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KEYWORDS: INTRODUCTION: The impact of donation after circulatory death (DCD) heart procurement techniques
on the utilization and outcomes of concurrently procured DCD livers and kidneys remains unclear.
METHODS: Using the United Network for Organ Sharing database, we identified 246 DCD donors
whose heart was procured using direct procurement and ex-situ machine perfusion and 128 DCD
donors whose heart was procured using in-situ thoracoabdominal normothermic regional perfusion
(12/2019-03/2022). We evaluated the transplantation rate of concurrently procured DCD livers and
kidneys (defined as the number of organs transplanted/total number of organs available for procure-
ment) and their post-transplant outcomes.

RESULTS: The transplantation rate of concurrently procured DCD livers was higher with in-situ perfusion
compared to direct procurement (67.1% vs 56.5%, p = 0.045). After excluding pediatric, multiorgan, and
repeat transplant recipients, there was no difference in 6-month liver graft failure rate (direct procurement
0.9% vs in-situ perfusion 0%, p > 0.99). Recipients of kidneys procured with in-situ perfusion had less
delayed graft function (11.3% vs 41.5%, p < 0.0001) shorter length of stay, and lower serum creatinine
at discharge (both p < 0.05). Six-month recipient survival in the direct procurement and in-situ perfusion
group were similar after DCD liver and kidney transplantation (p = 0.24 and 0.79 respectively).
CONCLUSIONS: Compared to direct procurement, DCD heart procurement with in-situ thoracoabdomi-
nal normothermic regional perfusion was associated with increased utilization of DCD livers and a
lower incidence of delayed graft function in concurrently procured DCD kidneys. Broader implementa-
tion of DCD heart transplantation must maximize the transplant potential of concurrently procured
abdominal organs and ensure their successful outcomes.
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Donation after circulatory death (DCD) heart transplanta-
tion has the potential to significantly increase the heart
donor pool.'” Encouraging results from international expe-
riences and the US DCD Heart Trial (NCT03831048) pro-
vided further evidence to support its increased adoption.””’
When both the heart and other abdominal organs are pro-
cured from a DCD donor, questions remain about the poten-
tial impact of DCD heart procurement strategies on
abdominal organ utilization and outcomes.®’ In contempo-
rary practice, heart procurement in DCD donors has utilized
1 of the 2 techniques: direct procurement with machine
perfusion or thoracoabdominal normothermic regional per-
fusion.'” With direct procurement, the donor heart is expe-
ditiously explanted and placed on an ex-situ heart perfusion
machine for reanimation and further assessment. This
requires approximately 1.2-1.5 liters of donor blood to be
drained to prime the ex-situ heart perfusion system before
donor aortic cross-clamping and heart explanation. In some
situations, this constitutes an additional 1-2 minutes of
warm ischemia for the abdominal organs, as the initiation
of the abdominal organ perfusion could be delayed until
donor blood collection is completed by the heart team.
In comparison, when thoracoabdominal normothermic
regional perfusion is used, in-situ reperfusion is rapidly
established after circulatory death through extracorporeal
circulatory support via central aortic and right atrial cannu-
lation. This approach leads to more rapid reperfusion of all
transplantable donor organs and allows recovery from the
initial warm ischemic insult.'*'" It follows the same princi-
ples as abdominal normothermic regional perfusion that has
been used in DCD liver procurement.'”

Successful adoption of DCD heart transplantation must
also maximize the transplant potential of other organs from
the same DCD donor. In this context, it remains unclear
whether different DCD heart procurement strategies affect
the utilization and early recipient outcomes of concurrently
procured DCD abdominal organs. Therefore, we analyzed
the United Network for Organ Sharing (UNOS) database to
evaluate the differences in utilization and short-term out-
comes of DCD livers and kidneys that are procured concur-
rently with DCD donor hearts.

