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Objectives:  To describe the design, development and implementation of an 
organ and tissue donation after cardiac death (DCD) program, evaluate its 
success and assess its impact on tissue and organ availability and the number 
of donors after brain death.

Design, participants and setting:  Prospective collection of patient 
characteristics and outcomes for actual and potential donors from 2000 to 
2010, thus including the 5 years after the implementation of a DCD program at 
a major Australian tertiary hospital in 2006.

Main outcome measures:  The number and type of donors before and after 
implementation of the DCD program, and subsequent numbers of solid organ 
and tissue donations.

Results:  The DCD program was associated with an increase in overall donor 
numbers. There were 80 donors (20 DCD and 60 donation after brain death 
[DBrD]) after 2006, compared with 51 DBrD donors in the previous 5 years. Four 
of the DBrD donors were patients who were initially considered for DCD. DCD 
accounted for eight of the total 19 donors in 2009 and seven of the total 23 
donors in 2010. There were 62 solid organ and 35 tissue and cornea transplants 
as a result of the DCD program.

Conclusions:  Successful implementation of a DCD program is possible and 
has led to an increase in overall donor numbers and organs transplanted without 
any reduction in DBrD donors. The widespread implementation of DCD across 
Australia may help reduce the shortfall of organs for transplantation.
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aditional cardiopulmonary crite-
ria (now known as donation after car-
diac death [DCD]) or from live
donors.1 The introduction of diagnos-
tic criteria for brain death provided a
more practical and controlled path-
way to organ donation.2 Donation
after brain death (DBrD) allowed
organ retrieval without prior cessation
of circulation, thus minimising warm
ischaemic time and enhancing organ
function in the recipient.

Demand for organs for transplanta-
tion has grown and outstrips supply.3

In recent years some countries have
successfully re-implemented DCD to
increase overall donor numbers.4

Long-term survival of grafts and
recipients after DCD kidney and lung
transplantation are equivalent to
those after DBrD,5-7 but DCD liver
grafts are still subject to higher risk.8

Currently, however, DCD is under-
used in Australia and practised at few
institutions. Given a growing body of
evidence,9 there appears to be consid-
erable potential for DCD to expand
the donor pool.

In Australia, a resurgence of inter-
est in DCD has come with concerns
over public and staff perceptions, the
possibility of a conflict of interest for
clinicians when considering intensive
care unit (ICU) treatment with-
drawal,10-12 the impact on organ func-
tion and a potential reduction in the
number of DBrD donors resulting
from clinicians or families choosing
DCD over DBrD.13

The Alfred Hospital is one of 29
tertiary referral hospitals in Australia.
It provides cardiothoracic transplanta-
tion services for Victoria, South Aus-

2000
U per
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Alfred
ults.14

Coincidentally, in 2005, organ dona-
tion was requested by the family of a

patient who had severe brain injury
but was not brain dead. The family’s
request could not be facilitated and
the patient died without becoming a
donor. A complaint was subsequently
lodged about the hospital’s inability to
facilitate organ donation. This pro-
vided the impetus to gather interested
individuals together, write a guideline
and develop an implementation plan
for DCD. Although national guide-
lines for DCD have subsequently
been published,15 at the time, there
were none.

Methods

Quantitative and qualitative data were
collected prospectively on all donors
from 2000 onwards and all patients in
whom DCD was considered. A review
of the DCD program at 5 years had been
preplanned, and resulted in this study.

Descriptive methods were used to
document the development of the DCD
program. Information was gathered
from clinicians involved in its imple-
mentation. All guidelines produced and
subsequently rewritten were reviewed
to allow documentation of the pro-
gram’s evolution. Patients’ underlying
medical conditions, contraindications,
investigations, and details about the

DCD process were analysed. The out-
comes considered were the number of
actual donors and numbers of organs
retrieved for transplantation.

DCD guideline development and 
implementation

The DCD Guideline Group was
founded in 2005. International guide-
lines, particularly from the United King-
dom and United States where there
were active DCD programs, were
reviewed.

The ethical implications of DCD and
impact of local legislation were consid-
ered. To ensure successful implementa-
tion of the program, the group aimed to
construct a guideline that would be
conservative in its approach, acknowl-
edge potential ethical concerns, func-
tion within a legal framework and be
acceptable to clinicians and the public.
Key points in the process were identi-
fied and strategies were adopted to deal
with potential barriers, as detailed
below.

