DCD LT for patients with a MELD score of 35 or
higher in a previous analysis of UNOS data. Biologic MELD
Copyright © 2016 Wolters Kluwer
scorewas shown to be a significant predictor of graft survival in
the present study. Although the match MELD score increased
over the 3 eras, the biological MELD remained relatively low
(19.5). This dichotomy can be explained by the increasing pro-
portion of patients with HCC receiving DCD LT. Although
early reports speculated on inferior survival when DCD or-
gans were implanted in patients with HCC, more recent data
specifically looking at recurrence demonstrated no difference
between recipients of DCD and DBD organs.17,18 Indeed,
patients with HCC may represent ideal DCD LT candidates
due to their relatively low biological MELD. This may be
particularly important in regions of the country where high
MELD scores are required to receive a liver offer, especially
where MELD exception scores for HCC are now capped
at 34.

Data regarding the appropriateness of DCD LT in patients
withHCV have been inconsistent.16,19-23 Several reports sug-
gested that recurrence may be more severe in patients receiv-
ing DCD LT, whereas others suggested no difference between
DCD and DBD LT. An increase in the proportion of patients
with HCV-positive serology was seen over the 3 eras in the
present study. This may be partially correlated with an in-
crease in recipients with a secondary diagnosis of HCC.
HCV-positive serology was negatively associated with graft
survival on multivariate analysis. Most of the current data
on the use of DCD organs in patients with HCV came from
 Health, Inc. All rights reserved.



FIGURE 3. Kaplan-Meier graft survival estimates by era of DCD LT. Era 1 versus era 2 (P = 0.001), era 2 versus era 3 (P < 0.001), era 1 versus
era 3 (P < 0.001).
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the time before the introduction of highly effective direct acting
antiviral therapy. With advent of all oral, non–interferon-based
regimens, to treat recurrent HCV infection, any discussion
about the appropriateness of DCD grafts in this setting can rea-
sonably exclude concerns about the impact of the virus itself.
UNOS registry data have also suggested a higher rate of graft
failure in patients with primary sclerosing cholangitis (PSC)
receiving a DCD LTwith an interaction term between DCD
and PSC HR of 1.76.24 Potential mechanisms for inferior
outcome in this situation could be related to increased
ischemia-reperfusion injury, leading to an autoimmune insult
and a predisposition to recurrent PSC.24 A slight decrease in
the proportion of patients with PSC receiving DCD LT was
observed over the 3 eras in the present study. This may reflect
FIGURE 4. Kaplan-Meier patient survival estimates by era of DCD LT. Er
era 3 (P = 0.001).

Copyright © 2016 Wolters Kluwer H
modifications to practice based on the above data or perhaps
concerns with regards to access to the biliary tree with a
Roux-en-Y hepaticojejunostomy in patients that may have
higher risk of biliary complications.

A slight increase in the proportion of patients undergoing
SLK transplantation with DCD grafts as seen over the 3 eras.
There has been 1 report that suggested inferior results when
using DCD grafts or SLK, whereas others have suggested
no differences compared with DBD.25-27 Data on the role of
DCD organs in SLK remain limited. The slight increase in
DCD organs for SLK transplantation may reflect the overall
increase in patients listed for SLK transplant over that period
as well as the difficulty in matching organs for these patients
particularly for those with lower biological MELD scores.
a 1 versus era 2 (P = 0.43), era 2 versus era 3 (P = 0.03), era 1 versus

ealth, Inc. All rights reserved.



FIGURE 5. Kaplan-Meier patient survival estimates by era of DCD and DBD LT by era. DCD versus DBD: era 1 (P < 0.001), era 2 (P < 0.001),
era 3 (P = 0.01).
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Donor Selection
One of the variables with the strongest association with

inferior outcome in DCD LT is advanced donor age.2,3 Previ-
ous studies reviewing UNOS data have reported a HR for
graft loss of 1.26 with donors older than 55 years.16 The
present study demonstrated a decline in the proportionate
utilization of donors older than 50 and a larger decline in
those older than 60 years throughout the 3 eras. Many cen-
ters no longer consider DCD older than 50 years with even
fewer pursuing those donors older than 60 years.16 Donor
age was negatively associated with graft survival in our mul-
tivariate analysis. Perhaps, the second most widely accepted
negative predictor of outcome with DCD LT is prolonged
dWIT.2,13,16 We found that a large proportion of cases in
the era 1 (11%) had missing data on the dWIT, decreasing
to less than 1% in era 3. This likely represents the transplant
community's understanding of the potential pivotal impor-
tance dWIT as well as better recording and reporting. A de-
crease in the proportion of donors with dWIT longer than
30 minutes can be seen in the present study, however, dWIT
was not shown to be a significant predictor of graft survival
on multivariate analysis. Although CIT is known to be
TABLE 2.

