
REVIEW

Uncontrolled donation after circulatory death:
European practices and recommendations for the
development and optimization of an effective
programme

Beatriz Dom�ınguez-Gil1 , Jacques Duranteau2 , Alonso Mateos3 , Jose R. N�u~nez4 , Gaelle Cheisson2 ,
Ervigio Corral5 , Wim De Jongh6 , Francisco Del R�ıo4 , Ricard Valero7 , Elisabeth Coll1 , Marie Thuong8 ,
Mohammed Z. Akhtar9 & Rafael Matesanz1

1 Organizaci�on Nacional de

Trasplantes, Madrid, Spain

2 Department of Anesthesia and

Intensive Care, Bicêtre Hospital,
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SUMMARY

The shortage of organs remains one of the biggest challenges in transplan-
tation. To address this, we are increasingly turning to donation after circu-
latory death (DCD) donors and now in some countries to uncontrolled
DCD donors. We consolidate the knowledge on uncontrolled DCD in
Europe and provide recommendations and guidance for the development
and optimization of effective uncontrolled DCD programmes.
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Introduction/Background

The major barrier to transplantation globally is the

availability of good-quality organs. This has resulted in

an increased utilization of organs previously considered

unsuitable for transplantation, including organs from

donation after circulatory death (DCD) donors. DCD

donors can be considered as either uncontrolled

(uDCD) or controlled (cDCD) donors.

While cDCD rates have been progressively increas-

ing throughout Europe, uDCD programmes have only

been developed in a minority of European countries

[1]. In France and Spain, uDCD donors account for

a significant number of deceased donor transplants.

Other countries such as Austria, Belgium, Italy, the

Netherlands, and recently Russia, have also developed

uDCD programmes, but the activity rate is still low

[2,3].

The potential of utilizing uDCD donors globally is

substantial. In the United States, for example, it has

been estimated that uDCD could result in an additional

22 000 potential donors a year [4]. In England and

Wales, based on the availability of air ambulance teams

and cases of witnessed Cardiac Arrests (CA) transferred

to the hospital during a 75-month period, the potential

of uDCD was estimated to yield an extra 300 potential

donors per year [5]. However, uDCD has remained

confined within a few countries. Besides the consider-

able technical and organizational challenges, ethical and

legal constraints have been the other main difficulties

encountered when trying to establish an uDCD pro-

gramme [2,6–8].
uDCD relates to excellent long-term kidney graft sur-

vival, despite an increased incidence of primary non-

function (PNF) and delayed graft function (DGF) [9–
21]. The results of liver transplantation from uDCD

donors are mixed and do not consistently provide simi-

lar outcomes compared with livers from donation after

brain death (DBD) donors, mainly because of a higher

incidence of primary graft dysfunction, graft nonfunc-

tion and biliary complications [22–27]. There remains

limited experience in lung transplantation; however, the

preliminary results are encouraging [28–30].
The development of a successful uDCD programme

does not solely rely on technical knowledge and skills,

but also on a well-developed logistical plan to allow for

efficient activation of the uDCD pathway once the

opportunity of donation is identified. Typical uDCD

donors are patients who suffer an unexpected and wit-

nessed CA and in whom advanced cardiopulmonary

resuscitation (aCPR) has been exhausted and deemed

unsuccessful. The identification of a potential uDCD

donor is followed by the activation of protocols

designed to minimize the duration and the impact of

warm ischaemia. However, balancing the logistical and

legal requirements with warm ischaemia time (WIT) is

challenging and partly accounts for the low conversion

rate of potential into utilized donors (approximately

65%) [21,23]. In addition, the actual number of organs

transplanted is limited; for example, in France and

Spain, the number of organs transplanted per donor is

below 1.5 [2].

The objectives of this paper are:

1. To consolidate the experience of uDCD programmes

in Europe, including information on the underlying reg-

ulatory and ethical frameworks and on organizational

and technical aspects;

2. To provide recommendations for the development

and optimization of uDCD.

Methods

A dedicated questionnaire was developed to collect

information on the regulatory and ethical framework

and the practice of uDCD in the European countries

with the highest activity

1. France (Agence de la Biomedecine)

2. Spain (Organizaci�on Nacional de Trasplantes)

3. The Netherlands (Dutch Transplant Foundation)

Topics addressed were: (i) general information; (ii)

donor selection and exclusion criteria; (iii) logistics of

the protocol (out of hospital and in hospital); (iv)

determination of death; (v) consent and authorization;

and (vi) preservation techniques.

In addition, a review of the literature was conducted.

An electronic search was performed in Medline and

Pubmed, Cochrane library, ClinicalTrials.gov, and Con-

trolledTrials.com. Keywords used: [‘Cardiac arrest’ or

‘Uncontrolled’] and [‘Non Heart Beating Donation’ or

‘Donation after Circulatory Death’ or ‘Donation after

Cardiac Death’]. Articles written in English, French and

Spanish were selected. Abstracts were first reviewed. If

the article was identified as discussing key regulatory–

ethical issues or describing logistic aspects of uDCD,

then the manuscript was further reviewed and informa-

tion was used for the preparation of this paper.

An expert panel built recommendations based on the

available evidence. Where possible, articles were ranked

and recommendations graded as specified by the Oxford

Centre for Evidence-based-Medicine (www.cebm.net/).