Conflict of interest: The perception of
a conflict of interest between the medi-
cal staff providing palliative care and the
provision of organs for transplantation
was addressed. Although the DCD
process would determine the timing
of withdrawal of cardiorespiratory
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support, other aspects of palliative care
should not be altered. It was imperative
that cardiorespiratory support would
not be withdrawn to remove organs for
donation from patients who might oth-
erwise survive, that a patient’s death
would not be intentionally hastened to
ensure that organ donation could pro-
ceed and that no patient could be alive
when organs were removed. Further,
hospital staff and families were to be
kept informed, reassured and must sup-
port the process. The donation process
remained entirely under the control of
the attending intensive care physician,
with later involvement of  the
DonateLife coordinator. The transplant
team was not involved in medical futil-
ity discussions, decisions about the
method of treatment withdrawal, or the
delivery of terminal sedation.
Prognosis: To confirm medical futility,
an opinion from an independent spe-
cialist was obtained. This specialist had
to agree with the parent medical and
the intensive care teams about the
patient’s prognosis and that withdrawal
of cardiorespiratory support was appro-
priate. The independent specialist’s
opinion was given independently of any
consideration of organ donation.
Request for donation: Initially, only
patients whose families raised the topic
of organ donation independently were
considered, although broaching the
topic of DCD was deemed acceptable if
the patient was already listed on the
Australian Organ Donor Registry.
However, in April 2010, the guideline
was changed to allow medical staff to
raise organ donation when appropriate.
Two intensive care specialists: The
primary intensive care specialist under-
took all discussions about prognosis
with the family, supervised the provision
of palliative care and prescribed the
method of withdrawal of life support
(eg, extubation, cessation of inotrope
therapy) in accordance with their usual
practices. A second intensive care spe-
cialist, who had no role in providing
palliative care or withdrawing cardiores-
piratory support, was required to ensure
all aspects of the guideline were fol-
lowed and to discuss the organ donation
processes with the family if necessary.
Medical suitability: In addition to
pre-existing selection criteria for organ
donors, only ventilated patients within
the ICU were considered. Initially, an
age limit of 55 years was applied. How-
ever over the next 5 years, this was

increased from 55 to 65 years and then
to 75 years.16 Initially, only lung dona-
tion was considered because of a lack of
on-call access to renal retrieval services.
In 2007, kidney donation, and in 2008,
donation of any other suitable organ
(eg, liver or pancreas) were included.
Antemortem interventions: Investi-
gations to determine organ suitability
and recipient compatibility were

conducted after consent was obtained.
Procedures that were not part of rou-
tine palliative care and potentially
harmful to dying patients (such as
administration of intravenous antico-
agulants, bronchoscopy or insertion of
perfusion cannulae before death) were
not permitted.
Certification of death: Placement of
an invasive arterial line and oxygen

1 The Alfred Hospital donation after cardiac death (DCD) program flow chart*

* This flow chart summarises the current process for DCD at the Alfred Hospital. The guideline was compl
was followed by an education and implementation program aimed at intensive care unit and operating th
DCD guideline has been updated a number of times since its initial publication based on local, national an
feedback.
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saturation monitoring were mandatory
for all cases. Electrocardiographic (ECG)
monitoring was used at the discretion of
the primary intensive care physician.
Death was declared 5 minutes after
cessation of circulation (as evidenced
by complete loss of pulsatility of the
arterial line). A further 5 minutes was
allocated for families to spend with
their relative after declaration of death.

However after the first year, the manda-
tory additional 5 minutes of “family
time” was removed, as we found fami-
lies never used it.
Logistics: Considerable planning went
into logistics. Processes and roles of key
staff are summarised in Box 1. A team
meeting with all relevant ICU, theatre,
surgical, anaesthetic, medical, nursing
and support staff was planned before
withdrawing cardiopulmonary support
to discuss all aspects of the process.
Follow-up meetings were held 24–48
hours after every case of DCD during
the first 2 years, and then when
required thereafter.

Ethics approval

The study was approved by the Alfred
Hospital Ethics Committee (Low Risk
Ethics Approval Number: 232/11).

Results

DCD program outcomes

The first case of DCD (Australia’s first
lung transplantation from a donor after
cardiac death) occurred a month after
the guideline was implemented.
Between 2006 and 2010, there were 55
patients for whom DCD was initially
discussed. Of these, 28 patients under-
went withdrawal of cardiorespiratory
support in anticipation of DCD, and 20
of those became donors.

Box 2 shows the total number of
donation after brain death and DCD
donors over the past 10 years at the
Alfred Hospital, with DCD accounting
for eight of the 19 donors in 2009 and
seven of the 23 donors in 2010.  During
the first 5 years of the program, the
Alfred Hospital contributed 20 of the 54
DCD donors in Victoria, comprising
12.4% (20/161) of all DCD donors in
Australia. There was no concurrent
reduction in the number of DBrD
donors. Four patients became DBrD
donors while being considered for
DCD. In one case, a patient became
brain dead, but the DCD pathway was
followed owing to family insistence.
One DCD donor was probably brain
dead, but this was not recognised before
withdrawal of cardiorespiratory support.
Box 3 shows actual DCD donors per
year as percentages of all patients for
whom DCD was considered.

