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Abstract: Despite a significant increase in utilization over the past decade, the number of donation after 
circulatory death (DCD) organs that are procured and transplanted in the United States (US) remains 
well below its potential. There is still room for expansion, as utilizing DCD organs to the fullest extent is 
currently the most viable solution to the persistent mismatch between supply and demand in transplantation. 
We convened a multidisciplinary transplantation summit to examine various aspects of DCD, with faculty 
members from around the world with clinical and academic interest in DCD donation and transplantation, 
including abdominal and cardiothoracic surgeons, organ procurement organization directors, hepatologists, 
and gastroenterologists. The conference focused on identifying barriers to DCD organ utilization and 
strategies to overcome these barriers. We divide the barriers to DCD utilization into three mains categories: 
(I) policy and process variation; (II) logistical and transportation challenges; and (III) higher risk perceptions 
related to DCD outcomes. For each barrier, we proposed a variety of solutions, providing an overview of the 
status of DCD donation in the US and suggestions on how to increase the use of DCD. There is a specific 
focus on ex situ machine perfusion, normothermic regional perfusion, and other opportunities to expand 
DCD utilization without negatively impacting recipient outcomes.

Keywords: Donation after circulatory death donation (DCD donation); marginal graft; donor pool; machine 

perfusion (MP)
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Introduction

The  Dona t ion  a f t e r  C i r cu l a to ry  Dea th  (DCD) 
Transplantation Summit hosted by Baylor University 
Medical Center in Dallas and Southwest Transplant 
Alliance on April 1–2, 2022, brought together transplant 
professionals from around the world to discuss all aspects 
of DCD donation, with a focus on optimizing DCD 
outcomes and strategies to increase utilization through 
improving quality and acceptance of DCD donor organs for 
transplantation. The summit included ten transplant center 
division chiefs, five abdominal and thoracic transplant 
surgeons, five professors of transplant surgery, four 
presidents of donor centers, and two hepatology medical 
directors (Table S1). This multidisciplinary faculty discussed 
the trends in utilization and outcomes of DCD donation 
in the United States, providing context for why expanding 
DCD donation is essential for significantly increasing the 
number of organs available for transplantation. This article 
describes the barriers to increasing DCD donation and 
transplantation in the US and presents various strategies 
to overcome these barriers to improve the quantity and 
quality of DCD organs available for transplantation. Since 
liver transplantation, among all other organs, would greatly 
benefit from an expansion of its donor pool with DCD 
organs and since striking differences exist in DCD liver 
graft utilization among US centers, much of this article 
focuses on DCD liver donation and transplantation.

DCD donation as a viable option to increase the 
donor pool 

DCD procedures were the standard method of organ 
procurement for human transplantation in the US before 
the development of the Harvard criteria for brain death (1).  
Once donation after brain death (DBD) was adopted, it 
quickly became the only method for organ procurement 
in the US, replacing DCD entirely for the subsequent two 
decades, considered a marginal graft (2). Beginning in the 
1990s, single institutions in the US made efforts to revive 
DCD organ transplantation (3,4). With support from the 
Institute of Medicine and the Society of Critical Care 

Medicine on the ethical and medical acceptability of DCD 
donation, the number of DCD donors has grown from 
41 in 1993 to 4,778 in 2022. In 2022, DCD represented 
22.3% of total organ donors in the US (21,370 donors: 
10,127 DBD donors, 6,465 living donors, and 4,778 DCD 
donors) (5-8). While there has been an impressive increase 
in DCD donation, death by cardiopulmonary rather 
than neurological criteria is far more common in the US, 
so DCD donation should be more common than DBD 
donation (9).

Over the last decade, DCD organ utilization has grown 
considerably (Figure 1), with a 265% increase for kidney, 
285% increase for liver, and 1,109% increase for lung 
transplants from DCD donors. In the heart transplant 
field, DCD donation became a reality in 2019, rising from 
0.1% in 2019 (with 7 patients receiving a heart from DCD 
donors) to 8.2% in 2022 (with 346 heart transplants from 
DCD donors) (10-12). Overall, 54% of US lung transplant 
centers performed at least one lung transplant utilizing a 
DCD donor between 2015 and 2020, and nearly 30% of 
US lung transplant programs have performed more than 15 
DCD lung transplants as of 2022 (13).

