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AIM OF THE REVIEW: Improving rates of organ donation among patients with out-of-hospital cardiac arrest who do not survive
is an opportunity to save countless lives. The objectives of this scientific statement were to do the following: define the
opportunity for organ donation among patients with out-of-hospital cardiac arrest; identify challenges and opportunities
associated with organ donation by patients with cardiac arrest; identify strategies, including a generic protocol for organ
donation after cardiac arrest, to increase the rate and consistency of organ donation from this population; and provide
rationale for including organ donation as a key clinical outcome for all future cardiac arrest clinical trials and registries.

METHODS: The scope of this International Liaison Committee on Resuscitation scientific statement was approved by the
International Liaison Committee on Resuscitation board and the American Heart Association, posted on ILCOR.org for public
comment, and then assigned by section to primary and secondary authors. A unique literature search was completed and
updated for each section.

RESULTS: There are a number of defining pathways for patients with out-of-hospital cardiac arrest to become organ donors;
however, modifications in the Maastricht classification system need to be made to correctly identify these donors and to
report outcomes with consistency. Suggested modifications to the minimum data set for reporting cardiac arrests will increase
reporting of organ donation as an important resuscitation outcome. There are a number of challenges with implementing
uncontrolled donation after cardiac death protocols, and the greatest impediment is the lack of legislation in most countries
to mandate organ donation as the default option. Extracorporeal cardiopulmonary resuscitation has the potential to increase
organ donation rates, but more research is needed to derive neuroprognostication rules to guide clinical decision-making
about when to stop extracorporeal cardiopulmonary resuscitation and to evaluate cost-effectiveness.

CONCLUSIONS: All health systems should develop, implement, and evaluate protocols designed to optimize organ donation
opportunities for patients who have an out-of-hospital cardiac arrest and failed attempts at resuscitation.
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organs for transplantation and demand.! In 2008,
almost 60000 patients were on the waiting list
in the European Union for a kidney, liver, heart, or lung,
whereas only 25000 solid-organ transplantations were
performed during that year. It was estimated in 2019 that
18 patients died each day while waiting for an organ in

There is a mismatch between the availability of

Europe.? In the United States, 105800 adults and chil-
dren were on the waiting list for organ transplantation on
January 29, 2023, and every 10 minutes another person
is added to the transplantation waiting list.?

Although donation from living donors can address
some of this demand, contributions from deceased
donors are crucial to meet demand. According to 2008
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LAY SUMMARY

Hundreds of thousands of people are on organ trans-
plantation waiting lists around the world because there
is a critical shortage of organ donors. One organ donor
can provide life-changing vital organs for >7 people on
the waiting list in optimal conditions. Many countries
are participating in efforts to increase organ donation
to address this problem.

Cardiac arrest occurs when the heart stops beat-
ing unexpectedly. Many patients with this condition
do not survive. When this happens, there is an op-
portunity for cardiac arrest patients to become organ
donors and provide the gift of life to others. Some-
times, this opportunity arises soon after cardiac arrest
because, despite maximal efforts, the heart cannot be
restarted. In other cases, emergency treatment is able
to restart the heart, but patients never wake up be-
cause the brain was starved of oxygen for too long.
Cardiac arrest patients in this situation may have an
opportunity to become organ donors after they are
declared brain dead, or it has become clear that re-
covery is not possible.

Numerous barriers and logistical challenges ex-
ist to setting up systems that support organ dona-
tion after cardiac arrest. This review aims to identify
the best ways to help cardiac arrest patients be-
come organ donors after all efforts to save them
have been exhausted. The goal of our statement is
to make organ donation more accessible for car-
diac arrest patients and their families, and ultimate-
ly save lives through organ donation for people in
need of organs.

data from the Global Observatory on Donation and
Transplantation, produced by the World Health Orga-
nization (WHO)-Organizacién Nacional de Trasplantes
collaboration from 104 countries representing 90% of
the worldwide population, only 46% of kidney trans-
plants originate from living donors and 14.6% of liver
transplants originate from living donors. Donation from
living donors is not possible for heart, lung, pancreas, or
small bowel.

Out-of-hospital cardiac arrest (OHCA) is a time-
sensitive, life-threatening emergency. North American
and European estimates show the annual incidence of
emergency medical services (EMS)—treated OHCA to be
50 to 74 per 100000 population. With a global popula-
tion of 7.3 billion, there are likely to be >4 million patients
with sudden OHCA annually worldwide.*

When patients experience cardiac arrest and do not
recover, there are opportunities for several other lives to
be saved through organ donation.®”” Unfortunately, organ
donation after sudden OHCA is uncommon. Data from a
single-center study in the United Kingdom suggest that
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only 39% of patients who did not recover after OHCA
were referred for organ donation. Of those who were
referred, consent was obtained in only 68%, and 25%
actually went on to donate an average of 1.9 organs per
patient®
Improving rates of organ donation among patients
with OHCA who do not survive is an opportunity to save
countless lives. The objectives of this scientific statement
were to do the following:
* Define the opportunity for organ donation among
patients with OHCA;
¢ lIdentify challenges and opportunities associated
with organ donation by patients with cardiac arrest;
* Identify strategies, including a generic protocol for
organ donation after cardiac arrest, to increase the
rate and consistency of organ donation from this
population; and
* Provide rationale for including organ donation as
a key clinical outcome for all future cardiac arrest
clinical trials and registries.

METHODOLOGY

This International Liaison Committee on Resuscitation (ILCOR)
scientific statement was approved by the ILCOR board and
the American Heart Association. The author group was pro-
posed by the ILCOR board on the basis of ILCOR policy,
which considers regional resuscitation council representation,
country of origin, expertise, sex, and diversity in the nomina-
tion process. The proposed scope of each section was defined
by the writing group and posted on ILCOR.org for public com-
ment on October 26, 2018. Email notifications were sent by
American Heart Association staff to potentially interested
groups and webmasters of a number of international agen-
cies (Supplemental Material). After 11 weeks of opportunity for
public comment, there were 1030 visits to the site, 921 page
openings, 14 comments by health care professionals, and 2
comments by the lay public (Supplemental Material). Several
ILCOR member national resuscitation councils sent the link for
public commenting to organizations within their jurisdiction that
were deemed to have a stake in organ donation. Each section
was assigned primary and secondary authors from the writing
group. A unique literature search was completed for each sec-
tion. Search strategies, search results, and article selection are
described in the Supplemental Material. Each section is a nar-
rative review with knowledge gaps, policy suggestions, future
directions, and conclusions representing the opinion of the
writing group.

DEFINING THE POTENTIAL FOR ORGAN
DONATION AFTER CARDIAC ARREST
Defining Pathways for Patients With Cardiac
Arrest to Become Organ Donors

The natural clinical pathway of a patient who has had
a cardiac arrest through to discharge or death (with or
without organ donation) is complex (Figure 1).
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Figure 1. Clinical pathway for out-of-hospital cardiac arrest, in-hospital cardiac arrest, and rearrest.

CPR indicates cardiopulmonary resuscitation.

In the out-of-hospital setting, *b60% of all patients
with cardiac arrest are treated by EMS® Of these, 45%
are unwitnessed, and if resuscitation is unsuccessful,
they are pronounced dead in the out-of-hospital setting.
The other 55% are witnessed by bystanders. Many of
these patients with OHCA, both witnessed and unwit-
nessed, are successfully resuscitated and transported
to hospital.

These patients could evolve to have an expected
circulatory death in the intensive care unit (ICU) after
a failed recovery. Organ donation may occur only after
resuscitation attempts have been abandoned and a
patient has been declared dead. Death may be declared
on the basis of neurological criteria (brain death) or car-
diocirculatory criteria (circulatory death).”®'" The WHO
has developed critical pathways for organ donation in
adults and children in an effort to address inconsisten-
cies internationally and within countries (Figure 2). It is
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unclear whether organ donors after cardiac arrest are
classified on the basis of their clinical pathway (Fig-
ure 1) and clinical and event characteristics such as wit-
nessed status at time of initial arrest, location of arrest,
course in hospital, where resuscitation was terminated
or where death was declared, or some combination of
these clinical and event characteristics. Reporting rates
and outcomes of organ donation after cardiac arrest will
depend on how donors after cardiac arrest are catego-
rized and labeled within the organ donation critical path-
way and nomenclature.

Defining Donation After Brain Death or
Neurological Determination of Death
Donation after neurological determination of death

(DNDD), or beating-heart donation, occurs when a pa-
tient donates organs after brain death has been declared.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125
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Critical pathways for organ donation *

Possible deceased organ donor

A patient with a devastating brain injury or lesion or a patient with circulatory failure
and apparently medically suitable for organ donation

Donation after circulatory death (DCD)

Treating physician
To identify/refer a potential donor

Donation after brain death (DBD)

Potential DCD donor

A. A person whose circulatory and respiratory
functions have ceased and resuscitative
measures are not be attempted or continued.

or

B. A person in whom the cessation of
circulatory and respiratory functions is
anticipated to occur within a time frame that
will enable organ recovery.

:

Eligible DCD donor

A medically suitable person who has been
declared dead based on the irreversible
absence of circulatory and respiratoiry function
as stipulated by the law of the relevant
jurisdiction, within a time frame that enables
organ recovery.

Actual DCD donor
A consented eligible donor:

A. In whom the operative incision was made
with the intent of organ recovery for the
purpose of transplantation.

or

B. From whom at least one organ was
recovered for the purpose of
transplantation.

Utilized DCD donor

An actual donor from whom at least one
organ was transplanted.

Potential DBD donor

A person whose clinical condition is suspected
to fulfill brain death criteria.

Eligible DBD donor

A medically suitable person who has been

declared dead based on neurologic criteria as
stipulated by the law of the relevant
jurisdiction.

Actual DBD donor
A consented eligible donor:

A, In whom the operative incision was made
with the intent of organ recovery for the
purpose of transplantation.

or

B. From whom at least one organ was
recovered for the purpose of
transplantation.

Utilized DBD donor

An actual doner from whom at least one
organ was transplanted.

Figure 2. The World Health Organization critical pathways for organ donation.

“The “dead donor rule” must be respected; that is, patients may become donors only after death, and the recovery of organs must not cause a
donor’s death. DBD indicates donation after brain death; DCD, donation after circulatory death. Reproduced from Dominguez-Gil et al'® with
permission from John Wiley & Sons Inc. Copyright © 2011 European Society for Organ Transplantation.

Brain death is declared after the patient meets stringent
criteria determined according to legislation and local
standards. The WHO World Brain Death Project defines
brain death as the diagnosis and confirmation of death
based on the irreversible cessation of functioning of the
entire brain, including brainstem, and provides minimum
acceptable clinical standards for determination.” DNDD
can occur with the patient's cardiovascular system in-
tact and functioning. DNDD is the most common type of
pathway for organ donation.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125

Defining Donation After Circulatory Death

Donation after circulatory death (DCD), or non—beating-
heart donation, occurs when a patient donates organs
after death is declared on the basis of cardiocirculatory
criteria. Although practice varies in different countries, the
diagnosis of cardiocirculatory death may occur after 5 to
10 minutes of continuously observed absence of pulse,
blood pressure, or ventilation. DCD can be further catego-
rized into controlled (cDCD) and uncontrolled (uDCD).
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Figure 3. Controlled donation after determination of death process.
Functional warm ischemia time (WIT) starts when systolic blood pressure (SBP) is either <560 or <60 mmHg by protocol. WLST indicates
withdrawal of life-sustaining therapy. Modified from Thuong et al."" Copyright © 2016 Steunstichting ESOT. Published by John Wiley & Sons Ltd.

Defining cDCD

cDCD occurs in a controlled fashion with surgical team
assembly before a planned withdrawal of life-sustaining
therapy (WLST; eg, mechanical ventilation or extracorpo-
real circulation). Once criteria for cardiocirculatory death
are met and death is determined, organ procurement
proceeds (Figure 3).

Defining uDCD

uDCD occurs after an unexpected cardiac arrest. If re-
suscitative efforts fail for a patient in a region where
uDCD is available and the patient is deemed eligible,
the uDCD protocol is activated promptly to assemble a
surgical team and to prepare for organ procurement. Or-
gan preservation techniques are often implemented (eg,
ongoing chest compressions, extracorporeal circulatory
support, temperature control, medications) as consent
is obtained and the patient is rapidly transported to the
surgical team.

Globally, uDCD capability is rare compared with
cDCD and DNDD because of the significant logistical
challenges and the rapid transition from resuscitation
to organ preservation required in these settings (Fig-
ure 4). Systems supporting uDCD require personnel and
processes to be in place before the candidate patient

e124  September 5, 2023

is recognized so that warm ischemia time can be mini-
mized and organ procurement can occur rapidly once the
system is triggered. There are many barriers to uDCD
related to logistical, ethical, jurisdictional, procedural, and
resource issues.'®

GLOBAL DCD RATES

Until the establishment of criteria for brain death in
1968, all organ donors were donors after circulatory
death.'* Although most donations worldwide now oc-
cur through the DNDD mechanism, DCD has become
increasingly common in recent years.'®'¢ In some coun-
tries, DNDD was not legal or accepted ethically, and
thus, until recently, DCD represented the only source for
organ donation."'” There is renewed worldwide interest
in DCD to increase the supply of organs and tissue for
transplantation.'®

Two studies reported a remarkable increase in the
proportion of cDCD donors over time (Table 1).'8'° How-
ever, with few exceptions, DCD still represents a minority
of total donations in the world (Figure 5).

DCDis currently practicedin Australia, Canada, Colom-
bia, Israel, Austria, Belgium, France, Italy, Spain, Portugal,
Luxembourg, Switzerland, Ireland, the United King-
dom, Poland, Czech, Lithuania, Latvia, the Netherlands,

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125
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Figure 4. Uncontrolled donation after determination of death process.
CA indicates cardiac arrest; CPR, cardiopulmonary resuscitation; and WIT, warm ischemia time. Modified from Thuong et al."" Copyright © 2016

Steunstichting ESOT. Published by John Wiley & Sons Ltd.

Norway, Sweden, Japan, New Zealand, and the United
States.? In most of these countries, the prevalent donor
category is ¢cDCD; however, a growing number (50%
of European countries) include both ¢cDCD and uDCD.
China launched a pilot program for DCD in March
2011.2" Russia launched a program for DCD after
OHCA in 20172 Algeria, Bolivia, Brazil, Hong Kong
SARC, Lebanon, Pakistan, Saudi Arabia, Singapore, and
South Korea have reported low rates of DCD donation
activity since 2000.!

Finding high-quality data on DCD rates among
patients who had cardiac arrest as their primary prob-
lem is complicated by the fact that data presented in the
literature often do not explicitly cite whether the donor
had a cardiac arrest and where in the clinical course
was circulatory death declared. Often, these events
are reported as generic DCD or just cDCD without any
other details.

OPPORTUNITIES FOR ORGAN DONATION
AFTER CARDIAC ARREST

The natural pathway of a patient who has had a cardiac
arrest through to discharge or death can be complex
(Figure 1). Patients with OHCA experience neurologi-
cally favorable survival in <8% of cases (range, 2%-—
209%).% In most developed countries with an emergency
response system and medical directives that allow full
resuscitation and pronouncement in the out-of-hospital
setting, 50% of individuals with cardiac arrest are pro-
nounced dead in the out-of-hospital setting. Of those
transported, 50% live long enough to be admitted to
the ICU, and =40% of this ICU cohort survive to dis-
charge. Given the overall survival rate of ~10%?3 across
all registries, a large number of patients with cardiac ar-
rest are potential organ donors. The majority succumb
to a circulatory death with or without ever regaining

Table 1. Comparison Statistics of International Prevalence of DCD Over Time

Contemporary DCD Historical DCD fraction | Historical comparison
Study Country of origin | Organ(s) fraction of all donors, % | Year(s) of all donors, % year(s)
Hosgood and Nicholson,'® | United Kingdom Kidney 40.1 (436/1088) 2011-2012 | 7.9 (61/777) 2002-2003
20183 (n=703)
Israni et al,’® 2018 United States Solid organs | 15.0 (1498/9979) 2016 6.7 (5637/8023) 2006
(n=434)

DCD indicates donation after circulatory death.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125
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Figure 5. Donor rates after circulatory death as a proportion of all donors by country: 2020 data.
Created by Dr Mayuki Aibiki from data collected from International Registry in Organ Donation and Transplantation, Donation and Transplantation

Institute, Barcelona, Spain.?*

spontaneous circulation or regain circulation only to
have life-sustaining therapy withdrawn secondary to ex-
tensive neurological injury and a poor prognosis.?® Brain
death determination after cardiac arrest is less frequent.
Patients in whom the initial resuscitation is deemed fu-
tile are potential uDCD donors.

