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Regional Perfusion by Extracorporeal
Membrane Oxygenation of Abdominal
Organs From Donors After Circulatory
Death: A Systematic Review

lestyn M. Shapey' and Paolo Muiesan?

'Department of Transplantation Surgery, Manchester Royal Infirmary, Manchester,
United Kingdom; and ?Department of Hepatobiliary and Transplantation Surgery,
Queen Elizabeth Hospital, Birmingham, United Kingdom

Organs from donors after circulatory death (DCDs) are particularly susceptible to the effects of warm ischemia injury.
Regional perfusion (RP) by extracorporeal membrane oxygenation (ECMO) is increasingly being advocated as a useful rem-
edy to the effects of ischemia/reperfusion injury, and it has been reported to enable the transplantation of organs from
donors previously deemed unsuitable. The MEDLINE, Embase, and Cochrane databases were searched, and articles pub-
lished between 1997 and 2013 were obtained. A systematic review was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines. Two hundred ten articles were identified, and 11 were eligible
for inclusion. Four hundred eighty-two kidneys and 79 livers were transplanted from regional perfusion—supported donor
after circulatory death (RP-DCD) sources. One-year graft survival was lower with uncontrolled RP-DCD liver transplantation,
whereas 1-year patient survival was similar. Primary nonfunction and ischemic cholangiopathy were significantly more fre-
quent with RP-DCDs versus donors after brain death (DBDs), but there was no difference in postoperative mortality
between the 2 groups. The 1-year patient and graft survival rates for RP-DCD kidney transplantation were better than the
rates with standard DCDs and were comparable to, if not better than, the rates with DBDs. At experienced centers, delayed
graft function (DGF) for kidney transplantation from RP-DCDs was much less frequent in comparison with all other donor
types. In conclusion, RP aids the recovery of DCD organs from ischemic injury and enables transplantation with acceptable
survival. RP may help to increase the donor pool, but its benefits must still be balanced with the recognition of significantly
higher rates of complications in liver transplantation. In kidney transplantation, significant reductions in DGF can be obtained

Abbreviations: ABI, anoxic brain injury; ALS, advanced life support; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; ATP, adenosine triphosphate; CA, cardiac arrest; CI, confidence interval; CVA, cerebrovascular accident; DBD, donor after
brain death; DCD, donor after circulatory death; DGF, delayed graft function; DM, diabetes mellitus; DWIT, donor warm ischemia
time; ECMO, extracorporeal membrane oxygenation; HAT, hepatic artery thrombosis; HIV, human immunodeficiency virus; HR,
hazard ratio; HTK, histidine-tryptophan-ketoglutarate; HTN, hypertension; IC, ischemic cholangiopathy; IVDU, intravenous drug
use; MOF, multiorgan failure; MP, machine perfusion; N/A, not applicable; NRP, normothermic regional perfusion; NRP-DCD,
normothermic regional perfusion-supported donor after circulatory death; PNF, primary nonfunction; PRISMA, Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses; RP, regional perfusion; RP-DCD, regional perfusion-supported donor after
circulatory death; TBI, traumatic brain injury; ULN, upper limit of normal; UPC, until procurement completed; UW, University of
Wisconsin.
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with RP, and there are potentially important implications for long-term outcomes. Significant ethicolegal issues exist, and
they are preventing a worldwide consensus on optimum RP protocols and an accurate appreciation of outcomes. Liver

Transpl 19:1292-1303, 2013. © 2013 AASLD.
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Organ transplantation is the most cost-effective treat-
ment for end-stage organ failure, but almost 8000
patients in the United Kingdom are awaiting an
organ.! New donor pools are being sought, and the
criteria for existing pools are being expanded, but
over the past decade, the number of donors after
brain death (DBDs) has slightly decreased. In recent
years, improved road safety, changes in neurosurgical
practice, and a reduction in subarachnoid hemor-
rhage due to antihypertensive treatment have led to a
reduction in deaths and a decline in available
DBDs.?>* Contemporaneously, a 3-fold increase in liv-
ing donors and an 8-fold surge in donors after circula-
tory death (DCDs) have occurred.! In the United
Kingdom, DCDs now contribute more than a third of
the total deceased donor pool, and they have demon-
strated comparable outcomes for kidneys and accept-
able outcomes for livers with carefully selected donors
and recipients.!®® DCDs are first classified into 1 of
4 categories: (I) dead upon arrival at the emergency
department, (II) unsuccessful resuscitation attempt,
(IT) cardiac arrest (CA) following the withdrawal of
treatment in a patient with brain damage insufficient
for declaring brain death, and (IV) unanticipated CA
following the declaration of brain death. Because of
the circumstances under which death and subse-
quent donation occur, categories I, II, and IV are often
called uncontrolled, whereas category III is termed
controlled.'® Other revisions and classifications have
also since been reported.! 12