Even though the utilization of organs from DCD donors 
has been steadily increasing in the US, there remains room 
for expansion, given that maximizing the utilization of 
DCD organs is the most readily available solution to the 
chronic gap between supply and demand in transplantation 
at this time. Notably, in the last 10 years, the DCD organ 
discard rate has increased 7-fold in comparison to an 
increase of 1.6-fold in DBD organs. Clearly, there seems 
to be a significant opportunity to identify actions aimed 
at improving DCD donor and graft selection and donor-
recipient matching. 

While there is great promise for growing organ 
transplantation with DCD donation, substantial barriers 
remain to expanding this practice (Figure 2, Table 1). In this 
paper, we divide the barriers into three mains categories, 
identified in the meeting: (I) policy and process variation; (II) 
logistical and transportation challenges; and (III) higher risk 
perceptions related to DCD outcomes. Overcoming these 
barriers will require a variety of solutions, including the 
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utilization of in situ and ex situ machine perfusion (MP).

Policy and process variation in DCD donation: barriers 
and solutions

There is significant variation in DCD procurement 
guidelines, policies, and practices (Figure 3). DCD donation 
processes differ in terms of the location of withdrawal of 
life-sustaining treatment (WLST), the length of observation 
periods between the declaration and confirmation of death, 
the acceptability of premortem heparin administration, and 
the acceptability of premortem interventions (14-17). At 
the practical level of the workflows of a DCD donor, every 
hospital in the US has its own written DCD policy that 
addresses the location of withdrawal, premortem heparin 
administration, hands-off time, allowed total operating 
room (OR) time, prewithdrawal interventions, timing of 
prepping and draping, and timing of donor team entry 

to the OR (18). Each of these factors can have a direct 
impact on graft utilization and recipient outcomes. The 
location of WLST outside the OR (postanesthesia care 
unit or intensive care unit) can increase warm ischemia 
time due to the necessary time to transport the donor to 
the OR and position them on the operating table after the 
declaration of death. Furthermore, not every hospital allows 
the surgical team to perform premortem cannulation, enter 
the OR, or prep and drape the potential donor before the 
declaration of death. Premortem heparin administration is 
not universally allowed due to ethical concerns at a small 
minority of hospitals, and a recent study has shown the lack 
of administration is associated with worse transplant graft 
survival, especially in liver grafts (19). Therefore, many 
transplant centers are unwilling to accept donors who do 
not undergo premortem heparinization.

The time between the declaration of death and surgical 
incision, also known as the observation time, varies among 

Heart DCD and DBD donation from 2012 to 2022 Liver DCD and DBD donation from 2012 to 2022

Kidney DCD and DBD donation from 2012 to 2022Lung DCD and DBD donation from 2012 to 2022

10.2 times DCD

370 times DCD

DBD            DCD DBD              DCD

DBD                DCDDBD            DCD

3.6 times DCD

4.3 times DCD

1.5 times DBD
1.5 times DBD

1,680

6,328

6,242

3,853

370
1

2,450

8,425

388

1,387

1,093

4,722

9,506

2,564

288

28

1.6 times DBD 1.3 times DBD

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

3000

2500

2000

1500

1000

500

0

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

3000

2500

2000

1500

1000

500

0

4500

4000

3500

3000

2500

2000

1500

1000

500

0

4500

4000

3500

3000

2500

2000

1500

1000

500

0

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

2012 2022
2012 2022

2012 20222012 2022

0 500

0 500

1000 1500 2000 2500 3000 3500 4000 4500

1000 1500 2000 2500 3000
0 1000

0 1000

100002000 3000 4000 5000 6000 7000 8000 9000

2000 3000 4000 5000 6000 7000 8000 90002012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 1 Growth in DCD organ utilization over the last decade for heart, liver, kidney, and lung transplantation. DCD, donation after 
circulatory death; DBD, donation after brain death.
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hospitals. Depending on hospital and country, this time can 
range from 2 to 20 minutes, and prolonged times can have a 
direct detrimental impact on graft quality.