Patients who arrest in the intensive care setting can
potentially donate through the uDCD (sudden rearrest
and failed resuscitation), cDCD (expected arrest after
WLST), or DNDD (confirmed brain death) pathway,
depending on the circumstances of the arrest. There is
variability in the mode of death between adult and pediat-
ric cardiac arrest and between in-hospital cardiac arrest
(IHCA) and OHCA. The mode of death in the ICU after
OHCA is predominantly withdrawal of treatment precipi-
tated by a poor neurological prognosis (potential cDCD
or DNDD donor), whereas after IHCA, there is relatively
equal chance that the mode of death is withdrawal for
poor neurological prognosis (potential cDCD or DNDD
donor) or for comorbidity (potential ¢cDCD donor) or
alternatively refractory hemodynamic shock (potential
cDCD donor); Table 2.

In patients with brain death after cardiac arrest, the
diagnosis of brain death is made at a mean of 3 to 6 days
after return of spontaneous circulation, which is consis-
tent with the fact that neuronal death occurring after
global brain ischemia is typically delayed.?®?” A compre-

e126 September 5, 2023

hensive algorithm for brain death screening after arrest
has been suggested? (Figure 6).

The overall prevalence of brain death among patients
with cardiac arrest who died before hospital discharge is low.
In a study of 162 patients who were comatose after resus-
citation from cardiac arrest (131 OHCAs and 31 IHCASs)
and were treated with targeted temperature management,
hypoxic-ischemic brain injury was the most common cause
of death (568 of 86 patients, 67%). Among these, 54 died
after WLST for poor neurological prognosis, and 4 were
diagnosed as brain-dead and became organ donors; the
brain-dead rate was 12.6% (10.2%—15.2%).%° In a system-
atic review of 26 studies including a total of 23388 adult
patients resuscitated from cardiac arrest (mostly OHCA),
brain death occurred in only 1830 (7.8%).%°

Thus, given the clinical pathway of OHCA, the criti-
cal pathways for organ donation, the establishment of
the determination of death requirements for circulatory
and neurological death, and the low survival rates, there
is tremendous unrealized potential for organ donation.®”
One major impediment to realizing this potential is the
inability to accurately report current organ donation rates
after OHCA. The current international classification sys-
tem for organ donation is based on mode of death and
location of death. Depending on their clinical course,
patients who had a sudden or an expected OHCA can
become donors in any of these categories. This means

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125
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Table 2. Mode of Death in the ICU After Cardiac Arrest

Organ Donation After Out-of-Hospital Cardiac Arrest

Neurological reason | Comorbid Refractory
for withdrawal of withdrawal of hemodynamic Respiratory Sudden cardiac
treatment, % treatment, % shock, % failure, % death, %
Adult IHCA
Witten et al,®' 2019 27 36 25 1 11
Adult OHCA
Witten et al,*' 2019* 73 4 17 3 4
Wittwer et al,*2 2022 71 15 14
Pediatric OHCA
Du Pont-Thibodeau et al,*® 2018 | 81t 10 9

ICU indicates intensive care unit; IHCA, in-hospital cardiac arrest; and OHCA, out-of-hospital cardiac arrest.
*The adult OHCA data add up to 101% per the original article; a request for clarity from the senior author was not answered.

1Brain death, 47%; withdrawal attributable to neurological prognosis, 34%.

that reporting outcomes after cardiac arrest is subject to
categorical bias in how they were labeled.

DCD: THE MAASTRICHT CLASSIFICATION

The Maastricht classification was developed in 1995% to
better delineate various clinical scenarios that could give

rise to DCD. Over time, the original criteria have been
subjected to suggested modifications to include new
clinically relevant subcategories and to incorporate the
practice of medically assisted death!"®® (Tables 1S and
2S, Section 6.0 in the Supplemental Material).
Maastricht categories | and Il describe uDCD. For
patients with cardiac arrest, uDCD Maastricht | includes

Unresponsive patient after ROSC
Suspected neurclogical cause of arrest?

Signs of brain death?

All brainstem reflexes absent?

CEY

oculocephalic, cough)

Neuroprognostication

(see algorithm)

WLST at any time

Circulatory death at any time

Evaluate for organ donation

10 FumorEan
\‘(“- AESUICITATION
LS<_J Coumcn

GUIDELINES

MY 1
2UZ1

Severe cerebral cedema
and brainstem herniation?

Fc

Brain death confirmed

According to local legislation

Figure 6. Clinical pathway to brain death determination and organ donation after cardiac arrest.?®

“Includes a 24-hour observation period after rewarming to 36°C before clinical testing for brain death/death by neurological criteria.'? CT
indicates computed tomography; ROSC, return of spontaneous circulation; TTM, targeted temperature management; and WLST, withdrawal of life-
sustaining therapy. Reproduced from Sandroni et al®® with permission from the authors.
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organ donation from patients for whom resuscitation is
not attempted; uDCD Maastricht IA refers to an OHCA,
and uDCD Maastricht IB refers to IHCA. uDCD Maas-
tricht Il describes organ donation from an individual with
witnessed cardiac arrest for whom resuscitation was
attempted; however, the criteria for termination of resus-
citation (TOR) were met, and the patient was declared
dead. Similar to uDCD Maastricht I, uDCD Maastricht 1A
and IIB refer to OHCA and IHCA, respectively.

cDCD is defined by 3 Maastricht subcategories: I, 1V,
and V. Maastricht lll describes the scenario in which organ
donation occurs after further treatment is deemed to be
futile, that is, devastating neurological injury or impair-
ment for which the prognosis is poor but the patient does
not meet brain death criteria and WLST occurs. Many
patients in this category have had a devastating brain
injury, through hypoxic ischemia or trauma, and are not
expected to make a meaningful neurological recovery.'
cDCD Maastricht IV describes the scenario in which
organ donation is planned and occurs after the patient
with OHCA or IHCA has met the brain death criteria;
however, the patient had a second unexpected cardiocir-
culatory arrest before procurement of organs (Tables 1S
and 2S, Section 6.0 in the Supplemental Material).

Proposed Modifications to the Maastricht
Classification System

The current international classification system for organ
donors excludes a large number of potential donors af-
ter cardiac arrest and may lead to inconsistent categori-
cal classification in reporting in others. All contemporary
Maastricht-based classification systems identified in this
review omit the group of patients who experience an
unwitnessed cardiac arrest but receive resuscitation at-
tempts. This missing group represents a significant pro-
portion of patients with OHCA (45% of all patients with
OHCA).3% We identify this group as a new subcategory
for the Maastricht classification system in our proposal
for modification (Table 3).

In addition, patients with both witnessed and unwit-
nessed cardiac arrest may achieve return of spontane-
ous circulation and survive long enough for admission
to the ICU or may rearrest at any time while in hospi-
tal and become cDCD or DNDD donors. However, only
witnessed arrests are included and classified in contem-
porary Maastricht categories for those who experience
cardiac arrest in the out-of-hospital setting. This restric-
tive categorization ignores the potential for tissue dona-
tion and non—heart-beating lung donations from this
population. It also means that it is expensive and daunt-
ing to put into place a system to identify potential donors
from patients with cardiac arrest that is useful for only a
select few eligible patients. Two pilot projects in Philadel-
phia and New York City demonstrated that few eligible
patients with cardiac arrest were identified in the out-of-
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hospital setting as suitable for consideration for organ
donation when the eligibility criteria were restrictive.®”

It is also a concern that patients with OHCA who sur-
vive to hospital admission and then rearrest and become
eligible for cDCD are coded in the current Maastricht clas-
sification system as having IHCA when in fact they have
now had 2 cardiac arrests (1 OHCA and 1 IHCA) and
thus may have a significantly longer period of combined
ischemia and asphyxia. If they are all coded as having
IHCA, it may significantly bias the assessment of organ
outcomes after donation with this classification system. To
report them separately would allow more precise delinea-
tion of these common clinical scenarios and provide more
accurate insights into donation through these pathways.
We propose a modification of the Maastricht classifica-
tion that merges the 2012 and 2016 versions (Tables 1S
and 2S, Section 6.0 in the Supplemental Material) while
accounting for all clinically relevant subgroups of patients
with cardiac arrest. This will facilitate a more comprehen-
sive understanding of how patients who experience car-
diac arrest may ultimately become organ donors, aid in
knowledge translation efforts aimed at clinicians caring
for these patients, and support future research efforts to
track and quantify organ donation among all patients who
had cardiac arrest (Figure 1 and Table 3).

PUBLISHED ORGAN DONOR RATES
AFTER CARDIAC ARREST

Given the aforementioned limitations attributable to clas-
sification errors and misalignment between the critical
pathway of organ donation and the clinical pathway of
OHCA, it is not surprising that published data on ob-
served versus potential donation rates after OHCA are
sparse. Therefore, we have reported donor rates after
sudden versus expected cardiac arrest and where we
could find data, including data specific to donors after
OHCA for all Maastricht categories.

Published Donor Rates After Neurological
Determination of Death From Cardiac Arrest

Observational studies®“° and a systematic review*!
showed that patients brain-dead after resuscitation from
cardiac arrest are suitable as organ donors, despite the
severity of global hypoxic-ischemic injury leading to brain
death. In 1 of these studies®® of 246 patients resusci-
tated from OHCA, 40 (16%) developed brain death. Of
these, 19 (48%) donated 52 organs (29 kidneys, 14
livers, 7 hearts, and 2 lungs). The overall rate of organ
donation among brain-dead patients, reported in 9 of
the 26 studies (1264 patients) included in a systematic
review, was 41.8% (20.2%-51.0%).2° An algorithm for
brain death screening after cardiac arrest was proposed
(Figure 6).
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Table 3. ILCOR Proposed Modifications to the Maastricht Classification

Location
Category Definition of event Proposed modifications to the Maastricht classification system Potential outcomes
ubDCD Unwitnessed cardiac OHCA or | IA: Unwitnessed cardiac arrest for which resuscitation was not attempted | IA: No ROSC-tissue
Maastricht | | arrest IHCA because the patient met the criteria for obvious death* or confirmed donation
advance directive, and cardiocirculatory death is determinedt IB: No ROSC-—tissue
IB: Unwitnessed cardiac arrest for which resuscitation was attempted donation
and terminated because the patient met criteria for obvious death or IC: No ROSC-tissue,
had .cor?firmed do-not-rgsuscitatg advance directive documented, and multiorgan through uDCD
cardiocirculatory death is determinedt and nonperfusing lung
IC: Unwitnessed cardiac arrest for which resuscitation was attempted, donation
exhausted, and terminated on the basis of clinical decision rules¥ or medi-
cal directive that defines futility, and cardiocirculatory death is determinedt
ubCD Witnessed cardiac OHCA or | llA: Witnessed cardiac arrest for which resuscitation was not attempted IIA: No ROSC-tissue
Maastricht Il | arrest IHCA because the patient had a confirmed do-not-resuscitate advance directive | donation
documented, and cardiocirculatory death is determinedt I1B: No ROSC-—tissue
1IB: Witnessed cardiac arrest for which resuscitation was attempted and donation
terminated because the patient had a confirmed do-not-resuscitate ad- IIC: No ROSC-tissue,
vance directive documented, and cardiocirculatory death is determinedt multiorgan donation through
IIC: Witnessed unexpected cardiac arrest in any setting and resuscitation | uDCD and nonperfusing
was attempted and terminated on the basis of clinical decision rules¥ or lung donation
medical directive that defines futility, and cardiocirculatory death is
determinedt
cDCD Cardiac arrest after IHCA IlIA: Circulation becomes not physiologically sustainable and considered IIIA: Tissue, multiorgan

Maastricht Il | WLST futile, WLST occurs anywhere, and cardiac arrest occurs before the initia- | donation through uDCD
tion of a planned organ procurement procedure and nonperfusing lung

111B: Resuscitated patient with cardiac arrest with ROSC and poor neuro- donation

logical prognosis after arrest who does not meet brain death criteria, cir-
culation is sustainable, WLST occurs after consent or procurement team
is ready, and cardiocirculatory death is determinedt within an acceptable
time interval§

I11B: Tissue, multiorgan
donation through cDCD

uDCD Cardiac arrest after IHCA
Maastricht IV | brain death determina-
tion but before planned
organ procurement

Unexpected cardiac arrest occurs after a diagnosis of brain death but Tissue, multiorgan donation
before initiation of a planned organ procurement procedure, and cardiocir- | through uDCD and
culatory death is determinedt nonperfusing lung donation

cDCD Planned organ pro- OHCA or | Cardiocirculatory death is determinedt after medically assisted death Tissue, multiorgan donation
Maastricht V | curement to occur IHCA through ¢cDCD and
after medically assisted nonperfusing lung donation
death

cDCD indicates controlled donation after circulatory death; IHCA, in-hospital cardiac arrest; ILCOR, International Liaison Committee on Resuscitation; OHCA,
out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; uDCD, uncontrolled donation after cardiocirculatory death; and WLST, withdrawal of life-
sustaining therapy.

*“Obvious death” is defined by local legislation and may include text such as rigor mortis, transection, decapitation, lividity, and decomposition.

1The World Health Organization definition for determination of circulatory death is the absence of any circulatory function after a hands-off time interval of 2 to 5
minutes without any preceding resuscitation (cardiopulmonary resuscitation [CPR]) or 7 minutes when preceded by any resuscitation (CPR).*2

#A validated clinical decision rule exists for adult OHCA termination of resuscitation for which the cause is presumed to be cardiac or not obvious and the system
of care is advanced or basic life support paramedics with online medical control in developed countries.**-** Published validated clinical decision rules do not exist
to guide termination of resuscitation for pediatric cardiac arrests, adult IHCA of any origin, adult OHCA for which the cause is known (ie, trauma, drowning, drug
overdose, inhalation asphyxia), or in EMS systems of care that configured differently from the population in which the clinical decision rule was validated. The default
approach in these situations is local policy or a medical directive.*®

§All patients may rearrest, and the location and timing of their rearrest and where resuscitation is terminated may eventually affect their classification as a donor.
Maastricht Ill classification type IlIB is usually defined as circulatory death within 120 minutes of WLST. Usually 2 hours is the maximum time interval, and this time
interval varies on the basis of type of organ and organ preservation and local implantation strategy.

Potential Donor Rates After Neurological 28173 (28%) survived to hospital admission, and 10641

Determination of Death From Cardiac Arrest

According to the latest report from CARES (Cardiac Ar-
rest Registry to Enhance Survival), including data from
28 statewide registries and 45 additional communities in
14 states and covering a catchment area of 152 million
people in the United States (46% of the total popula-
tion), a total of 100782 adults with nontraumatic OHCA
were resuscitated by EMS in 2019. Of those patients,

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125

(10.6%) survived to discharge.*”

According to a systematic review, an estimated 5.4%
(n=1521) of those who survived to hospital admission
may have developed brain death.*® Using the 41.8% rate
of organ donation observed in a systematic review,*® we
could expect that *636 patients in the CARES cohort
could have donated organs in 2019. Applying this rate
to the entire US population, we estimate a potential for
1383 organ donors annually through DNDD after OHCA.
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Published Donor Rates After Circulatory
Determination of Death (All Subcategories of
DCD) After Cardiac Arrest

According to a survey conducted in 2011 by the European
Committee on Organ Transplantation within the Council
of Europe,'® among the total 538 DCDs reported during
2008 in the Council of Europe, 137 (25.5%) were uDCD
Maastricht | and Il donors, and 401 (74.5%) were cDCD
Maastricht Il donors; no cDCD Maastricht IV donors were
reported. The majority of uDCD Maastricht | and Il donors
are attributed to France and Spain.”® Ninety percent of
these donors experienced OHCA. uDCD Maastricht | and
Il organ donation programs started in the 1980s in Spain
and the Netherlands and began in 2006 in France. In
Spain, DCD was almost entirely uncontrolled until recent
years. From 2001 to 2016, a total of 1430 uDCD Maas-
tricht Il donors (presumably OHCA) were reported, and
their number has increased steadily from 17 in 2001 to
138 in 2012, Starting from that year, a growing number of
controlled (cDCD Maastricht Ill) donors were registered.
In 2015, for the first time, the yearly number of ¢cDCD
Maastricht Ill donors in Spain exceeded that of uDCD
Maastricht Il donors (210 versus 104, respectively).“® In a
retrospective analysis of 63417 ICU admissions after car-
diac arrest between 2004 and 2014 in British hospitals,
a consistent increase in solid-organ donors among non-
survivors was observed, especially for OHCA (from 3.1%
to 10.1%).4° The authors estimated that those admitted
to an ICU after OHCA accounted for at least 25% of the
deceased solid-organ donors in the United Kingdom.