Recommendations also resulted from a deliberative

approach and consensus among members of the panel.
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Draft recommendations were then presented at the 6th

International Conference on DCD, held in Paris

(France) in February 2013. Concept recommendations

were discussed with and then adopted by the various

expert panels of the initiative ‘European recommenda-

tions on DCD’ and congress participants.

Ethical–regulatory frameworks, practices and
evidence

General information

uDCD first started in Maastricht, the Netherlands, in

1981. The first procedures in Spain were described in

the 1980s. The programme started in France in 2006.

The number of active programmes in 2014 was 9 in

France, 11 in Spain and 4 in the Netherlands. During

2000–2014, the number of actual uDCD donors was

414, 1247 and 159 respectively. Of note, more than 90%

of these donors had suffered an out of hospital CA.

The three countries have specific legislation providing

the framework for the practice of uDCD. The legal texts

include provisions related to criteria for the determina-

tion of death, limitations to preservation – if any – and

the consent to organ preservation–recovery, among

others. National protocols/recommendations/guidelines

have also been issued, that deal with the ethical,

technical and organizational aspects of uDCD [31–34].
Dedicated action protocols defining roles and responsi-

bilities in the process are in place at every Emergency

Medical Service (EMS) and hospital embarked on this

type of donation. These protocols are adapted to

the available resources, manpower and the internal

organization of each service.

The process of uDCD includes a number of phases,

not necessarily sequential, graphically represented in

Fig. 1. In summary, the identification of a potential

uDCD donor is continued with donor transfer in the

case of an out of hospital CA. Death is determined in

the hospital and preservation strategies are then

commenced. For abdominal organs, these may consist of

in situ preservation/cooling (ISP) or the establishment

of a femoro–femoral bypass extracorporeal circulation

with membrane oxygenation, either in hypothermia or

normothermia – Hypothermic (hRP) or Normothermic

Regional Perfusion (nRP). Consent and authorization

need to be obtained before organ recovery, but

conversation with relatives can be maintained at

Figure 1 The process of uncontrolled donation after circulatory death, as developed in France, the Netherlands and Spain. The figure also

specifies warm ischaemia time and preservation time limits established at these programmes. aCPR: advanced cardiopulmonary resuscitation.
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different time points along the pathway. Donor evalua-

tion is a continuum, starting at the moment of donor

identification.

The practice of uDCD in the three studied countries,

along with the available evidence, and their position

with regard to some of the dilemmas that may arise at

each of the phases are detailed below. Reducing WIT

and its potential impact to ensure organ viability and

optimal post-transplant results is vital, whilst ensuring

the quality and safety of the procedure.

Donor identification and referral

The uDCD process is activated when a potential donor

is identified, that is a patient who fulfils the following

criteria:

1. has suffered a witnessed CA, out of hospital or in

the hospital setting;

2. aCPR has been exhausted, according to national pro-

tocols, aligned with international professional standards

[35,36];

3. aCPR has been deemed unsuccessful by the attending

team;

4. a set of criteria is met, in terms of age, comorbidi-

ties, circumstances of CA and WIT. A summary of the

donor selection and exclusion criteria applied in the

evaluated programmes is shown in Table 1.

When CA has occurred in the out of hospital setting,

only persons transferred to the hospital with a therapeu-

tic purpose and in whom aCPR is considered unsuc-

cessful once in the hospital are considered potential

uDCD donors in the Netherlands. In France and Spain,

also persons in whom aCPR is deemed unsuccessful in

the prehospital setting by physician-based EMS can be

considered potential uDCD donors and transferred to

the hospital with that purpose.

Table 1. Donor selection and exclusion criteria for uncontrolled donation after circulatory death in France, the
Netherlands and Spain.

France The Netherlands Spain

Selection criteria
Age (min–max), years 18–55 12–65 Min: 1 –18; Max: 55–65
No-flow period (time
between witnessed
cardiac arrest and
aCPR started)

<30 min for kidney/<15 min
for liver

<20 min <15–20 min (depends on the
programme)

Time goal until arrival
in the hospital

120 min 90 min 90 min (120 min in one
programme)

WIT ≤150 min Maximum mechanical CPR
(besides 20 min of basic life
support) of 70 min if <55 years
and 45 min if 55–65 years

Time between determination of
death and preservation
<30–45 min

≤150 min

Exclusion criteria
External physical
appearance

Signs of intravenous drug addiction Signs of intravenous drug
addiction

Signs of intravenous drug
addiction

Trauma Multiple trauma with haemorrhagic
shock, kidney and liver injuries
and aortic dissection

Haemorrhagic shock or aorta
dissection

Exsanguinating lesions in
thorax or abdomen

Cause of Cardiac
Arrest

Cardiac arrest because of hypothermia
or cardiotropes (aCPR needs to be
prolonged) and violent death
(eventual legal problems)

– Violent death (in some
programmes)

Other (Please, specify) For kidney, renal disease, arterial
hypertension or diabetes, all
cancer types, severe sepsis, violent
polytraumatism, and homicide

For Liver, liver disease, all cancer
types, severe sepsis, violent
polytraumatism, and homicide

Unknown cause of death, unknown
identity, untreated sepsis,
malignancy, active viral infections,
active tuberculosis. Kidney:
primary kidney disease

Tumour or systemic
disease

aCPR: advanced cardiopulmonary resuscitation.
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Donor selection and exclusion criteria

Unsuccessful CPR. Potential donors are persons with an

unsuccessfully resuscitated CA. CA is considered irre-

versible based on international standards if, despite

aCPR being carried out correctly and without interrup-

tion for at least 30 min, return of spontaneous circula-

tion is not achieved and the patient shows clinical signs

of death – lack of consciousness and spontaneous move-

ments, absence of spontaneous breathing, no detectable

blood pressure, pulse or cardiac sounds [35,36]. In some

circumstances, such as prearrest hypothermia, suspected

poisoning or metabolic derangement, aCPR has to be

prolonged and additional therapeutic options have to be

considered, based on the mentioned standards.

