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A B S T R A C T

Normothermic regional perfusion (NRP) has the potential to increase the number and quality

of transplanted organs. Most reports showing the advantages of NRP have been from

transplant centers, but not all centers perform NRP. These advantages could be broadened if

organ procurement organizations (OPOs) also performed NRP. We report donation and

transplantation outcomes of our first 90 OPO-based NRP nonthoracic donors, divided into 3

eras (n ¼ 30 each). Comparisons were made with donation after circulatory determination of

death direct procurement (DP; n¼ 270) and donation after brain death (DBD; n¼ 729) donors.

NRP donor median age was 53 years, compared to DP (48 years, P ¼ .004) and DBD (44

years, P <.001) donors. NRP liver utilization (69%, 18 accepting centers) was superior to DP

(17%, P < .001) and not significantly different from DBD utilization (79%, P ¼ .27) in multi-

variate analysis. By era, NRP liver utilization progressively increased: 53%, 70%, 83% (P ¼
.04). NRP kidney use rate (71%) was higher than in DP (60%, P ¼ .02) and not significantly

different from DBD (76%, P ¼.15), especially among older donors. NRP kidney delayed graft

function incidence (29%) was lower than in DP (47%, P ¼.001) and not significantly different

from DBD (32%, P ¼ .53) donors. OPO-based NRP can provide more livers and kidneys to

multiple transplant centers and improve outcomes from nonthoracic organ donors.
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1. Introduction

Normothermic regional perfusion (NRP) provides higher
quality and more organs for transplantation.1-18 To our knowl-
edge, all reports documenting the clinical benefits of NRP in the
US and internationally are from transplant centers.4,6-9,11,12,14-16

NRP could have a broader positive impact if organ procurement
organizations (OPOs) also developed NRP capability, as a
transplant center that performs NRP: (1) might not have a
candidate on the match run for a donation after circulatory
determination of death (DCD) donor, or (2) declines the organ(s)
being offered.

We had coordinated NRP recoveries for our local heart
transplant program and were aware of the abdominal organ
recipient benefits from their and others’ efforts.9,16 With guidance
from abdominal transplant center–based NRP programs,4,5,17 we
sought to better serve candidates appearing on match runs in our
donation service area (DSA) with an OPO-based NRP program
for nonthoracic DCD donors. We describe herein kidney and liver
donation and early posttransplant outcomes of our initial NRP
experience compared to DCD direct procurement (DP; rapid
aortic cross-clamping and allograft explantation) and donation
after brain death (DBD) donors.

2. Methods

2.1. Program development

Program development first involved the identification of 2
internal NRP “champions” whose collective professional time
and effort became predominantly NRP-focused, identifying ex-
pected necessary operational changes, developing process
standards, and educating individual department leaders (Clin-
ical Services, Hospital Development, Family Care) on the ex-
pected operational impact to their respective staffs. Mandatory
in-person staff training sessions were held to standardize
practices. Surgically, we simulated thoracic and abdominal
cannulations in a research- and education-authorized tissue
donor. We developed a contractual agreement with a third-party
company of certified clinical perfusionists. The interval from
committing to developing NRP capability to the first recovery
was approximately 6 months. Subsequent practical experience
and ongoing evaluation identified areas where process re-
finements were indicated and these refinements were commu-
nicated in real-time, as necessary, and in biweekly staff-wide
case review sessions.

An important early recognized deficit included inefficient
navigation of DonorNet declines of livers we thought were
transplantable. This was addressed by hosting a meeting with 7
liver transplant program leaders who had established them-
selves as willing to accept livers after multiple or late declines by
others. We learned what NRP-specific information would be
helpful to all transplant programs, especially in the expedited
setting, and refined our process accordingly; this was suc-
ceeded by improved liver utilization as experience grew (see
details below).
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2.2. Study endpoints and methodology

All data were prospectively recorded for purposes other than
this study and deidentified prior to analyses. It was granted
institutional review board exemption status by an external insti-
tutional review board.

