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Purpose: Worldwide, the number of patients waiting for organ transplantation exceeds the number of organs available. Program for 
uncontrolled donation after circulatory death (uDCD) implemented in Europe has resulted in a 10–15% expansion of the donor pool. 
We aimed to describe the number of patients eligible for an uDCD program in a regional tertiary care center.
Methods: We conducted a retrospective cohort study in a Canadian tertiary academic center located in a rural area including all adults who 
received cardiopulmonary resuscitation in 2016 and died in the emergency department (ED) or during their hospitalization. The primary 
outcome was the number of patients eligible for uDCD defined as aged between 18 and 60 years old whose collapse was witnessed and 
where the time between cardiac arrest to cardiopulmonary resuscitation and ED arrival was, respectively, less than 30 and 120 minutes. As 
a secondary outcome, we determined the number of patients eligible for controlled donation after circulatory death.
Results: Of the 130 patients included, 84 did not return to spontaneous circulation. We identified 15 potential uDCD candidates, with 
a mean age of 46.6 (95% Confidence Interval [CI] 41.3 to 52) years. Twelve had an out-of-hospital cardiac arrest with a mean time 
between collapse and arrival to the ED of 43.2 (29.8 to 56.6) minutes. Among the 46 patients who died after a return of spontaneous 
circulation, 10 (21.7%) were eligible for organ donation after circulatory death.
Conclusion: Implementing an uDCD program in a tertiary hospital covering a rural area could increase the number of donors.
Keywords: tissue and organ procurement, out-of-hospital cardiac arrest, donor selection, death, uncontrolled donation after circulatory 
death

Background
Organ transplantation saves lives and improves the quality of life.1 Although transplantation has become the definitive 
treatment for patients suffering from end-stage organ failure, demand still exceeds the supply.2 Of the 4351 Canadians 
waiting for a transplant in 2018, 223 died, and 420 were removed from the waitlist due to worsened health conditions.3 

As the demand for organs increases, supply constantly falls short highlighting the need to increase organ procurement 
especially when patients are dying during these prolonged wait times. In 2019, Canada ranked 17th for the deceased 
organ donation rate with 20.6 donors per million population.2

In Canada, 71% of the organs transplanted are obtained from neurologically deceased donors.4 However, due to 
considerable ameliorations to prevent neurological incidents (eg, seat belt, helmet), and improve neurocritical care and 
decompressive craniotomy, the pool of neurologically deceased donors has greatly decreased.5 Moreover, anoxic brain 
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injury has surpassed traumatic brain injury as the leading cause of death of donors, consequently, decreasing the 
quality of organs to be recovered.5,6 Accordingly, Canadians are now facing a shortage of eligible organs for 
transplantation.

Organ donation after circulatory death (DCD) seeks to recover organs after the cessation of respiratory and circulatory 
functions.7 Controlled DCD (cDCD) occurs in the intensive care unit following planned withdrawal of life-sustaining 
therapy. Uncontrolled donation after circulatory death (uDCD) refers to organ retrieval after an unexpected cardiac arrest 
with unsuccessful resuscitation and is initiated most frequently after an out-of-hospital cardiac arrest.

As the world leader in organ donations, Spain created its first uncontrolled donation after circulatory death program in 
19868 and has reported a 12.1% increase in donors.9 Other European countries have also successfully implemented 
uncontrolled donation programs and reported a 10–15% increase within the organ pool.10,11 As cardiac disease represents 
the second most common cause of death with 53,134 deaths annually in Canada,12 these patients represent a substantial 
reservoir of potential donors. However, currently, in Canada, uDCD is not commonly practiced for legal reasons (eg, 
presumed consent), and variability within the policies of transplant programs.13 No prior study has investigated yet the 
potential pool of donors associated with an uDCD program in a Canadian location. Moreover, most studies outside of 
Canada focused on urban centers with a high-density population.

The primary objective of this study was to assess the number of potential donors eligible for a program of uDCD in 
a rural tertiary care center. Secondary objectives were to compare in versus out-of-hospital cardiac arrest with regard to 
eligible donors to a program of uDCD and to determine among a population of patients with cardiac arrest the number of 
donors after cDCD.

Methods
Study Design, Period and Setting
This descriptive observational retrospective single-center cohort study took place between January 1st and 
December 31st, 2016. The study was conducted at the Centre Intégré Universitaire de Santé et de Services Sociaux de 
l’Estrie – Centre hospitalier universitaire de Sherbrooke (CIUSSS de l’Estrie-CHUS) located in the Province of Québec 
in Canada. This tertiary academic center is an organ-procurement center, a level I regional trauma center and a referral 
center for interventional cardiology. This center covers a population of 500,000 individuals over a rural area of13000km2. 
In 2016, our center had 14 neurologically deceased organ donors. The Research Ethics Board of the CIUSSS de l’Estrie- 
CHUS approved this study (#2016-1416).