DCD organs (especially livers) are more susceptible
than DBDs to damage from warm ischemia and ische-
mia/reperfusion injury. Cold-stored organs from
DCDs are injured during 4 consecutive stages: warm
ischemia (before retrieval), cold ischemia (during stor-
age), a second episode of warm ischemia (during
rewarming), and, finally, reperfusion (at transplanta-
tion).'® Multiple pathways have been implicated in
ischemia/reperfusion injury, including the inflamma-
tory response, oxygen free radicals, and the activation
of T cell lymphocytes.'* Ischemic injury that accumu-
lates during the cold storage phase is exacerbated in
DCDs by the preceding phase of warm ischemia.'®

Regional perfusion (RP) by extracorporeal mem-
brane oxygenation (ECMO) is an emerging method for
perfusing organs from DCDs. RP was first used in
1989 by Spanish transplant surgeons using a percu-
taneously placed RP cardiopulmonary bypass cir-
cuit.'’ Although primarily confined to DCDs,
cardiopulmonary bypass has also been used to sup-
port heart-lung grafts in brain-dead donors.'® The RP
circuit closely resembles cardiopulmonary bypass,
although there are subtle differences, including the

anatomical location of cannulae (peripheral versus
central) and the flow rates (lower with RP). RP is used
in situ before organ retrieval, whereas ex situ machine
perfusion (MP) is used to support single organs,
including the heart, lungs, liver, and kidneys, from
DCDs.'72° RP works in 3 ways. First, it acts as a per-
fusion bridge between asystole and procurement and
thus permits dissection without the risk of ischemic
injury. Second, by replenishing mitochondrial stores
of adenosine triphosphate (ATP) and thus reversing
anaerobic metabolism mimicking a period of ischemic
preconditioning, it enables rehabilitation on a cellular
level.2' 2% Third, it permits the assessment of donor
organs under nonischemic conditions over a period of
time and the tracing of the physiological response to
reperfusion.

To date, there has been no systematic review of
regional perfusion-supported donor after circulatory
death (RP-DCD) organ transplantation, although sev-
eral articles make isolated references to RP as an
emerging organ perfusion technique.?*?” The aim of
this study was to systematically review the role of RP-
DCDs in current practice and determine their efficacy
in comparison with other donor types

PATIENTS AND METHODS

A search of the MEDLINE, Embase, and Cochrane
electronic databases was performed with the following
Medical Subject Headings terms: extracorporeal mem-
brane oxygenation, donors after cardiac death, non-
heart-beating donors, donors after circulatory death,
normothermic recirculation, normothermic perfusion,
regional perfusion, liver transplantation, kidney trans-
plantation, and pancreas transplantation. Terms were
combined with Boolean operators, and the references
of all identified articles were searched to ensure a
comprehensive review. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were followed.?® Ethical approval was not
required; however, the study protocol underwent a rig-
Orous review process.

Inclusion and Exclusion Criteria

A wide range of study designs, including randomized
control trials, cohort studies, case-control studies,
and case series, were considered eligible. Studies per-
formed between January 1997 and June 2013 were
included. Case reports, review articles, animal stud-
ies, and studies of nonabdominal organs were
excluded. Studies in which donors were perfused via
an ex situ (ie, postretrieval) RP circuit and articles not
written in English were also excluded.



