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Background. Warm ischemia time and ischemia-reperfusion damage result in higher rates of delayed graft function and
primary nonfunction in kidney transplants (KTs) from controlled donation after circulatory death (cDCD). This study aimed to
assess early and late kidney function and patient and graft survival of KT from cDCD preserved with normothermic regional
perfusion (NRP) and to compare with KT from brain death donors (DBDs) and cDCD preserved with rapid recovery (RR).
Methods. Patients who received a KT at our institution from 2012 to 2018 were included, with a minimum follow-up
period of 1 y. They were categorized by donor type and conditioning methods: DBD, cDCD with NRP, and ¢cDCD with RR.
Early and late graft function, along with patient and graft survival were analyzed in all groups. Results. A total of 182 KT
recipients were included in the study (98 DBD and 84 cDCD). Out of the cDCDs, 24 kidneys were recovered with the use of
NRP and 62 with RR; 22 of the 24 kidneys were ultimately transplanted. The cDCD using NRP group showed lower rates of
delayed graft function compared with the cDCD with RR group (86.3% versus 46.7%, P=0.01). Also, primary nonfunction
rates were lower in the cDCD using NRP group (4.5% versus 6.4% cDCD-RR and 10.2% DBD). Patient survival rates were
>90% in all groups. No differences were found in graft survival rates at 1 y. Conclusions. The use of abdominal NRP

improves early function recovery of KT from cDCD, making their outcomes comparable with those of DBD.

(Transplantation Direct 2021;7: e725; doi: 10.1097/TXD.0000000000001174. Published online 16 July, 2021.)

Chronic kidney disease has increased its prevalence in
recent years and has become one of the most frequently
occurring diseases in Europe.! Kidney transplant (KT)
has proven to be an effective renal replacement therapy
for improving the quality of life and survival of patients
compared with classic renal replacement therapies, such as
hemodialysis (HD) and peritoneal dialysis, which has led
to an increase in KT rates in the past years.>?
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In 2011, a stabilization of the number of brain death
donors (DBDs) occurred, which, combined with the growing
global demand for organs, has pushed the field of transplanta-
tion toward the search for new donor sources and reviewing
modified kidney preservation techniques. In the past decade,
the kidney deficit has led to an increased use of organ con-
trolled donation after circulatory death (cDCD) or Maastricht
type III donors, which was initiated in Spain in 2012, under
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a legal and ethical framework.* Subsequently, an exponential
increase in donations was experienced.>® As a matter of fact,
this donation model had already been successfully established
in several European countries.”*

However, limitations in donation after circulatory death
(DCD) include warm ischemia time (WIT)® and ischemia-
reperfusion injury.'” These phenomena lead to higher rates of
primary nonfunction (PNF) or delayed graft function (DGF),
compared with DBD grafts.!!

Kidney grafts that suffer from a prolonged WIT are more
susceptible to damage from hypothermic preservation; there-
fore, the classic in situ cold perfusion (ICP) is especially subop-
timal for DCD grafts.!? Thus, alternative in situ preservation
techniques have emerged, such as abdominal normothermic
regional perfusion (NRP) with extracorporeal membrane
oxygenation (ECMO).">* The main role of this method is
to restore warm oxygenated blood flow into the abdomi-
nal organs upon determination of death, occurring after the
withdrawal of life-sustaining treatments (WLSTs) and before
organ recovery.

To date, there are limited publications that explore the
results of kidney grafts retrieved from ¢cDCD with the use of
NRP, and to our knowledge, there are no studies that compare
DBD, cDCD with NRP, and cDCD without NRP.

The main objective of this study was to analyze the clinical
results of graft survival and function in controlled asystole
donors recovered with the use of NRP, compared with cDCD
preserved with rapid recovery (RR) and to DBD, ultimately
describing the protocol used in our hospital.

MATERIALS AND METHODS

Study Design and Study Population

This is a single-center observational cohort study based
on retrospective data collection. This study was approved
by the Ethics Committee of Puerta de Hierro-Majadahonda
University Hospital upon initiation (CEI-86-1611). Study
population comprised consecutive patients who had received
a KT at our institution from January 2012 to December 2018,
with a minimum follow-up of 1 y.

Outcomes and Covariates

The main goal of this study was to validate the results of
the kidney grafts retrieved from cDCD when comparing RR
and NRP techniques as a possible solution to reduce potential
donor risks.

For this aim, we included both cDCD and DBD procedures,
and within the cDCD procedures, both RR and NRP methods
were considered. NRP was performed in abdominal multior-
ganic recovery, especially when liver recovery was involved.
Given that most of the donors from our institution are mul-
tiorgan donors, RR was the technique of choice in those few
cases of exclusive renal donors.

Controlled DCD was performed in patients with severe
conditions such as irreversible brain damage, chronic
neurodegenerative diseases, cardiovascular disease, or
chronic respiratory disease in a terminal condition. DBDs
were considered when irreversible cessation of all intrac-
ranial neurological functions was confirmed in both cer-
ebral hemispheres and in the brainstem.!> Both expanded
criteria donors (ECDs) and standard criteria donors were
included.'®”
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The decision on suitability for transplantation was taken after
careful assessment of the kidney allograft and an exhaustive
review of donor and recipient factors. Patients with graft ana-
tomical abnormalities and donors with advanced age, past his-
tory of hypertension, diabetes mellitus, cardiovascular diseases,
or poor organ perfusion and the Remuzzi score'® were excluded.