Materials and methods

Data source

This retrospective analysis was performed using the UNOS Stan-
dard Transplant Analysis and Research files as of April 5, 2022,
which included information on organ donation, transplants, and
new listings occurring through March 31, 2022. We identified 421
DCD donors whose heart was procured between December 2019
and March 2022. They were stratified by the heart procurement
technique into in-situ thoracoabdominal normothermic regional
perfusion (herein referred to as “in-situ perfusion”, n=128) and
direct procurement with ex-situ machine perfusion (n=246).
Because the DCD heart procurement technique was not directly
captured in the UNOS database, we identified this based on the
time interval between death confirmation and aortic cross-clamp-
ing during procurement. Since direct procurement requires expedi-
tious sternotomy and cross-clamping of the donor aorta after death
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Figure 1 Time between donor death confirmation and donor
aortic cross-clamping stratified by DCD heart procurement tech-
nique The median time interval was 6 (range 1-20) minutes with
direct procurement and 71 (range 48-220) minutes with in-situ
perfusion.

to minimize warm ischemia, an interval < 20 minutes was consid-
ered to involve its use. Conversely, a greater than 20-minute inter-
val was considered to indicate the use of in-situ perfusion, as it
typically involves a period of in-situ reanimation and functional
assessment of the donor heart prior to aortic cross-clamping and
heart explantation (Figure 1). Forty-seven DCD heart donors could
not be classified due to missing time of either declaration of death
or aortic cross-clamping and were excluded.

Among the 374 DCD heart donors included, a total of 265 liv-
ers and 734 kidneys were procured for transplant, and 225 livers
and 681 kidneys were successfully transplanted. To create a sec-
ondary cohort for the analysis of recipient outcomes, we excluded
pediatric, multiorgan, repeat transplant recipients, and recipients
with unvalidated records (Figure 2). This study was approved by
the Institutional Review Board at Cedars-Sinai Medical Center
(with a waiver of informed consent) and is in compliance with the
International Society for Heart and Lung Transplantation ethics
statement.

Primary and secondary outcomes

The primary outcomes included organ transplantation rates and 6
month post-transplant survival. Organ transplantation rate was
defined as the number of organs transplanted divided by the total
number of organs available for procurement. We also considered
using the number of organs transplanted divided by the total num-
ber of organs procured to reflect transplantation rate. However,
because in-situ perfusion allows in-situ assessment of donor organ
function so that poor-quality organs can be potentially rejected
without recovery, we elected to not use this approach.

Median follow-up times for the entire liver and kidney recipi-
ent cohorts were 6.2 (interquartile range [IQR] 0.5-12.2) and 6.4
(IQR 1.2-12.1) months respectively. To avoid informative censor-
ing due to the use of very recent UNOS data, only recipients trans-
planted before October 1%, 2021 were included in the time-to-
event analysis of survival. Secondary outcomes included in-hospi-
tal episodes of acute rejection, hospital length of stay, and 30-day
mortality. For kidney recipients, we also evaluated the incidence
of delayed graft function, defined as dialysis requirement during
the first week after kidney transplantation.
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DCD donors with hearts procured
12/1/2019 — 3/31/2022
(N=421 donors)

Exclude donors with missing death

confirmation time or aortic cross-clamp time
(N=47 donors)

l

Direct procurement and
perfusion
(Direct procurement)
(N=246 donors)

Thoracoabdominal
normothermic regional perfusion
(In-situ perfusion)
(N=128 donors)

l

Donor livers: 246 available, 175 procured, 139 transplanted
Donor kidneys: 492 available, 486 procured, 454 transplanted

Donor livers: 128 available, 90 procured, 86 transplanted
Donor kidneys: 256 available, 248 procured, 227 transplanted

Exclude pediatric, multiorgan,
repeat transplant recipients, and
unvalidated records
(23 liver recipients,

114 Kidney recipients)

Livers: 116 recipients
Kidneys: 340 recipients

Figure 2

Statistical analysis

Baseline characteristics were described either as means = standard
deviation or as medians and IQR for continuous variables depend-
ing on the overall distribution. Categorical variables were
described as frequencies and percentages. Differences between
groups were analyzed using Student’s 7-test or Wilcoxon signed-
rank test for continuous variables depending on the overall distri-
bution. Pearson’s chi-square or Fisher Exact was performed for
categorical variables where appropriate. Post-transplant 6 month
survival was analyzed using the Kaplan Meier method and com-
pared using the log-rank test.