1294 SHAPEY AND MUIESAN

LIVER TRANSPLANTATION, December 2013

Records excluded

Articles excluded, with reasons:
» Animal studies (liver = 21, Kidney =

Review articles (n = 12)

Repeated data sets (Kidney = 9, Liver

Case reports (liver = 2, kidney = 2)

Inadequate data set (kidney = 1,

—
c
-.9_, Records identified through database Additional records identified
S searching through other sources
‘::._-: (n=281) (n=15)
c
a
=2
Y Y
Records after duplicates removed
(n=210)
-1 Y
=
= Records screened by title
g and abstract > (n=138)
] (n=210)
=
(E— f
Articles assessed for
2 eligibility
E n=72) 10, Multi-organ = 1)
.20
w
=2)
\ 4
Studies included in pancreas/kidney = 1)
systematic review
(n=11)
Liver = 4, Kidney = 7
©
[}
°
S
©
=
—
Figure 1. PRISMA flow diagram for study selection.

Data Extraction

Data extraction was performed with a pro forma
standard. Donor data, including ages, causes of
death, inclusion/exclusion criteria, Maastricht catego-
ries, types of organs donated, and proportions of
potential donors to actual donors, were recorded. RP
protocols were interrogated, and the circuit tempera-
ture, the donor warm ischemia time (DWIT), the cold
ischemia time, the RP duration, the flow rates, the
method of organ storage, and the type of perfusion
solution were documented. DWIT was defined in all
cases (uncontrolled and controlled DCDs) as the time
from CA to the commencement of RP. Studies were
further categorized according to the perfusion temper-
ature with the hypothermia classification described

by Marx et al.??: normothermia (35-37°C), mild hypo-
thermia (32-35°C), moderate hypothermia (28-32°C),
severe hypothermia (20-28°C), and profound hypo-
thermia (<20°C). An additional grade was also used to
describe perfusion at cold/nearly freezing tempera-
tures (<5°C). Methods of vascular access were identi-
fied and defined as premortem or postmortem
interventions. Survival data and complication rates
were recorded, and when it was necessary, survival
data were extracted from original Kaplan-Meier
curves.

Outcome Measures

The primary endpoints were 1-year graft and patient
survival for livers and kidneys. The secondary
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endpoints for livers included primary nonfunction
(PNF), ischemic cholangiopathy (IC), hepatic artery
thrombosis (HAT), death, and retransplantation. The
secondary endpoints for kidneys included delayed
graft function (DGF), PNF, and acute rejection. DGF
was defined as the need for hemodialysis within 1
week of kidney transplantation.

Mean Age
(Years)*
38.6+11.3
44.7+17.3

Data Analysis

Data were arranged in a tabular form and qualita-
tively reviewed. A meta-analysis was performed, but
the results were deemed inappropriate for inclusion
because of heterogeneity among the studies due to
marked differences among RP protocols for the kidney
transplant studies and due to the small numbers of
studies and patients for liver transplants.

rupture (1)

Cause of Death
CVA (12), TBI (9), ischemic

secting Aortic Aneurysm (1)
brain damage (2)

TBI (9), CVA (3), ICH (2), Dis-
Arteriovenous malformation

RESULTS

The search revealed 210 unduplicated articles, and
72 of these articles underwent a detailed assessment
for eligibility. Figure 1 shows the PRISMA flow dia-
gram for study selection. The search revealed 4 cohort
studies related to liver transplantation and 7 observa-
tional studies related to kidney transplantation.3°-*°
Four hundred eighty-two kidneys and 79 livers were
transplanted from RP-DCD sources. Data from 1 suc-
cessfully transplanted liver graft were excluded
because it was not transplanted by the retrieving cen-
ter and was lost to follow-up.>33* Other series of RP-
DCD transplants were also excluded from this review
because of a lack of data; these included 31 kidney
transplants from Paris and 4 simultaneous pancreas-
kidney transplants from Miami.*®*! Isolated case
reports also exist. They include a 15-year-old male
who was treated with ECMO for severe adult respira-
tory distress syndrome and for whom temporary mal-
function of the ECMO circuit led to brain death and a
22-year-old woman suffering irreversible brain injury
who entered CA twice and was supported on ECMO
while she awaited brain-stem testing.*?**3 Table 1 out-
lines the donor characteristics. Most studies did not
comment on the donor sex.