Definitions

DGF was defined as the need for HD in the first postopera-
tive week.!” Additionally, PNF was defined as the failure of the
graft to ever function up to 30 d posttransplantation, in need
of continuous maintenance of HD.?* Of note, this term has
also been referred to as early graft loss in other publications.?!
Its incidence was approximately 5% of the KT,? mostly
caused by vascular thrombosis,? followed by immunological
causes and primary graft failure. The latter was considered
when an initial nonfunctioning graft obtained good perfusion
observed by Doppler ultrasound without other alterations
and other causes were ruled out in biopsy tissue.?!

ECDs were defined using the criteria suggested by the
United Network for Organ Sharing.!®'” According to United
Network for Organ Sharing, ECDs should include patients
over 60 y of age, or those aged 50-59 y, with at least 2 of the
following conditions: death from stroke, history of hyperten-
sion, or serum creatinine levels >1.5 mg/dL. Standard criteria
donors were defined as those under 50 y of age who did not
meet the ECD criteria.

WIT was defined as the time from the initiation of WLST to
organ perfusion. Functional warm ischemic time was defined
as the time from systolic blood pressure <60 mm Hg to the
initiation of NRP (5 min of nontouch period was included).

Surgical Techniques

First, the decision of WLSTs on the grounds of futility is
taken by the intensive care team responsible for the patient,
according to the preestablished protocol at the Puerta de
Hierro-Majadahonda University Hospital.>#* Once com-
municated to and accepted by the family, the Transplant
Coordination team is contacted to raise the possibility of
organ donation. After signing the corresponding informed
consents, especially those regarding premortem interventions,
several tests are run before donation. Premortem cannulation
is performed in the intensive care unit and a bolus dose of
60 TU/kg of unfractionated heparin is administered, which is
deducted from the total heparin administered in the cDCD
protocol.

The introducer for the aortic occlusion catheter is placed in
the contralateral femoral artery. A fluoroscopy confirmation
is performed to assure the placement of the catheters and the
aortic occlusion balloon in the descending thoracic aorta. The
volume of occlusion of the aortic balloon is also checked and
the balloon is adjusted accordingly. The patient is then trans-
ferred to the operating room, where the arterial and venous
cannulas are connected to the ECMO device and fixed with
flanges. The cannulas remain clamped until the initiation of
the NRP. The preservation solution (Celsior) is connected
and administrated via the arterial cannula when the NRP is
finished.

Following WLST and once determination of death is estab-
lished, there is a 5-min “no-touch” period without spontaneous
circulation or with respiration cessation.?® The aortic occlu-
sion balloon is then filled to avoid encephalic and coronary
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perfusion, and the cannulas are unclamped, commencing the
NRP with an initial flow of 1 Ipm and 2-3 Ipm of oxygen
(FiO,=1, subject to flow adjustments depending on Pco,).

A sufficient flow for abdominal perfusion is maintained,
normally achieved with a mean arterial pressure of 60 mm Hg
and 1.5-3 Ipm flows. Flows are modified depending on the in
situ macroscopic perfusion aspect of the organs. According to
the gasometry performed every 30 min, oxygen and scrubbing
gas are adjusted. The average duration of the NRP performed
at our institution ranges between 60 and 90 min.

The macroscopic and functional evaluation of the organs
before their recovery requires maintaining NRP for at least 1h
for biochemical and hematological parameters determination
(blood gas, lactate, transaminases, and hematocrit) in blood
samples. During the NRP duration, preliminary dissection of
the liver is performed, leaving a well-prepared surgical field
for kidney retrieval. Once the NRP is completed, the extracor-
poreal circulation is stopped while cold preservation solution
is perfused through the arterial cannula, and the venous can-
nula is freed to allow drainage. After complete infusion of the
preservation solution, the ECMO device is disconnected and
the cannulas are removed. The process terminates with the
abdominal organ recovery procedure.

Statistical Analysis

A descriptive analysis of the categorical variables was
performed using absolute and relative frequencies. For the
numerical variables, mean and SD or median and 25th and
75th percentiles were applied, according to compliance with
the assumption of normality.

Univariate analysis was performed with the Mann-Whitney
U test to contrast numerical variables and chi-square test or
Fisher exact statistic to test hypotheses of categorical varia-
bles, as appropriate. Survival analysis was obtained using the
Kaplan-Meier method, comparing the survival curves with the
log-rank test. In the overall survival analysis, the follow-up
time has been truncated to 15 mo for all patients.

To assess graft survival, 2 strategies have been used: on
the one hand, logistic regression was performed, in which the
event of interest is the loss of the graft or death before 15 mo;
on the other hand, survival analysis was performed consid-
ering death as a competitive event. In this second analysis,
the cumulative incidence function was estimated?” and the
regression models followed the strategy described by Fine
and Gray.?® In this model, the subhazard ratio was estimated
instead of the hazard ratio, with their respective 95% confi-
dence intervals. In the graft survival analysis, patient’s death
is not censored, as recommended.? The results regarding the
maturity of the data according to the follow-up time were:
96% maturity at 15 mo, 82% maturity at 36 mo, 70% matu-
rity at 60 mo, and 38% maturity at 80 mo. In view of these
results, 15 mo was the follow-up time of choice, given its high
maturity percentage.’® The significance level was set at 0.05.
Statistical analysis was performed using the Stata/IC v.16
package (StataCorp LLC, College Station, TX).