To make things more complicated, organ procurement 
organization (OPO) policies also vary. A recent survey 
analyzed the current policies of 57 OPOs compared to the 
American Society of Transplant Surgeons recommendation 
for DCD organ procurement and transplantation. For 
example, the American Society of Transplant Surgeons 
identifies the OR as the elected location of WLST, 
recommends premortem heparin, and proposes reducing 
the asystolic wait time to 2 minutes. However, among 
the 57 OPOs evaluated, only 23 OPOs followed the first 
recommendation, 53 followed the second, and 12 followed 
the third (20). 

Additionally, although rapid recovery techniques are 
taught in nearly all abdominal transplant training programs, 
given the lower utilization of DCD thoracic organs, many 
training programs do not adequately prepare thoracic 
recovery surgeons for these donors, leading to variations in 
proficiency. Efforts by the American Society of Transplant 
Surgeons are underway to address this deficit (21).

Variation in hospital policies has the potential to 
negatively impact the acceptance of DCD donors 
specifically by programs that have greater concerns 

about outcomes. Moreover, the lack of uniform practices 
creates confusion and adds logistical burdens to accepting 
transplant centers and OPOs. An important consideration is 
whether this lack of standardization in practices ultimately 
affects the donor and the donor families by diminishing the 
likelihood of progression to death and contributes to the 
increased financial burden associated with DCD donation. 

Recommendations for DCD policy and process 
standardization: 
	 Standardized nat ional  guidel ines  for  best 

practices should include a preference for WLST 
in the OR, a longer total donor warm ischemia 
time limit of up to 2 hours, and allowance of 
prewithdrawal interventions with surrogate 
consent (e.g., predonation testing including cardiac 
catheterization and liver biopsy, heparin infusion, 
and femoral cannulation).

Logistical and transportation challenges in DCD donation: 
barriers and solutions 

OPO practices in DCD procurement
In the US, there are significant differences among 
OPOs regarding the percentage of DCD organ donors 
procured versus the total number of deceased donor organ 
procurements. This difference is not simply explained 
by donor pool demographics, waitlist metrics, center 
competition, or DCD donor utilization (22).

The first step toward uniform increases in DCD 
donation is for OPOs to develop best practices for 
identifying, authorizing, and managing potential DCD 
donors and to identify systemic factors that create barriers 
to these best practices. For example, organizational and 
financial issues may drive lower rates of DCD donors in 
remote hospitals and decreased enthusiasm to pursue lower 
potential yield (e.g., 1 organ) DCD donors. Such donors 
still require the full deployment of OPO staff, which 
translates into costs in terms of time and money and may 
result in a net financial loss for the OPO. Another factor 
that can impact DCD donation is family or hospital time 
constraints on WLST that make getting donor surgical 
teams onsite impossible, thereby precluding procurement. 
This has become a particularly important factor when the 
utilization of DCD donor organs becomes more likely, as 
when in situ normothermic regional perfusion (NRP) or ex 
situ MP are utilized, both of which require time to mobilize 
teams and equipment to the donor hospital. 

Suggestions for addressing OPO barriers to expanding 
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Figure 2 Barriers to DCD utilization. DBD, donation after brain 
death; DCD, donation after circulatory death.
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Table 1 Barriers in donation after cardiac death donation

Barriers Proposed solutions and expansion of DCD utilization

Policy and process variation

Variation in DCD procurement 
guidelines, policies, and practices; 
absence of national policy

Standardized national guidelines for best practices should include a preference for withdrawal 
of life-sustaining treatment in the operating room, a longer total donor warm ischemia time limit 
of up to 2 hours, and allowance of prewithdrawal interventions with surrogate consent (e.g., 
predonation testing including cardiac catheterization and liver biopsy, heparin infusion, and 
femoral cannulation)

Logistical and transportation challenges

OPOs with significant low DCD 
utilization 

OPOs with low-volume DCD should adopt policies and practices from high-volume DCD OPOs; 
OPO recovery surgeons should be utilized for expedited recoveries if transplant center surgeons 
are unavailable; OPOs should consider DCD transfer hospitals to centralize and standardize 
procurements