Donor age. Most of the existing uDCD programmes

have restriction criteria on age, but there is no strong

evidence for age cut-offs. In a series of 242 kidney

transplants, Mizutani et al. [10] reported lower graft

survival for recipients of kidneys aged >60 years com-

pared with the younger uDCD donor group. These

results were confirmed in a retrospective study of 706

kidney transplants from uDCD donors, where donor

age >55 years had a negative impact on long-term

graft survival [11]. In one of the largest series pub-

lished, S�anchez-Fructuoso et al. [13] described that 1-

and 5-year graft survival for kidneys from uDCD

donors with a maximum age of 60 years was similar

to that of kidneys from DBD donors <60 and signifi-

cantly better than that of kidneys from DBD donors

≥60 years. More recently, a donor age ≥54 years was

identified as a risk factor for PNF and decreased graft

survival in a series of 135 kidneys from uDCD donors

[20]. Based on these limited data, it appears appropri-

ate to include patients ≤55–60 years into uDCD proto-

cols, although some of the existing programmes are

transplanting kidneys beyond this age cut-off value

and further data are required to determine age-related

outcomes (Table 2).

Comorbidities. Some programmes exclude patients with

a history of arterial hypertension or diabetes even if

these diseases are controlled. Kidney/liver diseases, some

brain tumours or cancer, sepsis, viral infection (HIV,

HBV, HCV) and intravenous drug abuse are also con-

traindications for uDCD.

Circumstances of death. Suicide and homicide are con-

traindications for uDCD in some of the existing pro-

grammes, because of potential judicial obstacles. Major

trauma is also a contraindication because of the risk of

organ damage and hypoxia in case of haemorrhage.

However, abdominal trauma does not preclude lung

donation.

Warm ischaemia time. Minimization of WIT is a critical

factor. uDCD programmes in France and Spain recom-

mend that (i) the no-flow period is <15–30 min for

kidney and <15 min for liver; (ii) total WIT is

<150 min (Table 1, Fig. 1) [31,34]. However, these rec-

ommendations are based on empirical grounds and

require further research and validation.

Donor referral

The team leading aCPR is primarily responsible for

identifying and referring the potential uDCD donor to a

prespecified hospital. The team needs to communicate a

minimum set of information to ensure selection criteria

are met, and to activate and facilitate the transfer to the

corresponding hospital or ward (Table 3). Different

procedures are used for the communication, either

through an intermediate and/or directly through radio

or phone.

The availability of a donor transplant coordinator

(DTC) at the hospital is required for effective referral of

the potential donor, this being the case at the three

studied countries. The DTC in these centres is available

24/7, either at the hospital or close by on call. The DTC

is in charge of: (i) evaluating the referred potential

donor, ensuring that selection criteria are met; (ii)

authorizing the transfer to the hospital; (iii) alerting a

first rapid team of professionals in charge of completing

the evaluation, obtaining consent/authorization and ini-

tiating the preservation measures, and a second team in

charge of organ recovery, arriving at a later stage; (iv)

locating relatives, if not present at the scene of the CA,

in cooperation with the relevant agencies.

Donor transfer

The transfer of a potential donor to the corresponding

hospital/ward implies maintaining cardiac compression

and mechanical ventilation as per CPR standards

[35,36], but for the purpose of preserving organ viabil-

ity, as aCPR has already been deemed unsuccessful and

hence further care is considered futile.

The majority of the existing programmes use

mechanical cardiac compression devices for donor

transfer, although there is limited evidence on its supe-

riority versus manual cardiac compression in terms of
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organ viability and post-transplant outcomes. Prelimi-

nary results of the CIRC Trial show that return of spon-

taneous circulation and survival at hospital discharge

for patients with a prehospital CA is similar with the

use of Autopulse� compared with high-quality manual

CPR [37]. A similar randomized controlled trial is being

conducted with LUCAS2� [38]. Mechanical devices also

facilitate long-distance transportation with good-quality

cardiac compression [39,40]. The evidence cited above

might suggest that organ viability would be superior

with the use of mechanical CPR devices; however, pub-

lished results have not borne out these theoretical bene-

fits. In a cohort study comparing the results of an

uDCD programme with donor transfer performed with

the LUCAS� device (n = 91) versus manual cardiac

compression (n = 112), the former was associated with

a significant decrease in the number of kidneys dis-

carded because of inappropriate organ perfusion (32.9%

vs. 56.6%; P = 0.026) (Level 3b–4) [41]. Nonetheless, in
another observational study assessing the outcome of

kidney transplants (n = 39) from uDCD donors under

mechanical versus manual chest compression, the inci-

dence of PNF was similar (5.1% vs. 9.1%; P = 0.5)

(Level 3b–4) [42]. Data from a cohort of 50 uDCD

donors also showed similar renal function at 6 and

12 months in kidney transplants from donors trans-

ferred with mechanical versus manual chest compres-

sion (Level 3b–4) [43].
Mechanical devices do not seem to cause lung inju-

ries that make lungs unsuitable for transplantation.

