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Abstract Controlled donation after circulatory

determination of death (DCD), where death is determined

after cardiac arrest, has been responsible for the largest

quantitative increase in Canadian organ donation and

transplants, but not for heart transplants. Innovative

international advances in DCD heart transplantation

include direct procurement and perfusion (DPP) and

normothermic regional perfusion (NRP). After death is

determined, DPP involves removal and reanimation of the

arrested heart on an ex situ organ perfusion system.

Normothermic regional perfusion involves surgically

interrupting (ligating the aortic arch vessels) brain blood

flow after death determination, followed by restarting the

heart and circulation in situ using extracorporeal

membrane oxygenation. The objectives of this Canadian

consensus building process by a multidisciplinary group of

Canadian stakeholders were to review current evidence

and international DCD heart experience, comparatively

evaluate international protocols with existing Canadian

medical, legal, and ethical practices, and to discuss

implementation barriers. Review of current evidence and

international experience of DCD heart donation (DPP and

NRP) determined that DCD heart donation could be used

Endorsed by the Canadian Critical Care Society, Canadian Society of

Transplantation, Canadian Donation and Transplantation Research

Program, Canadian Association of Critical Care Nurses, Canadian

Society of Clinical Perfusion, and the Operating Room Nurses

Association of Canada.

Supplementary Information The online version of this article
(https://doi.org/10.1007/s12630-021-01926-2) contains supplemen-
tary material, which is available to authorized users.

S. D. Shemie, MD (&)

Division of Critical Care, Montreal Children’s Hospital, McGill

University, Montreal, QC, Canada

e-mail: sam.shemie@mcgill.ca

Deceased Donation, Canadian Blood Services, Ottawa, Canada

S. Torrance, BSc

Policy Research & Leading Practices, Centre for Innovation,

Canadian Blood Services, Ottawa, Canada

L. Wilson, MHA � J. MacLean, RD, MBA

Clinical Donation Services, Trillium Gift of Life Network,

Toronto, Canada

L. Hornby, MSc

Canadian Blood Services, Ottawa, Canada

J. Mohr, MBA � C. Gillrie, MSN

Deceased Donation, Canadian Blood Services, Ottawa, Canada

M. V. Badiwala, MD, PhD

Peter Munk Cardiac Centre, Toronto General Hospital,

University Health Network, University of Toronto, Toronto, ON,

Canada

A. Baker, MD

Department of Critical Care, Trauma & Neurosurgery Program,

St. Michael’s Hospital, Toronto, ON, Canada

123

Can J Anesth/J Can Anesth (2021) 68:661–671

https://doi.org/10.1007/s12630-021-01926-2

http://orcid.org/0000-0002-9776-1257
https://doi.org/10.1007/s12630-021-01926-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s12630-021-01926-2&amp;domain=pdf
https://doi.org/10.1007/s12630-021-01926-2


to provide opportunities for more heart transplants in

Canada, saving additional lives. Although candid

discussion identified a number of potential barriers and

challenges for implementing DCD heart donation in

Canada, it was determined that DPP implementation is

feasible (pending regulatory approval for the use of an ex

situ perfusion device in humans) and in alignment with

current medical guidelines for DCD. Nevertheless, further

work is required to evaluate the consistency of NRP with

current Canadian death determination policy and to ensure

the absence of brain perfusion during this process.