High costs associated with DCD 
acquisition

Improve efficiency in DCD donation: financial incentives should align with pursuing DCD donors 
in remote locations despite the potential for low organ yield. Proper financial analysis of the cost 
of DCD transplantation and the cost savings associated with the predicted significant increase in 
transplanted patients should be pursued to better characterize true costs. Technologies that allow 
for better organ assessment and utilization, such as NRP and ex situ machine perfusion, should be 
uniformly utilized for DCD donors to maximize organ yield

Higher risk perceptions related to DCD outcomes

Quality concerns The survival benefit of DCD transplantation should be evaluated with intention-to-treat analyses; 
implementation of a safety net for IC and appropriate risk adjustment in the Scientific Registry of 
Transplant Recipients are essential for increasing DCD graft utilization in the US

Donor and recipient selection For liver transplantation, donor age >50 years, body mass index >25 kg/m2, functional warm 
ischemia time >30 minutes, and prolonged cold ischemia time (>6 hours) are donor characteristics 
associated with a greater incidence of IC and poorer outcomes. These limits should be tested 
ideally with NRP or ex situ machine perfusion to mitigate excess risk

Transplant centers with little DCD liver transplant experience can begin utilizing DCD donors in the 
lowest-risk donor-recipient scenarios to build comfort with this procedure

Predictive models should be used to evaluate donor and recipient pairing to make tailored risk 
assessments based on specific matches. Limitations to predictive models should be recognized, 
as they do not account for ex situ machine perfusion or NRP

DCD, donation after circulatory death; OPO, organ procurement organization; IC, ischemic cholangiopathy; NRP, normothermic regional 
perfusion.

DCD donation include having low-volume DCD OPOs 
adopt policies and practices from high-volume DCD OPOs. 
For example, some OPOs have donor surgeons on staff who 
can deploy quickly, making expedited donor procurements 
more feasible. Also, some OPOs have partnered with high-
volume DCD hospitals to build pathways that streamline 
and standardize DCD donation. Going a step further, some 
OPOs are utilizing centralized hospitals for the transfer of 
DCD donors so that donor care is optimized. DCD hospital 
hubs have the potential to decrease costs and streamline 
donor workflows (23,24).

Recommendations for OPO DCD policies and practices: 

	 OPOs with low-volume DCD should adopt policies 
and practices from high-volume DCD OPOs; 
OPO recovery surgeons should be utilized for 
expedited recoveries if transplant center surgeons 
are unavailable; OPOs should consider DCD 
transfer hospitals to centralize and standardize 
procurements.

Higher costs associated with DCD acquisition 
compared to DBD acquisition
Starting in February 2020, the US liver allocation policy 
was changed from the Share 35 framework to the acuity 
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Figure 3 Donation after circulatory death policy elements that 
vary among hospitals. PACU, post anesthesia care unit; ICU, 
intensive care unit; OR, operating room; DCD, donation after 
circulatory death.

circles framework, to reduce geographic disparities in 
liver transplantation based on the variance in median 
Model for End-Stage Liver Disease score at transplant 
across regions (25). In a single-center analysis after acuity 
circles allocation, the differences in both donor service 
areas and center-level variance of median Model for End-
Stage Liver Disease scores decreased, but flight-consistent 
procurements increased substantially (26).

Although the allocation of extended criteria grafts 
and DCD liver grafts is designed to incentivize the 
utilization of these grafts by the center more proximal to 
the donor, the financial burdens on OPOs and centers 
highly invested in utilizing these DCD grafts cannot be 
ignored. Understanding the real cost of DCD donation 
balanced with the true impact of the DCD donation in 
the whole process is essential. Increasing the utilization 
of DCD organs translates into a significantly higher rate 
of transplantation for all organs. In turn, the number of 
patients on the waiting list will decrease, and the end effect 
will be not only a decrease in mortality but a significant 
decrease in the financial burden of caring for patients with 
end-stage organ disease. 

Multiple factors increase the cost of DCD donation: the 
location of the donor in relation to the OPO home base; 
difficulty in obtaining premortem diagnostics, leading to 
greater pre procurement uncertainty; and lack of adequate 
predictive models for determining which donors are likely 
to expire in the timeframe acceptable for donation. 

