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With an expanding population at risk for heart failure and the resulting increase in patients admitted to the waiting list for heart transplantation, the demand of viable organs exceeds the supply of suitable donor hearts. Use of hearts after circulatory death has reduced this deficit. Two primary techniques for heart procurement in circulatory death donors have been described: direct procurement and perfusion and thoraco-abdominal normothermic regional perfusion. While the former has been accepted as an option for heart procurement in circulatory death donors, the latter technique has raised some ethical questions in relation to the dead donor rule. In this paper we discuss the current dilemmas regarding these heart procurement protocols in circulatory death donors.
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Introduction

Since the criteria for determination of brain death were introduced in 1968 (1), heart transplantation relied on donor hearts from donation after brain death (DBD). Use of hearts from controlled donation after circulatory death (cDCD), where death is defined by the irreversible cessation of circulation (2), has proven to increase the availability of donor hearts of acceptable quality (3–7). Due to the expanding population at risk for heart failure and the resulting increase in patients admitted to waiting lists for heart transplantation, the current demand for viable organs exceeds the supply of suitable donor hearts, resulting in increased waiting list mortality (8) and strict criteria for waiting list admittance. Expanding the donor pool with cDCD donors can help to reduce this deficit (9).

For heart procurement in cDCD, two principal techniques have been described: direct procurement and perfusion (DPP) and procurement after thoraco-abdominal normothermic regional perfusion (TA-NRP), where extracorporeal membrane oxygenation (ECMO) is started in the donor after declaration of death (3–7). While the former has been widely accepted as an option for heart procurement during cDCD, the latter technique is not universally applied and has raised ethical questions despite the consensus document of the International Society for Heart and Lung Transplantation that states that TA-NRP is ethically justifiable (10). This ongoing debate over TA-NRP seems to originate from different interpretations of the concept of circulatory death, the interpretation of mechanical resumption of circulation in light of the dead donor rule (DDR), and the differences in length of the “no-touch” period (11). For instance, some approach circulatory cessation in the setting of cDCD as the defining moment at which the process of brain mortification ensues, as brain perfusion is absent from that moment onwards (12–15). This implies that as long as the process of brain mortification is not disturbed, mechanical resumption of circulation is in accordance with circulatory death and places emphasis on the central role of the brain in distinguishing life from death. On the other hand, others postulate that circulatory death in cDCD is based on cessation of circulation in itself, and for that reason restoration of any form of circulation (including mechanical) should not be attempted (16, 17). Similarly, differences in criteria that define circulatory death exist, with pulselessness (mechanical asystole) or absent electrical activity (electrical asystole) as different markers of cessation of circulation. And last, differences in the “no-touch” period, which is meant to ensure the absence of spontaneous return of circulation and ranges from 2 to 20 min, are also present (11).

In this review we provide an overview of the different points of view regarding cDCD, how it relates to the DDR and also discuss the ethics surrounding different procurement techniques (DPP vs. TA-NRP). In order to do so, some general concepts are discussed prior to providing ethical considerations. The goal is to summarize this topic for the reader, in order to facilitate consensus formation regarding the application of TA-NRP vs. DPP and highlight why this is such a precarious topic.



Organ donation and the dead donor rule

In 1999, Robertson et al. formulated the principles of the DDR. The DDR was formulated in order to dissociate organ procurement from the act of killing in order to protect the patient from harm and preserve public trust in organ donation (18). In its current form, the DDR is twofold. First, the organ retrieval itself should not be the cause of death of an individual that is willing to donate. Second, death itself must be declared prior to organ procurement. The DDR is currently widely embedded within laws and regulations regarding organ and tissue donation and can be perceived as the ethical foundation on which the process of organ donation is built (19–22).



Donation after circulatory death

Donation after Circulatory Death, previously described as non-heart-beating donation, was adopted during the early years of organ transplantation, but was abandoned after the introduction of the formal brain-death criteria in 1968. It was, however, reinstated after the first International Workshop on this topic in 1995. The classification that originates from this meeting (Maastricht Classification), describes the different types of donors according to the cause of cessation of circulation. It distinguishes controlled from uncontrolled cessation and thereby allows physicians to distinguish more suitable from less suitable potential donors (23). The last 25 years, this classification has been updated multiple times (24), with the last changes being made in 2013 during the DCD conference in Paris (Table 1) (25).