Study Population
All consecutive medical charts were reviewed for eligibility by two physicians. We included all patients who had health- 
care providers perform cardiopulmonary resuscitation, and who subsequently died in the emergency department or during 
their hospitalization. We excluded patients under 18 years old due to unique technical considerations related to organ 
donation and organ perfusion by ECMO in this population. Patients were excluded if at least one eligibility criteria for 
a uDCD program was missing.

Definition of the Potential Organ Donors
Based on validated international criteria, patients were considered as potential candidates for a uDCD program if 1) they 
were between 18 and 60 years of age, 2) they experienced a witnessed cardiac arrest, 3) their time between cardiac arrest 
and paramedic arrival was less than 30 minutes, and 4) their time between cardiac arrest and hospital arrival was less than 
120 minutes.14–16

Patients were deemed potential donors after controlled circulatory death if they 1) had experienced a return to 
spontaneous circulation, 2) were intubated and on mechanical ventilation, 3) were aged between 18 and 70 years old, 4) 
had a neurological examination inconsistent with neurological death, and 5) withdrawal of life-sustaining therapy was 
anticipated as reported in hospital records.17,18
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Patients’ eligibility for either program was abrogated if they presented signs of intravenous drug abuse, neoplasia or 
an active reported infection.

Data Collection
Age, sex, organ-donor registration number, and premorbid conditions (ie, infectious disease, drug abuse, and chronic 
comorbidities) were collected from hospital records. For each episode of cardiopulmonary resuscitation, etiology, time 
and date of the arrest, time of cardiopulmonary resuscitation (CPR) initiation and its duration, initial rhythm, and the 
presence of witnesses were collected. For out-of-hospital cardiac arrest, we recorded the emergency medical service time 
of notification and time of arrival to the hospital. Time to CPR was defined by the time of collapse reported by a witness 
and the initiation of CPR recorded on the emergency medical records. For potential cDCD, we collected the legal time, 
date and cause of death. In this study, time of death was defined as the time reported on the death certificate. If 
a withdrawal of life support occurred, data relevant to the organ donation process (eg, notification to the organ 
procurement organization, approach for organ donation) were obtained. A case report form and a corresponding 
instruction manual were designed and tested prior to launching the study. All investigators collected data from enrolled 
patients. The first ten charts were collected in parallel to assess inter-rater reliability. Data collection was only launched 
after a kappa of at least 0.70 for the items related to our primary outcome was reached.

Statistical Analysis
We performed descriptive analyses and reported continuous data as means (95% confidence interval [CI]) or medians 
(interquartile range [IQR]) as appropriate and dichotomous data as proportions. We used Fisher's exact test (for fewer 
than 5 counts) or Chi-square test to compare dichotomous variables and Student’s T-test or Mann–Whitney test for 
continuous variables. We determined the normality of the distribution with a Shapiro–Wilk test. We considered a two- 
sided p-value of less than 5% as statistically significant. We conducted all analyses using SPSS (version 24.0). Patients 
were not included in the analysis when data required to determine their eligibility for organ donation after circulatory 
death were missing.

Results
Patients and Cardiac Arrest Characteristics
From January 1st to December 31st, 2016, 1111 patients died at the CIUSSS de l’Estrie-CHUS, and 178 fulfilled the 
study eligibility criteria. We excluded 48 patients due to incomplete medical records and thus included 130 patients in our 
analyses (Figure 1). The mean (95% CI) age was 68.1 (65.5 to 70.6) years old, 82 (63.1%) were males and 58 (44.6%) 
were diagnosed with coronary artery disease (Table 1).

Of the 130 included patients, 84 (64.6%) did not return to spontaneous circulation and the remaining 46 (35.4%) 
patients with a return to spontaneous circulation.

Among the 73 patients who experienced out-of-hospital cardiac arrests, 60 (82.2%) of these had a witness. The 
median (IQR) time from collapse to CPR was 4 (0 to 10) minutes and the mean (95% CI) time from CPR initiation to 
arrival at the hospital was 40 (31.3 to 48.3) minutes. Fifty-six (76.7%) patients died at the emergency department. 
Compared to patients who suffered in-hospital cardiac arrest, patients who had out-of-hospital cardiac arrest were 
younger and had less chronic renal failure incidence (Table 1). Return to spontaneous circulation was less frequent in 
patients with out-of-hospital cardiac arrest (out-of-hospital cardiac arrest: 19/73; 26% vs in-hospital cardiac arrest 27/57; 
47.3%, p = 0.012).