Résumé Le don contrôlé après un décès circulatoire

(DDC), cas dans lequel le décès est déterminé après un

arrêt cardiaque, est à l’origine de la plus forte

augmentation quantitative des dons et des

transplantations d’organes au Canada, sauf pour les

transplantations cardiaques. Parmi les progrès

internationaux novateurs dans la transplantation

cardiaque après DDC, citons l’obtention directe et

perfusion (ODP) et la circulation régionale

normothermique (CRN). Une fois le décès déterminé,

l’ODP consiste à retirer et réanimer le cœur arrêté sur un

système de perfusion ex situ. La circulation régionale

normothermique consiste à interrompre de manière

chirurgicale (en ligaturant les vaisseaux de l’arc

aortique) le flux sanguin au cerveau après la

détermination du décès, puis à redémarrer le cœur et la

circulation in situ utilisant l’oxygénation par membrane

extracorporelle (ECMO). Les objectifs de ce processus

canadien d’établissement de consensus par un groupe

multidisciplinaire d’intervenants canadiens étaient

d’examiner les données probantes et les expériences

internationales actuelles en matière de DDC, d’évaluer

comparativement les protocoles internationaux par rapport

aux pratiques médicales, juridiques et éthiques

canadiennes existantes, et de discuter des obstacles à la

mise en œuvre de tels protocoles. L’examen des données

probantes et des expériences internationales actuelles en

matière de don de cœur après DDC (ODP et CRN) a

permis de déterminer que le don de cœur après DDC

pourrait être utilisé afin de faire de plus nombreuses

transplantations cardiaques au Canada, sauvant ainsi des

vies supplémentaires. Bien que des discussions aient

permis d’identifier plusieurs obstacles et défis potentiels

à la mise en œuvre du don cardiaque après DDC au

Canada, il a été déterminé que la mise en œuvre de l’ODP

est réalisable (en attente de l’approbation réglementaire

pour l’utilisation d’un dispositif de perfusion ex situ chez

l’humain) et en accord avec les directives médicales

actuelles concernant le DDC. Néanmoins, d’autres travaux

sont nécessaires pour évaluer la conformité de la CRN aux

politiques canadiennes actuelles de détermination de la

mort et pour garantir l’absence de perfusion cérébrale au

cours de ce processus.

Keywords Organ donation � Heart transplant �
Donation after circulatory determination of death (DCD) �
Normothermic regional perfusion � Definition of death

The implementation of controlled donation after

circulatory determination of death (DCD) has been

responsible for the largest quantitative increase in

deceased donation and transplantation in Canada.1

Nevertheless, individuals on the heart transplant waiting

list have not yet benefited from the advances in DCD.

Withdrawal of life sustaining measures in patients with

devastating brain injury who are potential DCD donors

leads to cardiac arrest, and this has historically precluded

utilization of the arrested and ischemic heart for

transplantation. Figures 1 and 21 show the current status

of heart transplantation in Canada relying exclusively on

donation after neurologic determination of death (NDD,

commonly referred to as brain death). From 2013 to 2017,

there was an average of 163 adult heart transplants per year

with up to 25% of adults on the wait list dying or being
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withdrawn from the list because of deterioration that

precluded transplant. In children, the situation is dire, with

a mean of 23 pediatric heart transplants per year and up to

50% incidence of death or withdrawal from the wait list.

Two innovative methods have been developed to allow

for recovery and transplantation of hearts after cardiac

arrest from DCD donors: normothermic regional perfusion

(NRP) and direct procurement and perfusion (DPP). These

procedures have been used successfully in the United

Kingdom (UK) (NRP and DPP)2 and in Australia (DPP)3 to

increase the number of hearts available for transplant. After

death is determined in DCD, DPP involves direct removal

of the heart and reanimation of heart function on an ex situ

(outside of the body) organ perfusion system. NRP

involves surgically interrupting (clamping and ligating

the aortic arch vessels) brain blood flow after death

determination, followed by restarting the heart and

circulation in situ (in the donor’s body) using

extracorporeal membrane oxygenation (ECMO). The

purpose of precluding brain blood flow after death is to

prevent any brain perfusion or reanimation of function.

Figure 4 contrasts the differences in DCD procedures of

NRP, DPP, and current DCD practice in Canada. Australia

currently does not permit NRP as it contravenes existing

laws for DCD where death is defined as the irreversible

cessation of blood circulation in the body of the person.4,5

In the UK, the definition of death is brain-based; as long as

NRP does not restore brainstem perfusion after death has

been confirmed then it is consistent with laws for death

determination6 and therefore both DPP and NRP are

permissible.