The primary endpoint was liver utilization rate (number of
livers transplanted divided by all donors); the secondary endpoint
was kidney use rate (all kidneys transplanted divided by the
number of kidneys intended for transplantation). These end-
points were compared between 3 recovery types: NRP, DP, and
DBD. Liver intent was defined as having the liver provisionally
accepted by a transplant center prior to recovery. Kidney-intent
mirrored Organ Procurement and Transplantation Network
(OPTN) kidney-eligible criteria.19

All NRPdonors had the intent to recover only abdominal organs
for transplantation and were performed exclusively by OPO-
employed personnel (surgeon, organ preservationists who first-
assisted) from July 8, 2023, through July 10, 2024; perfusion
services were provided by the contracted certified clinical perfu-
sionists. Recoveries of abdominal organs from DBD and DP
donors were performed by the OPO surgeon and non-OPO sur-
geons; these non-NRP recoveries were from January 1, 2022,
through July 10, 2024. The beginning of this time period coincided
with the OPO surgeon’s hiring to enhance surgical coverage for
growing donation opportunities, particularly for DCDs; the number
of DCDs had almost tripled from 2018 (n ¼ 43) to 2021 (n ¼119).
DP and DBD cohorts included thoracic and nonthoracic donors.

To document the effect of evolving practice, the NRP cohort
was divided into 3 eras of equal number of recoveries. As our
NRP focus was on nonthoracic donors, NRP donors where the
heart was recovered (and cannulation was performed by the
heart transplant center) were excluded. All DP and NRP donors
were controlled DCD (Maastricht type III).20

Primary nonfunction (PNF) of NRP livers and delayed graft
function (DGF) of all kidneys were recorded. PNF was defined
according to OPTN criteria and was acquired (as part of routine
OPO protocol) through follow-up with liver recipient centers.19

DGF was defined as needing dialysis within 7 days of trans-
plantation and was acquired (as part of routine OPO protocol)
through follow-up with kidney recipient centers and/or through
the OPTN. Other recorded data included: donor demographics;
match kidney donor profile index (KDPI); NRP designation
(thoracoabdominal normothermic regional perfusion [TA-NRP];
abdominal normothermic regional perfusion [A-NRP]); duration
of NRP; last prerecovery hematocrit; packed red blood cell
(PRBC) utilization; SBP50 interval (time from first systolic blood
pressure (SBP) <50 mmHg to NRP initiation)21,22; interval be-
tween skin incision and operating room (OR) exit; and surgical
injury incidence for DP and NRP kidneys. If the liver was placed
on normothermic machine perfusion (NMP) in the door OR, this
was recorded; we did not routinely capture if hypothermic ma-
chine perfusion (HMP) or NMP was employed by the center after
receiving the liver (“back to base”). We also recorded the number
of attempted DP and NRP donors who did not die within the
accepted timeframe to donate.



Table 1
Descriptive data, donation outcomes, and kidney recipient DGF for 3
donation cohorts (NRP, DP, DBD).

Variable NRP (n ¼ 90) DP (n ¼ 270) DBD (n ¼ 729)
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2.3. NRP techniques

2.3.1. Cannulation
The body region perfused defined NRP designation. TA-NRP

sequentially included sternotomy, en mass clamping of the aortic
arch vessels, venting (transection) of the innominate artery, right
atrium/IVC cannulation, ascending aorta cannulation, and NRP
initiation. After initially (first 6 cases) cannulating the distal
abdominal aorta and IVC near the iliac vein confluence, A-NRP
evolved to arterial/venous cannulation in the external iliac ves-
sels, clamping/venting the descending thoracic aorta (via ster-
notomy or left thoracotomy), and NRP initiation. This evolution
was due to experience in our seventh A-NRP donor who had a
type A aortic dissection extending into bilateral common iliac
arteries and the need to ensure cannulation distal to the intimal
flap; the noted ease of access and smaller area of dissection at
risk for bleeding led to iliac cannulation in all subsequent A-NRP
recoveries. No premortem cannulation (except in donors on
venous-arterial extracorporeal membrane oxygenation) was
done. All cannulations were performed exclusively by the OPO
team, and the clamp/vent times were recorded in the donor re-
cord. Step-by-step descriptions of our NRP techniques are in
Supplementary Methods.