Potential Contribution to Organ Donation
Of the 84 patients without a return to spontaneous circulation, 15 (17.9%) met the donor eligibility criteria for the uDCD 
program (Figure 1). Their mean (95% CI) age was 46.6 (41.3 to 52) years old, 11 (11/15; 68.8%) were male and three (3/ 
15; 20%) were known for coronary artery disease. Among these 15 potential donors, 12 had an out-of-hospital cardiac 
arrest and the median (IQR) time between patient’s collapse and CPR was 14.0 (2.3 to 16.0) minutes, the mean (95% CI) 
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time between collapse and arrival at the emergency department was 43.2 (29.8 to 56.6) minutes and most cardiac arrest 
occurred between 8:00 am and 3:59 pm. For out-of-hospital cardiac arrest patients, the time and duration of CPR were 
comparable between patients and potential candidates for the uDCD program (Supplementary Table 1).

Among the 46 patients with a return to spontaneous circulation, 10 were considered potential donors for cDCD (Figure 1). 
They were all identified and referred to the organ procurement organization, but none became donors (family declined to consent 
to organ donation [n = 4], patient not medically suitable by the organ procurement organization [n = 3], not reported [n = 3]).

Discussion
Our study was performed in a cohort of patients who died following a cardiac arrest in a tertiary hospital center in Canada. This 
study aimed to determine the number of patients who would have been eligible donors through uncontrolled donation after 
circulatory death (uDCD) program if this program was implemented in Canada. We considered eligible, patients who had 

Figure 1 Patient flow diagram. 
Abbreviations: CPR, Cardiopulmonary resuscitation; DCD, Donation after circulatory death; uDCD, Uncontrolled donation after circulatory death; ROSC, Return of 
spontaneous circulation; WLST, Withdrawal of life-sustaining therapy.
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experienced cardiac arrest, with a time to CPR under 30 minutes, an absence of neoplasia, drug abuse and concomitant active 
infection. Out of 1111 cumulative deaths, 130 had resuscitative measures and were included in this study. Fifteen would have 
been eligible donors to a uDCD program. Since there is presently no official program for uDCD in Canada, our results can be 
used to estimate the expansion of the pool of potential donors to ultimately help reduce the transplant waiting list.

With regard to out-of-hospital cardiac arrests, the median time from arrest to the initiation of CPR was very short and 
comparable to other Canadian locations.19 A delay in the initiation of CPR longer than 30 minutes is an independent 
factor associated with poor graft function in the recipient.10,20 Hence, most uDCD protocols recommend the initiation of 
CPR within 15 to 30 minutes after cardiac arrest.14,21,22 Even though our center covers rural areas, our mean time from 
CPR initiation to arrival at the hospital was 40.6 minutes. This result is comparable to delays seen in urban centers with 
an extracorporeal cardiopulmonary resuscitation (ECPR) program.23 Equally important, the majority of cardiac arrest 

Table 1 Baseline Characteristics

Total Out-of-Hospital 
Cardiac Arrest

In-Hospital Cardiac 
Arrest

P-value

N (%) 130 73 57

Age (years), mean (95% CI) 68.1 (65.5 to 70.6) 64.6 (60.9 to 68.6) 72.6 (69.3 to 76.0) 0.002a

Male, n (%) 82 (63.1) 47 (64.4) 35 (61.4) 0.52b

Comorbidities, n (%):

Coronary artery disease 58 (44.6) 28 (38.4) 30 (52.6) 0.02b

COPD 27 (20.8) 14 (19.2) 13 (22.8)

Cancer 26 (20.0) 12 (16.4) 14 (24.6)

Vascular peripheral disease 25 (19.2) 13 (17.8) 12 (21.1)

Chronic renal failure 22 (16.9) 7 (9.6) 15 (26.3)

Initial Rhythm, n (%):

Asystole 54 (41.5) 33 (45.2) 21 (36.8) 0.07c

Pulseless Electrical Activity 38 (29.2) 23 (31.5) 15 (24.6)

Ventricular fibrillation 21 (16.2) 16 (21.9) 5 (8.8)

Ventricular tachycardia 5 (3.8) 0 (0) 5 (8.8)

Not reported 12 (9.2) 1 (1.4) 11 (19.3)