Several Canadian heart transplant programs, including

those with ongoing animal-based research programs in

DCD heart transplantation, have expressed interest in DPP7
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Fig. 1 a Number of adult heart transplants, by province, Canada,

2013–2017. Absolute number of adult (18 yr of age or greater) heart

transplants performed, by province, in Canada, over five years.

Source: Canadian Organ Replacement Register, Canadian Institute for

Health Information, 2018. Fig. 1b Number of adult patients waiting

for a heart transplant, who withdrew from the waiting list, or died

while waiting, Canada, 2013–2017. Absolute number of adult (18 yr

of age or greater) patients waiting for a heart transplant, who

withdrew from the waiting list, or died while waiting, in Canada, over

five years. Patients waiting for a heart transplant include those who

are ‘‘active’’ and can receive a transplant at any time, and patients

who are ‘‘on hold’’ and cannot receive a transplant for a medical or

other reason for a short period of time. Patients who withdrew from

the waiting list were removed for one of the following reasons: (1)

clinical improvement and patient no longer requires transplantation;

(2) patient elects to be removed from the list; or (3) patient is too ill to

undergo transplantation and his or her condition is not deemed to be

short term. Source: Canadian Organ Replacement Register, Canadian

Institute for Health Information, 2018.
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and NRP.8 Canadian Blood Services and Trillium Gift of

Life Network collaborated to organize a two-day consensus

building process, held on 15–16 October 2018, for relevant

stakeholders to develop expert guidance for the possible

implementation of DCD heart donation in Canada.

Scope

The work performed prior to and during the two-day

consensus building process will inform organ donation

organizations, heart transplant programs, hospitals, and

provincial governments and health authorities looking for

guidance in evaluating whether to offer the opportunity for

heart donation and transplantation by DCD in the context

of their own regional and provincial needs and resources.

The scope of the consensus building process included

adult and pediatric heart donation and transplantation,

donor care, donor and recipient consent, pre- and post-

mortem interventions, definition of death, and the criteria

for death determination. Not in scope were the potential

ethical issues surrounding the provision of DCD in general,

economic analyses, the dead donor rule, and rules for the

allocation of DCD hearts. Thoraco-abdominal organ (lung,

kidney, liver, pancreas) recovery using NRP was also out

of scope, though it was recognized that this would be

discussed in the context of using NRP for the heart and the

associated impacts on the retrieval of other organs.

The objectives of the consensus building process were to

review current evidence and international DCD heart

experience, comparatively evaluate international protocols

with existing Canadian medical, legal, and ethical practices

and perspectives, and to discuss barriers and challenges of

implementing DPP and/or NRP heart donation and

transplantation in Canada.
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Fig. 2 a Number of pediatric heart transplants, by province, Canada,

2013–2017. Absolute number of pediatric (less than 18 yr of age)

heart transplants performed, by province, in Canada, over five years. 1

Source: Canadian Organ Replacement Register, Canadian Institute for

Health Information, 2018. Fig. 2b Number of pediatric patients

waiting for a heart transplant, who withdrew from the waiting list, or

died while waiting, Canada, 2013–2017. Absolute number of

pediatric (less than 18 yr of age) patients waiting for a heart

transplant, who withdrew from the waiting list, or died while waiting,

in Canada, over five years. Patients waiting for a heart transplant

include those who are ‘‘active’’ and can receive a transplant at any

time, and patients who are ‘‘on hold’’ and cannot receive a transplant

for a medical or other reason for a short period of time. Patients who

withdrew from the waiting list were removed for one of the following

reasons: (1) clinical improvement and patient no longer requires

transplantation; (2) patient elects to be removed from the list; or (3)

patient is too ill to undergo transplantation and his or her condition is

not deemed to be short term. Source: Canadian Organ Replacement

Register, Canadian Institute for Health Information, 2018.
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Methods