This has been confirmed in dedicated studies compar-

ing the LUCAS� device with manual CPR [44,45].

Moreover, a recent series of 33 potential uDCD donors

under mechanical cardiac compression showed a

limited number of mild and no severe thoracic and

lung injuries, assessed by chest X-ray, tracheal and

nasogastric tube examination and bronchoscopy

(Level 4) [46].

To ensure the appropriate quality of cardiac com-

pression and adequate organ perfusion, the team in

charge of the transfer of a potential uDCD donor needs

to guarantee a careful transportation, avoiding haemo-

dynamic changes secondary to breaking and accelera-

tion. The transfer is usually facilitated by the police or

other agencies who are familiar with the uDCD proto-

col.

Determination of death

Determination of death in the evaluated uDCD pro-

grammes takes place systematically in the in hospital

setting and is based on the criteria below:

1. aCPR exhausted according to national protocols,

aligned with international standards, and deemed

unsuccessful is a prerequisite. aCPR is identically

applied, regardless of whether the person could be con-

sidered a potential donor or not.

2. Cessation of circulation and respiration is assessed

based on the absence of electrical activity by electrocar-

diography or the appropriate means (as echocardiogra-

phy or invasive blood pressure measurement) in case of

electro-mechanical dissociation – if all its reversible

causes have been discarded and treated.

3. Minimum observation (no-touch) period of 5 min.

In France and Spain, criteria to determine death pre-

ceding uDCD are based on the actual and demon-

strated irreversibility of the CA, because aCPR has been

exhausted and deemed unsuccessful as per international

standards and end-of-resuscitation rules [35,36,47]. The

possibility of an unperceived auto-resuscitation during

donor transfer (after aCPR has been considered unsuc-

cessful, but before determining death) is not possible

the way the protocols are conceived – potential donors

remain monitored electrocardiographically during

transfer, while cardiac compression and mechanical

ventilation are extended beyond the point of irre-

versibility of the CA, for the purpose of organ preser-

vation. Both countries, however, use a 5-min no-touch

period. Of note, potential uDCD donors have been

exposed to prolonged low-flow periods and at least two

periods of complete absence of circulation, with an

Table 3. List of items to communicate during the referral
of a potential uDCD donor as reflected in the 2012

Spanish National Consensus Document [34].

Name
Age
Gender
Close relatives, availability and information provided
Timing:

1. Exact time of the cardiac arrest
2. Time aCPR was started
3. Time of transfer to the hospital

Past and present medical history (if known)
Cause of the cardiac arrest
Possible haemorrhagic lesions
Venous accesses
Status of the endotracheal tube (blood, remains)
Blood gas analysis
Drug tests, rapid strip HIV test (if tests available)
ECO Fast (if test available)
Use of mechanical cardiac compressor devices

aCPR, advanced cardiopulmonary resuscitation.

848 Transplant International 2016; 29: 842–859

ª 2015 Steunstichting ESOT

Dom�ınguez-Gil et al.



anticipated profound ischaemic injury to the brain

[48]. In this context, the re-establishment of circulation

after the determination of death with the aim of organ

perfusion is considered ethically appropriate and is leg-

ally permitted and performed at these two countries

[49].

These criteria for the determination of death are in

contrast with standards developed in countries pri-

marily focused on cDCD (including the Netherlands),

where the permanent cessation of circulation (‘will

not return’) is used as a surrogate of the irreversible

cessation of circulation (‘cannot return’) for the diag-

nosis of death [50–53]. These different approaches

are, however, a matter of controversy and interna-

tional debate [8,49,54–56].
Death by circulatory criteria in the three described

programmes is systematically certified in the hospital by

a professional(s) independent of the donation and

transplantation activity. This is usually done by the

team taking over the aCPR manoeuvres in the hospital

and hence by professionals independent from those

who attended the CA in the street. This provides the

programme further reassurance of the irreversibility of

the CA prior to the determination and certification of

death.

Preservation

After death is determined and certified, cardiac com-

pression and mechanical ventilation are re-established

routinely in France and Spain, with the purpose of

organ preservation, this not being the case in the

Netherlands. No dedicated studies have compared the

results of re-establishing versus not re-establishing car-

diac compression until further preservation measures

are initiated. However, the most consolidated uDCD

programmes in terms of number of actual and uti-

lized donors, and organs recovered and transplanted

apply cardiac compression systematically after death.

These programmes also offer the most promising

results with regard to post-transplant outcomes, not

only in kidney, but also in liver transplantation

(Tables 4 and 5).

Preservation of abdominal organs

Preservation of abdominal organs is usually performed

through hRP or nRP in France and Spain, although ISP

is also applied in some programmes exclusively for kid-

ney preservation. Of note, preservation with nRP in

uDCD is a legal requirement for further proceeding

with liver transplantation in France. Table 6 summarizes

the main aspects of the different techniques.

The maximum WIT allowed is usually 150 min. In

the Netherlands, where cardiac compression is not

restored after death, there is an additional no-flow per-

iod following death, allowed to be of a maximum dura-

tion of 30–45 min [16,33]. There are variations in the

maximum time allowed under preservation measures,

before proceeding with organ recovery, but most of the

programmes establish the limit of 240 min in case of

hRP/nRP, with more restrictive times for ISP

(180 min). Maximum WIT and preservation times

allowed in the three programmes are graphically repre-

sented in Fig. 1. These times are, however, based on

empirical grounds.

