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Abstract

Background: Donation afterbraindeath(DBD) iscurrentpraxis inSweden.Circulatorydeath is farmorecommon.Donation frompatientssufferingOut-of-

Hospital Cardiac Arrest (OHCA) may have the potential to increase the organ-donor pool. The aim of this study was to describe the potential donor pool and

its characteristics if uncontrolled donation after circulatory death (uDCD) were to be implemented in the metropolitan area of Stockholm, Sweden.

Methods: A retrospective analysis was made using data from the Swedish Register for cardiopulmonary resuscitation (SRCR) between 2006 and 2015.

Evaluation of potential organ donors was made using selection criteria from five previously published protocols concerning uDCD.

Results: When applying different criteria from each of the five studied protocols in a total of 9,793 cases of OHCA, between 7.5% (n = 732) and 1.5%

(n = 150) of the patients were found to be potential candidates for uDCD. The median age of the sampled uDCD candidates in each protocol was

between 48 and 57 years. Male donors were found in 67–76% of all cases.

Conclusion: Although not taking important real-life limitations into account, our results indicate that implementation of a uDCD programme may

substantially increase the number of potential organ donors in Stockholm.
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Introduction

Organ transplantation improves quality of life and is a life-saving
treatment for patients with end-stage organ failure.1,2 The availability
of organs is insufficient in Sweden, as in most parts of the world, which
results in long organ-transplant waiting lists, with subsequent patient
suffering. Every year, patients die while waiting for organs or remain
dependent on renal replacement or other device therapy. In 2017,

there were over 800 Swedish patients waiting for organ transplanta-
tion of which 40 died while waiting for organs. The number of utilized
deceased donors was 188. The mismatched number of organ donors
and demands has remained unchanged during the last decade.3

The shortage in organ supply has prompted stakeholders to find
new ways to increase the organ-donor pool. Although the will to donate
among the Swedish population is amongst the highest in Europe
(>80%), due to current practice, donation from dead donors originates
only from donation after brain death (DBD).4 In 2015, a governmental
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investigation was launched to oversee the possibilities to increase
organ donation in Sweden and a number of changes were suggested to
make it possible to include organs from donorsafter circulatorydeath.5,6

Donation after Circulatory Death (DCD) is categorized according to
the modified Maastricht criteria as either controlled DCD (cDCD) or
uncontrolled DCD (uDCD). The former is organ donation following
planned withdrawal of life support and subsequent circulatory arrest
(categories 3, 4), whereas the latter is donation that follows unexpected
circulatory death.7 Several different protocols concerning uDCD have
been implemented in other countries and have been shown to be
effective in increasing the donor pool.8 Most donations in these settings
are derived from unexpected Out-of-Hospital Cardiac Arrest (OHCA).9

The aim of this study was to investigate and describe the size and
characteristics of the potential pool of uDCD donors in a Swedish
metropolitan area (Stockholm) in relation to various previously
implemented protocols for selection of uDCD patients.

Methods

The Swedish Register for Cardiopulmonary Resuscitation

This observational retrospective study was based on prospectively
collected data from the Swedish Register for Cardiopulmonary
Resuscitation (SRCR), which is a quality register supported by The
National Board of Health and Welfare. In Sweden, approximately
5,000 annual cases of OHCA are reported by the emergency medical
services (EMSs). The register includes nearly 100% of all OHCA
cases in Sweden where resuscitation has been attempted by the
EMSs, and has been described in detail elsewhere.10 Data is reported
in accordance with a structured report form, including a detailed
description of the circumstances and interventional actions in each
case of OHCA. Cases that are not reported by ambulance personnel,
i.e. missing, are registered manually and retrospectively by use of
ambulance records to reach a cover rate of nearly 100%.

Study population and settings

This study included all cases of OHCA treated by the Emergency Medical
System in Stockholm County. Stockholm County is the most densely
populated county in Sweden, with approximately 2.1 million inhabitants
and an annual OHCA incidence of 47 per 100,000 person-years.11

One single Emergency Dispatch Centre (EDC) dispatches
EMSs. There are 52 round-the-clock and 72 day-time ambulances
providing advanced life support (ALS) in cases of OHCA. In addition,
there are three round-the-clock anaesthetic nurse or doctor-staffed
emergency response vehicles that are dispatched in a two-tiered
system in response to suspected OHCAs. There are seven
emergency hospitals throughout the county that are potential
recipients of OHCA cases.