The planning committee (A.H., S.S., S.T., L.W., L.H.,

J.M., J.M., C.G.) with Canadian cardiac transplant advisors

(M.B., D.F.) was established to develop the agenda for the

consensus building process and to prepare background

materials for review by participants in advance of the

meeting. Experts were invited to the meeting from

backgrounds that would intersect with the care of the

DCD heart donor or recipient: critical care (physicians and

nurses), neurocritical care, intensive care unit donation

physicians, neurology, neurocritical care, cardiac transplant

surgery, cardiology, perfusion services, bioethics, legal,

death investigation, organ donation organizations,

abdominal and thoracic surgery, organ donation and

transplant research, and donor family and patient

representatives. Research Ethics Board approval was not

required nor sought for this conference. See full participant

list in the Appendix.

The following professional societies were formally

represented: Canadian Critical Care Society, Canadian

Association of Critical Care Nurses, Operating Room

Nurses Association of Canada, Canadian Society of

Clinical Perfusion, Canadian Society of Transplantation,

Canadian Donation and Transplant Research Program,

Canadian Blood Services Bioethics Advisory Committee,

Canadian Blood Services Heart Transplant Advisory

Committee, and the National Forum of Chief Coroners

and Chief Medical Examiners.

Emerging from the meeting, an Expert Review Group

was assembled (planning committee: M.B., D.F., J.T.,

A.B., D.B., C.S.) to review the meeting outcomes, finalize

the report, and assist in knowledge translation.

Development process

Prior to and during the consensus building process,

participants reviewed the following information that

would assist in the evaluation of the DPP and NRP

methods:

• Surveys of the public9 and of healthcare professionals10

that explored attitudes towards DCD heart donation and

DPP/NRP

• A bioethics review (eAppendix in the Electronic

Supplementary Material [ESM])

• Documents outlining existing DCD clinical guidelines

in Canada and the current provincial legal statutes and

framework for death determination in Canada

(eAppendix, ESM)

• A statement from the National Forum of Chief

Coroners and Chief Medical Examiners (eAppendix,

ESM)

• Data on the annual number of heart transplants and

recipients waiting in Canada, and on DCD heart

donation potential in Ontario (Figs 1–3; Table 1).

Participants heard from the following international

experts:

• Dr. Kumud Dhital, a cardiothoracic specialist and

transplant surgeon from St. Vincent’s Hospital in

Sydney, Australia

• Dr. Dale Gardiner, Deputy National Clinical Lead for

Organ Donation for National Health Service Blood and

Transplant in the UK and a consultant in adult intensive

care medicine from Nottingham University Hospitals

National Health Service Trust

• Mr. Stephen Large, Consultant Surgeon from the

Papworth Hospital National Health Service

Foundation Trust.

Discussions were held in small groups, panels and in

plenary to address specific questions, including the

advantages and disadvantages of DCD heart

implementation, alignment with and impacts on current

Canadian practices, and barriers, challenges, concerns and

opportunities associated with both the DPP and NRP

methods. Discussions and debate were informed by panels

of: 1) subject matter experts in bioethics, law, public/

professional surveyors, coroner/medical examiner; 2) heart

transplant recipients and family members who gave consent

for organ and/or tissue donation by DCD on behalf of their

loved ones; 3) Canadian heart transplant surgeons; and

4) Canadian intensive care death determination experts.

Final participant consensus recommendations for DPP vs

NRP were conducted via nominal group technique. See

eAppendix (ESM) for additional information.

Management of competing interests

All participants signed a confidentiality agreement upon

arrival at the venue, where they were also asked to disclose

any potential professional and financial conflicts of interest.

These declarations were then reviewed by the planning

committee. Several participants have professional roles in

organ donation administration for governmental not-for-

profit entities or funded scientific research; however, none

of the participants were considered to have a relevant

financial conflict of interest. All presenters declared their

competing interests prior to their presentations.