Regardless of NRP designation, the NRP pump was a Med-
tronic Bio-Console 560 centrifugal pump with a single drainage
reservoir. The target flow was a cardiac index of 2.5 to 3.0 liters
per minute per meter squared. A single certified clinical perfu-
sionist was used for each case, as was a “cell saver” suction(s)
for scavenging blood and returning it to the circuit via the reser-
voir. The composition of the pump priming fluid is in Supple-
mentary Methods.
Age (y) 53 (44-59) 48 (37-57)

P ¼ .004a

44 (32-54)

P < .001a

Female (%) 47 35

P ¼ .06a

39

P ¼ .17a

BMI (kg/m2) 30.85 (25.7-38.3) 29.05 (24.0-35.9)

P ¼ .09a

27.7 (23.7-32.9)

P < .001a

Liver utilization

(%)

69 17

P < .001b

79

P ¼ .27b

Match KDPI (%)c 70 (57-85) 67 (46-82)

P ¼ .11a

53 (30-77)

<0.001a

Kidney use (%)c 71 60

P ¼ .02a

76

P ¼ .15a
2.3.2. Recovery
Our current NRP recovery technique does not mimic recovery

in DBD donors. Because of inevitable cumulative blood loss on
anticoagulation and the occasional need to extend NRP duration
for liver reallocation, our technique evolved to doing no dissection
after initiating NRP beyond that necessary to assess the liver
until it was accepted or definitively declined and we were plan-
ning to cross-clamp. Once/if the liver was accepted, we cannu-
lated the portal system (usually the inferior mesenteric vein) for
eventual cold portal perfusion and did minimal porta hepatis
dissection in preparation for cross-clamp. The aortic/arterial NRP
cannula was used for cold perfusion (no separate aortic cannu-
lation was needed), and exsanguination was through the venous
cannula.
DGF (%) 29 47

P ¼ .001a

32

P ¼ .53a

Continuous variables are expressed as median (IQR).
BMI, body mass index; DBD, donation after brain death; DGF, delayed graft
function; DP, direct procurement; IQR, interquartile range; KDPI, kidney donor
profile index; NRP, normothermic regional perfusion.

a Compared to NRP, univariate.
b Compared to NRP, multivariate logistic regression, adjusted for BMI (DP)

or age and BMI (DBD).
c Excludes donors with no kidney intent.
2.3.3. Liver assessment and NRP duration
Gross liver assessment was supplemented by serial point-of-

care serum lactate measurements: 5 minutes after NRP initiation
and every 15 to 20 minutes thereafter until the liver was accepted
or deemed unsuitable for transplantation. NRP was arbitrarily
planned for 60 minutes in liver-intent donors and 45 minutes if
only kidneys were being recovered for transplantation; the final
determinant of NRP duration depended on liver disposition: if we
felt the liver was transplantable (regardless of liver intent) we
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stayed on NRP until the liver was accepted or had exhausted the
list; if accepted and necessary, we prolonged perfusion for the
center to get their recipient admitted and/or ready for trans-
plantation and/or to arrange liver transportation logistics, during
which no further lactate levels were checked.

2.4. Statistical analysis

Categorical variables are described as percentages, and
continuous variables as median (interquartile range). Categorical
variables were compared using chi-square or Fisher exact test,
and continuous variables using the Student t test or the Mann-
Whitney U test, as appropriate. Continuous variables by era
were compared using the Kruskal-Wallis test. Where appro-
priate, the independent impact of recovery type on liver utilization
was tested with multivariate logistic regression. A 2-sided P value
� .05 was considered significant. Statistical analyses were per-
formed with Stata, version 18.0 (StataCorp).