Tables 4 and 5 show the results of kidney and liver

transplantation in uDCD with different preservation

strategies. In the setting of kidney transplantation, there

is only one study directly comparing the three different

techniques. Valero et al. [9] observed that the incidence

of DGF and PNF was significantly lower when preserva-

tion was based on nRP (n = 8) versus hRP(n = 8) and

ISP (n = 44) (P < 0.01). Also, duration of DGF was sig-

nificantly shorter with the use of nRP compared with

ISP (P < 0.05).

In the field of liver transplantation from uDCD

donors, the early results published by the Pittsburgh

group in 1995 were disappointing, with very poor graft

and patient survival in a series of six cases [57]. In

2003, higher graft and recipient survivals were reported

in a Spanish series of 20 liver recipients from uDCD

donors, with a heterogeneous use of preservation meth-

ods (chest-abdominal compression–decompression ver-

sus hRP versus nRP) [25]. A subsequent description of

10 liver transplants whose donors had only been sub-

jected to chest-abdominal compression–decompression

raised survival to 90% after 57 months of follow-up

[26]. Subsequently, experienced centres reported

improved short-term results with nRP following chest

compressions. Using this approach, in a prospective

case–control study comparing liver transplantation in

uDCD (n = 20) versus DBD (n = 40), 1-year graft and

patient survival was 80% and 85.5% vs. 87.5% and

87.5% respectively. Although the incidence of PNF and

ischaemic cholangiopathy was higher in the uDCD

group, the difference was not statistically significant

[27]. Combining chest compression with the LUCAS2�

device after death determination with nRP, Fondevila

et al. [23] reported the results of a series of 34 liver

transplants from uDCD donors with 1-year graft and

patient survival of 70% and 82% respectively.
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The promising results obtained with nRP can be

explained by the fact that warm oxygenated reperfusion

allows some repair from WIT to take place, which is

supported by experimental studies [58–60] and allows

for biochemical assessment of the liver – and hence a

more appropriate selection of the liver donor. It is

worth noting that technical difficulties inherent to

preservation with hRP/nRP may result in potential

donor losses. This has been reported by the Barcelona

group – 72 of 400 (18%) potential uDCD donors

placed under nRP were lost because of inadequate

venous return, resulting from unrecognized vascular

trauma or internal haemorrhage or supposedly from

the collapse of the inferior cava vein [23].

Recently, a novel preservation approach for abdomi-

nal organs in uDCD has been described in St. Peters-

burg, Russia [3]. The protocol is applied to patients

suffering an in hospital CA unsuccessfully resuscitated.

After death is determined, heparin is administered and

distributed through the application of a limited number

of cardiac compressions. This is followed by a no-flow

period of up to 90 min, when preservation of abdomi-

nal organs starts with nRP, combined with leucocyte

depletion and fibrinolytics. Results with the transplanta-

tion of 20 kidneys from 10 uDCD donors show a 100%

3-month graft survival. These promising data may be

guiding future preservation approaches in uDCD that

allow longer acceptable WIT – something invaluable for

overcoming key obstacles, as determination of death

and consent.

Lung preservation

France and the Netherlands are in the process of

establishing uDCD lung procurement programmes, a

practice already established in Spain. Lungs are the

only organs not requiring circulation to maintain the

aerobic cellular metabolism, because of the mechanism

of passive diffusion across the alveolar membrane. An

adequate gas exchange has been shown after 2 h of

WIT in the absence of lung circulation, which could

be extended to 4 h in case of heparinization. The best

method for the preservation of nonventilated lungs is

topic cooling.

After mechanical ventilation is interrupted and the

preservation of abdominal organs has been started,

where appropriate, bilateral thoracic drains are placed

via transthoracic insertion, through the second inter-

costal space, mid-clavicular line. Cold preservation solu-

tion (Perfadex�) is infused at 4°C (5–6 l per hemi

thorax) to allow for a topic cooling and lung collapse.

Oesophageal temperature is maintained at 20°C
[28,29]. In case of abdominal preservation with nRP

or to better ensure the cooling of the lungs, some

groups place a system for the recirculation of the lung

preservation solution, to keep this target temperature.

For such purpose, two additional thoracic drains are

placed in the sixth intercostal space, mid-axillary line

[30]. However, the usefulness of this approach has not

been shown yet. Before the procedure is started,

approximately 300 ml of venous blood from the

potential donor is recovered and preserved at 4°C for

the subsequent functional evaluation of the lung.

Recently, ex situ perfusion is being used to validate

lungs from uDCD donors and results of this approach

are awaited. The maximum preservation time varies

according to the team; however, the usual criterion

applied is 240 min.

Donor evaluation

Donor evaluation is a continuum that already starts

in the phase of donor identification. In uDCD,

inclusion and exclusion criteria are similar to those

applied in DBD, with some peculiarities, as specified

in Table 1.

As for a DBD procedure, donor and organ evaluation

are based on the review of the past and present medical

history and risk behaviours of the potential uDCD

donor, a physical examination and complementary tests.

Available medical records and charts must be carefully

reviewed. A dedicated and guided interview with the rel-

atives always should take place for the assessment of

donor’s suitability.