To determine the independent effect of DCD heart procure-
ment on delayed kidney graft function in DCD kidney recipients,
we constructed a multivariable logistic regression model. Varia-
bles included for adjustment were selected based on clinical rele-
vance and included both recipient characteristics (age, body mass
index, race, Cytomegalovirus [CMV] status, etiology of renal dis-
ease) and donor characteristics (kidney donor profile index
[KDPI], gender, cocaine use, and ischemic time). Patients with
missing values (n=19) were excluded in this regression analysis.
All tests were 2 tailed and an alpha level of 0.05 was considered
statistically significant. All analyses were performed using SAS
9.4 (SAS Institute, Cary, NC).

Results

Organ utilization

Hearts were procured from 246 DCD donors using direct
procurement and from 128 DCD donors using in-situ perfu-
sion. Among these donors, livers were procured from 175
donors (71.1%, 175/246) in the direct procurement group
and from 90 donors (70.3%, 90/128) in the in-situ perfusion
group (p = 0.87). Direct procurement was associated with a
donor liver transplantation rate of 56.5% (139/246) while
in-situ perfusion resulted in a liver transplantation rate of

Exclude pediatric, multiorgan,
repeat transplant recipients, and
unvalidated records
(19 liver recipients,

68 kidney recipients)

Livers: 67 recipients
Kidneys: 159 recipients

Cohort identification DCD, donation after circulatory death.

67.1% (86/128) (p = 0.045, Figure 3A). In the direct pro-
curement group, 36 donor livers were discarded after pro-
curement, and top reasons included prolonged warm
ischemic time (n=12) and poor flushing (n=4) (Supplemen-
tary Table 1). In the in-situ perfusion group, 4 livers were
discarded after procurement due to prolonged warm ische-
mic time (n=2), recipient deterioration (n=1), and an
exhausted waitlist (n=1). In DCD livers that are success-
fully transplanted, there was no difference in the utilization
of liver ex-situ machine perfusion between the direct
procurement and in-situ perfusion group (2.9% vs 3.5%,
p>0.99).

In the direct procurement group, 486 out of the 492
available donor kidneys (98.5%) were procured, and in the
in-situ perfusion group, 248 out of 256 available donor kid-
neys (95.5%) were procured (p = 0.07). Direct procurement
was associated with a kidney transplantation rate of 92.3%
(454/492), and in-situ perfusion was associated with a kid-
ney transplantation rate of 88.7% (227/256) (p = 0.10,
Figure 3B). Detailed reasons for organ discard after pro-
curement are outlined in Supplementary Table 2. In DCD
kidneys that are successfully transplanted, there was no dif-
ference in the utilization of kidney ex-situ machine perfu-
sion between the direct procurement and in-situ perfusion
group (74.7% vs 74.2%, p = 0.91).

Recipient and donor characteristics

Recipients of directly procured DCD livers were more fre-
quently White (87.1% vs 73.1%, p = 0.03) and had type
O blood (70.7% vs 53.7%, p = 0.02). They also had a
greater prevalence of gross ascites compared to recipients
of livers procured using in-situ perfusion (35.3% vs 13.4%,
p = 0.001). Other differences in baseline DCD liver recipi-
ent characteristics are reported in Table 1. Regarding donor
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Donor liver (A) and kidney (B) utilization based on DCD heart procurement strategy Stacked bar chart outlining DCD donor

organ utilization. The percentages shown are calculated using the total number of available organs as the denominator.

characteristics, directly procured DCD livers were less fre-
quently from Hispanic donors (6.9% vs 17.9%) (p = 0.001,
Table 1).