3. Results

3.1. NRP cohort

The first 90 OPO-based NRP donors with the intent to recover
only abdominal organs comprise the NRP cohort; 42 (47%) were
female. Median age was 53 (44-59) years (Table 1) and did not
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vary significantly by era (Table 2). During the study period, 47
NRP-intended donors did not die within the accepted timeframe
to donate; this equated to 34% (47/137) of NRP-intended donors.

Era 1 (donors 1-30) ended on December 15, 2023; only 5 NRP
recoveries were performed (0 livers transplanted) before October
1, 2023, after which it became our strategy to perform NRP, when
feasible, on every DCD donor. Era 2 (donors 31-60) ended on
March 24, 2024. Era 3 (donors 61-90) ended on July 10, 2024.

The median SBP50 interval was 15 (12-19) minutes and did
not vary significantly by era (Table 2). NRP was successfully
initiated on all attempts.

3.2. DP and DBD cohorts

There were 270 DP donors; 95 (35%) were female; the me-
dian age was 48 (37-57) years (P¼.004 compared to NRP; Table
1). There were 197 potential DP donors who did not die within the
accepted timeframe to donate; this equated to 42% (197/467) of
DP-intended donors (P ¼ .11 compared to NRP-intended do-
nors). There were 729 DBD donors; 286 (39%) were female; the
median age was 44 (32-54) years (P < .001 compared to NRP;
Table 1).

3.3. Liver outcomes

NRP livers (n ¼ 62) were transplanted at 18 centers. The
single local (within our DSA) center transplanted 21 livers; the
range otherwise was 1 to 8 livers. The median match run
sequence for local and nonlocal centers was 5 (2-18) and 107
(19-336), respectively (P <.001). NMP was initiated on 5 livers in
the donor OR; all were transplanted.

Livers were transplanted from 55 (75%) of 73 NRP donors
with liver intent. Livers were transplanted from 7 (41%) of 17
donors with no liver intent—after finding a suitable liver in the OR
and reallocating it, including from our oldest (72 years) donor.
These 7 livers were evenly distributed across eras (n ¼ 2, n ¼ 3,
and n ¼ 2, respectively). There were 5 donors with liver-only
intent; their median age was 61 (range 41-67) years; 4 (80%)
of these livers were transplanted, none of which were placed on
NMP in the donor OR.

Overall NRP liver utilization was 69% (62 of 90; Tables 1 and
2, Figs. 1 and 2) and significantly increased by era: 53%, 70%,
Table 2
NRP cohort data, overall and by era.

Variable All NRP (n ¼ 90) Era 1 (n ¼ 30)

Age (y) 53 (44-59) 52.5 (44-57)

Liver utilization (%) 69 (n ¼ 62) 53 (n ¼ 16)

SBP50 interval (min) 15 (12-19) 15 (13-20)

NRP duration (min) 88.5 (66-127) 99.5 (63-142)

PRBC transfusion (%) 24 (n ¼ 22) 33 (n ¼ 10)

Liver recipient match

run sequence

31.5 (5-237) 38.5 (5-553.5)

Continuous variables are expressed as median (IQR).
IQR, interquartile range; NRP, normothermic regional perfusion; PRBC, packed red b
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and 83%, respectively (Table 2, Fig. 2). Of the 5 livers not
transplanted in era 3, all were deemed nontransplantable
(cirrhosis, trauma, steatosis). By age, 57 donors were older than
50 years, from whom 42 (74%) livers were transplanted; 20 do-
nors were older than 60 years, from whom 16 (80%) livers were
transplanted. The median match run sequence at transplantation
was 31.5 (5-237) and did not significantly vary by era (Table 2).