Results

Table 2 summarizes the advantages and disadvantages of

DPP and NRP identified by meeting participants. Key
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outcomes of the consensus building process are presented

below. More information on the background documents,

information presented, and discussions that took place can

be found in the full guidance document (eAppendix, ESM).

1. According to the preliminary results of the surveys,

there is professional and public support for DCD heart

donation and transplantation in Canada.9,10

2. There is an opportunity to increase the number of heart

transplants through DCD, but it must be done in a way

that protects all potential donors and recipients and

safeguards public and professional trust.

3. Challenges were identified related to human resource

requirements, logistics, cost, and system capacity for

both DPP and NRP.

4. International experience to 31 March 2019 (n = 105 in

adults) shows good short to medium term outcomes for

both NRP and DPP, but insufficient data exists for

long-term outcomes or for comparing NRP vs DPP

outcomes. Recent published data show a one-, three-,

and five-year survival of 96%, 94%, and 94%

respectively for DPP heart DCD in Australia.11

Single-centre UK data on NRP and DPP heart DCD

shows DCD heart donation increased overall heart

transplant activity at Royal Papworth Hospital by 48%

with no difference in intensive care unit length of stay

and 30-day or one-year survival compared with

conventional donation after brain death heart

transplants.12

5. Direct procurement and perfusion align with existing

Canadian guidelines for DCD13,14 where ex situ organ

evaluation is already in place (e.g., lungs, liver,

kidneys). Therefore, there are compelling reasons to

advance this practice in Canada without delay.

6. While DCD heart transplant could provide the greatest

impact for infants and children, there has been limited

pediatric experience and ex situ perfusion devices are

only just being developed for children.

7. Further investigation is needed to address the medical

and ethical acceptability of NRP and to identify the

impact of NRP on organs other than the heart.

8. Participants identified the need to clarify issues

regarding death determination, especially with

respect to NRP:

• Concerns were raised regarding acceptability and

validity of the required surgical interruption of

brain blood flow following death determination and

the lack of confirmation of the cessation of brain

blood flow and function, as currently practiced.

Despite the interruption of brain arterial supply

from the aortic arch, there may be risks for

accessory collateral arterial supply to the brain in

any potential DCD heart donor. The potential for

collateral arterial flow to generate brain perfusion

will depend on the amount of anterograde flow and

arterial pressure generated to overcome intracranial

pressure. It is unclear what degree of brain

perfusion may be associated with risks of

resumption of brain function. In potential donors

with pre-existing brain injury and elevations of

intracranial pressure, a higher level of collateral

flow and pressure would be required to generate

brain perfusion. For conscious and competent

bFig. 3 Overview of current DCD protocols. High-level overview of

three protocols for controlled donation after circulatory determination

of death. The current Canadian protocol includes the procedures for

recovery of all organs except the heart. Two additional protocols are

used for heart recovery after controlled donation after circulatory

determination of death in specific centres outside of Canada. DCD =

controlled donation after circulatory determination of death; DPP =

direct procurement and perfusion; ECMO = extracorporeal membrane

oxygenation; NRP = normothermic regional perfusion; SBP = systolic

blood pressure.

Table 1 Estimated number of DCD heart donors in Ontario, by age group and by implementation year, 2013/14–2017/18

2013/14 2014/15 2015/16 2016/17 2017/18

Age

B40

Age

B50

Age

B40

Age

B50

Age

B40

Age

B50

Age

B40

Age

B50

Age

B40

Age

B50

Year 1 5 8 5 9 5 11 8 13 7 10

Years 2–5 7 10 7 12 7 14 11 17 9 13

The estimated number of adult DCD heart donors in Ontario, by age group, over five years. An initial pool of donors whose systolic blood

pressure dropped to less than 50 mmHg within 2.5 hours from the time of WLSM were included in the analysis. Of these cases, the donors with a

functional warm ischemic time of less than 30 min (in line with the UK protocol) were considered. Given these donors were not assessed for

heart transplantation suitability at the time of their donation, cardiologists and cardiac surgeons have estimated 30% of these DCD donors may be

suitable for heart transplantation in the first year, increasing to 40% in years two to five of implementation; a reflection of increased clinical

experience in identifying hearts suitable for transplantation. Donors less than or equal to 40 yr of age and 50 yr of age were considered. DCD

heart donor: an organ donor whose heart was recovered and transplanted after controlled donation after circulatory determination of death. DCD

= controlled donation after circulatory determination of death; WLSM = withdrawal of life sustaining measures.