TABLE 1 Classification of circulatory death donors (24, 25).
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In short, the Maastricht classification makes a distinction between (1) a patient that has died outside of the hospital; (2) a patient that has died after unsuccessful resuscitation; (3) a patient that is withdrawn from life-sustaining treatment, but does not meet brain-death criteria; (4) the patient meets brain-death criteria and has a spontaneous circulatory arrest; and (5) the patient has died after euthanasia. According to this classification, only categories 3 and 5 are classified as cDCD.



Defining circulatory death

Historically, the heart is often perceived as the primary driving force of life. For this reason, the presence of a heartbeat distinguished the living from the dead. Over the course of history, efforts were made to record specific signs to properly determine death and since the late 1800s, death is determined based on three vital signs: the absence of heartbeat, respiration and neurological function (26). These three vital signs also constitute important criteria for the determination of circulatory death, which is described as the irreversible cessation of circulatory and respiratory function, which marks the start of the process of brain mortification and irreversible loss of brain function (2, 20).

Although the concept of loss of circulation and respiration seems clear, a difference in criteria used to define loss of circulation is present across countries. For instance, some use equilibration of arterial/venous pressures (mechanical asystole), while others prefer electrical standstill (electrical asystole) (4, 27, 28). These differences are also reflected in guidelines and statements (29). Although electrical standstill is still used, detecting electrical activity is not by definition an indication of contraction or circulation.



Duration of the “no-touch” period

To ascertain this irreversible loss of spontaneous circulation and respiration in the context of cDCD, all countries maintain a “no-touch” period (Table 2). The “no-touch” period represents the time between cessation of circulation (mechanical or electrical asystole) and the moment death is formally declared, in order to exclude the possibility of autoresuscitation. As the name implies, the process of dying may not be disturbed or influenced during this period. The exact duration of the “no-touch” period varies between counties (Table 2), ranging from 2 to 20 min. In general, 2-5 min of absent circulation are used to confirm irreversible loss of circulation, respiration and brain function, although discussion remains whether 2 min is an adequate length to exclude the possibility of autoresuscitation (30, 33). An European working group agreed on 5 min of absent circulation during the 6th International Conference in Organ Donation held in Paris in 2013 (34). A recent study, which investigated the resumption of cardiac activity after withdrawal of life-support in 631 patients, showed that no resumption of cardiac activity was seen after 4 min and 20 s (35). In our experience, 5 min of “no-touch” is sufficient to ascertain permanent cessation of circulation without the possibility of autoresuscitation if the left atrium is incised before the start of ventilation to prevent restart of cardiac perfusion by ventilation. The International Society for Heart and Lung transplantation has endorsed 5 min “no-touch” period (10). In our opinion, the “no-touch” period should be universally set at 5 min to eliminate existing differences and to prevent autoresuscitation.


TABLE 2 “No-touch” period per country (11, 30–32).

[image: Table 2]



Current methods for heart procurement in circulatory death donors

Different techniques have been developed for the procurement and preservation of cDCD hearts: direct procurement followed by static cold storage (DP-SCS), direct procurement followed by ex-situ heart perfusion (DP-ESHP), procurement after thoraco-abdominal normothermic regional perfusion in the donor followed by ex-situ heart perfusion (TA-NRP-ESHP) and procurement after thoraco-abdominal normothermic regional perfusion in the donor followed by static cold storage (TA-NRP-SCS) (36, 37).