The EMS can facilitate donor evaluation in several

ways. First, through the early recovery of blood sam-

ples when they activate the uDCD protocol, so non-

haemodiluted samples are available. These early

samples are also of value when potential donors have

exsanguinating lesions, preserving the option of lung

donation. On the other hand, the use of rapid screen-

ing tests for certain diseases (e.g. HIV) and drugs at

the scene of the CA helps in an earlier selection of

cases, thus avoiding the unnecessary activation of the

protocol and the related use of resources.

Consent and authorization for organ donation

With an opt-in system, the practice in the Netherlands

is to assess if the person has expressed his will about

organ donation. A national registry must be consulted

to assess the person0s wishes. Even in the case of an
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expressed positive consent, a dedicated interview is held

with the relatives before organ recovery. In uDCD, the

DTC consults the registry when the EMS announces

that a potential donor is being transferred to the

hospital. In case of registered opposition, organ recovery

is not pursued. If no opposition or positive consent is

identified, a family approach will be held, but the sys-

tem allows cannulation of vessels and initiation of

preservation measures before the family interview is

held. However, organ recovery is not continued with if

the family finally oppose or if the family interview can-

not be held within the first 2 h following the initiation

of preservation measures.

France and Spain hold an opting-out policy – obtain-

ing consent is focused on checking any expressed oppo-

sition towards donation. There is a specific donor

registry in France, and an advanced directives registry in

Spain. Both countries also employ interviews with

relatives. In uDCD, the family interview may be held at

different time points along the process: as soon as when

the irreversibility of the CA is established by the EMS,

or until after preservation measures have started. This

depends on the availability of relatives and their

emotional status. As described for the Dutch system,

preservation measures (and hence cannulation of blood

vessels or placement of thoracic drains) can start after

checking positive consent or no opposition to organ

donation in the mentioned registries, even if the family

has not been approached yet. Organ recovery will never

proceed before the family has been informed and autho-

rization obtained.

Table 6. Technical aspects related to the preservation of
abdominal organs in uDCD.

In situ preservation
1. Double-balloon triple-lumen catheter inserted via the

femoral artery, one balloon placed at the aortoiliac
bifurcation and the other balloon placed over the supe-
rior mesenteric artery.

2. Drain in femoral vein to allow the clearance of the hae-
matic content.

3. Control of pressure of perfusion of preservation liquid
(70–80 mmHg).

4. Variable preservation solutions used (HTK, Wisconsin,
Celsior, IGL-1).

Hypothermic Regional Perfusion (hRP)
1. Use of an extracorporeal circuit: femoral vessels cannu-

lated and connected with a module for temperature
exchange and with a membrane oxygenation module.
Blood is oxygenated and cooled at 4–15°C.

2. The contralateral femoral artery is cannulated with a
unique balloon catheter. The balloon is advanced into
the supraceliac aorta and is inflated with saline and X-
ray contrast. Proper positioning on the balloon is con-
firmed by simple Rx.

Normothermic Regional Perfusion (nRP)
1. Similar to hRP, except for blood maintained at 32–

37°C and kept until the macroscopic visualization of
liver and kidneys in the surgical room and subsequent
cold perfusion with preservation solution.

2. Pump flow is maintained at 1.7–2.5 l/min/m2.
3. Blood is sampled at baseline and throughout nRP to

determine biochemical and haematological parameters
and acid–base status.

4. Additional heparin administered every 90 min (1.5 mg/
kg i.v.).

Table 7. Levels in the participation of EMS in uDCD
based on the availability of resources.

Application Procedure Basic Level
a) Advanced Life Support Ambulances and/or helicopters,

electromedical equipment, medication and equipment
needed for resuscitation.

b) Possibility of arrival at the receiving hospital within
120 min after the cardiac arrest.

c) Communication system with the receiving hospi-
tal/donor transplant coordinator.

d) Specific protocol for uDCD at the EMS.
e) Training EMS staff in the uDCD protocol.
f) Regular quality control of the implementation of the

uDCD protocol.
Process Development Level: Donor selection and evaluation
optimized and better results achieved.
a) Support Basic Life Support units in each process.
b) HIV test strips and drug detection kit.
c) Mechanical cardiac compressors.
d) Work procedures with nonhealthcare agencies (i.e.

police) for locating family members and escorting
ambulances during donor transfer.

Optimal Development Level: Optimal performance in donor
selection/evaluation and better quality of preservation of
donor0s organs.
a) Presence of a second doctor on the scene with a coor-

dinating role with other agencies and with the receiv-
ing hospital and the Coordination Centre.

b) Presence of a logistics support vehicle at the scene
that facilitates the work of cardiac massage and pro-
vides the necessary material.

c) Presence of an Emergency Psychologist at the scene,
to facilitate the communication with the relatives and
for the purpose of family care.

d) Analytical stage, to evaluate and correct electrolyte
imbalances and consider time of cardiac arrest.

e) Medical helicopter for long-distance potential uDCD
donors.

EMS, Emergency medical Service; uDCD, uncontrolled dona-
tion after circulatory death.
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Principles guiding the information to relatives in

uDCD have been a matter of debate. Providing rela-

tives with information in a transparent manner about

the process is a paramount principle. Messages are

provided progressively and adapted to the emotional

situation of the relatives and their understanding of

the situation. Particular emphasis must be placed on

cases transferred to the hospital for the purpose of

organ donation.