Source: Trillium Gift of Life Network
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patients, such as those undergoing medical

assistance in dying, who do not have pre-existing

devastating brain injury associated with elevations

of intracranial pressure, any collateral arterial

supply to the brain may be theoretically more

likely to generate brain perfusion and resumption

of brain function.

• Alignment is needed between Canadian medical

guidelines for DCD where death determination

definitions differ (cessation of circulation and/or

brain function).

Table 2 Comparison between DPP and NRP by meeting participants

DPP NRP

Logistical

considerations

• Logistically more simple

• Broader implementation potential—can be done in multiple

centres, with increased distance for recovery

• More complicated procedure:

- ECMO required

- Isolation of cerebral circulation required prior to

reperfusion

• Implementation will be more limited—must be done in

centres with ECMO programs

• Subsequent ex situ perfusion machine requirement is

uncertain/variable

Heart quality • Greater time to reperfusion, may result in increased ischemic

time

• Conditions of initial reperfusion cardioplegia delivery can be

tailored to minimize ischemic reperfusion injury

• Expeditious reperfusion, shorter ischemic time

• Allows earlier replenishment of energy stores in the heart

and all organs

Ability to assess

heart function

• Assessments of organ viability can be performed during the

preservation interval when the heart is on the ex situ perfusion

machine

• With currently available technology, unable to assess heart to

the same degree as NRP, as the heart is not pumping in a

loaded state against resistance so may not accurately reflect

how well the heart will perform in a transplant recipient

• Ability to more fully assess heart function in situ prior to

organ recovery and prior to use of expensive ex situ
perfusion device

• Chance to assess the heart for coronary disease or

malignancies

• Organ viability can be assessed during the preservation

interval when the heart is on the ex situ perfusion

machine

Impact on other

organs

• It is unclear whether a slight increase in ischemic time when

the heart is recovered has an impact on the recovery and

function of other organs

• Better assessment and likely quality of abdominal organs;

impact on lungs requires further study

• More time allowed for recovery of abdominal organs

• May increase the number of usable organs from a donor

• Recovery only required for organs deemed viable

Recipient

outcomes

• Similar short-term to medium-term outcomes for NRP and

DPP

• Not enough data for comparison of long-term outcomes

• Possibly less mechanical support post-transplant; no well

controlled direct comparison data available

• Similar short-term to medium-term outcomes for NRP

and DPP

• Not enough data for comparison of long-term outcomes

Pediatric

considerations

• No machine currently available for neonates/pediatric patients

Regulatory

status

• Ex situ perfusion machine has not been approved by Health

Canada yet

• ECMO currently performed in select hospitals

Legal status • Consistent with definition of death in Canada • Further assessment required to determine if NRP is

consistent with definition of death in Canada

Costs • Not enough data for comparison

• Perfusion machines and disposables are expensive

• Not enough data for comparison

• Must take into consideration ECMO costs, as well as ex
situ perfusion machine and disposables, if used

Social/HCP

acceptance

• Less ethically challenging—ex situ reanimation associated

with fewer ethical objections

• More ethical issues surrounding in situ reanimation and

potential of brain reperfusion

Donor

family/patient

considerations

• Opportunity to donate heart • Opportunity to donate heart

• Information provided for consent may need to change—

may make for more difficult family communications

DPP = direct procurement and perfusion; ECMO = extracorporeal membrane oxygenation; NRP = normothermic regional perfusion.
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Based on deliberations and outcomes from the meeting,

authors suggest that jurisdictions should consider the use of

NRP based on the following logic model:

If:

1. The surgical act of ligating or dividing the aortic arch

vessels after confirmation of death and before starting

NRP is medically and ethically acceptable

2. Death in DCD is defined by the permanent cessation of

circulation to the brain

3. Absence of potential for brain perfusion can be assured

(to adhere to the principle of permanence for death).