RESULTS

A total of 182 KT recipients who met inclusion criteria
were included in the study (98 DBDs and 84 ¢DCDs) dur-
ing the specified time period. Out of the ¢cDCD group, 24
kidneys were recovered after NRP preservation and 62 using
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RR technique. Of these 24 kidneys, 22 were eventually trans-
planted (Table 1).

To assess the advantage of the NRP preservation, cDCD
grafts with NRP preservation were compared with those
recovered with RR and cold in situ perfusion (ISP), along
with grafts from DBD donors. The main donor and recipi-
ent characteristics are noted in Tables 2 and 3. The cohorts
were homogeneous and no confounding variables influence
the results.

Early Graft Function

In the first week of graft evaluation postimplantation, the
¢DCD with NRP group showed lower rates of DGF com-
pared with the cDCD with RR group (36.3% versus 46.7%.
P=0.01). However, the DBD group presented a lower rate of
DGF (20%). In contrast, the cDCD with NRP group had the
lowest rates of PNF (4.5% versus 6.4% in the cDCD with RR
group and 10.2% in the DBD group). The DBD group, how-
ever, obtained better results compared with the initial function
globally, despite the high rates of PNF (Table 4).

This result is related to our definition of PNF, stating that
PNF is considered as loss of the kidney graft in the first 30 d
implying the never function of the graft. This loss can be due
to multiple causes: thrombotic, ischemic, surgical complica-
tions, etc and not only due to those grafts that, without appar-
ent cause, never work (ie, grafts with normal echography and
a biopsy that shows no rejection?!). In fact, the 10 cases of
PNF of the DBD grafts in our series were due to thrombotic
causes.

In the 1-y graft function analysis, PNF was included, with a
clear impact on results. The highest rates of functioning grafts
were obtained by the cDCD-NRP group (90%), although the
results did not reach statistical significance (Table 5).

Evolution of Posttransplant Kidney Function

Evolution of creatinine levels was monitored over time,
from the first week to the first year. Patients who presented
better median outcomes were from the DBD group, followed
by the cDCD with NRP group. Although the cDCD with RR
group had initial higher creatinine levels, they matched the
levels of the DBD and ¢cDCD-NRP groups at 3 mo (Figure 1A
and B). DBD donors were considered the reference category.
c¢DCD-NRP donors preservation presented average creatinine
values 0.460mg/dL (95% confidence interval [CI], 0.145-
0.776) higher than DBD (P=0.004), whereas ¢cDCD-RR
donors presented 0.784 (95% CI, 0.562-1.000) higher than
DBD donors (P<0.001).

Patient Survival
Patient survival rates were >90% in all groups (DBD: 94 %,
cDCD-NRP: 100%, and cDCD-RR: 93%). In the log-rank

Distribution of the study cohort

Conditioning methods (N)
Donor type N NRP RR
DBD 98
cDCD 84 22 62

¢DCD, controlled donation after circulatory death; DBD, brain death donor; NRP, normothermic
regional perfusion; RR, rapid recovery.
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Donor characteristics

Donors c¢DCD-NRP (n=22) cDCD-RR (n=62) DBD (n=98) P
Age? 59 (46-64) 57 (50-66) 57 (45-68) 0.851
Days in ICU? 8 (6-17) 9(6-12) 2 (2-6) <0.001
Creatinine in ICU? 6(0.4-0.7) .6(0.4-0.7) 0.79 (0.6-1.04) <0.001
CIT (min)? 600 (240-1050) 420 (270-720) 720 (360 -915) 0.011
WIT (min)? 0(10-35) 5(11-28) <0.001
SCDP 3(59.09%) 25 (45.45%) 42 (43.75%) 0.42
ECDP 9 (40.91%) 30 (54.55%) 4 (56.25%) 0.42
HTA® 2 (55%) 7 (32.08%) 4 (36.56%) 0.18
DmP 0 6 (11.32%) 9 (9.68%) 0.27
Dyslipidemia® 7 (31.82%) 11 (20.75%) 8 (19.35%) 0.43
Cardiovascular disease” 2 (9.09%) 12 (22.64%) 1(22.58%) 0.34
Cerebrovascular disease” 2(9.09%) 5(9.43%) 4 (415.05%) 0.53
Peripheral artery disease” 0 0 3(3.23%) 0.29
Graft obtained in our center® 20 (90.91%) 57 (91.94%) 59 (60.20%) 0.0001
Graft obtained outside our center” 2 (9.09%) 5 (8.06%) 9 (39.80%) 0.0001
Good graft perfusion® 22 (100%) 61 (98.39%) 3 (94.9%) 0.31

P50 (p25—p75).
“Frequencies (%).

¢DCD, controlled donation after circulatory death; CIT, cold ischemia time; DBD, brain death donor; DL, dyslipidemia; DM, diabetes mellitus; ECD, extended criteria donor; HTA, hypertension; ICU,
intensive care unit; NRP, normothermic regional perfusion; RR, rapid recovery; standard SCD, criteria donor; WIT, warm ischemia time.