With regard to the judicial authorization procedure,

specific protocols are in place in Spain to facilitate a

rapid communication with the coroner and a rapid

authorization, first for preservation and later on for

organ recovery [34]. Although this is largely limited to

judicial cases, in practice these protocols are applied to

most of the cases with a prehospital CA. The reason is

that frequently professionals in charge of determining

death lack the necessary information to specify the

cause of the CA, requiring further information through

a judicial autopsy.

Resources of EMS and uncontrolled DCD

In the experience of existing programmes, the imple-

mentation of uDCD does not necessarily increase mate-

rial or human resource use on the EMS side. As for any

time-dependent process, the essentials are a dedicated

action protocol that reduces variability and ensures

quality in practice, the smooth coordination and com-

munication with the receiving hospital and the fast

transfer of the potential donor. Table 7 summarizes

three levels of participation of an EMS in uDCD based

on the availability of resources [34].

For a basic implementation of the programme, addi-

tional means to those already available at any EMS are

not necessary, as all are equipped with material for

advanced life support. Additional resources may, how-

ever, facilitate the selection and evaluation of potential

donors, avoiding unnecessary activations of the protocol

if contraindications to donation are already identified at

the scene.

As previously specified, the use of mechanical cardiac

compressors can facilitate the transfer of potential

uDCD donors and the safety of those in charge of car-

diac compression, but it is not an essential.

If possible within the organization of the EMS, the

presence of another vehicle can be very useful for

enabling logistic support and helping with the cardiac

compression and mechanical ventilation measures.

When it is not feasible to transfer potential uDCD

donors by road, the use of helicopters is a possible solu-

tion [61]. This allows expanding the pool of potential

donors, by including those from areas with a compli-

cated orography or at long distances from the receiving

hospital.

With regard to additional human resources at the

scene, the presence of a senior professional who coordi-

nates all external and internal participants and guaran-

tees the adequate compliance with the operating

procedure may be considered. Some programmes also

count on a psychologist at the scene to assist and

accompany the family to the hospital.

Finally, the composition of the EMS teams may be

critical. The presence of physicians at the scene of the

CA does not only improve the quality of assistance,

but also facilitates this particular donation process –
the physician-based EMS model in France or

Spain may be one of the underlying reasons for the

important expansion of uDCD in these countries

[62,63].

Recommendations Grade References

uDCD may be a helpful addition to alleviate organ donor shortage. Efforts must be undertaken to

overcome the ethical, legal, technical & logistical barriers that avoid uDCD to be possible at the

European level and at each Member State reality. This should include extensive public and professional

debate, as well as vision, dedication and institutional support.

Expert opinion [4,31–34]

Transplant International 2016; 29: 842–859 855

ª 2015 Steunstichting ESOT

Uncontrolled donation after circulatory death in Europe



Continued

Recommendations Grade References

An unambiguous national regulatory framework should exist to facilitate uDCD and its time- constrained

related practice.

Regulatory aspects should cover, at a minimum, issues related to:

1. Determination of Death – criteria to define the cessation of the cardiac–circulatory (and respiratory)

functions and when such cessation is to be considered irreversible, along with the preconditions for

the determination of death (aCPR applied and optimized as specified in national CPR protocols,

aligned with international professional standards).

2. Preservation measures – establishing any limitations to its practice, if deemed appropriate within a

given jurisdiction.

3. Consent and authorization criteria to proceed with organ preservation and recovery, adapted to the

corresponding general consent framework of a given jurisdiction.

Expert opinion [4,31–34]

Aligned with the national regulatory framework, a specific action protocol should be established at every

EMS and hospital engaged in an uDCD programme, where roles and responsibilities are clearly defined,

and which is adapted to the available resources and to the internal organization of the corresponding

service.

A dedicated protocol sets the basis for consistency in the development of the process, avoiding personal

interpretations, and ensuring quality in practice. This protocol should be developed by a multidisciplinary

team with the representation of all relevant professional groups engaged – in smooth cooperation with

the EMS, where appropriate. The protocol should be continuously reviewed, updated and subjected to

quality control. Continuous training and education, as well as information on the results of the

implementation of the protocol, should be provided periodically to all relevant stakeholders and
professional groups participating directly or indirectly in the development of the uDCD activity.

Expert opini�on [4,31–34]

Selection criteria for uDCD represent an important area for research in the future, particularly with

regard to the limits in donor age and in WIT, which have been established based on empirical grounds.

The following set of criteria describes the current practice in most of the existing programmes and may

be proposed as the recommended profile:

1. Time of CA known

2. Age ≤55–60 years

3. Time between CA and aCPR initiation (no-flow period) <15–30 min for kidney transplants, <15 min

for liver transplants.

4. Total WIT <150 min.

5. Exclusion criteria:

a. Arterial hypertension – relative contraindication for kidney.

b. Diabetes – relative contraindication for kidney

c. Kidney disease

d. Liver disease

e. Malignancies

f. Intravenous drug abuse

g. Sepsis and viral infection (HIV, HBV, HCV)

h. Major trauma – relative contraindication – abdominal trauma does not preclude lung donation.

i. Homicide or suicide – relative contraindication.

C (donor age),

Expert opinion

[9–34]

A mechanism for the activation of the uDCD protocol by the team in charge of the CPR should be

enabled.

Smooth communication between the attending team and the receiving hospital is paramount.