Inclusion Criteria
Same as for DBDs

Age < 60 years No more than 1
comorbidity, including death
from CVA, HTN, serum crea-

tinine > 1.5 mg/dL, recent
malignancy, and HIV

II
I
v

TABLE 1. Continued

Maastricht
Category

[n (%)]
—/10

Actual Donors
16/16 (100.0%)
23/23 (100.0%)

Potential Donors (n)/

Regional Perfusion Protocols

Organ

Kidney, liver®
Kidney
Kidney

In each study, vascular access was obtained via the
femoral vessels with inflation of a supraceliac balloon
in the aorta, and the correct placement was confirmed
radiologically. Cannulae were connected to an extrac-
orporeal circuit incorporating a membrane oxygena-
tor, a centrifugal pump or roller, a heat exchanger,
and a perfusate reservoir. Autologous blood perfusate
from the donor’s cadaver was used and anticoagu-
lated with heparin. Cannulae were placed post mor-
tem after a 5-minute standoff period for category I, II,
and IV DCDs. For category III donors, cannulae were
placed under local anesthesia before the withdrawal
of treatment and the disconnection of the mechanical
ventilator, and after 5 minutes, standoff RP was

Farney et al.>8 (2008)
North Carolina, USA
Lee et al.3? (2005)

(2002) Tokyo, Japan

Taiwan
Koyama et al.*°

Study

Pelletier et al.’s study>® has been reported in abstract form only. Follow up data was only available for 11 transplants.

*Liver results from Magliocca et al.>” were included in Pelletier et al.’s study.>3

SLiver results were excluded because of the lack of follow-up data.

*Ranges are shown in parentheses.
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TABLE 3. Liver Survival and Complications

1-Year Graft 1-Year Patient PNF HAT IC Mortality
Study Survival [n (%)]  Survival [n (%)] n©)] [n (%)] [n (%)] [n (%0)]
Fondevila et al.®° (2012)
RP-DCDs (n = 34) 19 (70.0)* 24 (82.0)* f f 3(8.8.0) ¥
DBDs (n=538) 444 (87.0)* 463 (90.0)* 0 (0.0)
Comparison of NRP-DCDs P<0.05 P=0.141
and DBDs from the same data
period (2002-2010)
Jiménez-Galanes et al.>! (2009)
RP-DCDs (n = 20) 16 (80.0) 17 (85.0) 2 (10.00*  0(0.0) 1(5.0) 3 (15.0)!
DBDs (n = 40) 35 (87.5) 35 (87.5) 1 (2.5) 0 (0.0) 0 (0) 5 (12.5)"
Concurrent matched P=0.774 P=0.768 P=0.154 P=0.209
controls (1:2 ratio)
Otero et al.3? (2003)
RP-DCDs (n = 14) 6 (42.9) 10 (71.0) 5(35.7)" 0 (0.0) 4 (28.6) 4 (28.6)""
DBDs (n = 40) 29 (72.5) 29 (72.5) 1(2.5) 0 (0.0) 3 (7.5) 11 (27.5)%
Concurrent matched P>0.05 P>0.05 P>0.05 P>0.05
controls (1:2 ratio)
Pelletier et al.*® (2009)
RP-DCDs (n=11) 10 (91.0) 10 (91.0) 0 (0) — 1(9.0) —
Standard DCDs (n = 876) (78.0) (82.0) — — — —
DBDs (n=27,251) (83.0) (86.0) — — — —

*Censored survival percentages are provided.

fAll patients underwent retransplantation.

SPNF (1), sepsis (1), and MOF after retransplantation (1).
ISeptic shock (2), MOF (2), and PNF (1).

%There were no retransplants.

#PNF (1), MOF (1), and sepsis (2).

"Data were available for the first 10 patients only (2002-2006), and they were obtained from earlier published results
(2007). One of the 10 patients (10%) had PNF and underwent retransplantation; 1 of the 10 patients had HAT (10%); and 3
of the 10 patients (30%) died because of hepatitis C virus recurrence (1), sepsis (1), or MOF (1).