DP liver utilization was 17% (46 of 270; Table 1, Fig. 1).
Adjusting for the single other factor predicting liver utilization (body
mass index, P¼.003), the NRP odds ratio for liver transplantation
was 15.8 (95%CI 8.5-20.3;P<.001). NMPwas initiated on 12 DP
livers in the donor OR; all were transplanted. DP donors without
liver intent had 0 livers transplanted (P <.001 compared to NRP).
Three DP donors had liver-only intent (P¼.03 compared to NRP);
all 3 livers were transplanted, 1 with the benefit of NMP.

DBD liver utilization was 79% (577 of 729; Table 1, Fig. 1).
Adjusting for age and body mass index, both of which were
significant univariate predictors of liver utilization (P <.001 and P
¼ .002, respectively), DBD did not significantly predict liver utili-
zation (odds ratio 1.3, 95% CI 0.80-2.19, P ¼ .27). Further,
excluding DBD heart donors resulted in a DBD median age of 52
(41-59) years (P ¼ .22 compared to NRP); liver utilization in this
subgroup was 74% (347 of 468), not significantly different from
NRP overall (69%, P ¼ .30) or in era 3 (83%, P ¼ .39). DBD do-
nors over 50 and 60 years old had 75% and 74% liver utilization
rates (P ¼ .87 and .78 compared to NRP), respectively.

PNF occurred in 2 NRP recipients; the transplant teams
attributed each primarily to events in the recipient OR and did not
report the event to us until we requested follow-up. The donors
were 40 and 50 years old; lactate levels went from 8.0 to 6.8 and
9.8 to 8.1; SBP50 intervals were 14 and 20 minutes; and NRP
durations were 97 and 154 minutes, respectively. The livers were
grossly and microscopically unremarkable; neither recovery
required PRBC transfusion; and each recovery was uneventful.

3.4. Kidney outcomes

Kidney intent was present in 85 NRP donors (170 kidneys);
kidney intent applied to 531 DP and 1372 DBD kidneys. Table 1
shows the median match of KDPI and kidney use rates by cohort.
The kidney use rate from NRP donors was significantly higher
than from DP donors, despite significantly younger DP donors.
Era 2 (n ¼ 30) Era 3 (n ¼ 30) P value

53.5 (48-61) 51.5 (44-59) .46

70 (n ¼ 21) 83 (n ¼ 25) .04

15.5 (11-18) 14 (12-19) .45

88 (73-110) 79 (66-109) .61

27 (n ¼ 8) 13 (n ¼ 4) .19

59 (13-107) 18 (4-237) .65

lood cell; SBP, systolic blood pressure.



Figure 1. Liver utilization by recovery cohort (%). DBD, donation after brain death; DP, direct procurement; NRP, normothermic regional perfusion.

Figure 2. Normothermic regional perfusion (NRP) liver utilization by era (%).
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Additionally, in donors aged over 50 years, the NRP kidney use
rate was 61%, compared to DP (28%; P < .001) and DBD (54%;
P ¼ .16).

DGF incidence was 29% in NRP kidneys, significantly lower
than in DP (47%) and not significantly different from DBD (32%)
kidneys (Table 1). There were no surgical kidney injuries in the
NRP cohort, compared to 3.8% (20 of 531, P ¼ .006) in the DP
cohort.

3.5. NRP parameters and operational impact on donor
hospitals

The median NRP duration overall was 88.5 (66-127) minutes.
By era, median durations were 99.5, 88, and 79 minutes,
respectively (Table 2). The maximum duration was 269 minutes
(in era 2). NRP duration was over 180 minutes in 8 recoveries,
including 3 recoveries with a duration over 240 minutes; all 8
livers were transplanted, none of which were placed on NMP in
the donor OR.

The median time from incision to OR exit was 188 (159-227)
minutes in the NRP group, compared to 94 (80-114) minutes in
the DP group (P<.001). For consistency, DPs performed by non-
OPO surgeons were excluded from this analysis, as were donors
when the liver was placed on NMP before OR exit.
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PRBC transfusion was required to maintain target blood flow
and/or due to the perceived need to increase oxygen delivery in
22 (24%) donors. Of the 22 PRBC transfused donors, 9 (41%) got
1 unit. Transfusion by era is shown in Table 2; in 3 of the 4
transfused era 3 donors, the initial on-circuit hematocrit was
<15%. The median number of units transfused overall was 0 (0-
0); for those who got transfused, the median number of units was
2 (1-3); total PRBC utilization for the series was 48 units. The
need for transfusion was significantly related to NRP duration (P
¼ .03) but not to the last recorded prerecovery hematocrit (P ¼
.29) or any other tested variable.