Witness cardiac arrest, n (%) 108 (83.1) 60 (82.2) 48 (84.2) 0.82b

Time of cardiac arrest, n (%):

8:00am to 3:59pm 56 (43.1) 34 (46.6) 22 (38.6) 0.13b

4:00pm to 11:59pm 44 (33.8) 27 (36.9) 17 (29.8)

0:00am to 7:59am 30 (23.1) 12 (16.4) 18 (31.6)

Time to CPR (minutes), median (IQR) 4 (0–10) 9 (4–15) 1 (0–3) 0.001d

CPR duration (minutes), median (IQR) 41 (17–54) 50 (40–71) 17 (9–32) 0.001d

ROSC, n (%) 46 (35.4) 19 (26.0) 27 (47.3) 0.01b

Notes: aStudent’s t-test, bChi-square’s test, cFisher’s exact test, dMann-Whitney’s test. 
Abbreviations: CI, Confidence interval; COPD, Chronic Obstructive Pulmonary Disease; CPR, Cardiopulmonary resuscitation; IQR, Interquartile range; ROSC, Return of 
Spontaneous Circulation.
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events occurred during the day. Therefore, our data show that the time reported from cardiac arrest to hospital and the 
timing of cardiac arrest could facilitate the implementation of a uDCD program in a region similar to ours.

Several European countries have implemented a program of uDCD in urban areas (eg, Madrid, Paris) which was 
associated with a 10% to 20% increase in deceased donors.21 However, in the United States of America, previous 
experience with an uDCD program has reported conflicting results. Indeed, after one year, the uDCD program in 
New York City had no patients who proceed to organ recovery after an out-of-hospital cardiac arrest due to breaches 
in the protocol, and confusion in determining the clinical eligibility.24 In contrast, a recent Canadian multidisciplinary 
group published results of a project assessing the feasibility of a lung uDCD program.25 Among the 44 eligible potential 
donors, five had lungs recovered and transplanted and none of the recipients developed primary graft dysfunction at 72 
hours. Therefore, this first Canadian experience conducted in the emergency department demonstrates the feasibility of 
successfully implementing such a program.

Besides this single centre pilot project, no permanent program currently exists in Canada. This could be attributed to the 
ethical debate between saving the life of the patient versus preserving the organs for transplantation.26 This paradigm is 
fueled by the fact that ECPR and extracorporeal interval support until organ retrieval (EISOR) in uDCD programs used 
ECMO system.27 Recognizing this conflict, a multidisciplinary group of experts and researchers was assembled by the 
Canadian Blood Service in 2015 to elucidate this issue. They concluded that ECMO should be used with the primary 
intention of saving lives but if resuscitation failed, then organ donation after controlled circulatory should be considered.28

Our study report data from a single university hospital center in Canada. Whether these results can be generalized to 
other hospital is unknown and need to be further investigated. The potential number of donors eligible for uDCD reported 
in this study represents the most optimistic scenario. Indeed, we did not take into consideration potential limitations such 
as missed identification of potential donor, organ donation consent rate, an exclusion for judicial reasons, and logistical 
obstacles, which could increase the risk of selection bias. The retrospective data collection limited our ability to collect 
comprehensive data on all patients. For example, at least one variable from the eligibility criteria for uncontrolled 
donation after circulatory death program was missing in 48 patients. Moreover, the time to CPR was based on the time 
recorded by a witness on the emergency medical service which could be potentially incorrect. The modest sample size of 
this study influences the power of these analyses and could have led to spurious findings. These limitations will be 
addressed in a larger prospective multicentre observational study.

Conclusion
This study highlights that uncontrolled donation after circulatory death program held the potential to increase the 
reservoir of available organs for transplantation in regional centers. If such a program was to be introduced, the majority 
of donors would have come from out-of-hospital cardiac arrest thus highlighting the crucial contribution of the 
emergency department to expand donor pool. The findings of this study support the investigation of the implementation 
of a uDCD program in Canada on a larger scale.

Abbreviations
CIUSSS de l’Estrie-CHUS, Centre Intégré Universitaire de Santé et de Services Sociaux de l’Estrie – Centre hospitalier 
universitaire de Sherbrooke; CPR, Cardiopulmonary Resuscitation; DCD, Donation after Circulatory Death; cDCD, 
controlled Donation after Circulatory Death; uDCD, uncontrolled Donation after Circulatory Death; ECMO, Extra- 
corporeal membrane oxygenator; ECPR, Extracorporeal Cardiopulmonary Resuscitation; EISOR, Extracorporeal Interval 
Support until Organ Retrieval; SD, Standard Deviation; IQR, Interquartile range.
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