In case of ESHP, the heart is mounted on a device for hypothermic or (sub)normothermic machine perfusion and preserved in an unloaded state. In case of TA-NRP, ECMO is initiated in the donor after declaration of death, while perfusion of the brain is prevented by occlusion of the aortic arch vessels. As a result, the heart resumes its contractile function due to the re-establishment of coronary perfusion while the brain is thought to be devoid of circulation. After a recovery period, the donor may be weaned from ECMO, and the cardiac contractile function can be evaluated in-situ prior to organ procurement, ensuring adequate graft quality after the inevitable warm ischemic insult associated with circulatory death. Regarding the clinical application of cDCD with the purpose of heart transplantation, DP-SCS has been found to be futile due to inadequate quality of the harvested hearts, since SCS will not restore the ATP levels in the heart. The first success with the DP-ESHP technique was reported in 2015 (3), which was quickly followed by TA-NRP-ESHP (4) and TA-NRP-SCS cases (38) Currently, six countries have a cDCD heart transplantation program (Table 3).


TABLE 3 Type of heart procurement in circulatory death donors per country (11).
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Benefits of TA-NRP

The most important benefit of TA-NRP is that it enables quality assessment of the heart after the warm ischemic insult compared to DP-ESHP. TA-NRP therefore facilitates better selection of donor hearts (5). Improved selection may result in a lower complication rate post-transplantation and better survival. Physiologically, TA-NRP has the benefit that the kidneys and the liver provide the optimal homeostatic environment compared to the recirculating diluted whole blood in the DP-ESHP setting which could impact endothelial and thus graft function of multiple organs. Until now, no data is available that shows superiority for TA-NRP in cDCD heart transplantation (5) but, although numbers are small, multiple studies show 100% survival at 30 days with TA-NRP (5, 39–41). This data suggest that in a larger study, the advantage of TA-NRP may be demonstrated if the survival gap between the groups persist. Also, TA-NRP allows multiple organs to be perfused at once, which could reduce the need for multiple perfusion machines. It improves the quality of kidneys and livers and has shown superior outcomes after transplantation for kidneys and livers compared to other preservation techniques (42–46). Furthermore, TA-NRP gives the opportunity to preserve hearts using SCS after TA-NRP, analogous to what is done with brain death donation (38). The use of SCS instead of ESHP after TA-NRP will directly lead to a reduction in healthcare costs (4–6), by saving disposables ($50.000) and human resources needed for DP-ESHP. The question therefore arises whether TA-NRP should also become the golden standard of procurement in a cDCD setting, following the example set by centers in the United Kingdom and Belgium. However, re-establishment of circulation by restoring thoraco-abdominal perfusion in a donor that has been declared dead on circulatory grounds, raises ethical concerns not only because of the possibility of brain perfusion. This is the reason why TA-NRP is currently infrequently performed in the United Kingdom and Belgium.



The ethical dilemmas regarding TA-NRP

When assessing the literature, most of the ethical dilemmas surrounding TA-NRP seem to originate from the interplay between the DDR and the formal declaration of death. Although a formal definition of circulatory death is available, it remains subject to interpretation and (local) beliefs, especially regarding what distinguishes life from death in this sense. Below we highlight some important aspects of these ethical dilemmas.


Defining circulatory death

Most laws and regulations use the term irreversible cessation of circulation and respiration in order for death to be declared on circulatory grounds. Irreversible is referring to a condition that cannot be restored no matter what, yet both can be mechanically resumed with life-sustaining therapies. Alternatively, one could use “permanent” cessation instead of “irreversible” (47–49). Whereas irreversible cessation means that the function cannot resume, permanent cessation means that it will not resume and is thus dependent on action and intent (47, 48). This means that cessation is permanent but not necessarily irreversible.

Although death is determined differently for circulatory death and brain death, they are essentially based on the same principle: the cessation of the ability for spontaneous, integrated functioning of multiple bodily systems, with human consciousness as the best example (26). Fundamentally, this integrated functioning is dependent on oxygen delivery to the brain, which orchestrates consciousness (cortex) and spontaneous bodily functions, such as breathing and blood pressure regulation (brain stem). Based on this principle, some have argued that in the setting of circulatory arrest, death can be determined based on permanent cessation of brain circulation and subsequent irreversible loss of brain function (26, 47, 49). This approach places emphasis on the central role of the brain in distinguishing life from death. Taking this into account, this approach suggests that mechanical restoration of circulation (TA-NRP) to other organs than the brain would be feasible as long as restoration of blood flow to the brain would be prevented (13, 14, 47, 50). This is the basis on which TA-NRP is introduced in the United Kingdom, Belgium and in the United States (39, 51).

