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Organ donation by children in Australia, 2000– 2019:  
impact of the 2009 National Reform Program. 
A population-based registry data study
Tal T Klein1, Michael J O’Leary2, Lukas Staub3, Elena Cavazzoni2

Solid organ transplantation is the only treatment for people 
with end- stage organ failure. Unfortunately, the number 
of people waiting for transplants exceeds that of donated 

organs. In 2019, there were 548 deceased organ donors and 1444 
transplant recipients in Australia; 1700 people were on waiting 
lists, and an estimated 12 000 required dialysis.1 Children 
more frequently develop complications or die while waiting 
for organs than adults or teenagers, partly because they need  
size- matched organs.2 Only a small proportion of organ  
donors are children,3 and, despite technological advances 
in support for people waiting for organs, mortality among 
children waiting for donor hearts is 8– 17%.4 Increasing the 
number of donor organs from children would benefit people 
on waiting lists of all ages; children often need size- matched 
organs, but kidneys donated by children are frequently used 
for transplantation in adults.5,6

To improve organ donation rates, the Australian government 
introduced, in an iterative process, the National Reform 
Program for organ and tissue donation in 2008. The  
program established a national coordinating organisation, 
the Organ and Tissue Authority, which employs dedicated 
nursing and medical donation specialists in hospitals to 
implement best practices for identifying potential donors and 
approaching families for organ donations. It also collects data 
to assess performance and report outcomes to inform clinical 
practice change.7 The National Reform Program has been  
successful; the overall organ donor rate increased in Australia 
from 12.1 donors per million population in 2008 to 21.6 donors 
per million population in 2019, and the number of kidney 
transplantations almost doubled.8,9 The effect of the program on 
organ donation by children, however, has not been specifically 
assessed. We therefore compared rates of organ donation by 
children under 16 years of age with those for people aged 16 years 
or more during 2000– 2019. We also analysed the characteristics 
of child donors during this period to identify any changes since 
the start of the program.

Methods

We conducted a retrospective observational time series study, 
analysing data from the Australia and New Zealand Organ 
Donation Registry (ANZOD; https://www.anzda ta.org.au/
anzod) for all Australian children who were consented potential 
organ donors during 1 January 2000 –  31 December 2019. Child 
donors were defined as those under 16 years of age, the general 
age cut- off for admission to a paediatric intensive care unit. 
Consented potential deceased organ donors include actual 
and intended donors. An actual donor is one whose family has 
provided consent and the person has undergone surgery for 
donation; an intended donor is one whose family has provided 
consent, but the donation process stopped prior to surgical 
incision. The definition of an intended donor remained the 
same throughout the study period. In order to compare donor 
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Abstract
Objectives: To assess the impact of the 2009 National Reform 
Program for organ donation in Australia on the number and 
characteristics of organ donors under 16 years of age.
Design, setting, participants: Retrospective observational time 
series study; analysis of Australia and New Zealand Organ Donation 
(ANZOD) registry data for all consented potential deceased organ 
donors under 16 years of age during 2000– 2019, and of numbers of 
donors aged 16 years or more reported in ANZOD annual reports.
Main outcome measures: Difference between 2000– 2008 (pre- 
reform) and 2009– 2019 (reform period) in annual organ donor rates 
(donors per million population), by age group (under 16 years, 16 
years or more), reported as incidence rate ratio (IRR). Secondary 
outcomes: Differences in child donor characteristics during  
2000– 2008 and 2009– 2019.
Results: During 2000– 2019, 400 children under 16 years of age 
were consented potential deceased organ donors, of whom 374 
were actual deceased donors (94%): 146 during 2000– 2008, 228 
during 2009– 2019. The median annual rate was 3.3 (interquartile 
range [IQR], 3.0– 4.3) actual donors per million population during 
2000– 2008 and 4.2 (IQR, 3.6– 5.2) donors per million population 
during 2009– 2019 (IRR, 1.15; 95% confidence interval [CI], 0.93– 1.42). 
In contrast, the difference between the two periods was statistically 
significant for donors aged 16 years or more, rising from 11.7 (IQR, 
11.2– 11.8) to 19.9 (IQR, 18.3– 24.4) actual donors per million population 
(IRR, 1.75; 95% CI, 1.66– 1.85). The median age of actual organ donors 
under 16 was similar during 2000– 2008 (11 years; IQR, 7– 14 years) 
and 2009– 2019 (10 years; IQR, 4– 14 years), as was the proportion of 
donors in this age group under 10 kg (2000– 2008: four of 146, 3%; 
2009– 2019: 14 of 228, 6%).
Conclusions: Despite its overall effect on organ donation rates, the  
National Reform Program was not effective in increasing the numbers 
of donors under 16 years of age. Relying on broad initiatives for adult 
donors may not be appropriate for achieving this aim.