Of Australia’s total organ donors,
6.6% (80/1215) were identified at the
Alfred Hospital in 2006–2010, compared

with 5.1% (51/992) in 2000–2005, before
the DCD program was implemented
(P=0.23). Overall admissions to the ICU
at the Alfred Hospital did not change
significantly over the 10 years, remain-
ing stable at about 2000 per year. Imple-
mentation of the DCD program resulted
in 62 organ transplants, 17 of these
organs came from the four donors who
were brain dead and who were identi-
fied through the DCD program (Box 4).

Acceptance of the program

Acceptance by medical and nursing
staff has been progressive and there is
evidence of a “learning curve” with the
DCD program. Each year a larger pro-
portion of patients in whom DCD was
considered had cardiorespiratory sup-
port withdrawn in anticipation of DCD
(Box 3 and Box 5). However, the ability
to predict who will die within a time
frame permitting successful donation
remained unchanged.

Families initiated discussions about
donation in all but four cases. Two fam-
ilies would not accept donation through
the DBrD pathway, but were happy to
progress to donation through DCD.
However, two of the 55 families with-
drew their consent for donation stating
that the DCD process was unacceptable
(for unknown reasons). Two complaints
were received from families about organ
donation. Both related to the hospital’s
inability to offer organ donation (the
first discussed earlier, the second result-
ing from a failure by the hospital to
facilitate kidney donation because the
guideline at the time specified that only
lung donation was available).

All families agreed to the required
investigations and monitoring. In three
cases these necessitated insertion of a
new arterial line specifically for accurate
determination of death. ECG monitor-
ing was used in most cases. In one case,
however, this led to confusion and fam-
ily distress when the arterial line
became pulseless 2 minutes before elec-
trical standstill.

Discussion

We describe the implementation and
outcomes of a DCD program in a major
tertiary hospital. This program has been
associated with an increase in overall
donor numbers without a reduction in
organ and tissue donations after brain
death.
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The Alfred Hospital DCD guideline
continues to differ slightly from the
national guideline for DCD produced in
201015 (eg, in not allowing antemortem
interventions such as heparin infusion
or bronchoscopy). Victoria remains reli-
ant on individual hospitals developing
policies which best suit local practice
rather than applying a statewide policy.

Although medical staff initially raised
concerns, DCD is now an accepted
pathway to organ donation. Determina-
tion of a patient’s wishes about organ
donation is considered a routine part of
end-of-life care and one that is inde-
pendent of the presence or likelihood of
brain death. Concerns about a potential
conflict of interest have been allayed by
providing a specialist opinion about
prognosis and the involvement of two
intensive care specialists to separate the
palliative care and organ donation proc-
esses. Remarkably, the requirement for
an independent specialist opinion led to
the re-institution of active therapy in
one patient who was about to have car-
diorespiratory support withdrawn. He
subsequently survived to return to work,
albeit with some neurological disability.

The implementation of the DCD pro-
gram was also associated with increased
numbers of DBrD donors. This was
partly owing to patients who became
brain dead while being considered for
DCD (all of whom would have previ-
ously died without their wishes for
donation being fulfilled) but may also

have been the result of increased aware-
ness of donation by medical staff and
the public.

Limitations of our retrospective study
should be recognised. Processes imple-
mented and evaluated at the Alfred
Hospital may not be applicable to all
hospitals. It is possible that there were
other patients in whom DCD was con-
sidered, but who did not become
donors, and who were not brought to
the attention of the donation team or
study investigators.

Although absolute numbers of
donors are relatively small, the potential
impact on available organs for trans-
plantation is high. Our study shows that
introduction of DCD at one tertiary
hospital can lead to increased numbers
of organs available for transplantation
without any reduction in DBrD dona-
tions. The National protocol for donation
after cardiac death, published in 2010,15

now provides a framework to develop
similar programs. We believe all hospi-
tals in Australia should investigate their
potential for DCD.
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5 Reasons patients considered for donation after cardiac death (DCD) did not go on to become donors

Reasons* No. of patients

Intended as DCD donor but died outside the allowable timeframe after withdrawal of cardiorespiratory support 8

DCD discussed, but did not proceed to withdrawal of cardiorespiratory support in anticipation of DCD (breakdown below) 23

Independent specialist did not think prognosis was futile 2

Survived to hospital discharge 1

Died during further observation period 1

Patients for whom donation was raised by the family but then declined 8

Not prepared to wait for time frame required to organise donation 4

Patient became brain dead 1

“Didn’t like DCD” 2

Unknown 2

Patients outside of Alfred Hospital DCD guideline at the time of referral 6

Too old 2

Not asked but otherwise medically suitable 3

Suitable for kidney donation but the hospital was only offering lung retrieval at the time 1

Patient receiving palliative care on general ward when patient and family request donation 1

Transfers from other hospital for purposes of assessment for DCD donation 0

Patients with a contraindication to donation discovered during work-up 7

Organ function not good enough 4

Donor had hepatitis C and there were no suitable recipients 2

Discovery of a previously unknown medical condition (eg, cancer) 2

* Not mutually exclusive. ◆
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