On the other hand, if emphasis is placed on permanent cessation of circulation and respiration as defining features of circulatory death, this means that no mechanical circulation in-situ should be initiated. This is currently the case in Australia, where cDCD heart transplantation is performed using DP-ESHP only (50) and this approach excludes the use of TA-NRP altogether.

To summarize, the application of TA-NRP depends partly on how circulatory death is defined in the cDCD setting and to what extent emphasis is placed on the functioning of the brain vs. the presence of (mechanical or spontaneous) circulation itself.



The “no-touch” period and irreversible loss of brain function

As described previously, the “no-touch” period represents the time between cessation of circulation and the formal declaration of death and its main purpose is to exclude the possibility of autoresuscitation. Yet, if we choose the absence of brain perfusion as the final denominator of circulatory death, how would that impact the “no-touch” period to ensure irreversible loss of brain function after cessation of brain perfusion? Little evidence exists on the time when irreversible loss of brain function occurs. One review describes that in the clinical setting, loss of consciousness and loss of spontaneous electroencephalography activity occurs within 30 s after circulatory arrest (52). However, evoked cortical activity may persist up to several minutes. This might be even longer for brainstem evoked potentials, as this area of the brain is more resilient to anoxia-ischemia (52). Furthermore, the absence of spontaneous electrical activity is accepted as a marker of absent consciousness and awareness, although it cannot guarantee it (53).

Therefore, if emphasis is placed on the central role of the brain in distinguishing life from death to justify TA-NRP with exclusion of the cerebral circulation to avoid disruption of the process of brain mortification, we should be aware of the exact moment that irreversible cessation of brain function is reached before initiating TA-NRP, or be absolutely sure that execution of TA-NRP with exclusion of the cerebral circulation does not disturb the process of brain mortification. In the first case, this might warrant adaptation of the “no-touch” period to exclude any possibility of persistent brain function, instead of excluding the possibility of autoresuscitation. In the second case, sufficient evidence is needed to ascertain that TA-NRP with exclusion of the cerebral circulation will not result in restoration of brain perfusion and harm the process of brain mortification. Recent studies demonstrate no signs of brain perfusion and function after clamping the aortic arch vessels, compared to a control group that showed (partial) resumption of brain perfusion and activity (54). Other studies support this (55–57). In case of doubt or concern regarding potential collateral circulation to the brain, draining the arch vessels to atmospheric or negative pressure might divert any collateral flow away from the brain and may be an alternative to clamping these vessels (50). Based on these findings, one could state that TA-NRP with clamping or drainage of the aortic arch vessels does not restore brain perfusion and function, and hence does not harm the principle of permanent cessation of brain function required to declare a patient dead on the basis of circulatory grounds with the brain as final denominator of circulatory death. Yet, the number of patients in these studies is low and anatomic variation in collateral circulation to the brain might not have been investigated in these studies.



Resuscitation or donor treatment?

Another important factor to address is whether TA-NRP is considered as resuscitation itself, or donor treatment in line with the necessary investigations before acceptance of donor organs for transplantation. On the one hand, initiation TA-NRP can be viewed as resuscitation if emphasis is placed on the absence of circulation itself as the final denominator of circulatory death. After all, an attempt is made to undo the situation that is responsible for the death of the donor and can thus be seen as resuscitation. In this approach, the donor is only dead as long as circulation is absent and restoration of circulation is thus viewed as harming the criteria on which circulatory death is defined, regardless of neurological status. Furthermore, the act of active exclusion of the cerebral circulation during TA-NRP could also be viewed as an intervention aimed at preventing restoration (i.e., resuscitation) of brain function and thus inflicting damage to the patient, which is now considered alive on the basis of presence of (mechanical) circulation, and could thus be viewed as inflicting brain death in an otherwise alive (on circulatory grounds) patient. In this case, the DDR is not respected since the donor is considered not dead at the time of organ procurement.