Multivariate backwards stepwise regression predicting graft
survival

Variable HR CI P

Recipient age (per 5 y increase) 1.04 1.01-1.07 0.035
Biologic MELD score (per 5 unit increase) 1.07 1.03-1.11 0.002
On ventilator at LT 1.65 1.22-2.24 0.001
Recipient HCV+ serology 1.24 1.08-1.42 0.002
Donor age (per 5 y increase) 1.06 1.03-1.08 <0.001
Cold ischemic time (per 1 h increase) 1.03 1.02-1.05 <0.001
Era 2 (era 1 reference) 0.81 0.69-0.94 0.007
Era 3 (era 1 reference) 0.61 0.50-0.73 <0.001

Copyright © 2016 Wolters Kluwer
important in all solid organ transplants, particular attention
has been given to minimizing CIT in DCD LT.13,16 CIT de-
creased significantly over the 3 eras from a mean time
7.7 hours to 5.9 hours andwas a significant predictor of graft
survival on multivariate analysis.

The improvements in graft survival seen over the 3 eras are
undoubtedly multifactorial. Although modifications to both
recipient and donor selection were demonstrated over time,
an era effect was observed even when controlling for all of
these factors in multivariate analysis. This likely represents
improvements in technique and selection not captured in
the variables reported to UNOS. While total dWIT is clearly
important, dWIT is a composite period which includes differ-
ent components and events from withdrawal of life support
till perfusion of preservation solution. Unfortunately, more
granular data on dWIT are not available through the SRTR
database. We previously have shown that the time from
asystole to cross clamping was the most significant predictor
of outcome in the withdrawal process.28,29 These reports
have suggested that regardless of the total dWIT, a time from
asystole or pulseless electrical activity to cross-clamping of
greater than 10 minutes was negatively associated with out-
come. Others have described the importance of the time from
mean arterial pressure less than 50 mm Hg until perfusion
with preservation solution.30 We speculate that the large
amount of missing data on dWIT in era 1 of the present study
indicates that not only the length of dWIT but also how the
patient progressed to cardiac death was more closely ob-
served in the recent era. Othermodifications toDCDLT have
occurred that may have influenced the results. Recent reports
have suggested that rates of biliary complications, particu-
larly IC, could be reduced using tissue plasminogen activator
(tPA).11 Biliary strictures occurred less commonly in the
tPA-treated group (16.5%) versus an historical control group
(33.3%) with a much lower rate of diffuse intrahepatic stric-
tures (3.5% versus 21.2%). However, because this study
used an historical cohort, one cannot be certain if tPA was
 Health, Inc. All rights reserved.
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solely responsible for the improved results or whether there
was an era effect similar to what we have demonstrated
herein. Although the use of tPA is promising, a randomized
control trial will be required to determine if it has a beneficial
effect on outcomes.

The present study shows that in the most recent era, there
was significantly improved graft survival compared with pre-
vious published reports reviewing national data. A study
published in 2006 demonstrated 1-year and 3-year graft sur-
vival rates of 70.1% and 60.5% in patients undergoingDCD
LT.13 The current study demonstrated 1-year and 3-year graft
survival rates of 85% and 75%, respectively, in era 3. These
new data revitalize the discussion about DCD organs provid-
ing a potential solution to the significant national shortage in
liver grafts. A recent study revealed that 84% of the patients
who die on the waiting list with a MELD score less than 15
previously had declined at least 1 organ offer.31 Importantly,
a DCD is not measured as an eligible donor death when cal-
culating livers per eligible donor. Because OPOs are evalu-
ated mainly on this metric, there is little incentive for the
pursuit of DCD donors. Better communication between
high-performing DCD OPOs and those OPOs with lower
numbers of DCD allografts may help to identify strategies
to successfully expand the donor pool. It is possible that
deaths on the waiting list could be decreased withmorewide-
spread acceptance of DCD liver grafts. The current results
with DCD LT, no longer support widespread reservations
with their usage.

Weaknesses of the present study include its reliance on na-
tional registry data with lack of granular detail. In addition,
because IC and biliary complications are not reported to
SRTR, graft survival was the most accurate outcome
measure available.

In conclusion, this study demonstrates a clear improve-
ment in the outcomes of DCD LT in the United States over
the last 12 years. Improvement in outcomes are likely multi-
factorial, partially related to increasing experience in recipi-
ent and donor selection. An era effect remains as a major
factor even after adjustment for all recipient and donor vari-
ables on multivariate analysis, pointing to learning curve
over the study period.
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