**Sepsis (4), MOF (2), hepatitis C virus recurrence (2), PNF (1), hemoptysis (1), and portal vein thrombosis (1).
"Survival percentages for standard DCDs and DBDs were extracted from Kaplan-Meier graphs provided by the authors.
Historical controls were taken from the United Network for Organ Sharing database.

commenced. Parameters for the different RP protocols
are displayed in Table 2.

Endpoints: Liver

Raw data for RP-DCD liver transplantation are shown
in Table 3. In all 3 uncontrolled RP-DCD studies, the
rates of 1-year graft survival were lower than the rates
with DBDs. However, no statistical significant differ-
ence was demonstrated for 1-year patient survival.?%-32
PNF and IC rates were higher with RP-DCD grafts, but
the rates of operative mortality and HAT were similar
for the RP-DCD and DBD groups in all these studies.
Pelletier et al.,®® in the only study of controlled nor-
mothermic regional perfusion-supported donors after
circulatory death (NRP-DCDs), reported the successful
procurement and transplantation of 12 livers, and
follow-up data were available for 11 of these livers.
The data were compared to those for 27,251 historical
DBD controls and 876 standard controlled DCD con-
trols from the United Network for Organ Sharing data-
base. They reported a rate of 91% for 1-year patient
and graft survival (10/11), and this resulted in a risk

of graft loss comparable to that with DBDs [hazard
ratio (HR) = 1.14, confidence interval (CI) = 0.59-2.20,
P=0.69] and better than that with standard DCDs
(HR=1.85, CI=0.96-3.58, P=0.69). Patient survival
was similar to that for DBD recipients (HR=1.23,
CI=0.64-2.36, P=0.54) but was significantly better
than that for DCD recipients (HR=2.16, CI=1.12-
4.17, P=0.02). IC and PNF occurred in 9% and 0% of
their cases, respectively.

Endpoints: Kidneys

Raw data for RP-DCD kidney transplantation are
shown in Table 4. Significant heterogeneity between
the studies meant that a meta-analysis was not
appropriate. The 1l-year patient and graft survival
rates were better with RP-DCDs versus standard
DCDs, and they were comparable to, if not better
than, the rates with DBDs of all ages. Most studies
reported PNF rates of 0%, with the remainder report-
ing rates comparable to those for DBDs older than 60
years. The rates of acute rejection in all RP-DCD
groups were lower than the rates with other donor
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TABLE 4. Kidney Results
1-Year Graft 1-Year Patient DGF PNF  Acute Rejection
Study Survival [n (%)]  Survival [n (%)] [n (%)] [n (%)] [n (%)]
Sénchez-Fructuoso et al.®* (2006)
RP-DCDs (n = 320) (87.4) (95) (60.9) 14 (4.4) 14 (4.4)
DBDs: age < 60 years (n=458) (90.7) 97) (20.4) 5(1.1) 24 (5.2)
DBDs: age > 60 years (n= 126) (79.8) (93) (27.4) 5 (4) 13 (10.3)
Valero et al.®® (2000)
RP-DCDs (n = 16) 14 (87.5) (90)* 1/8 (12.5) 0 (0) —
and 6/8 (75)t
Standard DCDs (n = 40) 27 (72)* 22 (55) 9 (22.5) —
Reznik et al.®¢ (2011)
RP-DCDs (n =20) 20 (100) at 20 (100) at 14 (70) 0 (0) (10)
3 months 3 months
Magliocca et al.®” (2005)
RP-DCDs (n = 24) — — 2 (8.3) 0 (0) 0 (0)
DBDs (n = 100)® — — 24 (24) 1(1) 5 (5)
Farney et al.®® (2008)!
RP-DCDs (n = 25) 25 (100) 25 (100) 2 (8) 0 (0) 0 (0)
Standard DCDs (n = 53) (87) (94) 30 (57) 1(2) 10 (19)
Standard Criteria DBDs (n = 178) (90) (99) 34 (19) 3(2) 15 (8)
Extended Criteria DBDs (138) (83) (95) 26 (19) 4 (3) 17 (12)
Lee et al.? (2005)
RP-DCDs (n=31) 31 (100) 31 (100) 13 (41.9) 0 (0) 11 (35.5)
DBDs: age < 60 years (n = 120) (90) (93) 31/120 (26) — 48 (40.3)
Koyama et al.*® (2002)
RP-DCDs (n = 46) (88.3) — 40 (87) 3 (6.5) —
*The data were combined for RP-DCDs and standard DCDs.
*Valero et al.?® reported different DGFs according to the perfusion temperature: normothermic and hypothermic.
*The data are censored.
SDBDs in Magliocca et al.’s study®” were <65 years old.
IData from Farney et al.’s study®® included kidney grafts from simultaneous pancreas-kidney transplantation as well as
organs retrieved by Farney et al.’s group but implanted at other centers. Standard Criteria DBDs were donors younger
than 50 years or 50-59 years without additional risk factors. xtended Criteria DBDs were donors who did not meet the
standard criteria.