Recipient characteristics

Recipients cDCD-NRP cDCD-RR DBD P
Age at KT? 52 (45-60) 57 (47-67) 56 (43-66) 0.268
HTA® 20 (90.91%) 60 (96.77%) 86 (87.76%) 0.14
DIvP 1 (4.55%) 6 (25.81%) 30 (30.61%) 0.04
DL® 11 (50%) 32 (51.61%) 51 (52.04%) 0.98
Cardiovascular disease” 5 (22.73%) 8 (29.03%) 36 (36.7%) 0.35
Cerebrovascular disease® 2(9.09%) 6 (9.68%) 2 (12.24%) 0.84
Peripheral artery disease® 3(13.64%) 0(16.13%) 6 (16.33%) 0.95
Previous KT° 4(18.18%) 3(20.97%) 1(1.22%) 0.23
High immune risk® 6 (27.27%) 5(24.19%) 23 (23.47%) 0.93
Cause of death®

TBI 0 2 (3.64%) 11 (11.83%) 0.0001
Cardiovascular 6 (27.27%) 19 (34.55%) 15 (16.13%) 0.0001
Encephalic 6 (27.27%) 16 (29.09%) 62 (66.67%) 0.0001
Anoxic encephalopathy (respiratory origin) 10 (45.45%) 16 (29.09%) 4 (4.3%) 0.0001

P50 (p25—p75).
"Frequencies (%).

¢DCD, controlled donation after circulatory death; DBD, brain death donor; HTA, hypertension; DL, dyslipidemia; DM, diabetes mellitus; KT, kidney transplant; NRP, normothermic regional perfusion;

RR, rapid recovery; TBI, traumatic brain injury.

test, no differences were found between groups (Pr> %2=0.50)
(Figure 2).

Graft Survival

In the graft survival analysis censored at 15 mo, graft loss
rates ranged from 9% to 15% (DBD: 15.6%, cDCD-NRP:
9%, and ¢cDCD-RR: 13%). One-year graft survival was
84.4% in the DBD group, 91% in the cDCD-NRP group, and
87% in the cDCD-RR group. Elevated PNF rates in the DBD
group significantly affected 1-y graft survival.

These data are shown in the cumulative incidence func-
tion graph (Figure 3). According to the Fine and Gray model
elaborated for this analysis, the subhazard ratio did not
reach statistical significance, meaning that there is no asso-
ciation between the type of donor, preservation method, and
graft loss at 15 mo.

DISCUSSION

Literature concerning KT after NRP is scarce. To our knowl-
edge this is the first study performed to date describing the use of
NRP in ¢cDCD comparing it with RR in ¢DCD and with DBD.

The main findings of our study include a higher DGF rate
in the cDCD-RR group compared with cDCD-NRP and DBD
(46%, 36%, and 20%, respectively; P=0.01).

The NRP technique is associated with a lower rate of
DGF, which implies an improvement of the early outcomes,
allowing us to achieve comparable results with those of the
gold standard group (DBD). No improvement was observed
in long-term graft survival, probably because of the small
sample size of the series. Nevertheless, clear improvements
in DGF were observed, therefore entailing both clinical and
economic benefits.
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Early graft function comparing cDCD-NRP and cDCD-RR with DBD

GEF DGF PNF Total DGF vs GEF P PNF vs GEF P
DBD (ref.)? 68 (69.39%) 20 (20.41%) 10 (10.20%) 98 (100%) Ref. cat. Ref. cat.
cDCD-NRP2 13 (59.09%) 8 (36.36%) 1 (4.55%) 22 (100%) 0.14 0.54
cDCD-RR? 29 (46.77%) 29 (46.77%) 4 (6.45%) 62 (100%) 0.001 0.91
Global P=0.012.

Frequencies (%).

¢DCD, controlled donation after circulatory death; DGF, delayed graft function; GEF, good early function; NRP, normothermic regional perfusion; PNF, primary nonfunction; ref. cat., reference category;

RR, rapid recovery.

Late graft function. Kidney function 12 mo posttransplant

Functional Nonfunctional P
DBD? 81 (82.65%) 17 (17.35%)
cDCD-NRP? 20 (90.91%) 2 (9.09%) 0.14
cDCD-RR? 53 (85.48%) 9 (14.52%) 0.001

Frequencies (%).

P=0.6.

¢DCD, controlled donation after circulatory death; DBD, brain death donor; NRP, normothermic
regional perfusion; RR, rapid recovery

The first human application of NRP in DCD was in
uncontrolled DCD (uDCD) KT.3! Previously, several experi-
mental studies had been published.’>* The technique was
quickly adopted in different countries, and one of the ear-
liest published retrospective nonrandomized studies with
Maastricht type Il donors was a series of the Spanish group
of Valero and collaborators in 2000.3! In this study, NRP,
ISP, and total body cooling were compared. The results
showed that NRP preservation had lower rates of PNF and
DGFE, compared with hypothermic preservation techniques
(NRP: PNF 0%, DGF 13%; ISP: PNF 23%, DGF 55%; total
body cooling PNF 0%, DGF 75%; P<0.01). Similarly, La
Pitié-Salpétriere!® group in Paris also published a series with
Maastricht type II donors comparing ISP and NRP, observ-
ing better kidney function 1 mo after transplantation in the
NRP group.

Several studies have proven the good results of this tech-
nique.>*3” One of the first groups to publish their experience
of ¢cDCD preserved with NRP was Oniscu et al*® in 2014.
This English series presented the results from 21 donors from
whom 32 kidneys were transplanted, of which 13 (40%) had
DGEF and 4 (12.5%) were lost due to thrombotic events.