Then:

4. Restarting the circulation after death does not

invalidate the definition of death in DCD

Table 3 Knowledge gaps and research questions identified throughout the consensus-building process

Clinical

What are the long-term outcomes for recipients of DCD hearts, stratified by different procurement methods?

What are the post-transplant risks/requirements for heart support (ECMO, VAD, IABP) and renal support for recipients?

Which recipients would benefit the most from DCD hearts? What is the difference in risk for the patient to accept a DCD heart vs a marginal

NDD heart?

What is the impact on other organs recovered from DCD heart donors, especially lungs, in terms of quality and quantity?

How does medical assistance in dying affect DCD heart donation, including consent implications and impact of terminal sedation on heart

transplantability?

Are the hearts from pediatric donors more resistant to the ischemic damage of the DCD process? If so, can cutoff times (from WLSM to death)

for donation be extended in this group?

Biomedical

What is the optimal protocol for initial flush in the donor: temperature, flush solution composition, subsequent normothermic or sub-

normothermic perfusion, etc.?

What is the potential for development of ex situ perfusion machines for pediatrics and those that can better assess cardiac function?

Can we improve cardioplegia solutions that will better protect the heart after it stops beating? What pre-conditioning regimes are most effective?

What is the role and opportunity for myocardial perfusion studies?

Are there other advantageous solutions other than donor blood for the ex situ perfusion machine?

Perfusion

What research should be conducted to establish the amount of residual/collateral blood flow to the brain (if any) after cross-clamping aortic arch

arteries for NRP, in adults, neonates and children. Moreover, how much cerebral circulation (if any) is relevant or permissible? Does any flow

result in perfusion and does the perfusion result in any resumption of brain function? Are there ways to monitor or confirm no brain blood flow/

perfusion/function after resuming thoracoabdominal circulation?

Should there be neurologic assessments as part of the NRP process?

What is the role of neuroradiology to establish if pre-donation imaging of any kind would be useful and/or appropriate to assess aberrant or

collateral brain vessels?

What is the role of neuromonitoring modalities in the setting of MAID to determine if there is an increased risk of minimal consciousness (e.g.,

pain perception) in patients with a non-injured brain during NRP?

Donation

More analysis on DCD potential and NDD heart potential is required. Do we have a good understanding of the gap between supply and demand?

Before expanding into new programs, have we maximized unused hearts from NDD, including marginal organs (at a lower cost)?

What are the optimal DCD heart donor and recipient criteria?

What are the facilitators and barriers to DCDD heart implementation?

Public and professional understanding of DCD

Do we really know how much the public understood the DCD heart donation survey (e.g., did they understand the difference between DPP and

NRP?)? Is there a role for further public consultation?

How will the option for DCD heart donation influence overall DCD consent rates?

Further qualitative research is required to understand how much families would like to know about the DCD heart donation process and what

basic amount of information should be provided.

If the decision is made to proceed with DCD heart donation in Canada, would extra information then be required with respect to registration of

intent to donate? While the differences between NDD and DCD are not currently explained when individuals register their intent to donate, do

or could the details of DCD heart donation create an (additional) obligation to inform the public?

DCD = controlled donation after circulatory determination of death; DCDD = donation after circulatory determination of death; DPP = direct

procurement and perfusion; ECMO = extracorporeal membrane oxygenation; IABP = intra-aortic balloon pump; NDD = neurologic

determination of death; MAID = medical assistance in dying; NRP = normothermic regional perfusion; VAD = ventricular assist device; WLSM

= withdrawal of life sustaining measures.
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5. Restarting the heart in the donor’s body after death

does not invalidate the definition of death in DCD

6. Normothermic regional perfusion may be considered

permissible.