types. Wide variations in DGF existed between the
study groups. In the American studies, the rates of
DGF with controlled RP-DCDs were far superior to the
rates with all other donor types.?”-38

DISCUSSION

A systematic review of the literature has demon-
strated the increasing use of organs from RP-DCD
sources for transplantation, and this may represent
a viable method of increasing the number of avail-
able organs. This is best illustrated by centers
where DCD transplantation did not previously take
place or where religious and cultural practices pre-
cluded the use of DBD or controlled DCD sources.
The learning curve may explain the superior results
of established centers from the United States and
Western Europe in comparison with the newcomer
centers of Russia and Asia. In Barcelona, Spain,
outcomes from uncontrolled RP-DCDs have signifi-
cantly improved over the duration of the program,
with an improvement in 6-month graft survival from
53% in the first half of the program to 88% in the
second half (P<0.05).%°

Given the virtually identical perfusion protocols and
DWITs of the 3 uncontrolled RP-DCD liver transplant
studies, we find it surprising that such a wide range
of l-year graft survival rates was seen (42.9%-
80%).39-32 Differences in the cold ischemia time alone
are unlikely to account for such a wide range of graft
survival rates. One possible explanation for this varia-
tion may be found in the proportions of potential
donors to actual donors, which ranged from 8.5%
(Fondevila) to 46.5% (Jimenez-Galanes). Conversion
rates were not provided by Otero et al.,** but if the
implied 100% conversion rate is assumed, the lower
survival rates may be explained by their less stringent
donor criteria and greater acceptance of suboptimal
grafts. Donor rejection in the other studies was pri-
marily due to an unsatisfactory macroscopic appear-
ance related to hepatic steatosis, cirrhosis, or fibrosis
(30%) and unsuccessful organ perfusion (40%).3°-3!
Hepatic steatosis less than 30% was deemed accepta-
ble by Otero et al., but no such figure was provided
by the other studies.®? The British Transplantation
Society has deemed liver grafts to be suboptimal
when there is greater than 10% hepatic steatosis and
the donor age is >50 years.** A more stringent view
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on donor age and hepatic steatosis (implied only) in
Jiménez-Galanes et al’s study®' may account for
their superior outcomes. Biliary complications remain
a significant cause of morbidity in DCD liver trans-
plantation.®*% Rates of IC and PNF with uncontrolled
RP-DCDs were nonetheless lower than rates with
standard DCDs reported elsewhere in the published
literature.*® Morbidity and its associated costs should
remain a clear reminder of the compromises accepted
for increased numbers of liver grafts and the impor-
tance of careful donor selection.*” Fondevila et al.>®
clearly demonstrated how stricter criteria and the
careful selection of recipients corresponded to an
improvement in outcomes: the liver donation rate in
2002-2006 was 25% with a 6-month graft survival
rate of 53%, whereas the donation rate for 2006-2010
was 11% with a 6-month survival rate of 88%.