In the study published by the University of Wisconsin®”
¢DCD and DBD were compared. No statistically significant
differences were observed in DGF rates between KT from
c¢DCD with ECMO-supported protocol (n=24) compared
with the DBD group (n=100) (8.3% versus 24%, respec-
tively; P=0.1).

Recently, Mifiambres et al® published the first Spanish
series using NRP preservation in ¢cDCD. Of the 37 kidneys
procured, 27% presented DGF and 5% PNF, finding no sta-
tistically significant differences when comparing it with the
DBD group (P=0.55). Nevertheless, The Spanish National
Transplant Organization data showed statistically significant
differences in terms of type of preservation used, thus proving
the advantage of the NRP protocol over the cold ISP, as NRP
showed lower rates of DGF and PNF (P<0.001 and P=0.014,
respectively).’

The largest study published to date compares 92 cDCD KTs
preserved with NRP and subsequent hypothermic machine
perfusion (HMP) with 5176 DBD. Despite showing lower
rates of DGF in the cDCD group (9% versus 19%, P<0.05),%
the lower rates of DGF could be due to the NRP, the HMP,
or both.

Comparative results of the main series of cDCD with NRP
are shown in Table 6.

In our series, we observed that the group of cDCD preserved
with NRP had lower rates of DGF compared with ¢cDCD
with RR group (36.3% versus 46.7%. P=0.01). However, the
DBD group had overall better results in the early graft func-
tion, despite the PNF rate in this group being higher (10%).

The PNF rate is higher in the DBD group because of the
loss of 10 KT in the first 30 d posttransplant. After carefully
evaluating these patients, we observed that they all belong
to ECDs and were extracted in other centers. Additionally,
these organs were lost because of thrombotic events that
were mostly justified by clinical circumstances unrelated to
the surgical technique, such as antiphospholipid syndrome,
prothrombin factor II mutation, or loss of previous KTs due
to thrombosis, among other risk factors. Yet, in other cases,
thromboses were secondary to complex surgery related to
the vascular anatomy of the receptors (Table S1, SDC, http:/
links.lww.com/TXD/A339).

Also of note, the initial levels of creatinine were better
in the ¢cDCD group with NRP, compared with the ¢cDCD-
RR group; yet, all 3 groups showed equivalent function at
3 mo.

Regarding graft survival, there are studies showing better
survival rates in uDCD KTs with NRP compared with those
preserved with cold ISP.3%#* A recent Spanish publication on
uDCD KT highlights the superiority of NRP preservation on
graft survival.** However, other studies like the one published
by Demiselle et al showed no differences in graft survival rates
between NRP-uCDC, ICP-uDCD and ECD.##

On the other hand, results on graft survival observed in our
series align with several studies®***> with ¢cDCD donors that
compared different preservation and procurement techniques,
and found no differences in long-term kidney graft survival,
compared with DBD donors.

Recently, Lomero et al published the differences in the cDCD
protocols between European countries.* To date, RR is the most
popular organ recovery modality. Since the cDCD program was
initiated in our institution in 2012, different recovery techniques
have been used. Initially, RR with direct cannulation of the aorta
and, in some cases, double-balloon triple-lumen catheter can-
nulation was performed. Since 2013, NRP has progressively
replaced RR with ICP as the main preservation modality and
was implemented in our hospital with few difficulties due to the
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FIGURE 1. A, Posttransplant kidney function in a descriptive graph. This graph represents the medians of creatinine levels of the 3 groups over
time. The bars indicate the 25th and 75th percentiles. B, Linear prediction for creatinine over the time, at 1, 2, 4, 12, 24, and 53 wk posttransplant
according to the type of donor and type of preservation. The bars indicate 95% CI. cDCD, controlled donation after circulatory death; Cl,
confidence interval; DBD, brain death donor; NRP, normothermic regional perfusion; RR, rapid recovery.

experienced intensive care unit team with therapeutic ECMO
and the long experienced transplantation team.

There are several advantages to this technique. First, pre-
mortem cannulation is performed, in accordance with current
Spanish legislation, which makes organ procurement an elec-
tive procedure, avoiding the possible damages that can occur
during the RR.* Furthermore, macroscopic and functional
evaluation of the organs before their recovery is feasible, which
allows for a better organ selection.***” Despite these theoretical

benefits, most Spanish hospitals with cDCD protocols perform
RR.*® In the past few years, however, organ procurement using
NRP with ECMO has increased,’® currently representing 50%
of the DCD procedures in Spain. Regarding the duration of the
NRP, the limit is set in 4 h, although in our series and in most
relevant publications, it ranges between 90 and 120 min.%3436-3%-

Functional and morphological evaluation is performed
before organ procurement, which results in a better organ
selection and permits us to expand donor criteria more safely.
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Kaplan-Meier survival estimates
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DBD 9895 94 90 84
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FIGURE 2. Kaplan-Meier survival curves for the 3 groups. Time is represented in months. Log-rank test for equality of survivor functions is
P=0.3062. cDCD, controlled donation after circulatory death; DBD, brain death donor; NRP, normothermic regional perfusion; RR, rapid recovery.

CIF of graft loss by transplant and type of preservation
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FIGURE 3. Graft survival curves truncated to 15 mo for all patients. cDCD, controlled donation after circulatory death; CIF, cumulative incidence
function; DBD, brain death donor; NRP, normothermic regional perfusion; RR, rapid recovery.