Discussion

There are no published guidelines for policies and the

practice of DCD heart donation and transplantation in

Canada. There are two Canadian guidelines (one adult,13 one

pediatric14) for DCD; however, the adult guidelines do not

consider heart donation and transplantation and the pediatric

guidelines consider it only in the context of a research

protocol. Specifically, the pediatric guidelines for DCD

advises that recovery and transplantation of the heart is

consistent with the dead donor rule. Considering the lack of

published experience at the time of its publication, the

previous guideline suggests heart transplant programs

establish criteria for acceptance of heart donation, ex situ

cardiac perfusion protocols, and heart allocation in pediatric

DCD. The guideline also suggests cardiac programs for

pediatric DCD be initiated under the supervision of a clinical

trial or innovative therapy program.

Based on the outcomes of the consensus building

process, the guidance panel agreed that implementation

of DPP is feasible and in alignment with current Canadian

medical, legal, and ethical guidelines for DCD, pending

regulatory approval for the use of an ex situ perfusion

device in humans. Further work is necessary to address the

medical, ethical, and legal framework for NRP in the

Canadian context. Principal challenges with NRP to

resolve include consistency with current concepts and

practices of death determination after cardiac arrest, the act

of surgical interruption of brain blood flow and whether

this surgical interruption of aortic arch vessels ensures

cessation of brain blood flow from collateral sources.

There is no specific timeline to update this guidance for

policy, but any changes to the DCD heart donation and

transplantation process and/or DCD guidelines would

require a review of this document to ensure that it covers

any new ethical or practical concerns.

Gaps in knowledge and research questions

At the time of the meeting, there was limited worldwide

experience with DCD heart transplantation. More data are

needed to make further comparisons between DPP, NRP,

and NDD donors. Two ‘‘listening posts’’ assigned to collect

information during the consensus building process

identified knowledge gaps and research questions (see

Table 3).

As mentioned, economic analyses were beyond the scope

of the meeting given insufficient information is available to

assess the financial impact of either DPP or NRP, nor to

compare costs between the two. In addition, economic

health assessment expertise was not available during the

discussion. Nonetheless, there was consensus that further

economic assessment is needed. It was suggested that an

economic assessment of DPP, NRP with ex situ perfusion,

and NRP with cold storage be completed. Several

individuals have begun this work in part.

Post meeting, the Ontario Health Technology Advisory

Committee (OHTAC) completed a health technology

assessment for the use of portable cardiac perfusion

systems in DCD. OHTAC uses established scientific

methods to analyze evidence and develop assessments of

new and existing healthcare services and medical devices

and make recommendations on whether these services and

devices should be publicly funded in Ontario. Based on this

assessment, Health Quality Ontario, under the guidance of

OHTAC, has recommended portable cardiac perfusion

systems for use in DCD cases be publicly funded,

conditional on Health Canada approval. The draft

recommendation has been published on the Health

Quality Ontario website.15

Conclusion

Review of current evidence and international experience of

DCD heart donation (DPP and NRP) by a multidisciplinary

group of Canadian stakeholders determined that DCD heart

donation could be used to provide opportunities for more

heart transplants in Canada, resulting in additional lives

saved. Although candid discussion identified a number of

potential barriers and challenges for implementing DCD

heart donation (DPP and NRP) in Canada, upon evaluation

of each of these procedures against Canadian medical,

legal, and ethical practices, it was determined that DPP

implementation is feasible (pending regulatory approval

for the use of an ex situ perfusion device in humans) and in

alignment with current medical guidelines for DCD.

Nevertheless, further work is needed to address and

respond to several medical, legal, and ethical concerns

for NRP implementation.
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