Recipients of directly procured DCD kidneys were older
(48 [IQR 37-58] vs 42 [IQR 32-55] years, p = 0.005) and
less frequently positive for Cytomegalovirus (CMV)
(59.4% vs 69.2%, p = 0.04) compared to those in the in-situ
perfusion group. Directly procured DCD kidneys were also
from older donors (30 [IQR 24-36] vs 27 [21-34] years,
p = 0.02) with a higher KDPI (0.23 [IQR 0.13-0.39] vs 0.19
[IQR 0.10-0.33], p = 0.02). Other kidney donor characteris-
tics are outlined in Table 2.

Post-transplant outcomes

After DCD liver transplantation, the rate of acute rejection
before discharge was 2.6% with direct procurement and
4.5% with in-situ perfusion (p = 0.67). Thirty-day mortality
was 1.1% with direct procurement and 0.0% with in-situ
perfusion (p = 0.53, Table 3). During the 6-month follow-
up, graft failure occurred in one (0.9%) recipient in
the direct procurement group (due to primary graft non-
function on post-transplant day 2), and in no recipients in
the in-situ perfusion group (p > 0.99). Six-month survival
was 95.6% (95% confidence interval [CI] 87.5%-98.6%)
with direct procurement and 100% with in-situ perfusion
(p = 0.24, Figure 4). The 4 deaths in recipients of directly
procured livers were due to hemorrhagic stroke, renal
failure, lower gastrointestinal hemorrhage, and unknown
causes.

After DCD kidney transplantation, there were 4 episodes
of in-hospital acute rejection in the direct procurement
group and none in the in-situ perfusion group (1.2% vs 0%,

p > 0.99). Thirty-day mortality was 0.6% (n=2) with direct
procurement and 0.6% (n=1) with in-situ perfusion (p >
0.99) (Table 3). Recipients of directly procured kidneys
were significantly more likely to experience delayed graft
function (41.5% vs 11.3%, p < 0.001) and had longer hospi-
tal lengths of stay with higher creatinine at discharge
(Table 3). In the multivariable analysis adjusting for base-
line recipient and donor characteristics, direct procurement
was independently associated with an increased risk of
delayed graft function (adjusted odds ratio 3.69, 95% CI
1.94-7.03, Supplementary Table 3). Six-month survival in
kidney recipients was 97.9% (95% CI 94.8%-99.1%) with
direct procurement and 96.9% (95% CI 85.2%-99.4%) with
in-situ perfusion (p = 0.79, Figure 4). Six deaths occurred
in recipients of directly procured kidneys, and causes
included cardiac arrest, cardiopulmonary failure, natural
causes, chronic myelogenous leukemia, and lung cancer.
Two deaths occurred in recipients of kidney procured with
in-situ perfusion, 1 due to hemorrhagic shock and the other
died of intracranial hemorrhage. Graft failure occurred in 6
recipients of directly procured kidneys (thrombosis [post-
operative day (POD) 2], nephrectomy secondary to bleed
[POD 47], pseudoaneurysm [POD 116], primary nonfunc-
tion [POD 91 and 144], acute rejection [POD 161]) and 1
recipient in the in-situ perfusion group (mycotic aneurysm
[POD 125]).