According to the potential clinical course of cardiac
arrest, donors after circulatory death from cardiac arrest
could be classified as Maastricht | to IV. The rates of
recruitment and the transplantation outcomes for the
recipients may not be the same across all Maastricht cat-
egories.

Potential Donor Rates From Patients With
Cardiac Arrest Through uDCD (Maastricht | and
1))

It is important to keep in mind that all published potential
donor rates using the current Maastricht classification ig-
nore the large number of OHCAs that are unwitnessed
(45% of all arrests)®® and report only potential donor
rates from OHCAs that are not resuscitated or witnessed
arrests.

Potential donor rate estimates depend on inclusion
criteria, implementation strategies, and limitations of the
Maastricht classification. To illustrate this, we provide 2
national estimates for Maastricht IIA organ donors. In a
retrospective analysis of the nationwide OHSCAR (Out-
of-Hospital Spanish Cardiac Arrest Registry), data on
deceased patients with OHCA in Spain for 13 months
(October 1, 2013—0October 31, 2014) were included.
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Inclusion criteria for uDCD Maastricht [IA were 16 to 60
years of age, witnessed OHCA, no return of spontane-
ous circulation, and time interval <15 minutes between
OHCA occurrence and cardiopulmonary resuscitation
(CPR) initiation (no-flow time). Of the 3544 reported
patients with OHCAs in the registry, 181 (5.1%) fulfilled
all the inclusion criteria and could have been considered
for uDCD. An additional group of 154 patients fulfilled
inclusion age and witnessed status criteria, but no-flow
time was not recorded, which resulted in a loss of poten-
tial donors. Ultimately, the actual number of patients with
OHCA who became uDCD Maastricht IIA donors was
141 (4%).5° Reed and Lua®' retrospectively screened
all patients who had an OHCA in the Lothian region
of Scotland between August 1, 2008, and September
30, 2009, to identify the patients who might have been
potential uDCDs Maastricht 1A donors. Inclusion criteria
were 16 to 60 years of age, witnessed arrest, paramedic
arrival on scene in <15 minutes, death of the patient
in the emergency department (ED) after unsuccessful
resuscitation, downtime of <2 hours, registration of the
patient on the organ donor registry, and patient arrival
in the ED between 9 am and 5 pPv on weekdays. Among
564 patients with OHCA, only 4 (0.7%) would have been
eligible. The difference between the 2 estimates may be
attributed to opt-out (Spain) versus donor registration
(Scotland) and an implementation restriction in Scot-
land that organ donation could be considered only if the
OHCA occurred during weekday daytime hours.

Published Organ Donation Rates From Patients
With Cardiac Arrest Through cDCD (Maastricht
Il and IV)

Three observational studies that follow from the United
States and the United Kingdom suggest that it is pos-
sible to extrapolate from cardiac arrest data sets that are
modified to collect organ donation variables to estimate
the potential for organ donor rates after cardiac arrest. It
serves to demonstrate that organ donation after cardiac
arrest is feasible, but there are many missed opportuni-
ties to do s0.84052

A study on cDCD Maastricht IlIA and llIB after car-
diac arrest conducted in a regional cardiac arrest and
transplantation center in the United States®® reported
that among 991 patients admitted between 2005 and
2011 (91% after OHCA), 560 did not survive to hospital
discharge (57%). Of these, 530 (94.6%) were referred
to the organ procurement organization, and 389 (73%;
259 OHCAs, 67%) were considered potential donors. Of
those considered, 243 were not suitable, mainly because
of comorbidities, and 71 families refused donation, leav-
ing 75 (13%) with organs procured. The overall yield was
1.8 solid organs and 1.3 eyes per donor, and the majority
were transplanted. In addition, tissue was procured from
38 patients.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125
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Table 4. Modifications to the Utstein Template

(]
=
Mandatory or core variables for organ donation after cardiac arrest —
Y 2 Optional variables for organ E =
Variable Responses donation after cardiac arrest : ";
=

=
Organ donor Yes/no For each organ procured, report = <]
- outcomes as: m =
DNDD or DCD Select either category L —m
Sex of recipient ==
If DCD Select Maastricht level |-V according to Age of recipient m m
—
()

Recipient survival at 1y
Graft survival at 1y
Primary nonfunction*
Delayed graft function*

Maastricht table

No. of organs procured per donor Insert number

Organs procured Select all that apply:
Lung (1) only
Lungs (2) only
Heart only
Kidney (1) only
Kidneys (2) only
Liver only
Pancreas only
Small bowel only
Kidney and pancreas Kidney and liver
Other combination—text field

Tissue donor Yes/no

DCD indicates donation after cardiocirculatory death; and DNDD, donation after neurological determination of death.
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*Reported at standard time frame customary for the organ of interest.

In a retrospective audit of 514 patients with OHCA
admitted to a UK regional cardiac arrest center ICU,
273 died, of whom 106 (39%) were referred to a spe-
cialist nurse for organ donation, 58 (21%) had family
consent to proceed, 39 (14%) were deemed eligible,
and 25 (9%) successfully donated® Of these, 9 (3%)
were DNDD and 14 (5%) were cDCD; the mechanism
of death was not specified for 2 of them. The study could
not assess why 61% of patients were not referred to the
specialist nurse for organ donation. A recent large UK
study suggested that referral to the donation nurse spe-
cialist was the single most readily modifiable factor that
could improve the consent rate beyond 67% in 2019.5

In another study,*® of 100 patients resuscitated from
OHCA and admitted to the ICU of the Leeds General
Infirmary, 53 (63%) did not survive to hospital discharge.
Among these patients, 13 (25%) had a second arrest in
the ICU and were not considered for donation, 3 (6%)
died outside the ICU, and 1 (2%) became a DNDD. The
remaining 36 patients (68%) had treatment withdrawn,
and 29 (55%) were referred to the organ donation pro-
gram as potential cDCD Maastricht Il donors. Among
these, 14 (26%) were deemed medically suitable, and the
family gave consent in 7 (13%). Of these 7 patients, 1
went on to donate (2% of the original 53 nonsurvivors).“°

MODIFICATIONS TO THE UTSTEIN
TEMPLATE

Extrapolation from existing cardiac arrest registries to es-
timate the potential of organ donation after cardiac arrest
is currently not possible because the data related to organ
donation are not routinely collected or classified in a way
that is compatible with the Utstein reporting templates

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125

for cardiac arrest. Moreover, organ donation variables are
not defined or mandated in the current Utstein reporting
template for cardiac arrest5* Clinical trials and registries
in cardiac arrest are based in part on this reporting tem-
plate. Making changes to the template would increase
capture of consistent data related to organ donation after
cardiac arrest (Table 4). The UK PARAMEDIC?2 random-
ized trial (Prehospital Assessment of the Role of Adrena-
line: Measuring the Effectiveness of Drug Administration
in Cardiac Arrest) comparing epinephrine with placebo in
OHCA recently published reporting organ donation met-
rics, setting a precedent for future trials.®®

OVERVIEW OF THE CHALLENGES
AFFECTING REPORTING OF
TRANSPLANTATION OUTCOMES AFTER
CARDIAC ARREST

Transplantation outcomes such as graft viability after
cardiac arrest are affected by misclassification errors,
similar to donor rates. Therefore, we have reported trans-
plantation outcomes after cardiac arrest by Maastricht
category in the section that follows. When we could find
data specific to OHCA, this is identified by Maastricht
category. The modifications we are suggesting for the
Maastricht classification and the Utstein template should
address inconsistencies and gaps in reporting.

Organs Transplanted Per Donor for cDCD
Maastricht 111

The number of organs transplanted per donor is gener-
ally lower for cDCD Maastricht Il compared with DNDD.
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This observed difference is attributed to longer warm isch-
emia time intervals in cDCD donors. For example, during
2012 and 2013 in Belgium, the average was 3.4 organs
per donor for DNDD compared with 2.6 organs per donor
for cDCD Maastricht 1115¢ This difference is not observed
across all organs. For example, among a cohort of 8287
DNDD and 1684 cDCD Maastricht lll donors, the number
of organs transplanted per donor (all organs) was 3.29
and 1.93, respectively'®; however, when only kidneys were
compared, the organs transplanted per donor for kidneys
was higher in cDCDs than in DNDDs (1.55 versus 1.43,
respectively). We did not identify any estimates for organs
transplanted per donor from cohorts of patients with car-
diac arrest undergoing uDCD Maastricht |ll donation.

Outcomes for Kidneys Transplanted From
Donors After Cardiac Arrest

Kidneys transplanted from uDCDs (Maastricht Il) gen-
erally have higher rates of primary nonfunction and de-
layed graft function compared with those from DNDDs;
medium- and long-term graft survival rates are compa-
rable.’®5-8% However, an ICU study of cardiac deaths
comparing outcomes of 128 uDCD Maastricht [l and 208
cDCD Maastricht Ill donors®' suggested that outcome
rates were also comparable. The incidences of primary
nonfunction and delayed graft function were similar (22%
versus 21% and 61% versus 56%, uncontrolled versus
controlled, respectively; P=0.43) The estimated glomeru-
lar filtration rate after 1 year (40£16 mL/min per 1.73
m? versus 42419 mL/min per 1.73 m? [P=0.55]) and the
10-year graft survival rates (50% versus 46%; [P=0.74])
were similar. We did not identify any estimates for trans-
planted kidney outcomes from uDCD Maastricht | donors
or cDCD Maastricht IV donors after cardiac arrest.

Outcomes for Livers Transplanted From Donors
After Cardiac Arrest

Results from well-established transplantation programs
show that liver donation from uDCDs Maastricht Il is pos-
sible, although outcomes are less favorable than for kid-
ney transplantation. In a study from Fondevila et al®? of
400 potential uDCD Maastricht II1A donors in Spain, 34
(9%) liver transplantations were performed, whereas 236
(59%) and 130 (32%) livers were turned down for abso-
lute and relative contraindications, respectively. One-year
recipient survival was 82% and graft survival was 70%
with a median follow-up of 24 months. In a prospective
case-control study of 60 adult liver recipients (20 from
uDCD Maastricht Il donors, 40 from DNDDs),?® the rate
of primary nonfunction was 10% (n=2) in uDCD Maas-
tricht Il recipients compared with 2.5% (n=1) in DNDD
recipients (FP=0.21), with graft loss in all of them. One-
year cumulative patient survival was 85.5% for uDCD
compared with 87.5% for DNDD (P=0.768). We did not
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identify any estimates for transplanted liver outcomes
from uDCD Maastricht | donors or cDCD Maastricht Il or
IV donors after cardiac arrest.

Outcomes for Pancreas Transplanted From
Donors After Cardiac Arrest

We did not identify any estimates for transplanted pan-
creas outcomes from uDCD Maastricht | donors or cDCD
Maastricht Il or IV donors after cardiac arrest.

Outcomes for Lungs Transplanted From Donors
After Cardiac Arrest

Results of lung transplantation are still limited but encour-
aging. In a systematic review published in 201554 of 11 ret-
rospective observational studies, no differences were found
in 1-year mortality after lung transplantation between DCD
(UDCD Maastricht Il [2 studies] and cDCD Maastricht Il
[9 studies]) and DNDD cohorts in individual studies or in
6 of 11 studies that met the inclusion criteria for a meta-
analysis (DCD [n=271] versus DNDD [n=2369]; relative
risk, 0.88 [95% Cl, 0.69-1.31]; ~=0.52). In 5 studies, the
risk of primary graft dysfunction was also not significantly
different between the DCD and DNDD cohorts (relative
risk, 1.09 [95% CI, 0.68-1.73]; A=0.7). Nine of the 11
studies reported only cDCD Maastricht Il donors, and it
was not possible to tease out the rates for donors after car-
diac arrest. Of the remaining 2 studies, 1 included uDCD
Maastricht IIA donors.?® The study was conducted in Spain
between 2002 and 2009 and included 29 patients with
OHCA. The overall prevalence of primary graft dysfunction
was 73% and hospital survival was 83%. In terms of overall
survival, the 3-month survival rate was 78%, 1-year rate
was 68%, 2-year rate was 57%, and 5-year rate was 51%.
No comparison with a DNDD population was made. The
first North American study of lung transplantations from
uDCD Maastricht IIA donors referred from the ED or ICU
was published in 2020. Of the 147 referrals, 44 were ap-
proached; of these, 16 organs were recovered. Of these,
5 were transplanted. Four of the b recipients were alive
at a median of 269 days after transplantation, and 2 of
5 had primary graft dysfunction at 72 hours.f® We did not
identify any estimates for transplanted lung outcomes from
uDCD Maastricht | donors or cDCD Maastricht IV donors
after cardiac arrest.

REALIZING THE POTENTIAL THROUGH
IMPLEMENTATION

Challenges With Deriving uDCD Protocols

Inclusion Criteria

Eligibility criteria for uDCD are not well established. The
most commonly used are based on age, witnessed sta-
tus, and duration of no flow (from collapse to start of

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125
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Table 5. Inclusion and Exclusion Criteria for uDCD

Inclusion

Lower age limit varies by nation for the age of consent

Upper age limit is 60 y

Any cardiac arrest for which cause of death is unlikely to be attributed to
an obvious cause on the exclusion list according to the information at the
time of decision making

No-flow time from emergency call or witnessed arrest to EMS-initiated
CPRis <15 min

Transport time to hospital is <90 min from EMS-initiated CPR start time

Registered as an organ donor (where applicable)

Exclusion

Cause of arrest is trauma or sustained profound environmental
hypothermia

Registered as opted out of organ donation (where applicable)

Any active hematological malignancy

Any cancer with evidence of spread outside affected organ within 3y

History of melanoma or choriocarcinoma

Active infection (eg, tuberculosis, HIV disease, hepatitis, COVID-19)

Neurodegenerative disease associated with infectious agents (eg, prion
disease)

Liver disease (cirrhosis and portal vein thrombosis)

Kidney disease

Prior transplant recipient

COVID-19 indicates coronavirus disease 2019; CPR, cardiopulmonary re-
suscitation; EMS, emergency medical services; and uDCD, uncontrolled dona-
tion after circulatory death.

CPR) or low flow (from start of CPR to time when CPR is
stopped). Some causes of arrest such as trauma, intoxi-
cation, or sustained prolonged environmental hypother-
mia are excluded from DCD programs; however, some
exceptions exist. Comorbidities such as malignancy, in-
fection, or specific organ disease are contraindications
for donation. In a survey conducted in 2016 by Domin-
guez-Gil et al,’® the practice of uDCD among the Euro-
pean countries with the highest activity (Spain, France,
and the Netherlands) was investigated. Results showed
important differences in the selection and inclusion cri-
teria for donors, as well as in the regulatory and legal
framework of uDCD practice.’® Last, in countries where
an organ donor register exists, presence of the patient
with cardiac arrest in the register may be a prerequisite.
The Supplemental Material contains a summary table of
published inclusion and exclusion criteria. There are nu-
merous criteria listed and some common trends across
all protocols, but validation studies comparing protocol
criteria with a high likelihood of successful organ pro-
curement and comparable organ outcomes are lacking.
We have derived a generic set of inclusion crite-
ria based on published reports of uDCD programs for
consideration when developing a local uDCD protocol
(Table b). These criteria are not directly supported by evi-
dence; rather, this list reflects a summary of established
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programs reported in the literature. Future research is
required to validate inclusion and exclusion criteria to
ensure that the practice is considered when the prob-
ability of procuring viable organs for successful trans-
plantation is reasonable.