Marked reductions in DGF were seen in the NRP-
DCD cohorts in both Valero et al.’s and Farney et al.’s
studies,®*® and they suggest that this is one of the
main advantages of NRP-DCD kidney transplanta-
tion.®>%® Reducing DGF remains an important goal
because of the greater risk of graft failure and rejec-
tion and the associated costs of additional hemodialy-
sis and hospital stays.?”-** The recirculation of blood
at the homeostatic temperature (37°C) has been
shown to reduce DGF and replenish antioxidant and
ATP levels.*®5° Hosgood et al.’! demonstrated
increased graft survival for porcine kidneys that were
subjected to 30 minutes of warm ischemia, preserved
for 20 hours with hypothermic MP, and then sub-
jected to 2 hours of ex situ normothermic MP with
autologous blood before transplantation. Increased
creatinine clearance, replenishment of ATP stores,
and reduced markers of oxidative stress and inflam-
mation have also been demonstrated in porcine kid-
neys resuscitated with normothermic MP, although
the extent to which the recovery of metabolic function
occurs is warm ischemia time-dependent.!% 4852
Greater perfusion pressures and leukocyte and plate-
let depletion are also associated with improved renal
function and blood flow.%356

Experimental research on animal livers has also
demonstrated the superiority of normothermic perfu-
sion over cold static storage; synthetic and metabolic
unction can be maintained for up to 72 hours with
normothermic perfusion.®”"®? Similar findings have
been reported up to 24 hours when it is preceded by
a 60-minute period of warm ischemia.'*%%6* Full
recovery occurs after 20 minutes of warm ischemia
when they are rehabilitated with normothermic
regional perfusion (NRP), but the capacity for recov-
ery diminishes markedly when DWIT exceeds 30
minutes.?365 The addition of nutritional supple-
ments such as cholate and amino acids may also aid
in the prevention of ischemia-related complications
such as cholestasis and cholangiopathy through the
mediation of ischemic preconditioning.?2-%¢%% The
use of MP provides an alternative means for assess-
ing liver function after procurement and an opportu-
nity for liver repair.*9-20-69-70

Cost-Effectiveness

The cost-effectiveness of RP-DCD transplantation
remains to be calculated, and this needs to be done
before we can form conclusions about the economic
value of RP-DCDs. Although a portable RP machine
costs in the region of £40,000 ($60,000), an accurate
cost-effectiveness analysis must reflect the true oper-
ating costs of RP-DCDs, including consumables,
equipment maintenance, and, most costly of all, the
availability of appropriately trained retrieval surgeons
and intensive care or emergency physicians. Higher
costs with standard DCDs due to greater rates of mor-
bidity and complications are well known.*” However,
RP-DCD programs in both Spain and the United
States have demonstrated significantly lower rates of
DGF, and this has significant associated cost savings.
It is also important to consider the cost-effectiveness
of RP-DCDs not on the basis of individual organs in
isolation but rather on the basis of the potentially
multiorgan donor. This is imperative in the case of
type II RP-DCD liver transplantation: in some cases,
as few as 10% of potential donors actually donated for
liver transplantation, but approximately 70% of the
same potential donors donated other organs.®° This
ratio is quite favorable in comparison with the propor-
tion of potential standard DCDs in the United King-
dom who actually donate organs (390/793 or 49%).”!

Ethical Considerations

Various ethical barriers to the widespread application
of RP-DCDs exist, and they include the use of premor-
tem cannulation and systemic heparinization, variable
definitions of the standoff time, donor transport, and
the theoretical potential restoration of cerebral perfu-
sion and cardiac reanimation during RP. Overcoming
such obstacles requires an appreciation of the ethico-
legal frameworks that are specific to each country; as
such, no common worldwide consensus is possible. In
many cases, the ethicolegal barriers are inextricably
linked to the technical difficulties that ensue.

Spanish law (Real Decreto 2070/1999) permits the
use of RP (and the necessary interventions to perform
it) until appropriate consent or judiciary approval can
be obtained for organ procurement. This means that
RP can commence as soon as possible so that the
warm ischemia time can be kept to a minimum. In
the United States, RP has been used only for con-
trolled DCDs, and the same law applies for conven-
tional DCDs and RP-supported donors.’*3738 In
these cases, specific consent from the next of kin was
obtained for the premortem insertion of cannulae and
heparinization, and this represented a significant step
in minimizing DWIT. Meanwhile, new programs in Tai-
wan, Japan, and Russia have not reported requiring
any additional ethicolegal provisions for using RP-
DCDs other than those required for DCDs.?%-%9-40 In
these countries, cultural and religious beliefs play an
important part in the understanding of death, so the
declaration of death must be performed by the local
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judiciary before any organ-preserving measures and
donation.