4. Discussion

To our knowledge, this is the first published report of NRP
recoveries executed solely by an OPO in the US. Though our
NRP program was self-reliant, it was invaluably informed through
discussions with and insight from key personnel from successful
transplant center–based NRP programs.4,5,17 This insight
informed the planning and preparation outlined in the Methods
section “Program development” above. We feel all components
described in that outline were equally necessary and critical to
our outcomes. Noteworthy, the one-surgeon model described
herein, although optimal for initially developing DSA-wide
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consistency, inevitably strains logistics and risks underachieving
NRP potential. Realizing the benefits of our NRP efforts, the
ongoing increase in DCD opportunities, and the inherent logis-
tical challenges (eg, overlapping cases, donor family time con-
straints) led us to hire and train another surgical provider. In
addition, we now partially rely on nonemployed trans-
plant/recovery surgeons, one of whom was previously
cannulation-proficient; we trained 2 others in the components of
NRP cannulation and execution, including the nuances we
learned that differ between NRP and DBD dissection/recovery
techniques. The perfusion company has been able to cover
overlapping cases, and we have not had to utilize another pro-
vider for perfusion services.

Our results showed NRP liver utilization to be superior to DP
and not significantly different from DBD liver utilization, particu-
larly in older donors and after program maturation. Even though
our DP liver utilization rate (17%) during the study period was
lower than that seen nationally (21% in 2022; 29% in 2023) our
NRP liver utilization rate (69% overall; 83% in era 3) indicates
substantial NRP potential.23 Similarly, NRP kidney use was su-
perior to DP and not significantly different from DBD kidney use,
especially in older donors. Moreover, the overall liver and kidney
donation and early posttransplant outcomes were achieved
despite having significantly older NRP donors compared to both
other cohorts.

Increased liver utilization is a compelling reason for an OPO to
develop an NRP program for nonthoracic donors. We success-
fully allocated 7 (41%) of 17 livers after the list had been
exhausted prerecovery; all of these would have predictably been
discarded, as this had never happened in our DP donors. These
NRP donors without liver intent accounted for over 10% of our
total liver utilization, which offers a rationale for performing NRP
in donors with kidney-only intent.

In addition to increased liver utilization, our NRP kidney use
rate was significantly higher than in the DP cohort and not
significantly different from that in the DBD cohort, despite
significantly older NRP donors. Moreover, the NRP kidney DGF
rate was significantly lower (compared to DP) or not significantly
different (compared to DBD), despite the same negative bias,
and the incidence of surgical injury was significantly less
compared to DP kidneys. Higher kidney use and lower likeli-
hoods of DGF and surgical injury are additional reasons for
OPOs to develop an NRP program for nonthoracic donors,
including those with kidney-only intent.

Collectively, the above-mentioned reasons support OPO-
based NRP. It is worth reemphasizing that our program was
inspired and informed by abdominal transplant center–based
programs,4,5,7,17,24 some of which provided guidance in tech-
nique and process development. Because of the clinical advan-
tages associated with NRP, OPOs can be encouraged to develop
an NRP program internally for nonthoracic donors, perhaps
learning from, as we did, and/or partnering with an equally
committed transplant center(s). Advantages of such collabora-
tion with a local transplant center(s) include: (1) protocols can be
codeveloped to enhance standardization of practices throughout
a DSA; and (2) the OPO’s ability to rely on transplant center
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surgical expertise for cannulation and recovery, including for
livers being exported, without having to develop this expertise
internally.