There are several limitations to the implementation of limitation is the possibility of resuscitating the patient by
NRP with ECMO. The technique presents new ethical and  restoring intracerebral flow if the aortic occlusion balloon
legal challenges, especially for premortem maneuvers. One  does not function correctly.*” For this matter, only United
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Series of NRP in controlled donation after circulatory death

Early graft function
No. kidneys Age PNF DGF GEF
Oniscu et al*® 32 6 (16-74)* 4 (12.5%) 13 (40%) 15 (46.8%)
Rojas Pefia et al®® 48 9 (9-657° 1(3.5%) 9(31%) 19 (66%)
Butler et al** 14 53 (22-74) 2(14%)  2(14%) 10 (71.4%)
Mifiambres et al® 37 8 (50-67)° 2 (5%) 10 (27%) 25 (67.5%)
Ramirez et al 22 9 (46-67)° 1(4.5%)  8(36.3%) 13 (59%)

aMedian (min—max).

"Mean (min—max).

‘Median (p25—p75).

DGF, delayed graft function; GEF, good early function; PNF, primary nonfunction.

Kingdom and Spain have proposed methods to avoid the
possibility of brain reperfusion.®%! Additionally, there are
organizational barriers to overcome. However, because of the
development of new initiatives such as the mobile ECMO,’?
the technique may be expanded to multiple hospitals in Spain
where RR is the main organ recovery technique.

There are many publications regarding different methods
of in situ regional perfusion in the donor and ex situ machine
perfusion of individual organs. This wide range of regimens
makes the preservation sequence more complicated to choose.
There have been publications regarding NRP followed by ex
situ HMP*>** but to our knowledge, no studies regarding
NRP followed by ex situ normothermic machine perfusion
have been published to date.

The main goal of the abdominal NRP preservation is to
reduce WIT and therefore improve graft quality.”’ In this
sense, the results of our study suggest that NRP improves
early function recovery of cDCD grafts and that their results
are comparable with the DBD KT.

In view of these results, we consider that this protocol is
suitable for implementation in similar institutions with dona-
tion in controlled asystole. This technique has proven that,
although it does not influence long-term survival, higher
rates of DGF have a negative impact on length of hospital
stays and with it an increase in hospital expenditure, which
could be prevented. Despite the good results, we concede
some limitations in our study. The main limitation may have
been the small sample size, which may have limited showing
some expected significant differences among the groups. An
important matter is the potential problem of the DBD control
group, regarding the high rate of primary graft nonfunction as
previously described. Furthermore, there is a great limitation
when comparing studies due to the definition of DGF because
the need to dialyze the patient during the first postoperative
week may be required in situations such as poor management
of postoperative intravascular volume and not to a real acute
tubular necrosis. Additionally, HD criteria are not always
shared between institutions.

The published results are promising thus far, but prospec-
tive clinical trials comparing the different preservation tech-
niques and their combinations are necessary to find the best
combination model for each donor-recipient match.

REFERENCES

1. ERA-EDTA Registry: ERA-EDTA Registry Annual Report 2016.
Amsterdam UMC, location AMC, Department of Medical Informatics,
Amsterdam, the Netherlands, 2018. 2016. Available at https://

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Wolfe RA, Ashby VB, Milford EL, et al.

. National Transplant Organization

www.transplantationdirect.com

era-edta-reg.org/files/annualreports/AnnRep2016.pdf. Accessed

May 31, 2021.

. Spanish Registry of Renal Patients (REER) from the Spanish

Nephrology Society (SEN). 2016. Available at http://www.registro-
renal.es/download/documentacion/InformeREER_2016_  BURGOS.
pdf. Accessed May 31, 2021.

Comparison of mortality
in all patients on dialysis, patients on dialysis awaiting transplanta-
tion, and recipients of a first cadaveric transplant. N Engl J Med.
1999;341:1725-1730.

. Caballero F, Matesanz R. Manual de Donacion y Trasplante de

Organos Humanos. 2016. Disponible En. Available at http:/Www.
Ont.Es/Publicaciones/Paginas/Publicaciones.Aspx. Accessed May
31, 2021.

. Hessheimer AJ, Dominguez-Gil B, Fondevila C, et al. Controlled dona-

tion after circulatory determination of death in Spain. Am J Transplant.
2016;16:2239-2240.

(ONT). Annual Report. 2016.
Available at http://www.ont.es/infesp/Memorias/Memoria%20
donantes%20 2015.pdf. Accessed May 31, 2021.

. Kootstra G. The asystolic, or non-heartbeating, donor. Transplantation.

1997;63:917-921.

. Jochmans |, Darius T, Kuypers D, et al. Kidney donation after circula-

tory death in a country with a high number of brain dead donors:
10-year experience in Belgium. Transpl Int. 2012;25:857-866.

. Mifambres E, Suberviola B, Dominguez-Gil B, et al. Improving the

outcomes of organs obtained from controlled donation after circula-
tory death donors using abdominal normothermic regional perfusion.
Am J Transplant. 2017;17:2165-2172.

Fondevila C, Busuttil RW, Kupiec-Weglinski JW. Hepatic ischemia/
reperfusion injury—a fresh look. Exp Mol Pathol. 2003;74:86-93.
Wadei HM, Heckman MG, Rawal B, et al. Comparison of kidney func-
tion between donation after cardiac death and donation after brain
death kidney transplantation. Transplantation. 2013;96:274-281.
Fondevila C. Is extracorporeal support becoming the new standard for
the preservation of DCD grafts? Am J Transplant. 2010;10:1341-1342.
Barrou B, Billault C, Nicolas-Robin A. The use of extracorporeal mem-
branous oxygenation in donors after cardiac death. Curr Opin Organ
Transplant. 2013;18:148-153.