Discussion

This analysis of the national UNOS database compares the
utilization and outcomes of transplantable abdominal
organs procured concurrently with DCD donor hearts in the
United States. Our data suggest that when both the heart
and abdominal organs are procured from the same DCD
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Table 1  Baseline Liver Recipient and Donor Characteristics Stratified by DCD Heart Procurement Strategy
In-situ Perfusion
Direct Procurement (n = 116) (n=67) p-value

Recipient characteristics
Age (years) 58 (49-65) 59 (50-63) 0.90
Body mass index (kg/m?) 28.3 (24.5-32.2) 29.9 (26.1-32.4) 0.24
Male sex 81 (69.8) 50 (74.6) 0.49
Race 0.03

White 101 (87.1) 49 (73.1)

Black 3 (2.6) 1 (1.5)

Hispanic 11 (9.5) 13 (19.4)

Other 1(0.9) 4 (6.0)
Diabetes 36 (31.0) 23 (34.3) 0.65
Cytomegalovirus positivity® 64 (56.1) 36 (54.6) 0.84
Liver disease etiology 0.73

Alcoholic cirrhosis 41 (35.3) 23 (34.3)

Hepatocellular carcinoma & cirrhosis 33 (28.5) 14 (20.9)

Non-alcoholic steatohepatitis 21 (18.1) 13 (19.4)

Autoimmune” 8 (6.9) 5(7.5)

Viral hepatitis 6 (5.2) 4 (6.0)

Cryptogenic 3 (2.6) 5 (7.5)

Other 4 (3.5) 3 (4.5)
Days on waitlist 136 (30-306) 114 (21-281) 0.56
Blood type O 82 (70.7) 36 (53.7) 0.02
Mechanical ventilation 1(0.9) 0 >0.99
Portal vein thrombosis 17 (14.7) 5(7.5) 0.15
Encephalopathy Grade 3 or 4 at Transplant 12 (10.2) 7 (10.5) 0.98
Gross ascites 41 (35.3) 9 (13.4) 0.001
Albumin (mg/dL) 3.3 (2.9-3.6) 3.2 (2.8-3.7) 0.74
Bilirubin (mg/dL) 2.8 (1.7-5.6) 3.0 (1.9-5.7) 0.70
INR 1.6 (1.3-1.8) 6 (1.4-1.9) 0.62
INR >2 27 (23.3) 14 (20.9) 0.71
Creatinine (mg/dL) 0.98 (0.75-1.35) 0.97 (0.80-1.25) 0.97
MELD Score 19 (14-26) 19 (13-24) 0.94
Location prior to transplant 0.68

Home 101 (87.1) 58 (86.6)

Hospital, non-ICU 13 (11.2) 9 (13.4)

Hospital, ICU 2 (1.7) 0
Donor characteristics
Age (years) 28 (23-33) 28 (21-34) 0.62
Body mass index (kg/m?) 25.4 (22.9-28.5) 26 2 (23.8-29.1) 0.37
Male gender 102 (87.9) 61 (91.0) 0.52
Creatinine (mg/dL) 0.80 (0.66-1.02) 0.73 (0.60-0.90) 0.19
Race 0.001

White 91 (78.5) 54 (80.6)

Black 14 (12.1) 0 (0.0)

Hispanic 8(6.9) 12 (17.9)

Other 3(2.6) 1 (1.5)
Diabetes 1(0.9) 1(1.5) >0.99
Hypertension 10 (8.6) 4 (6.0) 0.52
Smoking 11 (9.5) 3 (4.5) 0.22
Cocaine use* 26 (22.6) 19 (28.4) 0.39
Cancer 2 (1.7) 2 (3.0) 0.62
Cause of death 0.92

Head trauma 58 (50.0) 35 (52.2)

Anoxic brain injury 49 (42.2) 29 (43.3)

Stroke 4 (3.5) 1(1.5)

Other 5 (4.3) 2 (5.4)
Ischemic time (hours) 5.0 (4.5-6.1) 4.8 (3.9-6.2) 0.34

DCD, donation after circulatory death; ICU, intensive care unit; MELD, model for end-stage liver disease.
Values are in n (%) or median (interquartile range).

@Missing in 3 recipients.