Implementation Challenges With uDCD
Programs

In addition to donor suitability, there are technical and
organizational difficulties and ethical and legal con-
straints that may pose challenges to the implementa-
tion of a successful uDCD program. Few countries have
published protocols in place to procure organs through
uDCD.'26%68 There are several ethical and logistical is-
sues associated with each step, which are managed
differently across jurisdictions where programs ex-
ist.8970 In the next section, we present a generic uDCD
protocol adapted from Ortega-Deballon et al” for pa-
tients after cardiac arrest to highlight key implementa-
tion issues for each step and how they are managed in
jurisdictions around the world where uDCD is occur-
ring (Figure 7).

BASIC PROTOCOL STEPS FOR UDCD
MAASTRICHT I AND II

Step 1: Determining Conditions for Withholding
Resuscitation or TOR in Refractory Cardiac
Arrest

Consideration for uDCD can be made only after re-
suscitation efforts have been determined to be inap-
propriate or futile. EMS personnel are not required to
initiate resuscitation when criteria for obvious death
are met or a do-not-resuscitate directive for the pa-
tient is present. Criteria for obvious death include de-
capitation, transection, obvious decomposition, or the
presence of rigor mortis. Patients with obvious death
are not eligible for uDCD.

Among patients who have resuscitation attempted,
some will experience refractory cardiac arrest. The
process of deciding when to terminate resuscitation
attempts on the basis of futility is variable across differ-
ent jurisdictions. In some settings, TOR for adult patients
with OHCA may be guided by the use of validated TOR
clinical decision rules; however, these have been vali-
dated only in North American paramedic-based systems
with online medical control.#-% In other settings, TOR is
at the discretion of the treating clinician or online medi-
cal support, and the lack of consistency has been well
documented.”” When a program of organ donation after
OHCA is being implemented, the transition from TOR to
organ preservation is best if done in an evidence-based
way rather than relying on discretion.
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System Configuration

Step 1
Refractory Cardiac Armrest and
Termination of Resuscitation

Step 2
Preliminary screen for eligibility

Step 3
Hands off time- 7 minutes and
Determination of Death

Step 4
Rapid transport and cannulation and
organ preservation begins

Step 5

Eligibility confirmed, consent obtained,
organ preservation continues,
procurement

BASIC PROTOCOL STEPS FOR UDCD MAASTRICHT I AND II

| Il ]|
Prehospital
team
Prehospital Prehospital
team™ team
ED terminates
and determines
death
Mobile
Organ
Donation
Team*
ED calls
Organ Donation
ED calls .
Organ Team
Donation
Team

Figure 7. Basic protocol steps for uncontrolled DCD Maastricht | and II.
*With opt-out or organ donation registry accessible 24/7. DCD indicates donation after circulatory death; and ED, emergency department. Based

on data from Ortega-Deballon et al.”’

System Configurations to Achieve Steps 2
Through 4

For organ transplantation to be successful, the warm isch-
emia time between circulatory arrest and retrieval of the
organs must be as short as possible. Thus, there is the
potential for conflict between limiting resuscitative efforts
prematurely and transitioning to a plan of organ donation to
procure organs and potentially save the lives of others and
further resuscitation, which may actually save the patient.
These competing priorities present a potential conflict of in-
terest between practitioners trying to preserve life and those
hoping to preserve organs for procurement. This conflict is
best addressed by using 2 separate teams to do these tasks,
and the procurement team should be allowed to undertake
any procedures only once the resuscitation team has de-
termined death (preferably by using established standard-
ized guidelines) and transferred care.”®™ It is challenging to
implement 2 separate teams in the prehospital setting.

System Configuration 1: Single Prehospital Team
Providing Resuscitation and Transitioning to Organ
Preservation

A body of literature from European systems guides this
approach. A systematic review identified guidelines in
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Spain, France, and ltaly operating within a system of opt-
out consent for organ donation and opt-out registration
whereby, in each protocol, next of kin were informed in
the out-of-hospital setting and organ preservation was
initiated en route to the hospital. These prehospital sys-
tems of care use the Franco-German approach to staff-
ing ambulances: paramedics providing basic life support
and physicians providing advanced life support. Thus,
in these uDCD programs, prehospital determination of
death is completed by an on-scene EMS physician, with
implementation of organ preservation strategies and
rapid transport to the hospital for organ procurement.”
In other jurisdictions where opt-out consent is not
used, a single-team strategy could be deployed if dis-
patch linked the prehospital practitioners with a 24/7
on-call organ donation coordinator to check for docu-
mentation of organ donor predetermination, that is, reg-
istration in an organ donor registry as a donor or as a
nondonor and compliance with local established criteria
for organ donation, using information acquired in the
prehospital setting. This would be a preliminary screen
because the data collected in the prehospital setting
may not be accurate. A secondary, more definitive screen
could occur on arrival in the ED under the direction of the
organ donation team. If the patient fulfills the preliminary
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€20z ‘ST Joquieides uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Morrison et al

criteria for organ donation, the initiation of organ pres-
ervation measures could be considered on the basis of
local protocols, availability of technology, and the specific
organs being targeted for donation. This would require
fulsome community engagement in donor registration.

Some centers are capable of facilitating nonperfusing
lung transplantation, which requires only intubation and
oxygenation of the potential donor with prone positioning
and heparin administration. However, if the goal of the
uDCD is perfusing organ transplantation, organ donors
require immediate intubation, oxygenation, and rees-
tablishment of perfusion. Perfusion for organ preserva-
tion may be achieved through resumption of manual or
mechanical chest compression or through the use of pre-
hospital extracorporeal membrane oxygenation (ECMO).

It is advisable for prehospital personnel to explicitly
document TOR time, hands-off time, determination of
death, and start time for organ preservation. Transport to
a transplantation center as soon as possible and within
90 minutes from the start of CPR is preferable.

System Configuration 2: Single Prehospital
Team Providing Resuscitation and Second Team
Responding as the Mobile Organ Donation Team
There is limited evidence to guide a 2-team mobile organ
donor approach in the prehospital setting. A New York
City protocol was designed and implemented in 2011 to
evaluate the feasibility of this 2-team approach. After the
treating paramedics terminated resuscitation, they trig-
gered the arrival of a dedicated organ preservation team
within 2 minutes after the termination. Organ preserva-
tion was planned to begin as soon as affirmation from a
person of authority was acquired. The organ preserva-
tion team was activated 9 times; none of the patients
were actual preregistered organ donors, and only 4 met
the screening criteria. No organs were procured, and the
program was terminated.587°

On the basis of this literature and expert opinion,
those implementing this approach may want to consider
a few key elements. As is the case with a single-team
approach, jurisdictions with opt-out consent could act
without delay, whereas in jurisdictions with a registry in
place, the first team would require confirmation of prede-
termination and suitability before activation of the sec-
ond team: the mobile organ donor unit. While waiting for
the arrival of the second team, the patient remains in a
nonperfusing state because resuscitation has ceased,
and the treating paramedics would redirect their care to
supporting the family, completing the necessary docu-
mentation, and cleaning the ambulance after the event.
Transfer of treatment to the mobile organ donation team
onsite could enable discussion with the family or substi-
tute decision maker, confirm eligibility, and start organ
preservation. This transition from the treating team to
the organ donation team is challenging in the prehospi-
tal setting where resources are scarce and the interface
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with the family is emotionally charged.”™ The time to
arrival of the mobile organ donation team and the ability
to start organ preservation on site are critical elements
of this strategy.

System Configuration 3: Continued Prehospital
Resuscitation and Transfer to the ED for Decision-
Making and Involvement of the Organ Donor Team
Experience and literature to guide this approach are lim-
ited. The Scottish prehospital protocol for uDCD includ-
ed rapid transport to hospital with active resuscitation,
deferring the decision to cease resuscitation efforts until
the patient arrives at the hospital. The ED physician ter-
minated resuscitation and confirmed death before de-
ferring care to the organ preservation team. During the
18 months of the pilot, 4 patients met all of the inclu-
sion criteria and were registered on the organ donation
registry. However, no organs were retrieved because of
issues with the organ retrieval team. During the same
time interval, there were 18 cases not registered on the
organ donation registry (but with families available in the
ED to consent), and changes were made to their inclu-
sion criteria after the pilot concluded. The first donor af-
ter OHCA was recruited 6 months later.™ A feasibility
study completed in Pittsburgh of patients who arrested
in the ED demonstrated that it was possible to identify 6
eligible donors from a cohort of 50 patients dying in the
ED after cardiac arrest; 4 organs were procured from 2
donors with a 2-team approach in the in-hospital set-
ting.?” Both of these programs have been discontinued.
A study of 112 hospitals in the United States provid-
ing treatment to 9792 individuals with OHCA suggested
that high-volume centers are more likely to refer and
procure transplantable organs from patients with non-
survivable OHCA.™

If a system of care is considering this implementation
approach, there are some key steps to consider. Once
the cardiac arrest team has terminated resuscitation on
the basis of clinical decision rules or local practice, deter-
mination of death is the responsibility of the team leader,
and the hands-off time interval may begin. Hospital
policy should include how the team leader contacts and
consults with the organ donor team to confirm poten-
tial eligibility and that the team leader defers to them to
discuss donation with the family or substitute decision
maker, to confirm eligibility, and to start organ preserva-
tion if indicated.

Step 3: Hands-Off Time

The WHO guidelines address the circulatory sequence
in the dying process (Figure 1S, Section 7.0, Supplemen-
tal Material) and specifically define the hands-off time
interval as 2 to 5 minutes for WLST or planned no re-
suscitation (advance directive) and 7 minutes in cases in
which prior resuscitation included CPR. The reason the
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hands-off period is longer in cases involving prior resus-
citation is to accommodate the increased risk of autore-
suscitation or spontaneously occurring cardiac activity
after TOR. A systematic review of cardiac arrest donors
reported that this did not occur after a 7-minute hands-
off time interval.”™ A standardized time period embedded
in the protocol between when CPR is terminated and
death is confirmed before the handover of care to the
organ retrieval team improved trust in the integrity of the
decision to cease resuscitation and allowed the teams to
be more comfortable with the decision to move to organ
donation.” The usual clinical pathway with OHCA ends
with the prehospital clinical team terminating resuscita-
tion and determining death through a conversation with
online medical control. In the prehospital setting, this
would be the start of the hands-off time interval.

Step 3: Determination of Death

The WHO has published international guidelines for the
determination of death, including simpler definitions for
both brain death and cardiocirculatory death.*? It is rec-
ommended that “brain death” be defined as cessation
of neurological function and “cardiocirculatory death” be
defined as cessation of circulatory function. The WHO
definition for determination of death is the processes
and tests required to diagnose death in accordance with
established criteria (Figure 1S, Section 7.0, Supplemen-
tal Material).

Heart function is defined as effective contractions of
the myocardium leading to anterograde flow of blood
through the aorta and arterial system. The guidelines
define the minimal acceptable standard for confirming
cessation of circulation and breathing as the following:
Absent palpable pulse
Absent breath sounds
Absent heart sounds
Absent respiratory effort or chest wall motion
Loss of pulsatile arterial blood pressure by non-
invasive measurement and loss of any pressure
wave on arterial line (if available)

6. Coma and fixed dilated pupils
7. Electric asystole not required (pulseless electrical
activity is acceptable)

Ok~ W~

Step 4: Starting Organ Preservation

Implementing organ preservation has to balance the po-
tential conflict of interest between what is best for the
patient and actions to preserve organs for the best out-
come of the transplant recipient.” This can be addressed
best by clear criteria for death, observation of the hands-
off period, and ideally separation of the resuscitation
activities from the organ preservation activities between
different care practitioners. The system configurations
proposed in Figure 7 provide options for when to be-
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gin organ preservation; however, each system of care is
not without controversy or consequence. Starting organ
preservation after TOR would be particularly difficult in
the prehospital setting without a second team dedicated
to organ procurement, that is, system configuration 2.
Some authors have suggested that death determination
and starting organ preservation should be completed on
arrival in the ED, that is, system confirmation 3.8 How-
ever, this approach would increase the number of trans-
ports or patients with irreversible cardiac arrests to the
ED who would otherwise have been pronounced dead in
the out-of-hospital setting. This may increase the current
rates of transport accidents involving prehospital health
care professionals and the public during high-acuity
transports in urban settings and add to the clinical bur-
den in the ED.

Implementing organ preservation involves address-
ing the ethics of preserving the organs in uDCD donors
before obtaining consent from the next of kin. In Spain,
national legislation presumes consent for organ dona-
tion. This is interpreted locally to permit the continua-
tion of perfusion and airway interventions to preserve
organs. In the United States, the Uniform Anatomi-
cal Gift Act is designed to encourage doctors, hospi-
tals, and other actors to increase donation rates and to
honor the wishes of the deceased person. The prevail-
ing view of the act suggests that it is ethically permis-
sible, if not obligatory, to preserve the deceased person's
organs for a reasonable time while a responsible family
member is being sought for consent. This obligation is
also extended to cases in which the intentions of the
deceased have not been recorded before death.®' UK
and Scottish legislation allows femoral perfusion cannu-
lation before approaching the family for consent®' The
use of a 2-step approach to consent would presume
consent to provide organ preservation interventions, and
then after transfer of care to the organ retrieval team,
a formal consent for organ donation would be acquired
before organ retrieval.8283

Organ preservation interventions may include restart-
ing manual or mechanical CPR, intubating and providing
oxygen in the prone position to potential lung transplant
donors, providing cannulation for ECMO, inserting occlud-
ing catheters to reduce brain perfusion, heparinizing or
cannulating, and perfusing with hypothermic or normo-
thermic preservation fluid. In Spain, the public accepts
the prehospital continuation of CPR (manual, mechanical
or extracorporeal CPR [eCPR], and mechanical ventila-
tion) in combination with other organ preservation inter-
ventions and rapid transport for organ procurement.®

Clinically, there is the possibility of benefit or harm with
organ-preserving interventions on a patient who is not
yet brain-dead but for whom circulatory death has been
confirmed and resuscitation has ceased. A recent study
has revealed that 3 patients in a series of 48 had return
of spontaneous circulation when a mechanical device
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was used during transfer of potential uDCD donors from
the community to the transplantation center, 1 of whom
went on to make a good neurological recovery.®* There
is growing consensus that organ perfusion techniques
that restore circulation should be started only when brain
perfusion can be eliminated. Thus, perhaps in system
configuration 1 in which only 1 team provides resuscita-
tion and transport, an initial approach would be to pursue
nonperfusing transfers in the prone position for consid-
eration of tissue donation and nonperfusing lung dona-
tion. This may be an excellent option for communities and
systems where uDCD requiring organ preservation is not
feasible or allowable within existing legislation. It is a
less controversial option because, after prehospital TOR,
hands-off time interval, and determination of death, there
is no need to restart CPR during transport to hospital.

Step 5: Consent and Jurisdictional Issues

In all 3 system configurations, the assumption is that con-
sent is either by opt-out or organ donor registry accessibil-
ity 24/'7, which enables organ donation in OHCA. The best
method to improve the rates of organ donation is the wide-
spread adoption of an opt-out system with implied consent
to donation.?5# This may not be possible in some jurisdic-
tions because of legal, cultural, or religious objections.

Consentissues related to organ donation in the United
States were historically addressed by a set of legislative
changes referred to as the ‘“required request laws. Ini-
tially, request for organ donation was legislated to be the
responsibility of health care professionals and manda-
tory reporting was required. Low rates of organ donation
were attributed to health care professionals’ reluctance.”
This shifted to involvement of organ donation personnel
directly to obtain consent in 1998.