There is evidence that single organ donors, specifically 
kidney donors, are not routinely pursued (27), specifically 
if donors are located in remote areas. There is also indirect 
evidence that the lack of proper premortem diagnostics may 
be one factor explaining why the acceptance rate of DCD 
organs is lower than that of DBD organs. To overcome 
inadequate premortem organ assessment, there is growing 
evidence that the possibility of assessing the quality of the 
DCD organs prior to final acceptance increases the rate 
of transplantation. For example, the use of NRP in DCD 
livers allows for evaluation of grafts that might be discarded 
based on preretrieval information or post-cross-clamp 
assessment after rapid-recovery DCD. During NRP, serum 
lactate, liver transaminases, glucose metabolism, and pH 
can be assessed and used to evaluate the graft quality (28-32).  
The data have shown that the percentage of potential 
DCD donors from whom organs are accepted but none are 
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transplanted differs by organ. In the case of liver grafts, this 
rate can be as high as 50%, while the rates for kidneys and 
lungs are around 40% (33,34).

Finally, criteria to assess and predict the probability of 
death within the timeframe for donation of a potential DCD 
donor after WLST are still imprecise (35). Developing 
accurate prediction models is considered the most useful 
step to limit the number of no-organ-yield donors and 
hence mitigate associated costs. 

Recommendations to mitigate the high costs associated 
with DCD acquisition: 
	 Improve efficiency in DCD donation: financial 

incentives should align with pursuing DCD donors 
in remote locations despite the potential for low 
organ yield. Proper financial analysis of the cost 
of DCD transplantation and the cost savings 
associated with the predicted significant increase in 
transplanted patients should be pursued to better 
characterize true costs. Technologies that allow 
for better organ assessment and utilization, such as 
NRP and ex situ MP, should be uniformly utilized 
for DCD donors to maximize organ yield. 

DCD outcome and risk perception: barriers and solutions

Risk perceptions
Many transplant centers are reluctant to accept organs 
from DCD donors because of concerns regarding recipient 
outcomes. For example, from 2013 to 2017, only 11 US 
transplant centers performed more than 50 DCD liver 
transplants, suggesting that almost half of the nation’s 
experience was concentrated at this small number of 
centers (36). In particular, the development of ischemic 
cholangiopathy (IC) in liver grafts and delayed graft 
function in kidney grafts is a real problem (37). There 
is a historical difference in graft and patient survival 
between livers procured from DCD donors compared with 
organs procured from DBD donors (38-42). Hence, liver 
and kidney grafts procured from DCD donors are still 
considered by many centers to be marginal grafts. 

However, more recent data and new methodologies for 
the assessment of DCD outcomes tell a more complete 
story of the value of DCD transplantation. In an analysis 
performed in the United Kingdom, 5-year patient survival 
was inferior for patients receiving a DCD in comparison 
to a DBD organ (78.1% vs. 82.6%). However, when the 
analysis was conducted with an intent to treat from the 
time of listing for transplantation, accepting a DCD graft 

conferred a significant survival advantage over waiting for 
a DBD organ (21). These results were confirmed in a US 
study where the acceptance of a DCD liver graft was not 
associated with an increased mortality risk when calculated 
from the time of patient listing (43). Moreover, while kidney 
grafts from DCD donors have higher delayed graft function 
rates, delayed graft function does not result in worse graft 
survival compared to DBD (44). In terms of graft and 
patient outcomes, recent studies have also confirmed that 
DCD lung and heart transplants perform as well as DBD 
transplants (45,46).

In the US, the pressure on transplant centers to maintain 
expected graft and patient survival rates may constitute a 
disincentive to the utilization of DCD organs despite risk 
adjustment, even though there is evidence that patient 
survival improves with accepting a DCD organ rather than 
remaining on the waiting list. When overall outcomes are 
analyzed, crude graft and patient survival are important 
metrics, but the survival benefit associated with the utilization 
of DCD organs should also be taken into consideration. 
There is rising evidence that intention-to-treat analyses 
would be a better metric to evaluate the true survival benefit 
of transplanting grafts from DCD donors (47,48).