Study design

All patients included in the SRCR suffering an OHCA in Stockholm County
between January 1st 2006 and December 31st 2015 in whom
resuscitation attempts were initiated by EMS crews but were declared
deadoutsidehospitalorat theemergencyroomwereincludedinthestudy.

Different protocols have been proposed, using different criteria for
selecting uDCD candidates.12 A search in PubMed was performed
with the search term “donation after circulatory death”, giving five

protocols that had previously been implemented in clinical praxis.13–17

These five protocols were then used for patient selection.
Patients were excluded when the cause of cardiac arrest was not

compatible with possible organ donation as stated within all the protocols
(i.e. traumatic cardiac arrest). Patients were then subsequently classified
as potential uDCD candidates according to each of the protocols’ specific
criteria such as age span and the time delay from the onset of cardiac
arrest to initiation of cardiopulmonary resuscitation (CPR).

Different procedural time intervals such as initiation of CPR to start
of organ preservation methods such as cannulation for extracorporeal
membrane oxygenation or time to organ procurement were not taken
into account.

Other relative or absolute contraindications for organ transplanta-
tion such as infectious disease or malignancies were also not taken
into account.

Ethics

The local ethics committee approved this study (review number 2014/
1700-32).

Statistical analysis

Sampling was carried out regarding the primary outcome variable, i.e. the
annual number of OHCA patients that could qualify as potential organ
donors. After identification, the results were further analysed using
descriptive statistics. Proportions were expressed in percentages;
continuous variables were expressed as medians. P-values were two-
tailed and considered significant if below 0.05. Trend tests were carried
out using the Chi2-test for trend. All statistical analyses were performedby
using R for Mac OS version 3.3.3 (https://www.R-project.org).

Results

Between January 1st 2006 and December 31st 2015 there were
9,797 cases of OHCA that occurred in Stockholm County and were
treated by the EMSs. After selection based on criteria that were common
for all five previously published uDCD protocols, a total of 897 (9.2%)
patients were found to be potential subjects for uDCD (Fig. 1). This
corresponds to an average annual number of approximately 90 potential
uDCD candidates in Stockholm County. After further selection based on
criteria that differed in the previously published and implemented
protocols (e.g. differences in time from cardiac arrest to initiation of CPR,
and age span), the proportion of potential uDCD candidates ranged from
150 (1.5%) to 732 (7.5%). This corresponded to an annual number of
approximately 15–73 potential uDCD candidates in Stockholm County, or
an annual incidence of 0.7/100,000–3.5/100,000 inhabitants.

The median age of the sampled uDCD candidates per protocol
ranged from 48 to 57 years. Most potential donors were males and
were found to constitute 66.7%–76.1% of all cases. The proportion of
OHCAs occurring at home ranged from 46.6% to 54.1% (Table 1).

The proportion of potential donors decreased significantly over
time in all but one applied protocol (Fig. 2). The largest decrease
was seen in connection with the Maastricht protocol, where the
potential donors decreased from 10.2% to 5.8%. Furthermore, the
proportion of patients suffering from OHCA and surviving to hospital
admission and past the emergency room increased significantly
during the same time (from 22.5% in 2006 to 30.0% in 2015; p for
trend <0.001), as shown in Fig. 2.
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Discussion

Organ shortage results in patient suffering and death as well as societal
monetary expenses. This a common issue for healthcare stakeholders
inmostpartsof the world and newways aresought to increasetheorgan
donor pool. InSweden, where the will amongst the generalpopulation to
donate is over 80%, there are unacceptably long organ waiting lists.
After a recent governmental initiative and investigation, possible
changes in clinical praxis were indicated in order to make it possible to
include organs from donors dying from circulatory problems. As a first
step, a pilot project has been launched with the aim of implementing
cDCD. In the future, the next step might be to expand to uDCD. The aim
of this study was therefore to investigate the potential number of
candidates that might be subjects for uncontrolled donation after

circulatory death in a metropolitan area in Sweden. We also wanted to
investigate how different selection criteria, already in clinical use, affect
the potential number of uDCD donors.