Regardless of the clinical benefits noted here and elsewhere,
NRP has “costs.” NRP requires additional personnel, although
our protocol required only one more person (the certified clinical
perfusionist) than in a DP recovery. There are financial costs
associated with the disposables and the circuit priming compo-
nents; these are at least partially offset by the additional organs
transplanted and the lower need for dialysis posttransplant
demonstrated here and by others,6,10-14,17,18,25-28 and the
financial burden is usually allocated across 3 organs. NRP has
also been shown to be financially favorable to other advanced
perfusion strategies.1 Notably, the additional time in the OR
(median 188 vs 94 minutes) compared to DP is an important
potential strain on donor hospitals and their OR staff. Also from
the donor hospital perspective, NRP (and NMP) allows planning
of recoveries from donors that, in the past, would not have been
considered as having donation potential (eg, the liver-only intent
donors). Given the demonstrated significant impact on waitlisted
candidates and posttransplant outcomes, these collective bur-
dens are arguably not prohibitive. An often unrecognized “cost”
in DCD donation is a decrease in OPO and/or donor hospital staff
morale after a potential donor does not die within the accepted
timeframe. We did not experience this disproportionately with
NRP-intended donors, who had a lower (though not significant)
likelihood of timing out.

NRP and NMP can be complementary as shown here and by
others, and the combination is often advisable.29 We do not know
how often HMP or NMP was employed in the “back to base”
setting, and we did not record a transplant center’s rationale for
employing NMP in the 12 DP recoveries or 5 NRP recoveries.
Once we started performing NRP, a transplant center’s plan to
employ liver NMP did not influence our decision to pursue
NRP—although the liver benefit is derived from NRP and NMP,
kidney benefits are unique to NRP. In our study, these benefits
included more kidneys transplanted and better recipient out-
comes, particularly from older donors. Additionally, NRP poten-
tially increases the number of reallocation destinations, as all
programs might not desire NMP.

Our surgical protocol deserves discussion. Although some
surgical steps have been refined to our current protocols in
Supplementary Methods, we have always honored as sovereign
the principle of ensuring absent intracranial blood flow. This
included mechanical clamping of the aortic arch vessels (TA-
NRP) or descending thoracic aorta (A-NRP) and venting the
innominate artery or aorta, respectively, between the clamp and
intracranial vasculature in all donors. We never relied on
clamping alone. We are aware of a study investigating the need
for venting,30 but we found venting to be relatively effortless and
not create any undue hassles. Until more data prove beyond a
reasonable doubt that it is not necessary, venting will remain a
cornerstone of our surgical approach.

Our study has limitations. As above, we do not have data on
the use of “back to base” HMP or NMP, but these modalities are
available to all donors and should not disproportionately favor
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NRP. As an OPO, we also do not have timely or granular recipient
outcome data (eg, biliary and/or other complications, posttrans-
plant length of stay, graft or patient survival data). It is already
known, however, that NRP favorably impacts those out-
comes.3,7,8,12 All cohorts are retrospective, and, consequently,
there could be biases between the groups not accounted for in
our analyses; specifically, the NRP cohort was disproportionately
more current than the DP and DBD cohorts, possibly favoring
NRP outcomes. Statistically, even though we showed no signifi-
cant difference between NRP and DBD kidney and liver out-
comes, this study was not powered to claim noninferiority of NRP
compared to DBD or vice-versa; the small sample size (n¼ 30) of
each NRP era hinders comparisons between DP and DBD with
the most recent (era 3) NRP outcomes. Well-designed, pro-
spective trials to definitively compare these donor types are
lacking. Despite these limitations, we believe our data support
previous studies showing significantly increased organ avail-
ability and quality from NRP donors.1-18

In conclusion, this study adds data that NRP has significant
potential to improve liver and kidney donation and transplantation
outcomes from DCD donors and reduce waitlist mortality, despite
worse donor characteristics (eg, age, KDPI). More data are
needed to better compare the outcomes of NRP organs to DBD
organs.
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