One recent initiative for mitigating quality concerns 
in liver transplant using DCD grafts in the US is the 
implementation of a safety net for patients who develop 
IC after liver transplantation from a DCD donor (49). 
Prioritizing patients requiring retransplantation for DCD-
related IC provides a positive incentive for the utilization 
of DCD liver grafts. In addition, making sure there is 
appropriate risk adjustment in the Scientific Registry of 
Transplant Recipients for DCD recipient outcomes is 
essential for increasing DCD graft utilization. 

Recommendations in DCD outcome evaluation:
	 The survival benefit of DCD transplantation 

should be evaluated with intention-to-treat 
analyses; implementation of a safety net for IC 
and appropriate risk adjustment in the Scientific 
Registry of Transplant Recipients are essential for 
increasing DCD graft utilization in the US.

Donor and recipient selection
A significant part of the conference was dedicated to the 
appropriate selection of DCD donors and the analysis of the 
variables that might be associated with improved graft and 
patient outcomes. While there was recognition of the fact 
that clinical and demographic differences between DCD 
and DBD donors were less significant in kidney selection, 
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it was agreed that the selection of DCD liver grafts is more 
complicated. There is, in fact, no significant difference in 
overall graft survival at 1 and 5 years between DCD and 
DBD kidneys (44), but there is still a lower overall 1-year 
graft survival between DCD and DBD liver grafts. This 
difference in graft survival is mainly due to the incidence 
of IC that affects between 10% and 30% of DCD liver 
transplant recipients (50,51).

Models are available to predict complications and graft 
loss after DCD liver transplantation and to assist with 
donor-recipient matching [UK DCD risk score (52) and 
the ID2EAL score (25)]. These tools evaluate donor and 
recipient pairing to make tailored risk assessments based 
on specific matches. Rather than considering all risk factors 
independently, centers that want to begin or expand DCD 
liver transplantation can utilize these predictive tools to 
align with their risk tolerance and determine which DCD 
donors they are willing to consider. Regarding thoracic 
donor and recipient selection, predictive models have not 
been developed. Given the relatively limited experience 
with DCD heart donation, the debate between NRP 
versus ex situ MP remains active. With a rapidly growing 
international experience, many centers have planned 
to collaborate in prospective registries to ascertain best 
practices. Similarly, the early anecdotal experience with 
lungs from NRP donors warrants further exploration; 
given the relatively low volume of such donors, extensive 
collaboration would be necessary for adequate outcomes 
assessment.

Recent studies of older DCD liver recipients have shown 
similar outcomes compared to younger DCD and DBD 
liver recipients in terms of graft and patient survival, with 
conflicting results regarding the possible higher rate of 
biliary complications. However, pushing the limit on donor 
age is an issue that needs further evaluation, especially 
for DCD donors over age 70 years, as the impact of age, 
especially on biliary complications, is still uncertain (53-56). 
More than donor age, donor body mass index >25 kg/m2 is 
associated with lower overall recipient survival, increased 
risk of early allograft dysfunction, and higher rates of 
postsurgical complications (57,58). Furthermore, the DCD 
donor characteristics associated with a greater incidence of 
IC and poorer outcomes include functional warm ischemia 
time >30 minutes and prolonged cold ischemia time (59). 
NRP and ex situ MP have the potential to improve the 
quality of extended criteria liver grafts and allow for better 
functional assessment prior to implantation. As centers 
consider pushing the limits of donor age, body mass index, 

and warm ischemia time, they should do so with added 
technologies that decrease the risk of primary nonfunction 
and biliary complications. 

Similarly, the selection of DCD lung donors remains 
controversial. While some data exist regarding agonal and 
warm ischemic times (60), the reality is that national and 
international practices still vary widely. Recognizing this 
deficit, we recommended that all US DCD lung transplant 
centers participate in the United Network for Organ 
Sharing Organ Procurement and Transplantation Network 
DCD Lung Transplant Collaborative (61).

With this in mind and based on the current literature 
(59,62), the Dallas meeting identified recommendations 
regarding donor and recipient selection.