Hessheimer AJ, Garcia-Valdecasas JC, Fondevila C. Abdominal
regional in-situ perfusion in donation after circulatory determination of
death donors. Curr Opin Organ Transplant. 2016;21:322-328.

Goila AK, Pawar M. The diagnosis of brain death. Indian J Crit Care
Med. 2009;13:7-11.

Merion RM, Ashby VB, Wolfe RA, et al. Deceased-donor charac-
teristics and the survival benefit of kidney transplantation. JAMA.
2005;294:2726-2733.

Metzger RA, Delmonico FL, Feng S, et al. Expanded criteria donors for
kidney transplantation. Am J Transplant. 2003;3(suppl 4):114-125.
Remuzzi G, Cravedi P, Perna A, et al; Dual Kidney Transplant Group.
Long-term outcome of renal transplantation from older donors. N Engl
J Med. 2006;354:343-352.

Yarlagadda SG, Coca SG, Garg AX, et al. Marked variation in the
definition and diagnosis of delayed graft function: a systematic review.
Nephrol Dial Transplant. 2008;23:2995-3003.

Tomita Y, lwadoh K, Hoshino A, et al. Primary nonfunction on kid-
ney transplant recipients from donation after circulatory death donors.
Transplant Proc. 2019;51:2523-2526.

Hamed MO, Chen Y, Pasea L, et al. Early graft loss after kidney
transplantation: risk factors and consequences. Am J Transplant.
2015;15:1632-1643.

Phelan PJ, O’Kelly P, Tarazi M, et al. Renal allograft loss in the first
post-operative month: causes and consequences. Clin Transplant.
2012;26:544-549.

Keller AK, Jorgensen TM, Jespersen B. Identification of risk factors
for vascular thrombosis may reduce early renal graft loss: a review of
recent literature. J Transplant. 2012;2012:793461.

Rubio JJ, Palacios D. Reflections upon donation after controlled cardiac
death (Maastricht type iii donors). Med Intensiva. 2016;40:431-433.
Rubio-Mufioz JJ, Pérez-Redondo M, Alcantara-Carmona S, et al.
[Donation protocol following controlled cardiac death (Maastricht type
Il donation). First experience]. Med Intensiva. 2014;38:92-98.

Royal Decree 1723/2012, December 28, 2012, Annex |, Section
3: Diagnosis of death based on circulatory and respiratory criteria.
Available at noticias juridicas.com/base_datos/Admin/rd1723-2012
htm#n3.


https://era-edta-reg.org/files/annualreports/AnnRep2016.pdf
https://era-edta-reg.org/files/annualreports/AnnRep2016.pdf
http://www.registrorenal.es/download/documentacion/InformeREER_2016_%20BURGOS.pdf
http://www.registrorenal.es/download/documentacion/InformeREER_2016_%20BURGOS.pdf
http://www.registrorenal.es/download/documentacion/InformeREER_2016_%20BURGOS.pdf
http://Www.Ont.Es/Publicaciones/Paginas/Publicaciones.Aspx
http://Www.Ont.Es/Publicaciones/Paginas/Publicaciones.Aspx
http://www.ont.es/infesp/Memorias/Memoria%2520donantes%2520%202015.pdf
http://www.ont.es/infesp/Memorias/Memoria%2520donantes%2520%202015.pdf
noticias juridicas.com/base_datos/Admin/rd1723-2012 html#n3
noticias juridicas.com/base_datos/Admin/rd1723-2012 html#n3

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

27.

28.

29.

30.

31.

32.

33.

34.

35

36.

37.

38.

39.

40.

41.

42.

Coviello V, Boggess M. Cumulative incidence estimation in the pres-
ence of competing risks. Stata J. 2004;4:103-112.

Fine JP, Gray RJ. A proportional hazards model for the sub-
distribution of a competing risk. J Am Stat Assoc. 1999;94:
496-509.

Schuster NA, Hoogendijk EO, Kok AAL, et al. Ignoring competing
events in the analysis of survival data may lead to biased results:
a nonmathematical illustration of competing risk analysis. J Clin
Epidemiol. 2020;122:42-48.

Gebski V, Gares V, Gibbs E, et al. Data maturity and follow-up in time-
to-event analyses. Int J Epidemiol. 2018;47:850-859.

Valero R, Cabrer C, Oppenheimer F, et al. Normothermic recirculation
reduces primary graft dysfunction of kidneys obtained from non-heart-
beating donors. Transpl Int. 2000;13:303-310.

Valero R, Garcia-Valdecasas JC, Tabet J, et al. Hepatic blood flow
and oxygen extraction ratio during normothermic recirculation and
total body cooling as viability predictors in non-heart-beating donor
pigs. Transplantation. 1998;66:170-176.

Garcia-Valdecasas JC, Tabet J, Valero R, et al. Liver conditioning after
cardiac arrest: the use of normothermic recirculation in an experimen-
tal animal model. Transpl Int. 1998;11:424-432.

Butler AJ, Randle LV, Watson CJ. Normothermic regional perfu-
sion for donation after circulatory death without prior heparinization.
Transplantation. 2014;97:1272-1278.