PAutoimmune Lliver disease also included primary biliary sclerosis and primary sclerosing cholangitis.
“Missing in 1 donor.
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Table 2 Baseline Kidney Recipient and Donor Characteristics Stratified by DCD Heart Procurement Strategy

Direct Procurement (n = 340) In-situ Perfusion (n = 159) p-value

Recipient characteristics
Age (years) 48 (37-58) 42 (32-55) 0.005
Body mass index (kg/m?) 28.9 (25.2-34.2) 28.6 (23.7-33.5) 0.20
Male sex 190 (55.9) 90 (56.6) 0.88
Race 0.06

White 114 (33.5) 44 (27.7)

Black 141 (41.5) 59 (37.1)

Hispanic 62 (18.2) 46 (28.9)

Other 23 (6.8) 10 (6.3)
History

Diabetes mellitus 88 (25.9) 36 (22.6) 0.44

Hepatitis C antibody® 10 (3.0) 4 (2.6) >0.99

Cytomegalovirus positivity® 200 (59.4) 108 (69.2) 0.04
Pretransplant dialysis 312 (91.8) 147 (92.5) 0.79
Creatinine (mg/dL)® 8.4 (5.7-11.7) 8.6 (6.4-11.7) 0.15
Etiology 0.17

Hypertensive nephropathy 84 (24.7) 43 (27.0)

Diabetic nephropathy 75 (22.1) 31 (19.5)

Focal segmental glomerulosclerosis 30 (8.8) 19 (12.0)

Polycystic kidney disease 37 (10.9) 6 (3.8)

Systemic lupus erythematous 25 (7.4) 11 (6.9)

IgA nephropathy 17 (5.0) 11 (6.9)

Other 72 (21.2) 38 (23.9)
Days on waitlist 505 (115-1315) 609 (99-1427) 0.86
ABO match level 0.34

Exact 326 (95.9) 156 (98.1)

Compatible 10 (2.9) 1(0.6)

Incompatible 4(1.2) 2(1.3)
Donor characteristics

Direct Procurement (n = 212) In-situ Perfusion (n = 100) p-value

Age (years) 30 (24-36) 27 (21-34) 0.02
Body Mass Index (kg/m?) 26.7 (24.1-31.1) 26.6 (24.0-29.9) 0.30
Male Sex 186 (87.7) 94 (94.0) 0.09
Kidney Donor Profile Index 0.23 (0.13-0.39) 0.19 (0.10-0.33) 0.02
Creatinine (mg/dL)® 0.80 (0.66-1.09) 0.79 (0.61-0.90) 0.12
Race 0.007

White 172 (81.1) 79 (79.0)

Black 23 (10.9) 3(3.0)

Hispanic 15 (7.1) 15 (15.0)

Other 2 (0.9) 3(3.0)
Hypertension 28 (13.2) 7 (7.0) 0.10
Diabetes 5 (2.4) 1(1.0) 0.67
Smoking® 20 (9.4) 6 (6.1) 0.32
Cocaine use' 46 (22.4) 30 (30.6) 0.12
Cause of Death 0.69

Head Trauma 100 (47.2) 50 (50.0)

Anoxic Brain Injury 97 (45.8) 40 (40.0)

Stroke 10 (4.7) 6 (6.0)

Other 5 (2.4) 4 (4.0)
Ischemic Time (hours)® 17.6 (13.5-21.9) 18.3 (14.7-22.5) 0.11

DCD, donation after circulatory death.

Values are in n (%) or median (interquartile range).

@Missing in 6 recipients.
PMissing in 6 recipients.
‘Missing in 2 recipients.
dMissing in 5 donors.
€Missing in 1 donor.
fMissing in 9 donors.
9IMissing in 4 recipients.
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Table 3

Short-term Outcomes in DCD Liver and Kidney Recipients Stratified by DCD Heart Procurement Strategy

Liver Recipient Outcomes

Direct Procurement (n = 116) In-situ Perfusion (n=67) p-value
In-hospital acute rejection episodes 3 (2.6) 3 (4.5) 0.67
Length of stay (days)® 8 (6-13) 7 (6-11) 0.17
30-day mortality 2 (1.7) 0 0.53
Kidney Recipient Outcomes