Recommendations for donor and recipient selection:
	 For liver transplantation, donor age >50 years, body 

mass index >25 kg/m2, functional warm ischemia 
time >30 minutes, and prolonged cold ischemia 
time (>6 hours) are donor characteristics associated 
with a greater incidence of IC and poorer outcomes. 
These limits should be tested ideally with NRP or 
ex situ MP to mitigate excess risk.

	 Transplant centers with little DCD liver transplant 
experience can begin utilizing DCD donors in 
the lowest-risk donor-recipient scenarios to build 
comfort with this procedure. 

	 Predictive models should be used to evaluate 
donor and recipient pairing to make tailored risk 
assessments based on specific matches. Limitations 
to predictive models should be recognized, as they 
do not account for ex situ MP or NRP. 

Opportunities to expand DCD utilization

The advent of new technology aimed at improving organ 
preservation and eventually organ functional recovery 
was recognized as one of the most exciting and promising 
factors to expand DCD utilization. Compared to rapid 
recovery with static cold storage, ex situ MP and NRP are  
2 technologies that may revolutionize the utilization of 
DCD organs and improve the quality and outcomes.

There is  growing evidence that  MP offers  the 
opportunity to improve graft assessment and quality by 
reducing exposure to hypoxia and graft injury during the 
storage phase between cross-clamp and implantation (63). 
The result is that these grafts may tolerate a significantly 
longer ischemia time while also being evaluated for function 
prior to implantation. For example, while on pump, the pH, 
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lactate, bile composition, perfusate aspartate transaminase/
alanine aminotransferase ratio, and flow of a liver graft can 
be assessed.

Preliminary data suggest that the use of normothermic 
MP for liver transplantation is associated with a significant 
decrease in the incidence of IC and consequently better graft 
survival (3,28-32,64-71). Moreover, compared to static cold 
storage, hypothermic ex situ liver perfusion is associated 
with lower acute rejection rates, less primary nonfunction, 
less IC, and higher 5-year graft survival (56,72).

NRP may serve as an alternative to or adjunct for ex 
situ MP. The available data on NRP also suggest that 
the methodology is associated with improved liver graft 
outcomes and a decreased incidence of complications such 
as IC (73-77). For kidney transplantation, NRP is associate 
with a significantly lower rate of delayed graft function (78). 
The use of new technologies is associated with increased 
cost, but recent studies seem to suggest that they have cost-
saving, cost-effective, and clinical benefits in the long term 
compared to the standard cold flush and static cold storage 
in terms of decreased posttransplant complications (79-81).

Conference discussions concluded that, while the 
preliminary data suggest that wider adoption of MP 
technology will improve DCD liver recipient outcomes 
and increase the number of DCD grafts available for 
transplantation, further research is needed to determine 
its optimal utilization. Nonetheless, there are promising 
indications that these technologies will allow an expansion 
of the DCD donor pool. The sum of the current emerging 
multiple tools (MP, common process for DCD organ 
procurements and functional graft evaluation during 
NRP/MP) seems promising to decrease one of the most 
important factors associated with low DCD utilization: the 
uncertainty of the outcome. 

Recommendations for expanding DCD organ utilization:
	 Reducing the uncertainty of poor outcomes 

associated with DCD transplantation (especially IC 
and delayed graft function) is essential to increasing 
DCD utilization. New technologies (MP and/or 
NRP) have the potential to improve outcomes and 
therefore increase utilization.

Conclusion and future prospects

The most important conclusion of the summit was the 
mutual agreement that DCD donation represents the only 
source of organs that will significantly increase the number 
of grafts available for transplantation in the US in the near 

future. Moreover, the wider acceptance and implementation 
of technologies like MP and NRP will allow for expanded 
graft utilization because of better recipient outcomes. To 
promote the expansion of DCD in the US, several barriers 
must be addressed. First, the standardization of DCD 
recovery policies and procedures is essential to achieve 
more uniform acceptance of DCD donors and mitigate 
some of the costs associated with DCD procurement (82). 
Second, OPOs must develop and implement best practices 
for the identification, authorization, and management 
of DCD donors. Third, cost-effective strategies for 
DCD procurements should be incentivized. Fourth, risk 
assessment models should be used for donor-recipient 
matching and new models should be developed to 
incorporate ex situ MP and NRP. Fifth, the wider utilization 
of technologies like ex situ MP and NRP to expand the 
donor pool, decrease the risk of poorer recipient outcomes, 
and increase overall graft and patient survival should be 
encouraged.