The results show that the potential number of OHCA donors ranges
between 1.5% to 7.5% of all OHCAs, depending on which criteria are
used.Webelievethat it is important toknowhowdifferentselectioncriteria
based on previously published uDCD protocols will have a significant
impact on the average annual number of potential uDCD candidates
when such a programme is initiated. Dependent on the selection criteria
that are applied, the number ranges between 15 and 73 individuals that
would qualify as potential uDCD organ donors every year.

In a recent retrospective study based on data from a Spanish OHCA
register, areas with an established uDCD programme were compared
with regions without one.9 In the latter regions 7.4% of all OHCA cases
were found to be potential subjects for uDCD, whereas in regions with

Table 1 – Protocol inclusion criteria for uncontrolled donation after circulatory death (uDCD), the number of
potential cases and base-line characteristics of uDCD in Stockholm for each protocol criterion.

Protocol/criteriaa Madrid, Spain13 Madrid, Spain14 Paris, France15 New York, USA16 Maastricht, Netherlands17

Age 18–60 7–55 18–55 <60 <65
CA to CPR, minutes <10 <15 <30 0 <10

Results
Potential uDCD candidates, n 465 341 395 150 732
Age in years, median (q1, q3) 53 (46–57) 48 (41–52) 48 (42–52) 53 (45–57) 57 (50–62)
Sex, male, n (%) 347 (76.1) 258 (75.7) 295 (74.7) 100 (66.7) 548 (74.9)
OHCA location, home, n (%) 232 (51.1) 173 (50.7) 206 (52.7) 70 (46.6) 395 (54.1)

Abbreviations: CA = cardiac arrest; CPR = cardiopulmonary resuscitation; uDCD = uncontrolled donation after circulatory death; ER = emergency room;
OHCA = out-of-hospital cardiac arrest.
a Protocol criteria that varied between protocols. Criteria concerning logistical requirements (transfer time to hospital, stand-off period, time to initiation of
preservation methods and time to organ extraction) as well as medical characteristics are not listed, as they could not be studied retrospectively.

Fig. 1 – Flowchart of potential donors, Stockholm, 2006–2015, n = 9,793 OHCA cases.
Flowchart of patient sampling. The first selections were made on the basis of critera that were in common in all five
studied protocols, resulting in 897 potential candidates. We then selected on the basis of individual criteria of each of
the five protocols, resulting in between 150 and 732 potential candidates.
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an established programme only 4% actually became uncontrolled
donors and 5% were identified as uDCD candidates. Interestingly, in
regions with established uDCD programmes, as many as 9% of all
OHCA cases either became donors or were considered to be potential
uDCD candidates. The proportion of potential uDCD subjects in the
Spanishcohort is in line with the results found in our study. However,our
data also indicate a significant decrease in the proportion of uDCD
candidates during the time frame studied, as well as a concomitant
increase in the proportion of OHCA patients surviving past the
emergency room. The latter results are in line with those in a Swedish
Register for Cardiopulmonary Resuscitation annual report,11 showing
that patients admitted to hospital alive increased from 15% to 25%
between 1992 and 2013. Although more patients are surviving past the
ER, such patients would not be subjects for uDCD as they could be
subjects for cDCD at a later stage, especially in centres where
extracorporeal membraneoxygenation-assisted CPR(E-CPR) isused.
If the trend continues and the proportion of patients admitted alive
increases there might be a discussion about the effectiveness of a
uDCD programme in that setting. However, such a dramatic increase in
survival is seldom the case. In most EMSs, survival after OHCA has
stagnated at about 10%. Therefore, we consider the results not as an
indication that uDCD programmes are not worthwhile, since in
Stockholm County alone there might be about 70 annual uDCD donors
compared with the current number of about 180 donors in the whole of
Sweden, and this in a community with relatively high survival rates.