Direct Procurement(n = 340) In-situ Perfusion (n = 159) p-value
In-hospital acute rejection episodes 4 (1.2) 0 (0) 0.31
Delayed graft function” 141 (41.5) 18 (11.3) <0.001
Creatinine at discharge (mg/dL) 5.8 (3.3-8.5) 2.0 (1.3-4.3) <0.001
Length of stay (days)“ 5 (3-6) 4 (3-5) 0.002
30-day mortality 2 (0.6) 1(0.6) >0.99

DCD, donation after circulatory death.
Values are in n (%) or median (interquartile range).
@Missing in 11 liver recipients.

PDelayed graft function was defined as requiring dialysis within the first week after kidney transplantation.

“Missing in 13 recipients.

donor, in-situ thoracoabdominal normothermic regional
perfusion was associated with an increased transplantation
rate of DCD livers and a lower incidence of delayed kidney
graft function. Short-term post-transplant survival among
DCD liver and kidney recipients was not different irrespec-
tive of the DCD heart procurement strategy.

As the utilization of DCD heart transplantation in the
United States increases, it is important that the transplant
potential of abdominal organs in DCD donors is also
maximized. In this context, the use of in-situ thoracoab-
dominal regional perfusion provides the advantages of
faster warm reperfusion of abdominal organs and reduced
warm ischemia. The reinstitution of circulatory support
also allows the abdominal procurement operation to pro-
ceed like that of donation after brain death donors,
thereby eliminating the need for rapid dissection under
the pressure of minimizing warm ischemic time. Previous
studies have demonstrated that the use of in-situ abdomi-
nal regional perfusion in DCD liver procurement resulted
in reduced postoperative biliary complications and graft
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Figure 4

loss compared to direct procurement.'”'” Similarly, the
use of in-situ abdominal regional perfusion in DCD kid-
ney procurement was shown to result in lower rates of
delayed graft function compared to direct procurement,
which is consistent with our observations.'* These differ-
ences are likely a result of the transition from warm
ischemia directly to cold ischemia in direct procurement,
as opposed to the warm reperfusion following warm
ischemia in in-situ perfusion. Previous experimental stud-
ies have demonstrated that post-mortem normothermic
perfusion can restore metabolic processes and repair cel-
lular injury secondary to warm ischemia.'” Additionally,
it is important to note that in-situ abdominal regional per-
fusion primarily relies on retrograde perfusion via the
femoral arteries and aortic interruption via balloon occlu-
sion, while thoracoabdominal regional perfusion used in
DCD heart procurement is typically performed with cen-
tral cannulation. This can potentially provide more physi-
ological antegrade perfusion of the abdominal organs as
well as improved venous decompression.

B Survival after DCD Kidney Transplant
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Six-month survival in DCD liver and kidney recipients stratified by DCD heart procurement strategy To allow sufficient fol-

low-up and minimize informative censoring, only recipients transplanted before October 1st, 2021 (6-months prior to study end), were

included in the analysis of 6-month survival.
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During the multiorgan recovery process in DCD donors,
collaboration between different procurement teams is criti-
cal, and is particularly relevant when direct procurement is
used. When a DCD donor heart is directly procured, the
collection of donor blood under warm ischemia by the tho-
racic team to prime the ex-situ heart perfusion machine typ-
ically takes place before the abdominal team starts infusing
antegrade flush into the abdominal organs. This creates
potential conflicting priorities between the thoracic and
abdominal teams and may have contributed to the decreased
transplant rate we observed in DCD livers when direct pro-
curement is used. Technical nuances and potential pitfalls
during this step have been previously described.'® Preemp-
tive control of the supra celiac or thoracic aorta and inferior
vena cava during multi-organ DCD recovery has also been
proposed to allow the perfusion of abdominal organs with-
out delay.'”'® Nevertheless, careful preparation, coordina-
tion, and communication are essential to avoid jeopardizing
the viability of the abdominal organs during DCD heart pro-
curement. Our findings also underline the potential need for
standardized multi-organ procurement protocols at the
Organ Procurement Organization or national level in DCD
donors.