On the other hand, if the decision has been made to withdraw life-sustaining therapy based on an unfavorable prognosis, the sequential nature of observing cessation of spontaneous circulation and breathing, combined with the independent and deliberate decision to not attempt resuscitation and maintain the appropriate “no touch” period, death itself has been declared prior to organ procurement. The definition of circulatory death is met because the deliberate decision has been made not to resuscitate the patient in their best interest (34, 47). The fact that TA-NRP only results in “mechanical” restoration instead of autoresuscitation, fits this narrative, especially in case the cerebral circulation is actively excluded and the process of brain mortification is not disturbed (34). In this line of reasoning, the act could be seen as part of the necessary investigation before acceptance of the donor organs for transplantation.



Societal perspective

Since most organ donation systems rely on confidence of the community in donation on voluntary grounds, we should not forget the impact on society. The medical world can postulate evidence-based arguments, but culture, emotions, habits and beliefs will play a role in how society will weigh circulatory death and TA-NRP. Whereas medical professionals tend to view death as a process with a clear starting point based on physiologic parameters, others might view death as a process that should not be disturbed. And if we agree on the brain as final denominator of circulatory death, to some, the beating heart is still regarded as a sacred organ that possesses special value of life. Caution with the introduction of TA-NRP is therefore necessary, as it could harm the perceived safety and the protection of the individual human within society, as death, and thus donation, might be experienced differently. Since donation is a voluntary act, it is important to maintain societal confidence in systems that guide this. Losing confidence would be very damaging and undo most of the progress we have made in the past, thereby defeating its own purpose.



Alternative to TA-NRP—abandoning the DDR

Abandoning the DDR would constitute a paradigm shift in the ethics of deceased organ procurement from donor beneficence to donor autonomy and non-harmfulness (58, 59). This switch would require changes in laws to legitimize organ procurement during the dying phase of the donor and public discussion about autonomy-based end-of-life decisions. Practically, euthanasia through organ donation could be an option in which voluntary informed consent is key. In this regard, Verheijde described the option of organ procurement after voluntary informed consent as mentioned by Truog (59, 60); the preservation of a person's autonomy and the voluntary nature of the decisions is fundamental for organ procurement in the dying phase. Mandated choice, in which an individual is required to document their decision, is thought to guarantee autonomy and the voluntary nature, although opponents may postulate that it is unacceptable in a libertarian society (59). Bollen explored anesthetized organ procurement and concluded that the consequentialist and utilitarian arguments need further debate and analysis. Like organ procurement during the dying phase of the donor, autonomy and the voluntary nature are fundamental. Although the option of euthanasia through organ donation may be physiologically the best alternative to the DDR and TA-NRP, the question is whether euthanasia through organ donation is ethically more acceptable than TA-NRP as euthanasia is not widely accepted and brings other ethical arguments on the table that need further debate. Euthanasia and donation could strictly be separated by laws and protocols, as is currently the case in cDCD euthanasia (61–63), yet euthanasia through organ donation could blur the line. Furthermore, the public perception may not yet be ready for these approaches. Since maintaining public trust in organ donation is paramount, further explorative research on the perspectives of the public is essential (64). Besides the paradigm shift, abandoning the DDR would also require widespread education of the public to maintain public confidence in the donation process (58, 59).




Conclusion

In this review we have discussed the current dilemmas regarding TA-NRP for cDCD heart donation and transplantation. There is no consensus on the interpretation of death in a cDCD donor between the countries involved; this finally boils down to the question if we designate the presence of circulation as denominator for life or death, or that more emphasis should be placed on the brain. Furthermore, society and its perspectives on death and organ donation should not be forgotten to ensure trust in voluntary organ donation programs. Prior to further enrollment of TA-NRP, a clear consensus within the medical community should be present regarding the final denominator of circulatory death (i.e., absence of circulation itself vs. absence of brain perfusion), and whether the current available evidence is sufficient to justify its use. At the moment, this seems as one of the most important tasks the transplantation community has to fulfill in the coming years, in order to solidify the role of TA-NRP in cardiac cDCD.
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