In 1994, US legislation moved from first-person con-
sent to donor designated or opt-in, which reinforces the
principles espoused in the Uniform Anatomical Gift Act
of 1968 and, more important, provides the legal author-
ity for organ donor staff to initiate organ donation with-
out family member consent in cases when the patient
has made his or her intentions known and documented.
However, this does not apply to the patient whose inten-
tions are not known or are not documented, and family
consent is required in the United States. Similar legis-
lation supporting opt-in for organ donation is in place
internationally.®® However, the rates of registration as an
organ donor vary from a low of 0.5% in Turkey®® to a high
of 80% in the Netherlands.®® In the Netherlands, 58%
of those who registered consented or had no objec-
tion to organ donation, 31% refused consent, and 11%
deferred to family to make the decision.?

uDCD is identified as a significant potential source of
donors in the OHCA population, which is directly enabled
in countries where legislation supports organ donation by
default as an opt-out program on a national level. Spain,
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Belgium (since 1986), Austria (since 1982), Singapore
(kidneys since 19886, all since 2004), and Wales (since
2015) have had opt-out programs in place supporting
the default of consent for organ donation unless regis-
tered otherwise. A systematic review published in 2009
identified 26 studies reporting outcomes after an opt-
out program for organ donation was implemented.?! Five
of these studies reported before and after in a single
country (Austria, Belgium, and Singapore), and 8 stud-
ies compared organ donation rates between countries
with and those without opt-out legislation. The rates of all
donors per 1 million increased from 4.6 to 27.2 in Austria
within 5 years of implementation®?; over a 3-year period,
rates of kidney donation increased in Belgium from 18.9
to 41.3% and in Singapore from 4.7 to 31.3 per 1 mil-
lion.% The legislation was just one of many changes that
occurred to optimize organ donation in each of these
countries; donor availability, improved infrastructure for
transplantation, health care investment, and changes in
public attitudes may have had a role.’

The UK organ donor registry moved to a default con-
sent or opt-out approach for all citizens >18 years of
age with new legislation on May 20, 2020. Individuals
lacking capacity to understand and take the appropriate
action and those living in the United Kingdom for <12
months or living in the United Kingdom not by choice
are excluded.®® The government of Nova Scotia, Canada,
has passed a similar law, the first one of its kind in North
America. It took effect January 18, 2021, for those who
have lived in Nova Scotia for 212 months and who are
>19 years of age.®

Step 5: Consent and Challenges to Obtaining
Consent Before Organ Procurement

In jurisdictions where consent is required, some authors
suggest that the hands-off period can be used to dis-
cuss the question of organ donation with the family and
to obtain consent; however, this is possible only if family
members have been located.®” In uDCD, time is a critical
factor in determining the ultimate success of organ pro-
curement and transplantation. In most cases of uDCD,
the event is unexpected and sudden, and the family is
often overwhelmed with emotion.®® The challenges of
obtaining consent under these conditions, particularly
in the chaotic prehospital setting, are significant. It is
important to remember that, when deriving a protocol,
the majority of families contacted after the possibility of
organ preservation had passed stated that they would
have approved organ donation if it had been offered, and
many who refused organ donation regretted the decision
later. Positive experiences by families asked to donate
contribute to a reservoir of social trust and support for
organ donation.®® When requesting consent from family
members in the absence of the donor's express consent
or when confirming family acceptance for donors who
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express a prior consent, it may be helpful to keep in mind
that families are more likely to regret refusing to donate
their loved one's organs and tissue rather than feeling
remorseful about giving permission.'®'°" Among fami-
lies who denied the request to donate their loved one's
organs, 42% indicate that they would change their deci-
sions given a second chance to consent to the dona-
tion.’®" A qualitative systematic review revealed just how
complex the decision-making process is for family mem-
bers with many issues contributing to the decision'®
(Figure 2S, Section 7.0, Supplemental Material).

With this level of complexity and the time pressures
that exist in the uDCD situation, we need helpful strate-
gies for how health care professionals can facilitate the
donation decision by family members in distress. A quali-
tative study in 2006 of family members who consented
compared with those who did not consent to organ dona-
tion confirmed that improving rates of obtaining consent
for organ donation was attributed to a combination of
key patient characteristics and essential implementa-
tion steps. These included (1) the involvement of organ
donation staff in the request, (2) a younger patient with
predetermined organ donation wishes, (3) a favorable
inclination to organ donation in the family members, (4) a
sensitive approach by the individual requesting consent,
and (B) family perception that they were given enough
time to weigh the request before making their decision.'®
The key message is that, under duress, it is possible to
obtain consent for organ donation, but the approach
is an important determinant of success. The published
evidence suggests optimism, with 70% to 84% of fami-
lies agreeing to their loved ones becoming donors after
cardiac arrest,”®'9419% and families had the same rate of
consent to organ donation in DCD and DNDD.'® All 3
strategies proposed in Figure 7 defer the discussion
about consent to the in-hospital setting where trained
organ donation staff would discuss with families in juris-
dictions where consent was required to proceed.

DONATION AFTER CARDIAC DEATH IN
SPECIAL CIRCUMSTANCES

Ethics, Equity, and Cultural Differences in Organ
Donation and Distribution

There is a huge difference in the number of organ donors
among different countries (Figure 5). Furthermore, there
is a trend of higher values in donors per 1 million people
in European countries and the United States, but the rate
is much lower in Asian countries. The reasons why these
differences exist have not been studied thoroughly and
remain open to conjecture. Concerns vary from lack of
consistency and evidence to support the decision to ter-
minate resuscitation to the determination of cardiac or
brain death by health care professionals. Lay concerns
vary by religious belief, geographic or neighborhood ef-
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fect on subjective norms, social economic status, and
education. These concerns may culminate in fears of the
unknown or misunderstanding and community-based im-
pediments to organ donation.

All countries are experiencing a shortage of donor
organs, and the implementation strategies proposed by
this scientific statement may help to address the lack of
equity in organ donation and distribution when legislative
changes enable opt-out consent. The cultural and religious
influences, if left unaddressed at the community level, will
limit the acceptability of the proposed implementation
strategies and the recommended legislative change. Cur-
rent successful organ donation programs are attributed
in part to engagement of patients and families, religious
leaders and cultural champions, health care profession-
als, and organ donor experts with government and health
care policymakers to address the knowledge gaps, correct
misunderstandings, and engage in evolving public opinion.

Traumatic Arrest and Organ Donation

In DCD programs, trauma as a cause of arrest often rep-
resents a contraindication for DCD. However, in an Ari-
zona trauma center study of 252 patients who required
CPR for traumatic arrest either in the out-of-hospital
setting or in the trauma center,'°® among 213 (84.5%)
who died, 19 (8.9%) became organ donors. A total of 26
organs were procured from these patients, including 15
kidneys, 6 livers, 4 hearts, and 1 pancreas. Of those who
failed to donate organs, 64.7% had a cardiac arrest after
the donor network had been contacted but before their
arrival. The second most common cause of missed donor
(11.8%) was lack of consent or inability to find relatives.

Refractory OHCA Resuscitated With eCPR

eCPR may be used as a rescue treatment in patients
with refractory cardiac arrest in settings where this is
implementable.*®'%” These patients may become Maas-
tricht Il DCD or DNDD organ donors when eCPR is
later suspended for futility, with the usual reason being
severe and irreversible brain injury. The prevalence of
brain death was significantly higher in patients resusci-
tated with eCPR compared with those resuscitated with
conventional CPR (27.9% [19.7%-36.6%)] versus 8.3%
[6.5%—10.4%)]; A<0.0001).2° In a systematic review of
eCPR practices and outcomes for OHCA,'® including
20 studies and 833 patients, a total of 88 potential de-
ceased donors among nonsurvivors from 8 studies were
identified. Of these potential donors, 17 (19%) became
actual donors (15 DNDD and 2 cDCD donors). Most do-
nors were identified after the failure of patients to achieve
neurological recovery while supported with eCPR 30109110
Of these, in 1 study, 90% of organs transplanted from
eCPR-treated patients with OHCA achieved good func-
tional recovery.'®®
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Intersection Between eCPR for Cardiac
Arrest Resuscitation and ECMO for Organ
Preservation in uDCD Programs

Whereas the primary goal of veno-arterial ECMO in the
context of eCPR for resuscitation is patient survival,
the same ECMO technology is used for organ preser-
vation as part of the uDCD process. The components
of these programs, using the same technology with
different objectives, have substantial overlap. Eligibility
criteria are similar, as well as required processes for
prehospital candidacy assessment, emergency team
mobilization, and ECMO initiation.""" Some centers
have integrated these 2 approaches, creating integrat-
ed eCPR/uDCD programs.'™''® One such program,
reported by Roncon-Albuquerque and colleagues'™ in
Spain, described a system in which all individuals with
refractory nonasystolic witnessed cardiac arrest from
18 to 65 years of age were transported to hospital.
Patients were first assessed as ineligible for eCPR
and then considered for uDCD. In this series, 71% (41
of 58) had OHCA, and 18 (31%) were treated with
eCPR. Of the 18 eCPR-treated cases, 6 survived to
hospital discharge with full neurological recovery, and
from nonsurvivors, 1 liver and 2 kidneys were trans-
planted. Of the 40 cases assessed for uDCD, 44 kid-
neys were transplanted.

One French study combined eligibility for eCPR
with ECMO for organ preservation after determina-
tion of death.”"? Among 27 patients with OHCA with
prehospital criteria for eCPR transported to the hos-
pital by helicopter with mechanical chest compres-
sions, 13 were referred for organ donation. In those
13 patients, ECMO was started for regional perfusion
and organ preservation purposes after the diagno-
sis of death. Of these 13 patients, 4 were excluded
for medical reasons. In the remaining 9 patients, 18
kidneys were retrieved, of which 6 were successfully
transplanted. Of the 14 patients in whom eCPR was
started for resuscitation purposes, 1 survived to hos-
pital discharge, whereas 1 became brain-dead and a
solid-organ donor (liver and kidneys).

End-of-Life Care and Organ Donation in
Patients Treated With eCPR After OHCA

No published guidelines or decision rules specifi-
cally address end-of-life care in patients treated with
eCPR after OHCA. Data to guide early decisions of
futility may include 3-hour lactate and lactate clear-
ance,'’®176 gray-white matter ratio and cerebral edema
on computed tomography performed after eCPR ini-
tiation,""®"""® and pupillary response after eCPR ini-
tiation.'"” One study of eCPR-treated patients (65%
had OHCAs) who were rewarmed after targeted tem-
perature management reported that patients without
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a pupillary light reflex, a corneal reflex, or a cough re-
flex and those with bilateral absence of N20 somato-
sensory evoked potentials were unlikely to survive.'®®
However, these data are limited by small sample size
and require validation.

Published studies reporting patients treated with
eCPR after OHCA who became organ donors have
reported using brain death criteria or neuroprognos-
tication strategy rates that are similar to those used
for comatose post—cardiac arrest survivors not requir-
ing eCPR."'* In the absence of brain death, it remains
unclear whether prognosticators of poor neurologi-
cal outcome derived from patients not receiving eCPR
can be extrapolated reliably to patients receiving eCPR.
The absence of validated early prognosticators or poor
neurological outcome in patients treated with eCPR is
a critical knowledge gap that limits the timely transition
to organ donation when there is no possibility of good
neurological outcome.

COST-EFFECTIVENESS OF DONATION
AFTER OHCA

Organ DNDD is generally regarded as a cost-effective
intervention.’'®7'2! Although initial costs of the interven-
tion are high, the future cost-savings and improvement
in survival and health-related quality of life among trans-
plant recipients generate acceptable cost-effectiveness
ratios.'?? Although DCD approaches can increase the
organ donation pool, the costs of additional interventions
(such as eCPR) potentially decrease organ suitability
for transplantation and may adversely affect the cost-
effectiveness profile compared with DNDD. We set out
to evaluate the published literature on the cost-effective-
ness of organ donation of controlled and uncontrolled
organ donation after cardiac arrest, with and without the
use of eCPR.

Cost-Effectiveness of Organ Donation After
Conventional CPR

There are no published data on the cost-effective-
ness of the uDCD approach to organ donation after
conventional CPR. The reported data that follow for
this cohort of patients include both DCD and uDCD
combined. A single study has reported the cost-effec-
tiveness of uDCD with ongoing eCPR and ECMO for
organ preservation.

Love et al'®® examined the inclusion of organ dona-
tion as a successful outcome on the cost-effectiveness
of treating traumatic cardiac arrest. Among 237 patients
who had a traumatic cardiac arrest, at the scene, en route,
or after admission, 5% were eligible for organ donation
with a procurement rate of 2%. The cost of traumatic
cardiac arrest per survivor was $1.8 million. If survival
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or organ donation was included, then the cost fell to
$538000. The incremental cost-effectiveness ratio was
$76816 per additional life saved, including donation as
an outcome.

Achana et al®® examined incorporating the indirect
economic effects associated with transplanted organs
in a cost-effectiveness analysis of epinephrine in adults
with OHCA in which the cause is not obvious but pre-
sumed to be cardiac, and patients were randomized to
either epinephrine in standard doses or placebo. The
trial randomized 8014 patients, of whom 224 were alive
at 30 days. Of those who died in the field or did not sur-
vive to hospital discharge, there were 40 organ donors
in the epinephrine group and 24 in the placebo group.
The mean number of organs donated per donor was 3;
the majority were kidney only (56%), liver only (24.1%),
and kidney and pancreas together (6%). Including
organ donation outcomes improved the cost-effective-
ness estimates for the use of epinephrine compared
with placebo from <1% to 90% at a €34500 per
quality-adjusted life-year cost-effectiveness threshold.
With adoption of the proposed changes to the Utstein
template, perhaps more trials in the future will include
organ donation as an outcome measure and report
cost-effectiveness.

Cost-Effectiveness of uDCD With Ongoing
eCPR and ECMO for Organ Preservation

A single study reported the feasibility and outcomes of
the Italian Programma Alba, which was set up to fa-
cilitate organ donation.'* This study reported that 8
kidneys were collected from 4 patients who were de-
clared deceased while receiving eCPR treatment. Four
of these kidneys were successfully transplanted. The
cost of this Italian program was reported as €247 000
over 12 months.

The cost-effectiveness of the recent introduction
of ex situ machine perfusion to support organs after
removal and to assess viability before transplantation has
not been evaluated in post—cardiac arrest organ dona-
tion. The methods have the potential to cost-effectively
increase the number of organs available for transplan-
tation, to improve marginal organs before transplan-
tation, and to reduce the transplantation of less viable
organs. 26126

KNOWLEDGE GAPS AND FUTURE
DIRECTIONS

There is a paucity of information pertaining directly to
organ donation after cardiac arrest, and this may be at-
tributed to various issues, some of which our list of priori-
ties tries to address.
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. Legislation pertaining to organ donation in all jurisdic-

tions should consider changing to a default consent
or opt-out approach for all citizens >18 years of age.

. The current DCD categories in the modified

Maastricht classification’'® are not defined in a
way that enables reporting and comparisons based
on the type of donor across the clinical spectrum
for unwitnessed and witnessed OHCA and IHCA.

Modifications to the Maastricht classification sys-

tem are proposed to consistently identify and

report the following:

* The type of donor after cardiac arrest according
to the characteristics of the arrest, location, and
clinical pathway

* Reliable incidence and outcomes for donation
after cardiac arrest

* Reliable cost estimates based on the system of
care: resuscitation, termination, consideration
for organ donation and organ procurement,
functional organ measures, survival, and quality-
of-life measures of the recipient are required

. Clinical registries, clinical trials, and quality indices

in cardiac arrest and trauma should collect organ

donation variables and outcomes.

* The Utstein template®® should be revised to
include organ donation variables and outcomes
as mandatory elements.

. The published validated TOR rule**** should be

implemented more uniformly to support decisions
on TOR and the transition to organ preservation in
systems in which uDCD is feasible and prehospital
systems of care are similar to the derivation EMS
system (tiered paramedic response system with
online medical control). TOR rules to support this
decision in other populations (eg, outside of North
America, pediatric, neonatal, in hospital, obvious
cause cardiac arrest) should be developed.

. The WHO standard for determination of death and

hands-off time should be uniformly implemented in
all protocols.*?

. The feasibility and acceptability of different imple-

mentation strategies for uDCD after OHCA
should be explored through future implementation
research directed at addressing and guiding the
operational, ethical, economic, and clinical chal-
lenges identified to date. Implementation strategies
should address the spectrum of organ donation on
the basis of health system capacity and community
support:

* Tissue procurement

* Nonperfused organ donation

* Perfused organ donation

Algorithms and guidelines for the management of
cardiac arrest consider organ donation as a rou-
tine component of post—cardiac arrest care and a
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measurable outcome in future research and per-
formance metrics for health care systems.