Comparisons of direct procurement and in-situ perfusion
must also take cost, resource utilization, and ethical impli-
cations into consideration. Although not evaluated in our
study, direct procurement is associated with significantly
higher costs due to the use of the ex-situ heart perfusion
console. In contrast, in-situ perfusion typically requires
greater expertise and an additional team member to initiate
the extracorporeal perfusion. Ethical controversies also sur-
round the use of in-situ perfusion due to the in-situ restora-
tion of perfusion after circulatory death, and consequently,
this approach may not be accepted or available at all pro-
curement hospitals. For example, in a recent analysis of the
UNOS database, only 7 out of the 22 U.S. centers perform-
ing DCD heart transplantation between 2019 and 2022 have
utilized in-situ perfusion for donor heart procurement.'’
Consensus guidelines from major stakeholders from all dis-
ciplines, including patients, family representatives, and
organ procurement organizations, will be necessary to over-
come the ethical challenges surrounding in-situ perfusion.”’

Our study has several limitations. First, the technique of
DCD heart procurement was classified using a surrogate
measure. Although this could result in misclassification,
there was a natural break in the time interval between death
confirmation and donor aortic cross-clamping at 20 minutes
(Figure 1). This cutoff is also consistent with real-world
clinical practice of DCD heart procurement. In most cases
of direct procurement, it takes less than 5 minutes to com-
plete sternal entry and aortic cross-clamping, although this
can be longer based on experience. Second, when in-situ
perfusion is used, the exact time of donor organ reperfusion
is not recorded in the UNOS database. Therefore, we could
not determine the warm ischemic time with in-situ perfu-
sion and compare them to directly procured donors. Third,
we were unable to identify donors who underwent in-situ
perfusion for intended heart procurement, but the heart
was not procured. This may occur due to technical

complications during cannulation (e.g., iatrogenic aortic
dissection) or poor graft function/quality that is discovered
after sternal entry. Consequently, the abdominal organ utili-
zation rates may be different if these cases were included.
However, a previous single-center report described that in
DCD donors who underwent heart recovery using in-situ
perfusion, despite technical complications such as iatro-
genic aortic dissection resulting in abandonment of donor
hearts, these donors were still cannulated and systemic per-
fusion initiated for abdominal organs, which resulted in
their successful transplantations.’ Fourth, although we per-
formed a logistic regression to adjust for baseline recipient
and donor risk factors when evaluating delayed kidney graft
function, similar risk adjustments were not done with other
outcomes due to the low event rates and insufficient sample
size to create a robust regression model. We also considered
a propensity-matched analysis but elected to not do so due
to the potential loss of patients in the matching process.
Therefore, selection bias exists and may have confounded
our results. Fifth, given the limited number of DCD heart
donations thus far in the United States, our study may be
underpowered to detect subtle differences in outcomes.
Lastly, follow-up was too short to draw meaningful conclu-
sions regarding the longer-term effects of concurrent DCD
heart procurement on outcomes after DCD liver and kidney
transplantation.

Conclusions

This national registry analysis suggests that among DCD
donors, the donor heart procurement strategy could have an
impact on the utilization and outcomes of concurrently pro-
cured abdominal organs. The use of thoracoabdominal nor-
mothermic regional perfusion for DCD heart procurement
was associated with increased utilization of DCD livers,
equivalent liver recipient outcomes, and a lower incidence
of delayed graft function in DCD kidneys compared to
direct procurement. These findings have important implica-
tions for the selection of heart procurement techniques in
joint DCD procurements. As the practice of DCD heart
transplantation continues to expand, it is crucial to maxi-
mize the transplant potential and optimize outcomes of con-
currently procured abdominal organs in DCD donors.
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