Characteristics of the potential donors

Male represented between 67 and 76% of our potential uDCD
candidates. This is in line with the results of other studies, where the
proportion has been between 62% and 80%.13,15,18 Further, this can
be expected, since most patients suffering from cardiac arrest are
male, and since the proportion of male cardiac-arrest patients is higher
in lower age groups.11

Half of our potential uDCD candidates suffered OHCA at home
(47–54%). Another uDCD study also revealed that about half of the
patients (52.4%) suffered OHCA at home.15

Results in relation to current donor numbers and the effect on

organ numbers

Our results can be compared with the current annual number of potential
DBD donors. The number of potential DBD donors in the whole of
Sweden has been estimated to be around 270,3 whereas the number of
actual DBD donors is about half of this. Approximately 16% of the actual
DBD donors come from Stockholm County.3 Thus, the introduction of a
uDCDprogramme,theoreticallycontributingtoanadditional1273donors
annually, could lead to a potential doubling of the number of donors in
Stockholm County. The implementation of a uDCD programme should
also be compared with the potential benefits of a cDCD programme. In
Sweden, the total potential number of cDCD candidates has been

Fig. 2 – Proportion of potential uncontrolled donation after circulatory death (uDCD) donors by year of OHCA and
survival past the ER.
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estimated to be around 40–80 annually.19 Furthermore, an increased
number of donors would increase the number of available organs and
thus lead to a shortening of the organ-transplantation waiting lists.
However, there are significant logistical challenges to overcome when
implementing a uDCD programme. Both the pre-hospital and in-hospital
care of OHCA patients must change. First, EMS response times must be
short and patients (without interruptions in CPR) must be transported to
hospital as soon as possible in order to meetcritical timeconstraints.This
demands a change of logistics where devices for mechanical chest
compression are widely deployed among EMS operators.20 Second,
there has to be a change of praxis from the current “stay-and-play” (treat
at the scene) to “load-and-go” (rapid transfer with ongoing CPR to
designated cardiac arrest centres) to meet critical time frames. Third,
when these patients arrive at hospital, a well-practiced response is
needed in order to optimize resuscitation efforts, decision-making and
retrieval of consent. Fourth, there must be adequate logistic arrange-
ments for organ preservation methods and retrieval.

There are several other limitations in our study. First, the potential
number of uDCD donors in our study is an ideal number and will
probably be lower in reality. For example, ambulance personnel can
miss potential cases and critical time frames might not be met.
Second, judicial issues such as consent to donate were not accounted
for because of the retrospective nature of this study. Third, patient data
that would exclude donation such as infectious disease or malignan-
cies were not taken into account. However, assuming a similar rate of
consent as for DBD in Sweden,3 the annual number of consenting
potential uDCD donors would be between 9 and 29 (73% of 12 and
40 respectively). However, the results of several studies have
suggested that consent rates are higher in connection with DCD
versus DBD.13,21,22

Implementation of DCD (controlled and uncontrolled) programmes
in others countries has shown mixed impact on the total number of
available organs, the increase ranging from 10 to 44%.23,15,24,18 In
another study it was concluded that uDCD in the USA could supply
61% of all donated organs if realized to its full potential.16

Future studies, implications and applications

We consider our results conclusive insofar as to affirm that a uDCD
programme in Stockholm County has the potential to increase the
number of organ donors significantly. Our study was limited
geographically to Stockholm County, which differs from Sweden as
a whole in both OHCA characteristics and outcome.11 Thus, our
results are not applicable to the whole country but might be
generalized to other urban areas sharing similar geographic and
demographic characteristics.

We acknowledge several other limitations in our study. It was a
retrospective study and thus could not account for several medical
criteria of potential donors, donors’ consent as well as protocol criteria
related to logistics. Protocol criteria related to logistics, specified as
follows, could not be accounted for since our study was retrospective:
initiation of preservation methods within 120 min, and organ
extraction within another 180 min. However, the study took place
within a metropolitan area with relatively short distances to tertiary
centres. It is our assumption that the logistic criteria could be met in the
majority of cases. Although, it cannot be ruled out that a limited number
of real life donors would fall outside critical time frames if a clinical
uDCD programme was implemented.

The protocols we have used have not been validated, and although
standardized DCD protocols have been proposed,12 protocols of

centres concerned with uDCD differ in terms of technical procedures
as well as inclusion criteria.13–17 These protocol discrepancies
indicate both a lack of evidence as well as international differences
in culture and legislation. Therefore, prospective studies are needed in
order to investigate how many of these potential donors actually
donate, and the degree to which those donations would have an effect
on organ transplantation waiting lists.

Conclusion

Although not taking important real-life limitations into account, our
results indicate that implementation of a uDCD programme may
substantially increase the number of potential organ donors in
Stockholm. Practical implementation of such a programme is needed
in order to investigate if this is feasible in a real-life setting.
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