8. Resuscitation treatment strategies that include
eCPR programs consider incorporating plans
for the systematic evaluation and identification
of potential organ donors, such that if and when
patients have expected or unexpected deaths,
organ donation can occur.

9. In the absence of brain death, no published
guidelines or validated decision rules specifically
address prognostication of poor neurological out-
come in post—cardiac arrest patients treated with
eCPR.

10. Published studies in which patients treated with
eCPR after OHCA became organ donors have
reported using brain death criteria or neuroprog-
nostication strategies that are similar to those used
for comatose post—cardiac arrest survivors not
requiring eCPR. These strategies need to be vali-
dated prospectively in this population of patients
with OHCA.

CONCLUSIONS

Sudden OHCA is an important public health issue that
results in a tremendous loss of life despite optimal ther-
apy. When resuscitation fails, organ donation provides
an opportunity for patients experiencing cardiac arrest
and their families to save the lives of others. With or-
gan transplant waiting lists getting longer every day, it
is our responsibility, as the resuscitation community, to
optimize donation opportunities for our patients. The po-
tential for organ donation after OHCA in communities
around the world is substantial and underrecognized.
Unfortunately, the published science is sparse and com-
plicated by inconsistent and incomplete definitions that
do not reflect all relevant clinical scenarios associated
with OHCA. Changes to the Maastricht classification
system are suggested to closely align with the clinical
spectrum of OHCA and refined reporting based on type
of donor. Changes to the Utstein template for OHCA re-
porting to include organ donation metrics as mandatory
variables will contribute to more uniform reporting. These
changes will support improved quality and relevance of
future research on organ donation after OHCA. Future
cardiac arrest care guidelines should include organ and
tissue donation considerations on the basis of available
local options. uDCD is identified as a significant poten-
tial source of organ donors in the OHCA population, but
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significant operational, ethical, and legal barriers exist
across most jurisdictions. Evolution in technology and
systems of care may create opportunities for this to be a
more viable option in the future. Legislative changes to a
default consent or opt-out approach for all adult citizens
will increase donor availability and transplantation rates,
and the increase in volume will contribute to improved
transplantation infrastructure and cost-effective ratios.
We support continued innovation in uDCD approach-
es addressing recognized barriers. All health systems
should evaluate, develop, and implement protocols to op-
timize organ donation opportunities for patients who had
OHCA and fail attempts at resuscitation.

ARTICLE INFORMATION

The American Heart Association, the European Resuscitation Council, and the
International Liaison Committee on Resuscitation make every effort to avoid any
actual or potential conflicts of interest that may arise as a result of an outside
relationship or a personal, professional, or business interest of a member of the
writing panel. Specifically, all members of the writing group are required to com-
plete and submit a Disclosure Questionnaire showing all such relationships that
might be perceived as real or potential conflicts of interest.

This document was approved by the American Heart Association Science
Advisory and Coordinating Committee on October 20, 2022; the American Heart
Association Executive Committee on October 26, 2022; and by the International
Liaison Committee on Resuscitation Board on June 23, 2022.

The American Heart Association requests that this document be cited as fol-
lows: Morrison LJ, Sandroni C, Grunau B, Parr M, Macneil F, Perkins GD, Aibiki M,
Censullo E, Lin S, Neumar RW, Brooks SC; on behalf of the International Liaison
Committee on Resuscitation. Organ donation after out-of-hospital cardiac arrest:
a scientific statement from the International Liaison Committee on Resuscitation.
Circulation. 2023;148:e120-e146. doi: 10.1161/CIR0000000000001 125

This article has been copublished in Resuscitation.

Copies: This document is available on the websites of the American Heart
Association (https://professional.heart.org), the European Resuscitation Council.
A copy of the document is available at https://professional.heart.org/statements
by using either “Search for Guidelines & Statements” or the “Browse by Topic”
area. To purchase additional reprints, call 215-356-2721 or email Meredith.Edel-
man@wolterskluwer.com.

The expert peer review of AHA-commissioned documents (eg, scientific
statements, clinical practice guidelines, systematic reviews) is conducted by
the AHA Office of Science Operations. For more on AHA statements and
guidelines development, visit https://professional.heart.org/statements. Se-
lect the “Guidelines & Statements” drop-down menu, then click “Publication
Development”

Permissions: Multiple copies, modification, alteration, enhancement, and dis-
tribution of this document are not permitted without the express permission of the
American Heart Association. Instructions for obtaining permission are located at
https://www.heart.org/permissions. A link to the “Copyright Permissions Request
Form” appears in the second paragraph (https://www.heart.org/en/about-us/
statements-and-policies/copyright-request-form).

Acknowledgments

The authors gratefully acknowledge the contributions of Sharon-Ann Shunker
and Darryl Clare (Australian Resuscitation Council) for editorial and illustration
assistance. The authors gratefully acknowledge the contributions of our informa-
tion specialists: (1) Carolyne Ziegler, Unity Health Network, Toronto Ontario Can-
ada; (2) Suzanne Lewis, Central Coast Local Health District, New South Wales,
Australia; and (3) Jenny Ring, Australian Resuscitation Council, Melbourne, Vic-
toria, Australia.

September 5,2023 e141

(]
=
=

==
=]

T
Erﬁ
=]

m =5
_m
==
mm
D=
—
(7]




AND GUIDELINES

(2]
—
—
L
=
=
=
o
-
=T
(]
—
=
(-]

€20z ‘ST Joquieides uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Morrison et al Organ Donation After Out-of-Hospital Cardiac Arrest

Disclosures

Writing Group Disclosures

Writing Other Speakers’ Consultant/

group research bureau/ Expert Ownership | advisory

member Employment Research grant support honoraria | witness | interest board Other
Laurie J. Department of Emergency None None None None None None None
Morrison Services, Sunnybrook Health

Sciences Center, University
of Toronto (Canada)

Mayuki Aibiki | Ehime University Hospital None None None None None None None
(Japan)
Steven C. Queen’s University, Kingston | Canadian Institutes of Health None None None Rapid Rapid None
Brooks General Hospital Research (operating grant to Response Response
(Canada) study the PulsePoint app)t; Revivalt Revivalt

Ontario Ministry of Health
(operating grant to study a com-
munity first responder program
for cardiac arrest)t; Action First
Aid (in-kind support of research
through donation of AEDs)t

Eileen American Heart Association None None None None None None None
Censullo
Brian University of British None None None None None None None
Grunau Columbia

(Canada)
Steve Lin St. Michael's Hospital Li Ka None None None None None None None

Shing Knowledge Institute,
University of Toronto

(Canada)
Finlay ANZCOR None None None None Invocare*; None None
Macneil (Australia) Sonic
Health*
Robert W. University of Michigan AHA (19SFRN34760762)t; None None None None None None
Neumar NIH (R34 HL130738, R44
HL091606, K12 HL133304,
RO1HL133129)t; Stryker Emer-
gency Care (equipment for labo-
ratory)*; Laerdal Foundation*
Michael Parr | Liverpool Hospital, University | None None None None None None None
of New South Wales and
Macquarie University
Hospital, Macquarie
University (Australia)
Gavin D. Warwick Medical School and | None None None None None None None
Perkins University Hospitals NHS
Foundation Trust
(United Kingdom)
Claudio Universita Cattolica del None None None None None None None
Sandroni Sacro Cuore
(Italy)

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on
the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the
person receives $5000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock
or share of the entity, or owns $5000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the
preceding definition.

*Modest.

tSignificant.

el142 September 5, 2023 Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001 125



€20z ‘ST Joquieides uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Morrison et al

Reviewer Disclosures

Organ Donation After Out-of-Hospital Cardiac Arrest

Other Speakers’ Consultant/
research | bureau/ Expert Ownership | advisory
Reviewer Employment Research grant support honoraria witness | interest board Other
Michael C. Kontos Pauley Heart Center, Virginia None None None None None None None
Commonwealth University
Bryan McNally Emory University School of AHA (grant funding for | None None None None None None
Medicine CARES)t
Marjaana Tiainen University of Helsinki and Helsin- | None None None None None None None
ki University Hospital (Finland)
Joseph E. Tonna University of Utah NIH/NHLBI (Career None LivaNova* None None None None
Development Award)t

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000 or more dur-
ing any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $10000
or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.

1Significant.

REFERENCES

1.

Bendorf A, Kelly RJ, Kerridge IH, McCaughan GW, Myerson B, Stewart C,
Pussell BA. An international comparison of the effect of policy shifts to or-
gan donation following cardiocirculatory death (DCD) on donation rates af-
ter brain death (DBD) and transplantation rates. PLoS One. 2013;8:e62010.
doi: 10.1371/journal.pone.0062010

. European Kidney Health Alliance. Joint statement: thematic network on im-

proving organ donation and transplantation in the EU 2019. 2019. Accessed
January 29, 2023. https://ekha.eu/wp-content/uploads/FINAL_Joint-
Statement-of-the-Thematic-Network-on-Organ-Donation-and-Transplanta-
tion.pdf

. US Department of Health and Human Services. 2021. Accessed January

29, 2023, https://www.organdonor.gov/learn/organ-donation-statistics

. Grasner JT, Lefering R, Koster RW, Masterson S, Béttiger BW, Herlitz J,

Wnent J, Tjelmeland IB, Ortiz FR, Maurer H, et al. EuReCa One-27 Nations,
ONE Europe, ONE Registry: a prospective one month analysis of out-of-
hospital cardiac arrest outcomes in 27 countries in Europe. Resuscitation.
2016;105:188-195. doi: 10.1016/jresuscitation.2016.06.004

. Ho AFW, Tan TXZ, Latiff E, Shahidah N, Ng YV, Leong BS, Lim SL, Pek PP,

Gan HN, Mao DR, et al. Assessing unrealised potential for organ donation
after out-of-hospital cardiac arrest. Scand J Trauma Resusc Emerg Med.
2021;29:105. doi: 10.1186/513049-021-00924-z

. Af Geijerstam P, Forsberg S, Claesson A, Djarv T, Jonsson M, Nordberg P,

Tibell A, Rosell Ortiz F, Ringh M. Potential organ donors after out-of-hospital
cardiac arrest during a ten-year period in Stockholm, Sweden. Resuscitation.
2019;137:2156-220. doi: 10.1016/j.resuscitation.2019.01.001

. Bougouin W, Cariou A, Jouven X. Extracorporeal cardiopulmonary resus-

citation in out-of-hospital cardiac arrest: do not neglect potential for organ
donation! Eur Heart J. 2020;41:3588. doi: 10.1093/eurheartj/ehaat26

. Cheetham OV, Thomas MJ, Hadfield J, O'Higgins F, Mitchell C, Rooney

KD. Rates of organ donation in a UK tertiary cardiac arrest centre fol-
lowing out-of-hospital cardiac arrest. Resuscitation. 2016;101:41-43. doi:
10.1016/jresuscitation.2016.01.003

. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW,

Carson AP, Chamberlain AM, Chang AR, Cheng S, Delling FN, et al
Heart disease and stroke statistics—2020 update: a report from the
American Heart Association. Circulation. 2020;141:¢139-e596. doi:
10.1161/CIR.0000000000000757

. Dominguez-Gil B, Delmonico FL, Shaheen FA, Matesanz R, O'Connor

K, Minina M, Muller E, Young K, Manyalich M, Chapman J, et al. The
critical pathway for deceased donation: reportable uniformity in the ap-
proach to deceased donation. Transp/ Int 2011;24:373-378. doi:
10.1111/}.1432-22772011.01243.x

. Thuong M, Ruiz A, Evrard P, Kuiper M, Boffa C, Akhtar MZ, Neuberger

J, Ploeg R. New classification of donation after circulatory death do-
nors definitions and terminology. Transp/ Int 2016;29:749-759. doi:
101111/t 12776

. Greer DM, Shemie SD, Lewis A, Torrance S, Varelas P, Goldenberg FD,

Bernat JL, Souter M, Topcuoglu MA, Alexandrov AW, et al. Determination

20.

21.

22.

23.

24,

26.

26.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125

. Coll E,

. Hosgood SA, Nicholson ML. Age and cold storage

of brain death/death by neurologic criteria: the World Brain Death Project.
JAMA. 2020;324:1078-1097. doi: 10.1001/jama.2020.11586
Mifambres  E, Sanchez-Fructuoso A, Fondevila C,
Campo-Cafiaveral de la Cruz JL, Dominguez-Gil B. Uncontrolled do-
nation after circulatory death: a unique opportunity. Transplantation.
2020;104:1542-1552. doi: 10.1097/TP0O000000000003 139

. Starzl TE, Marchioro TL, Porter KA, Brettschneider L. Homotrans-

plantation of the liver. Transplantation. 1967;5(suppl):790-803. doi:
10.1097/00007890-196707001-00003

. Dominguez-Gil B, Duranteau J, Mateos A, Nifiez JR, Cheisson G, Corral

E, De Jongh W, Del Rio F, Valero R, Coll E, et al. Uncontrolled donation
after circulatory death: European practices and recommendations for
the development and optimization of an effective programme. Transpl Int.
2016;29:842-859. doi: 10.1111/tri.12734

in  kidneys
2013;381:703-704.  doi:

from  circulatory-death  donors.  Lancet.

10.1016/s0140-6736(12)61779-6

. Morrissey PE, Monaco AP. Donation after circulatory death: current prac-

tices, ongoing challenges, and potential improvements. Transplantation.
2014,97:258-264. doi: 10.1097/01.tp.0000437178.48174.db

. Ciria R, Briceno J, Rufian S, Luque A, Lopez-Cillero P. Donation after cardiac

death: where, when, and how? Transplant Proc. 2012;44:1470-1474. doi:
10.1016/jtransproceed.2012.06.003

. Israni AK, Zaun D, Rosendale JD, Schaffhausen C, Snyder JJ, Kasiske BL.