Expert opinion [31–34]

A key donation person/DTC should be available 24/7, either in the hospital or close by on call

In case of programmes that may be activated by the EMS, the DTC should be checking the selection

criteria and authorizing the potential uDCD donor transfer, where appropriate, and should be always

present at the arrival of the potential uDCD donor at the hospital. In every single case, the activation of

a rapid alert team and the transplantation team should follow. In checking the selection criteria, special

emphasis should be performed in the WIT (time since CA until the initiation of aCPR and estimated

time of initiation of the preservation measures).

Expert opinion [31–34]

As for the purpose of the transfer of the potential uDCD donor, mechanical cardiac compressors are not

essential, although their use improves the quality of cardiac compression and the safety of participating

professionals and may improve organ viability.

D [37–43]

To ensure effective cardiac compression and adequate perfusion of organs, the team in charge of the

transfer of a potential uDCD donor should ensure that the EMS vehicle travels at slow and constant

speeds.

An appropriate transfer may be facilitated by the coordination with other agencies.

Expert opinion [31–34]
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Continued

Recommendations Grade References

Determination of death should always be the responsibility of a professional(s) independent of the

donation and transplantation team.

Determination of death preceding uDCD should be based on the following criteria:

1. aCPR exhausted according to international standards and local protocols (inclusive of at least 30 min

of advanced CPR) with inability to restore spontaneous circulation

2. Cessation of spontaneous circulation based on the absence of electrical activity by ECG or the appro-

priate means (as echocardiography or invasive blood pressure measurement) in case of electro-

mechanical dissociation, when reversible causes have been discarded and treated.

3. An observation period is recommended to be set down as a minimum of 5 min. There is no solid

basis to recommend extending this period of observation beyond this time.There is an ongoing and

unresolved controversy with regard to the validity of death determination after the re-establishment

of circulation with oxygenated blood in the context of uDCD. For countries with large experience in

this type of donation, this controversy is unfounded because of the particular clinical characteristics

of potential uDCD donors. Firstly, these countries consider that the permanent cessation of circula-

tion as a surrogate of the irreversible cessation of circulation is not applicable in this setting –

because irreversibility of the CA has been already proven. Secondly, because potential uDCD donors

have been exposed to prolonged low-flow periods (aCPR and cardiac compression during donor

transfer) and to at least two periods of complete absence of circulation, the possibility of restoring

brain function following the re-establishment of circulation is expected to be clinically negligible

because of the profound ischaemic injury to the brain. Other countries, however, consider that the

permanent cessation of circulation should be the criteria applied to determine death preceding uDCD

and do not allow the re-establishment of circulation once death is determined.

Expert opinion [35,36,47,49–56]

The effectiveness of the different preservation procedures for abdominal organs in the context of DCD,

and in the context of uDCD in particular, is still to be compared in randomized controlled trials.

However, preclinical and cohort studies suggest the superiority of nRP, compared with hRP, and that of

hRP compared with ISP in kidney transplantation and make nRP (preceded by cardiac compression) the
advisable preservation method for the liver.

However, ISP may be considered as an option in kidney transplantation, as long as stricter criteria are

used in donor selection, for example, age and WIT. Additionally, the nonrealization of the uDCD

process when hRP/nRP is used is a matter of concern. The possibility of converting the preservation

procedure to ISP in cases where the former fails may be seen as an option, for example, when the

integrity of the vascular structure is not ensured.

Research is needed for the objective establishment of the maximum times for abdominal preservation

techniques, but current protocols establish the limit of 180 min for ISP and 240 min for hRP/nRP. The

role of leukapheresis combined with nRP is to be determined.

Each programme should select the preservation method that is better adapted to the local reality and

resource availably, but the principles of reducing potential donor losses as much as possible, while

ensuring organ viability and optimal post-transplant results, are paramount.

C [3,9–21] (kidney)
[23–27,57–60] (liver)

Preservation of the lungs should be based on topic cooling. The recirculation of the lung preservation

solution allows for the simultaneous normothermia for abdominal organs. Further research should help

establish the maximum times for preservation in terms of organ viability and post-transplant outcomes,

but existing programmes set down the limit of 240 min

D [28–30]

Donor evaluation is based on the same principles than the evaluation of any deceased organ donor. As

for a DBD donor, evaluation should include a review of the past and present medical history and

assessment of risk behaviours of the potential donor, a complete physical examination and
corresponding complementary tests. Available medical records and charts should be carefully reviewed

and a dedicated and guided interview with the relatives should always take place for the assessment of

donor0s suitability.
For potential uDCD donors in whom CA takes place in the prehospital scenario, donor evaluation can

be facilitated by the EMS in several ways, particularly through the collection of early blood samples

(avoiding potential donor losses because of haemodilution or exsanguination – lung transplantation still

possible) and rapid screening tests (e.g. HIV) at the scene of the CA.

Expert opinion [31–34]

Information to the relatives and the procedure for obtaining consent to proceed with organ preservation

and organ recovery should be in accordance with the consent system in place at a given jurisdiction.

The principle of transparency should be preserved, while maintaining the spirit of an appropriate family

care.

Expert opinion [31–34]

A dedicated judicial procedure should be enabled for judicial cases because of the time constraints of the

process.

Expert opinion [31–34]

An EMS fully implemented in society does not need any additional equipment for the development of

uDCD. The essentials are a clear protocol and a smooth communication system with the receiving

hospital.

Expert opinion [34]
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