Further efforts are necessary to decrease the risk 
perception concerning DCD grafts in particular settings, 
as the attitudes of transplant centers, surgeons, OPOs, 
and regions can have an impact on the utilization of DCD 
donors.
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Table S1 Physicians involved in the Dallas Donation after Circulatory Death Transplantation Summit

Physician Role Center City

Course directors

Giuliano Testa, MD, MBA, 
FACS

Chief, Abdominal Transplant Baylor University Medical Center Dallas, TX

Patti Niles, BS, RN, CPTC President and Chief Executive Officer Southwest Transplant Alliance Dallas, TX

Anji Wall, MD, PhD Transplant Surgeon Baylor University Medical Center Dallas, TX

James F. Trotter, MD Medical Director, Transplant Hepatology Baylor University Medical Center Dallas, TX

Sumeet Asrani, MD, MSc Medical Director, Center for Advanced 
Liver Disease

Baylor University Medical Center Dallas, TX

Gary Schwartz, MD Chief of Thoracic Surgery and Lung 
Transplantation

Baylor University Medical Center Dallas, TX

Faculty

Bradley Adams, JD, CPA President Southwest Transplant Alliance Dallas, TX

Will Chapman, MD Chief, Abdominal Transplantation Washington University School of Medicine/
Barnes-Jewish Hospital

St. Louis, MO

Anthony D’Alessandro, MD Associate Medical Director, UW Organ 
and Tissue Donation

University of Wisconsin School of Medicine Madison, WI

Frank JMF Dor, MD, PhD, 
FEB(Hon), FRCS

Consultant Transplant Surgeon Imperial College Renal and Transplant 
Centre

United Kingdom

Robert L. Fine, MD, FACP, 
FAAHPM

Clinical Director, Clinical Ethics and 
Palliative Care

Baylor Scott & White Health Dallas, TX

Peter Friend, MD, FRCS Professor of Transplantation University of Oxford Oxford, England

Thao Galvan, MD, MPH, 
FACS

Assistant Professor of Surgery, Division 
of Abdominal Transplantation

Baylor College of Medicine Houston, TX

Dave Goldberg, MD, MSCE Associate Professor of Medicine University of Miami Miller School of Medicine Miami, FL

Amelia J. Hessheimer, MD, 
PhD, FEBS

Hepatopancreatobiliary Surgery and 
Transplantation

Hospital Universitario La Paz Madrid, Spain

Jayme Locke, MD, MPH, 
FACS

Chief, Division of Transplantation University of Alabama Birmingham, AL

George Loss, MD, FACS, 
PhD

Chief, Surgical Services and Multi-Organ 
Transplant Institute

Ochsner Multi-Organ Transplant Institute New Orleans, LA

Amit Mathur, MD, MS, FACS Associate Professor of Surgery Mayo Clinic School of Medicine Scottsdale, AZ

Gregory J. McKenna, MD, 
FRCS(C), FACS

Transplant Surgeon Baylor University Medical Center Dallas, TX

Joshua Mezrich, MD Associate Professor of Surgery, Division 
of Transplantation

University of Wisconsin School of Medicine 
and Public Health

Madison, WI

Steve Newton, FACHE President, Baylor University Medical 
Center

Baylor University Medical Center Dallas, TX

Jeff Orlowski, MS, CPTC President and Chief Executive Officer LifeShare Transplant Donor Services of 
Oklahoma

Oklahoma City, 
OK

Timothy Pruett, MD Director, Liver Transplantation Program, 
Department of Surgery

University of Minnesota Medical School Minneapolis, MN

Ashish Shah, MD Director, Heart Transplant and 
Mechanical Circulatory Support

Vanderbilt University Medical Center Nashville, TN

Abraham Shaked, MD, PhD Chief, Division of Transplantation Surgery Director, Penn Transplant Institute Philadelphia, PA

Chris Sonnenday, MD, MHS Surgical Director, Liver Transplantation Michigan Medicine, University of Michigan Ann Arbor, MI
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