Optn/srtr 2016 annual data report: deceased organ donation. Am J Trans-
plant. 2018;18 Suppl 1:434-463. doi: 10.1111/ajt.14563

Lomero M, Gardiner D, Coll E, Haase-Kromwijk B, Procaccio F, Immer F,
Gabbasova L, Antoine C, Jushinskis J, Lynch N, et al. Donation after circula-
tory death today: an updated overview of the European landscape. Transp!
Int. 2020,33:76-88. doi: 10.1111/tri.13506

Aljing L, Wenzhao X, Wei W, Qiquan W, Xuantong D. Public opinion on organ
donation after death and its influence on attitudes toward organ donation.
Ann Transplant. 2016;21:5616-524. doi: 10.12659/20t.899268

Reznik O, Skvortsov A, Daineko V, Loginov |, Kutenkov A, Komedev S, Teplov
VM, Kuzmin DO, Ananiev AN, Uliankina IV, et al. First Russian experience
in liver and kidney transplantation from donors with out-of-hospital cardiac
arrest: 3 years' results. Russian J Transplantol Artif Organs. 2021;23:35—49.
doi: 10.15825/1995-1191-2021-3-35-49

Dyson K, Brown SP, May S, Smith K, Koster RW, Beesems SG, Kuisma M,
Salo A, Finn J, Sterz F, et al. International variation in survival after out-of-
hospital cardiac arrest: a validation study of the Utstein template. Resuscita-
tion. 2019;138:168-181. doi: 10.1016/j.resuscitation.2019.03.018
IRODaT. International Registry in Organ Donation and Transplantation. Ac-
cessed January 29, 2023, https://www.irodat.org/

Sandroni C, Cronberg T, Sekhon M. Brain injury after cardiac arrest: patho-
physiology, treatment, and prognosis. Intensive Care Med. 2021;47:1393—
1414. doi: 10.1007/500134-021-06548-2

Horn M, Schlote W. Delayed neuronal death and delayed neuronal re-
covery in the human brain following global ischemia. Acta Neuropathol.
1992,85:79-87. doi: 10.1007/bf00304636

September 5, 2023 e143

(]
=
=

==
=]

T
Erﬁ
=]

m =5
_m
==
mm
D=
—
(7]



https://ekha.eu/wp-content/uploads/FINAL_Joint-Statement-of-the-Thematic-Network-on-Organ-Donation-and-Transplantation.pdf@line 3@
https://ekha.eu/wp-content/uploads/FINAL_Joint-Statement-of-the-Thematic-Network-on-Organ-Donation-and-Transplantation.pdf@line 3@
https://ekha.eu/wp-content/uploads/FINAL_Joint-Statement-of-the-Thematic-Network-on-Organ-Donation-and-Transplantation.pdf@line 3@
https://www.organdonor.gov/learn/organ-donation-statistics
https://www.irodat.org/

AND GUIDELINES

(2]
—_
—
(7]
—
=
=
v
—
=T
(]
=
—
(-]

€20z ‘ST Joquieidas uo Aq Bio'sfeusno feye//:dny wouy papeojumoq

Morrison et al

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

el44  September 5, 2023

Petito CK, Feldmann E, Pulsinelli WA, Plum F. Delayed hippocampal damage
in humans following cardiorespiratory arrest. Neurology. 1987;37:1281—
1281. doi: 10.1212/wnl.37.8.1281

Nolan JB, Sandroni C, Bottiger BW, Cariou A, Cronberg T, Friberg H,
Genbrugge C, Haywood K, Lilja G, Moulaert VRM, et al. European Resus-
citation Council and European Society of Intensive Care Medicine guide-
lines 2021: post-resuscitation care. Resuscitation. 2021;161:220-269. doi:
10.1016/jresuscitation.2021.02.012

Dragancea |, Rundgren M, Englund E, Friberg H, Cronberg T. The influ-
ence of induced hypothermia and delayed prognostication on the mode
of death after cardiac arrest. Resuscitation. 2013;84:337-342. doi:
10.1016/jresuscitation.2012.09.015

Sandroni C, D'Arrigo S, Callaway CW, Cariou A, Dragancea |, Taccone FS,
Antonelli M. The rate of brain death and organ donation in patients resusci-
tated from cardiac arrest: a systematic review and meta-analysis. Intensive
Care Med. 2016;42:1661-1671. doi: 10.1007/s00134-016-4549-3
Witten L, Gardner R, Holmberg MJ, Wiberg S, Moskowitz A, Mehta
S, Grossestreuer AV, Yankama T, Donnino MW, Berg KM. Reasons
for death in patients successfully resuscitated from out-of-hospital
and in-hospital cardiac arrest. Resuscitation. 2019;136:93-99. doi:
10.1016/jresuscitation.2019.01.031

Wittwer MR, Armstrong T, Conway J, Ruknuddeen M|, Zeitz C, Beltrame JF,
Arstall MA. In-hospital mode of death after out-of-hospital cardiac arrest.
Resusc Plus. 2022;10:100229. doi: 10.1016/j.resplu.2022.100229

Du Pont-Thibodeau G, Fry M, Kirschen M, Abend NS, Ichord R, Nadkarni
VM, Berg R, Topjian A. Timing and modes of death after pediatric out-of-
hospital cardiac arrest resuscitation. Resuscitation. 2018;133:160—-166.
doi: 10.1016/jresuscitation.2018.08.014

Kootstra G, Daemen JH, Oomen AP. Categories of non-heart-beating do-
nors. Transplant Proc. 1995;27:2893-2894.

Detry O, Le Dinh H, Noterdaeme T, De Roover A, Honoré P, Squifflet JP,
Meurisse M. Categories of donation after cardiocirculatory death. Transplant
Proc. 2012;44:1189-1195. doi: 10.1016/jtransproceed.2012.05.001
Buick JE, Drennan IR, Scales DC, Brooks SC, Byers A, Cheskes S,
Dainty KN, Feldman M, Verbeek PR, Zhan C, et al. Improving tempo-
ral trends in survival and neurological outcomes after out-of-hospital
cardiac arrest. Circ Cardiovasc Qual Outcomes. 2018;11:e003561. doi:
10.1161/CIRCOUTCOMES. 117003561

DeVita MA, Callaway CW, Pacella C, Brooks MM, Lutz J, Stuart S. Experi-
ence with a new process - condition t - for uncontrolled donation after cir-
culatory determination of death in a university emergency department. Prog
Transplant. 2016;26:21-27. doi: 10.1177/1526924816632117

Adrie C, Haouache H, Saleh M, Memain N, Laurent |, Thuong M, Darques L,
Guerrini P, Monchi M. An underrecognized source of organ donors: patients
with brain death after successfully resuscitated cardiac arrest. Intensive
Care Med. 2008;34:132—-137. doi: 10.1007/s00134-007-0885-7

Faucher A, Savary D, Jund J, Dorez D, Debaty G, Gaillard A, Atchabahian A,
Tazarourte K. Out-of-hospital traumatic cardiac arrest: an underrecognized
source of organ donors. Transpl Int. 2014;27:42-48.doi: 10.1111/tri. 12196
Tordoff CC, Bodenham AR. Outcomes following out-of-hospital cardiac ar-
rest: what is the potential for donation after circulatory death? J Intensive
Care Soc. 2016;17:97-102. doi: 10.1177/1751143715613796

Sandroni C, Adrie C, Cavallaro F, Marano C, Monchi M, Sanna T, Antonelli
M. Are patients brain-dead after successful resuscitation from car-
diac arrest suitable as organ donors? A systematic review. Resuscitation.
2010;81:1609-1614. doi: 10.1016/j.resuscitation.2010.08.037

Shemie SD, Hornby L, Baker A, Teitelbaum J, Torrance S, Young K,
Capron AM, Bernat JL, Noel L; and the International Guidelines for
Determination of Death phase 1 participants, in collaboration with the
World Health Organization. International guideline development for the
determination of death. Intensive Care Med. 2014;40:788-797. doi:
10.1007/s00134-014-3242-7

Morrison LJ, Visentin LM, Kiss A, Theriault R, Eby D, Vermeulen M,
Sherbino J, Verbeek PR. Validation of a rule for termination of resuscitation
in out-of-hospital cardiac arrest. N Engl J Med. 2006;355:478-487. doi:
10.1056/nejmoa052620

Morrison LJ, Eby D, Veigas PV, Zhan C, Kiss A, Arcieri V, Hoogeveen P,
Loreto C, Welsford M, Dodd T, et al. Implementation trial of the basic life
support termination of resuscitation rule: reducing the transport of futile
out-of-hospital cardiac arrests. Resuscitation. 2014;85:486-491. doi:
10.1016/jresuscitation.2013.12.013

Morrison LJ, Verbeek PR, Zhan C, Kiss A, Allan KS. Validation of a universal
prehospital termination of resuscitation clinical prediction rule for advanced
and basic life support providers. Resuscitation. 2009;80:324-328. doi:
10.1016/jresuscitation.2008.11.014

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

Organ Donation After Out-of-Hospital Cardiac Arrest

Lauridsen KG, Baldi E, Smyth M, Perkins GD, Greif R; on behalf of the
Education Implementation and Team Task Force of the International Li-
aison Committee on Resuscitation. Clinical decision rules for termination
of resuscitation during in-hospital cardiac arrest: a systematic review of
diagnostic test accuracy studies. Resuscitation. 2021;1568:23-29. doi:
10.1016/jresuscitation.2020.10.036

CARES. Non-traumatic national survival report. 2019. Accessed January
29, 2023. https://mycares.net/sitepages/uploads/2020/2019%20Non-
Traumatic%20National%20Survival%20Report.pdf

Mifiambres E, Rubio JJ, Coll E, Dominguez-Gil B. Donation after circulatory
death and its expansion in Spain. Curr Opin Organ Transplant. 2018;23:120-
129. doi: 10.1097/MOT.0000000000000480

Nolan JP, Ferrando P, Soar J, Benger J, Thomas M, Harrison DA, Perkins
GD. Increasing survival after admission to UK critical care units fol-
lowing cardiopulmonary resuscitation. Crit Care. 2016;20:219. doi:
10.1186/513054-016-1390-6

Navalpotro-Pascual JM, Echarri-Sucunza A, Mateos-Rodriguez A,
Peinado-Vallejo F, Del Valle PF, Alonso-Moreno D, Del Pozo-Pérez C,Mier-Ruiz
MV, Ruiz-Azpiazu JI, Bravo-Castello J, et al. Uncontrolled donation programs
after out-of-hospital cardiac arrest: an estimation of potential donors. Re-
suscitation. 2018;122:87-91. doi: 10.1016/j.resuscitation.2017.11.069
Reed MJ, Lua SB. Uncontrolled organ donation after circulatory death: po-
tential donors in the emergency department. Emerg Med J. 2014;31:741-
744. doi: 10.1136/emermed-2013-202675

Reynolds JC, Rittenberger JC, Callaway CW. Patterns of organ donation
among resuscitated patients at a regional cardiac arrest center. Resuscita-
tion. 2014,85:248-252. doi: 10.1016/jresuscitation.2013.11.001

Curtis RMK, Manara AR, Madden S, Brown C, Duncalf S, Harvey D,
Tridente A, Gardiner D. Validation of the factors influencing family con-
sent for organ donation in the UK. Anaesthesia. 2021;76:1625-1634. doi:
10.1111/anae. 15485

. Perkins GD, Jacobs |G, Nadkarni VM, Berg RA, Bhanji F, Biarent D, Bossaert

LL, Brett SJ, Chamberlain D, de Caen AR, et al; for the Utstein Collabo-
rators. Cardiac arrest and cardiopulmonary resuscitation outcome reports:
update of the Utstein Resuscitation Registry Templates for Out-of-Hospital
Cardiac Arrest: a statement for healthcare professionals from a task force
of the International Liaison Committee on Resuscitation (American Heart
Association, European Resuscitation Council, Australian and New Zealand
Council on Resuscitation, Heart and Stroke Foundation of Canada, Inte-
rAmerican Heart Foundation, Resuscitation Council of Southern Africa,
Resuscitation Council of Asia); and the American Heart Association Emer-
gency Cardiovascular Care Committee and the Council on Cardiopulmonary,
Critical Care, Perioperative and Resuscitation [published correction appears
in Circulation. 2015;132:e168-e169]. Circulation. 2015;131:1286—1300.
doi: 10.1161/CIR.0000000000000144

Achana F, Petrou S, Madan J, Khan K, Ji C, Hossain A, Lall R, Slowther AM,
Deakin CD, Quinn T, et al. Cost-effectiveness of adrenaline for out-of-hospital
cardiac arrest, Crit Care. 2020;24:579. doi: 10.1186/s513054-020-03271-0
Desschans B, Evrard P. Organ donation and transplantation statistics in
Belgium for 2012 and 2013. Transplant Proc. 2014;46:3124-3126. doi:
10.1016/jtransproceed.2014.09.170

Demiselle J, Augusto JF, Videcogq M, Legeard E, Dubé L, Templier F
Renaudin K, Sayegh J, Karam G, Blancho G, 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.
doi: 10.1111/tri. 12722

Sénchez-Fructuoso Al, Pérez-Flores |, Del Rio F, Blézquez J, Calvo N,
Moreno de la Higuera M, Gémez A, Alonso-Lera S, Soria A, Gonzélez M,
et al. Uncontrolled donation after circulatory death: a cohort study of data
from a long-standing deceased-donor kidney transplantation program. Am
J Transplant 2019;19:1693-1707. doi: 10.1111/ajt.156243

Del Rio F, Andrés A, Padilla M, Sanchez-Fructuoso Al, Molina M, Ruiz A,
Pérez-Villares JM, Peiré LZ, Aldabd T, Sebastidn R, et al. Kidney transplan-
tation from donors after uncontrolled circulatory death: the Spanish experi-
ence. Kidney Int. 2019;95:420-428. doi: 10.1016/jkint2018.09.014

de Kok MJC, Schaapherder AFM, Alwayn IPJ, Bemelman FJ, van de Wetering
J, van Zuilen AD, Christiaans MHL, Baas MC, Nurmohamed AS, Berger
SP, et al. Improving outcomes for donation after circulatory death kidney
transplantation: Science of the times. PLoS One. 2020;15:¢0236662. doi:
10.1371/journal.pone.0236662

Hoogland ER, Snoeijs MG, Winkens B, Christaans MH, van Heurn LW.
Kidney transplantation from donors after cardiac death: uncontrolled
versus controlled donation. Am J Transplant. 2011;11:1427-1434. doi:
10.1111/j.1600-6143.2011.03562.x

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125


https://mycares.net/sitepages/uploads/2020/2019%20Non-Traumatic%20National%20Survival%20Report.pdf@line 2@
https://mycares.net/sitepages/uploads/2020/2019%20Non-Traumatic%20National%20Survival%20Report.pdf@line 2@

€20z ‘ST Joquieidas uo Aq Bio'sfeusno feye//:dny wouy papeojumoq

Morrison et al

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Fondevila C, Hessheimer AJ, Flores E, Ruiz A, Mestres N, Calatayud D,
Paredes D, Rodriguez C, Fuster J, Navasa M, et al. Applicability and results
of Maastricht type 2 donation after cardiac death liver transplantation. Am J
Transplant. 2012;12:162-170. doi: 10.1111/}.1600-6143.2011.03834.x
Jiménez-Galanes S, Meneu-Diaz MJ, Elola-Olaso AM, Pérez-Saborido
B, Yiliam FS, Calvo AG, Usera MA, Gonzédlez MC, Gonzélez JC, Gonzélez
EM. Liver transplantation using uncontrolled non-heart-beating donors
under normothermic extracorporeal membrane oxygenation. Liver Transpl.
2009;15:1110-1118. doi: 10.1002/1t.21867

Krutsinger D, Reed RM, Blevins A, Puri V, De Oliveira NC, Zych B, Bolukbas
S, Raemdonck DV, Snell G, Eberlein M. Lung transplantation from donation
after cardiocirculatory death: a systematic review and meta-analysis. J Heart
Lung Transplant. 2015;34:675-684. doi: 10.1016/}.healun.2014.11.009
Gomez-de-Antonio D, Campo-Cafaveral JL, Crowley S, Valdivia D, Cordoba
M, Moradiellos J, Naranjo JM, Ussetti P, Varela A. Clinical lung transplan-
tation from uncontrolled non-heart-beating donors revisited. J Heart Lung
Transplant 2012;31:349-353. doi: 10.1016/].healun.2011.12.007

Healey A, Watanabe Y, Mills C, Stoncius M, Lavery S, Johnson K, Sanderson
R, Humar A, Yeung J, Donahoe L, et al. Initial lung transplantation experi-
ence with uncontrolled donation after cardiac death in North America. Am J
Transplant. 2020;20:1574-1581. doi: 10.1111/ajt.15795

Molina M, Dominguez-Gil B, Pérez-Villares JM, Andrés A. Uncontrolled do-
nation after circulatory death: Ethics of implementation. Curr Opin Organ
Transplant. 2019;24:358-363. doi: 10.1097/MOT.0000000000000648
Wall SP, Kaufman BJ, Gilbert AJ, Yushkov VY, Goldstein M, Rivera JE, O'Hara
D, Lerner H, Sabeta M, Torres M, et al. Derivation of the uncontrolled dona-
tion after circulatory determination of death protocol for New York City. Am J
Transplant 2011;11:1417-1426. doi: 10.1111/j.1600-6143.2011.03582.x
Ho AFW, Ong MEH. Transportation during and after cardiac arrest: who,
when, how and where? Curr Opin Crit Care. 2021,27:223-231. doi:
10.1097/mcc.0000000000000816

Venema LH, Brat A, Nijkamp DM, Krikke C, Leuvenink HGD, de Jongh
WC, Tromp TN, Van der Vliet JA, Bens BWJ, Erasmus ME. Factors that
complicated the implementation of a program of donation after unex-
pected circulatory death of lungs and kidneys: lessons learned from a re-
gional trial in the Netherlands. Transplantation. 2019;103:e256-e262. doi:
10.1097/TP.O000000000002814

Ortega-Deballon |, Hornby L, Shemie SD. Protocols for uncontrolled do-
nation after circulatory death: a systematic review of international guide-
lines, practices and transplant outcomes. Crit Care. 2015;19:268. doi:
10.1186/s13054-015-0985-7

Eckstein M, Stratton SJ, Chan LS. Termination of resuscitative efforts for
out-of-hospital cardiac arrests. Acad Emerg Med. 2005;12:65-70. doi:
10.1111/}.1653-2712.20056.tb01481.x