. Rojas-Pefia A, Sall LE, Gravel MT, et al. Donation after circulatory

determination of death: the university of Michigan experience with
extracorporeal support. Transplantation. 2014;98:328-334.

Oniscu GC, Randle LV, Muiesan P, et al. In situ normothermic regional
perfusion for controlled donation after circulatory death—the United
Kingdom experience. Am J Transplant. 2014;14:2846-2854.
Magliocca JF, Magee JC, Rowe SA, et al. Extracorporeal support for
organ donation after cardiac death effectively expands the donor pool.
J Trauma. 2005;58:1095-1101.

Activity Report of donation and transplantation of donors in asystole.
National Transplant Organization (ONT). 2017. Available at http://www.
ont.es/infesp/Memorias/INFORME%20DONACI%C3%93N %20
EN%20ASISTOLIA%202017.pdf. Accessed May 31, 2021.

O’Neill S, Srinivasa S, Callaghan CJ, et al. Novel organ perfusion and
preservation strategies in transplantation - where are we going in the
UK? Transplantation. 2020;104:1813-1824.

Del Rio F, Andrés A, Padilla M, et al. Kidney transplantation from
donors after uncontrolled circulatory death: the Spanish experience.
Kidney Int. 2019;95:420-428.

Demiselle J, Augusto JF, Videcog M, et al. Transplantation of kid-
neys from uncontrolled donation after circulatory determination of
death: comparison with brain death donors with or without extended
criteria and impact of normothermic regional perfusion. Transpl Int.
2016;29:432-442.

Antoine C, Savoye E, Gaudez F, et al; National Steering Committee of
Donation After Circulatory Death. Kidney transplant from uncontrolled

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

583.

54.

55.

Ramirez et al 9

donation after circulatory death: contribution of normothermic regional
perfusion. Transplantation. 2020;104:130-136.

Schaapherder A, Wijermars LGM, de Vries DK, et al. Equivalent
long-term transplantation outcomes for kidneys donated after brain
death and cardiac death: conclusions from a nationwide evaluation.
EClinicalMedicine. 2018;4-5:25-31.

Lomero M, Gardiner D, Coll E, et al. Donation after circulatory death
today: an updated overview of the European landscape. Transpl Int.
2020;33:76-88.

Sutherland Al, Oniscu GC. Challenges and advances in optimizing
liver allografts from donation after circulatory death donors. J Nat Sci
Biol Med. 2016;7:10-15.

Fondevila C, Hessheimer AJ, Ruiz A, et al. Liver transplant using
donors after unexpected cardiac death: novel preservation protocol
and acceptance criteria. Am J Transplant. 2007;7:1849-1855.
Fondevila C, Hessheimer AJ, Flores E, et al. Applicability and results
of Maastricht type 2 donation after cardiac death liver transplantation.
Am J Transplant. 2012;12:162-170.

Dominguez-Gil B, Haase-Kromwijk B, Van Leiden H, et al. Current
situation of donation after circulatory death in European countries:
donation after circulatory death in the council of Europe. Transpl Int.
2011;24:676-686.

Dalle Ave AL, Shaw DM, Bernat JL. Ethical issues in the use of
extracorporeal membrane oxygenation in controlled dona-
tion after circulatory determination of death. Am J Transplant.
2016;16:2293-2299.

Perez-Villares JM, Rubio JJ, Del Rio F, et al. Validation of a new pro-
posal to avoid donor resuscitation in controlled donation after cir-
culatory death with normothermic regional perfusion. Resuscitation.
2017;117:46-49.

Report of a Consensus Meeting. Prepared by the Donation
After Circulatory Death Steering Group, on behalf of the British
Transplantation Society and Intensive Care Society. 2010. Available at
https://bts.org.uk/wp-content/uploads/2016/09/0D_Circulatory_D.
pdf. Accessed May 31, 2021.

Pérez Redondo M, Alcantara Carmona S, Fernandez Simoén |, et al.
Implementation of a mobile team to provide normothermic regional
perfusion in controlled donation after circulatory death: pilot study
and first results. Clin Transplant. 2020;34:613899.

Ravaioli M, De Pace V, Comai G, et al. Preliminary experience of
sequential use of normothermic and hypothermic oxygenated
perfusion for donation after circulatory death kidney with warm
ischemia time over the conventional criteria—a retrospective and
observational study. Transpl Int. 2018;31:1233-1244.

Antoine C, Videcog M, Riou B, et al. Controlled donation after cir-
culatory death (cDCD) donors may become similar to brain death
donors (DBD) [abstract]. Am J Transplant. 2017;17(suppl 3):623.
Meier-Kriesche H, Port FK, Ojo AO, et al. Deleterious effect
of waiting time on renal transplant outcome. Transplant Proc.
2001;33:1204-1206.


http://www.ont.es/infesp/Memorias/INFORME%2520DONACI%25C3%2593N%2520EN%2520ASISTOLIA%25202017.pdf
http://www.ont.es/infesp/Memorias/INFORME%2520DONACI%25C3%2593N%2520EN%2520ASISTOLIA%25202017.pdf
http://www.ont.es/infesp/Memorias/INFORME%2520DONACI%25C3%2593N%2520EN%2520ASISTOLIA%25202017.pdf
https://bts.org.uk/wp-content/uploads/2016/09/OD_Circulatory_D.pdf
https://bts.org.uk/wp-content/uploads/2016/09/OD_Circulatory_D.pdf