In the United Kingdom, the legal provisions and
guidelines for the use of RP by ECMO and premortem
interventions are somewhat complicated. The Human
Tissue Act 2004 and joint guidelines from the British
Transplantation Society and the Intensive Care Soci-
ety state that RP is permissible so long as any possi-
ble flow of blood to the coronary arteries and cerebral
circulation is prevented.**”? However, balloon occlu-
sion of the thoracic aorta, as described in the proto-
cols in this review, is considered inadequate for
preventing postmortem cardiac and cerebral reperfu-
sion. Satisfactory exclusion of the coronary and cere-
bral circulations from the RP circuit can be obtained
only by cross-clamping of the supraceliac or thoracic
aorta. In uncontrolled donors, a delaying cessation of
cardiac massage is permitted to allow the organ donor
register to be checked and preparations for postmor-
tem cannulation to be made.** After consent has been
obtained, the same guidelines apply for the cross-
clamping of the aorta before RP. This may be logisti-
cally difficult and can contribute to increased DWIT if
the deceased patient’s family requests time with the
body after the confirmation of death but before organ
procurement. Premortem interventions are not lawful
in the United Kingdom, and at present, there is no
evidence to show that such interventions would
decrease the likelihood of thrombotic events in DCDs.

Logistical Considerations

The transport of donors to an appropriate receiving
center with an RP-DCD program poses further logisti-
cal difficulties. Roberts et al.”® estimated that an
uncontrolled DCD program supported by highly
skilled prehospital care practitioners on board air
ambulances might contribute more than 300 addi-
tional potential donors annually in the United King-
dom. Such a program would be similar to one
currently in existence in Spain, where potential
donors are taken by emergency ambulance directly to
the nearest procurement center.”* The importance of
coordinated organ procurement efforts is highlighted
by the increasing use of DCDs and the advent of new
techniques such as RP. In the United Kingdom, the
creation of the National Organ Retrieval Service and
the placement of specialist nurses in organ donation
in intensive care units throughout the country have
facilitated a 50% increase in organ donation rates
over the past few years.!

Limitations

The small number of studies included in this review
reflects the emerging nature of this intervention but
prohibits the formation of firm conclusions and thus
represents a significant limitation. Moreover, the
absence of long-term follow-up makes an accurate
assessment of outcomes difficult. Variations in perfu-
sion temperatures and prior transplant experience

between centers also appear to be confounding fac-
tors. A comparison of RP-DCDs (both controlled and
uncontrolled), standard DCDs, and DBDs has not yet
been undertaken. Such research is required, but it
may prove to be difficult because of the wide varia-
tions in the donor programs of different countries and
in their religious and ethicolegal practices. The inclu-
sion of the study by Pelletier et al.>® (published in
abstract form only) was justified by the scarcity of
meaningful data from other cases of controlled NRP-
DCD liver transplantation and was balanced by its
valuable contribution to this review. In this instance,
additional raw data (survival rates) were requested
from and provided by the authors, whereas the NRP
protocol was previously published in full by Magliocca
et al.>”

CONCLUSIONS

RP by ECMO is an emerging technique for improving
the quality of grafts from DCDs and expanding the
donor pool. RP is best delivered at normothermic tem-
peratures, helps with the recovery of organs damaged
by ischemia, and enables transplantation with accept-
able survival. Subsequently, the donor pool may be
increased, but these benefits must still be balanced
against the recognition of significantly higher rates of
PNF and IC after liver transplantation. The prelimi-
nary results for RP for category III DCDs appear
promising as more liver grafts from marginal con-
trolled DCDs are being offered for transplantation.
Meanwhile, RP offers a major opportunity for reducing
DGF rates after kidney transplantation. Significant
ethicolegal issues exist and prevent a worldwide con-
sensus on optimum RP protocols and an accurate
appreciation of outcomes.
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