DuBois JM, Waterman AD, litis A, Anderson J. Is rapid organ recovery a good
idea? An exploratory study of the public’s knowledge and attitudes. Am J
Transplant. 2009;9:2392-2399. doi: 10.1111/j.1600-6143.2009.02760.x
Childress JF. Organ donation after circulatory determination of death: les-
sons and unresolved controversies. J Law Med Ethics. 2008;36:766-771.
doi: 10.1111/}.1748-720x.2008.00336.x

Wall SF, Kaufman BJ, Williams N, Norman EM, Gilbert AJ, Munjal KG,
Maikhor S, Goldstein MJ, Rivera JE, Lerner H, et al. Lesson from the New
York City out-of-hospital uncontrolled donation after circulatory deter-
mination of death program. Ann Emerg Med. 2016;67:5631-537.e39. doi:
10.1016/j.annemergmed.2015.09.017

Reed MJ, Currie |, Forsythe J, Young |, Stirling J, Logan L, Clegg GR,
Oniscu GC. Lessons from a pilot for uncontrolled donation after circu-
latory death in the ed in the UK. Emerg Med J. 2020;37:155—-161. doi:
10.1136/emermed-2019-208650

Elmer J, Weisgerber AR, Wallace DJ, Horne E, Stuart SA, Shutterly K
Callaway CW. Between-hospital variability in organ donation after resuscita-
tion from out-of-hospital cardiac arrest. Resuscitation. 2021;167:372-379.
doi: 10.1016/jresuscitation.2021.07.038

Hornby K, Hornby L, Shemie SD. A systematic review of autoresusci-
tation after cardiac arrest. Crit Care Med. 2010;38:1246-1253. doi:
10.1097/ccm.0b013e3181d8caaa

Ball IM, Sibbald R, Truog RD. Voluntary euthanasia: implications for organ
donation. N Engl J Med. 2018;379:909-911. doi: 10.1056/nejmp 1804276
Dalle Ave AL, Bernat JL. Uncontrolled donation after circulatory deter-
mination of death: a systematic ethical analysis. J Intensive Care Med.
2018;33:624-634. doi: 10.1177/0885066616682200

Human Tissue Authority. Human Tissue Act 2004. 2004. Accessed Janu-
ary 29, 2023. https://www.Hta.Gov.Uk/guidance-professionals/hta-legisla-
tion/human-tissue-act-2004

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

9b.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR.0000000000001125

Organ Donation After Out-of-Hospital Cardiac Arrest

Wall SP, Plunkett C, Caplan A. A potential solution to the shortage of
solid organs for transplantation. JAMA 2015;313:2321-2322. doi:
10.1001/jama.2015.6328

Caplan AL. Finding a solution to the organ
2016;188:1182-1183. doi: 10.1603/cmaj.151260
Mateos-Rodriguez A, Pardillos-Ferrer L, Navalpotro-Pascual JM,
Barba-Alonso C, Martin-Maldonado ME, Andrés-Belmonte A. Kidney trans-
plant function using organs from non-heart-beating donors maintained by
mechanical chest compressions. Resuscitation. 2010;81:904-907. doi:
10.1016/jresuscitation.2010.04.024

DuBois JM. Increasing rates of organ donation: exploring the Institute of
Medicine's boldest recommendation. J Clin Ethics. 2009;20:13-22. doi:
10.1086/jce200920102

Borry B, Van Reusel W, Roels L, Schotsmans P. Donation after un-
controlled cardiac death (UDCD): a review of the debate from a
European perspective. J Law Med Ethics. 2008;36:752-759. doi:
10.1111/}.1748-720x.2008.00334.x

Nathan HM, Conrad SL, Held PJ, McCullough KF, Pietroski RE, Siminoff
LA, Ojo AO. Organ donation in the United States. Am J Transplant.
2003;3(suppl 4):29-40. doi: 10.1034/}.1600-6143.3.54.4.x

Weiss J, Immer FF. Organ donation after cardiocirculatory death in
Switzerland: a review. Bioethica Forum. 2016;9:4-8.

Can F, Hovardaoglu S. Organ donation: a comparison of donating and
nondonating families in Turkey. Transplant Proc. 2017;49:1969-1974. doi:
10.1016/jtransproceed.2017.09.032

Donor Register Netherlands. 2021. Accessed January 29, 2023. https://
www.Donorregister.NI/over-het-donorregister/cijfers

Rithalia A, McDaid C, Suekarran S, Myers L, Sowden A. Impact of pre-
sumed consent for organ donation on donation rates: a systematic review.
BMJ. 2009;338:a3162. doi: 10.1136/bmj.a3162

Gnant MF, Wamser P, Goetzinger P, Sautner T, Steininger R, Muehlbacher
F. The impact of the presumed consent law and a decentralized organ
procurement system on organ donation: quadruplication in the number of
organ donors. Transplant Proc. 1991;23:2685-2686.

Roels L, Vanrenterghem Y, Waer M, Christiaens MR, Gruwez J, Michielsen
P. Three years of experience with a ‘presumed consent’ legislation in
Belgium: its impact on multi-organ donation in comparison with other
European countries: the Leuven Collaborative Group for Transplantation.
Transplant Proc. 1991;23:903-904.

Low HC, Da Costa M, Prabhakaran K, Kaur M, Wee A, Lim SG, Wai C-
T. Impact of new legislation on presumed consent on organ donation
on liver transplant in Singapore: a preliminary analysis. Transplantation.
2006;82:1234-1237. doi: 10.1097/01.tp.0000236720.66204.16
National Health Service. Organ donation. Accessed January 29, 2023.
https://www.organdonation.nhs.uk/

Nova Scotia. Changes to organ and tissue donation.2021. Accessed January
29, 2023. https://novascotia.Ca/organ-and-tissue-donation-changes/
Wall SP, Munjal KG, Dubler NN, Goldfrank LR. Uncontrolled or-
gan donation after circulatory determination of death: US policy fail-
ures and call to action. Ann Emerg Med. 2014,63:392-400. doi:
10.1016/j.annemergmed.2013.10.014

Manuel A, Solberg S, MacDonald S. Organ donation experiences of family
members. Nephrol Nurs J. 2010;37:229-236; quiz 237.

Siminoff LA, Traino HM, Genderson MW. Communicating effectively about
organ donation: a randomized trial of a behavioral communication interven-
tion to improve discussions about donation. Transplant Direct. 2015;1:e5.
doi: 10.1097/TXD.0000000000000513

Burroughs TE, Hong BA, Kappel DF Freedman BK. The sta-
bility of family decisions to consent or refuse organ donation:
would you do it again? Psychosom Med. 1998,60:1566-162. doi:
10.1097/00006842-199803000-00007

Jacoby L, Jaccard J. Perceived support among families deciding about
organ donation for their loved ones: donor vs nondonor next of kin. Am J
Crit Care. 2010;19:e52-e61. doi: 10.4037/ajcc2010396

Ralph A, Chapman JR, Gillis J, Craig JC, Butow P, Howard K, Irving M,
Sutanto B, Tong A. Family perspectives on deceased organ donation: the-
matic synthesis of qualitative studies. Am J Transplant 2014;14:923-935.
doi: 10.1111/ajt.12660

Rodrigue JR, Cornell DL, Howard RJ. Organ donation decision: compari-
son of donor and nondonor families. Am J Transplant. 2006;6:190-198.
doi: 10.1111/j.1600-6143.2005.01130.x

Light JA. The Washington, D.C. experience with uncontrolled donation after
circulatory determination of death: promises and pitfalls. J Law Med Ethics.
2008;36:735-740. doi: 10.1111/}.1748-720x.2008.00332.x

shortage. CMAJ.

September 5, 2023 e145

(]
=
=

==
=]

T
Erﬁ
=]

m =5
_m
==
mm
D =
—
(7]



https://www.Hta.Gov.Uk/guidance-professionals/hta-legislation/human-tissue-act-2004@line 2@
https://www.Hta.Gov.Uk/guidance-professionals/hta-legislation/human-tissue-act-2004@line 2@
https://www.Donorregister.Nl/over-het-donorregister/cijfers@line 2@
https://www.Donorregister.Nl/over-het-donorregister/cijfers@line 2@
https://www.organdonation.nhs.uk/
https://novascotia.Ca/organ-and-tissue-donation-changes/

AND GUIDELINES

(2]
—_
—
(7]
—
=
=
v
—
=T
(]
=
—
(-]

€20z ‘ST Joquieidas uo Aq Bio'sfeusno feye//:dny wouy papeojumoq

Morrison et al

105.

106.

107.

108.

109.

110.

12

113.

114,

115.

el46 September 5, 2023

Siminoff LA, Alolod GP, Wilson-Genderson M, Yuen EYN, Traino HM. A
comparison of request process and outcomes in donation after cardiac
death and donation after brain death: results from a national study. Am J
Transplant. 2017;17:1278-1285. doi: 10.1111/ajt.14084

Raoof M, Joseph BA, Friese RS, Kulvatunyou N, O'Keeffe T, Tang A, Wynne
J, Latifi R, Rhee P. Organ donation after traumatic cardiopulmonary arrest.
Am J Surg. 2011;,202:701-706. doi: 10.1016/j.amjsurg.2011.06.028
Dennis M, Lal S, Forrest P, Nichol A, Lamhaut L, Totaro RJ, Burns B,
Sandroni C. In-depth extracorporeal cardiopulmonary resuscitation in adult
out-of-hospital cardiac arrest. J Am Heart Assoc. 2020;9:e016521. doi:
10.1161/JAHA.120.016521

Ortega-Deballon |, Hornby L, Shemie SD, Bhanji F, Guadagno E.
Extracorporeal resuscitation for refractory out-of-hospital cardiac arrest
in adults: a systematic review of international practices and outcomes.
Resuscitation.2016;101:12-20. doi: 10.1016/j.resuscitation.2016.01.018
Casadio MC, Coppo A, Vargiolu A, Villa J, Rota M, Avalli L, Citerio G. Organ
donation in cardiac arrest patients treated with extracorporeal CPR: a
single centre observational study. Resuscitation. 2017;118:133-139. doi:
10.1016/jresuscitation.2017.06.001

Migliaccio ML, Zagli G, Cianchi G, Lazzeri C, Bonizzoli M, Cecchi A, Anichini
V, Gensini GF, Peris A. Extracorporeal membrane oxygenation in brain-
death organ and tissues donors: a single-centre experience. Br J Anaesth.
2013;111:673-674. doi: 10.1093/bja/aet323

. Dalle Ave AL, Shaw DM, Gardiner D. Extracorporeal membrane oxygenation

(ECMO) assisted cardiopulmonary resuscitation or uncontrolled donation
after the circulatory determination of death following out-of-hospital refrac-
tory cardiac arrest: an ethical analysis of an unresolved clinical dilemma.
Resuscitation. 2016;108:87-94. doi: 10.1016/jresuscitation.2016.07.003
Tazarourte K, Sapir D, Laborne FX, Briole N, Letarnec JY, Atchabahian A, Cornu
JF, Monchi M, Jabre B, Combes X. Refractory cardiac arrest in a rural area:
mechanical chest compression during helicopter transport. Acta Anaesthesiol
Scand. 2013;57:71-76. doi: 10.1111/}.1399-6576.2012.02759.x

Lazzeri C, Bonizzoli M, Franci A, Cianchi G, Batacchi S, Ciapetti M, Fulceri
GE, Rugna M, Peris A. Out of hospital cardiac arrest and uncontrolled do-
nation after circulatory death in a tertiary cardiac arrest center. EurJ Emerg
Med. 2020;27:279-283. doi: 10.1097/MEJ.0000000000000652
Roncon-Albuquerque R Jr, Gaido S, Figueiredo P, Principe N, Basilio
C, Mergulhgo P, Silva S, Honrado T, Cruz F, Pestana M, et al. An in-
tegrated program of extracorporeal membrane oxygenation (ECMO)
assisted cardiopulmonary resuscitation and uncontrolled donation after cir-
culatory determination of death in refractory cardiac arrest. Resuscitation.
2018;133:88-94. doi: 10.1016/jresuscitation.2018.10.016

Jouffroy R, Lamhaut L, Guyard A, Phillipe P, Deluze T, Jaffry M, Dagron C,
Bourgoin W, Orsini JB, An K et al. Base excess and lactate as prognostic

116.

17

118.

119

120.

121.

122,

123.

124.

125.

126.

Organ Donation After Out-of-Hospital Cardiac Arrest

indicators for patients treated by extra corporeal life support after out
hospital cardiac arrest due to acute coronary syndrome. Resuscitation.
2014;85:1764-1768. doi: 10.1016/j.resuscitation.2014.10.012

Bartos JA, Carlson K, Carlson C, Raveendran G, John R, Aufderheide
TR, Yannopoulos D. Surviving refractory out-of-hospital ventricu-
lar fibrillation cardiac arrest: critical care and extracorporeal mem-
brane oxygenation management. Resuscitation. 2018;132:47-55. doi:
10.1016/jresuscitation.2018.08.030

Lee YH, Oh YT, Ahn HC, Kim HS, Han SJ, Lee JJ, Lee TH, Seo JY, Shin
DH, Ha SO, et al. The prognostic value of the grey-to-white matter ratio in
cardiac arrest patients treated with extracorporeal membrane oxygenation.
Resuscitation. 2016;99:50-55. doi: 10.1016/j.resuscitation.2015.11.009
Yang KJ, Wang CH, Huang YC, Tseng LJ, Chen YS, Yu HY. Clinical experi-
ence of whole-body computed tomography as the initial evaluation tool
after extracorporeal cardiopulmonary resuscitation in patients of out-of-
hospital cardiac arrest. Scand J Trauma Resusc Emerg Med. 2020;28:54.
doi: 10.1186/513049-020-00746-5

Mendeloff J, Ko K, Roberts MS, Byrne M, Dew MA. Procuring or-
gan donors as a health investment: how much should we be
willing to spend? Transplantation. 2004;78:1704-1710. doi:
10.1097/01.tp.0000149787.97288.a2

Jensen CE, Serensen P, Petersen KD. In Denmark kidney transplantation
is more cost-effective than dialysis. Dan Med J. 2014,61:A4796.

Bentley TS. 2017 US organ and tissue transplant cost estimates and dis-
cussion. Accessed January 29, 2023. 2017. https://www.Milliman.Com/
en/insight/2017-us-organ-and-tissue-transplant-cost-estimates-and-dis-
cussion

Yang F, Liao M, Wang P, Yang Z, Liu Y. The cost-effectiveness of kidney
replacement therapy modalities: a systematic review of full economic
evaluations. Appl Health Econ Health Policy. 2021;19:163—-180. doi:
10.1007/s40258-020-00614-4

Love KM, Brown JB, Harbrecht BG, Muldoon SB, Miller KR, Benns MV,
Smith JW, Baker CE, Franklin GA. Organ donation as an outcome of trau-
matic cardiopulmonary arrest: a cost evaluation. J Trauma Acute Care Surg.
2016;80:792-798. doi: 10.1097/TA.0000000000000984
Geraci PM, Sepe V. Non-heart-beating organ donation in Italy. Minerva
Anestesiol. 2011;77:613-623.

Bouari S, Rijkse E, Hosgood SA, Minnee RC. Ex situ machine perfu-
sion in kidney transplantation. Artif Organs. 2022;46:173-176. doi:
10.1111/a0r.14134

Boteon YL, Hessheimer AJ, Briuggenwirth IMA, Boteon A, Padilla M,
de Meijer VE, Dominguez-Gil B, Porte RJ, Perera MTPR, Martins PN. The
economic impact of machine perfusion technology in liver transplantation.
Artif Organs. 2022;46:191-200. doi: 10.1111/a0r.14131

Circulation. 2023;148:¢120-e146. DOI: 10.1161/CIR0000000000001125


https://www.Milliman.Com/en/insight/2017-us-organ-and-tissue-transplant-cost-estimates-and-discussion@line 3@
https://www.Milliman.Com/en/insight/2017-us-organ-and-tissue-transplant-cost-estimates-and-discussion@line 3@
https://www.Milliman.Com/en/insight/2017-us-organ-and-tissue-transplant-cost-estimates-and-discussion@line 3@