The known: The Australian National Reform Program increased 
the overall organ donation rate from 12.1 donors per million 
population in 2008 to 21.6 donors per million population in 2019. Its 
impact on donations by children has not been examined.
The new: Median organ donation rates for children under 16 years 
of age were not higher during reform period than during the years 
preceding the reform.
The implications: To increase the number of consented potential 
donors under 16 years of age, the specific needs of the families of 
dying children must be taken into account, as strategies used in 
adult intensive care seem relatively ineffective.
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rates and donor characteristics before and after the National 
Reform Program, we divided the study period into two periods: 
2000– 2008 (pre- reform) and 2009– 2019 (reform period). Annual 
donor rates were compared with those for donors aged 16 years 
or more, derived from ANZOD annual reports (https://www.
anzda ta.org.au/anzod/ publi catio ns-2/annual-reports).

Statistical analysis

We calculated annual organ donor rates (donors per million  
population) during 2000– 2019 for people under 16 years and  
those aged 16 years or more, based on Australian Bureau of  
Statistics population numbers by year10 (Supporting Information, 
table 1). We estimated incidence rate 
ratios (IRRs) with 95% confidence 
intervals (CIs) and changes for the two 
age groups and the two time periods 
in standard Poisson regression models 
fitted to donor numbers, with year as a 
continuous variable and log population 
(denominator) as an offset term. Changes 
in rates are reported as mean annual 
percentage changes (with 95% CIs), 
calculated from the exponential of the 
beta coefficient for year.

The characteristics available for 
descriptive analyses for donors under 
16 years of age were age, gender, weight, 
actual or intended donor, and cause of 
death. We also stratified donors by weight 
category and donation pathway (donation 
following neurological determination of 
death, or donation following circulatory 
determination of death).

The statistical significance of between- 
group differences was assessed in two- 
sided non- parametric tests: Wilcoxon 
rank- sum tests for continuous outcomes, 
Fisher exact tests for categorical outcomes. 
P < 0.05 was deemed statistically 
significant. Analyses were conducted in R 
for Windows (R Foundation for Statistical 
Computing) 4.1.0.

Ethics approval

The Sydney Children’s Hospitals Network 
human research ethics committee 
approved the study and waived the 
requirement for individual consent 
(HREC reference 2020/ETH01700).

Results

During 1 January 2000 –  31 December 
2019, 400 children under 16 years of age 
were consented potential deceased organ 
donors, of whom 374 were actual deceased 
donors (94%). During 2000– 2008, there 
were 146 actual de ceased donors (median, 
14 donors per year; inter quartile range 
[IQR], 13– 18 donors per year); during 
2009– 2019, there were 228 actual deceased 
donors (median, 20 donors per year; IQR, 

17– 25 donors per year) (Box 1, Box 2). The first donation following 
circulatory determination of death was in 2006, and the number 
of donors in this donation pathway remained low in subsequent 
years (maximum: eight donors in 2017). The first intended 
child donor was reported in 2008, and the numbers in both the 
neurological and circulatory determination of death pathways 
remained low during 2009– 2019 (Box 2).

Of the 7613 consented potential deceased organ donors aged 16 
years or more, 6413 became actual deceased donors (84.2%): 1847 
during 2000– 2008 (median, 202 donors per year; IQR, 197– 215 
donors per year), 4566 during 2009– 2019 (median, 391 donors per 
year; IQR, 346– 507 donors per year) (Box 3).

1 Australian children who were consented potential organ donors (consent provided),  
1 January 2000 –  31 December 2019

2 Actual and intended organ donors (under 16 years of age), Australia, 2000– 2019

https://www.anzdata.org.au/anzod/publications-2/annual-reports
https://www.anzdata.org.au/anzod/publications-2/annual-reports
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For donors under 16 years of age, the median annual incidence 
was 3.3 (IQR, 3.0– 4.3) actual donors per million population 
during 2000– 2008 and 4.2 (IQR, 3.6– 5.2) donors per million 
population during 2009– 2019 (IRR, 1.15; 95% CI, 0.93– 1.42). For 
donors aged 16 years or more, the median annual incidence was 
11.7 (IQR, 11.2– 11.8) actual donors per million population during 
2000– 2008 and 19.9 (IQR, 18.3– 24.4) donors per million during 
2009– 2019 (IRR, 1.75; 95% CI, 1.66– 1.85).

In regression analyses, child organ donation rates declined by 
8.3% (95% CI, – 14% to – 2.3%) per year during 2000– 2008 and 
increased by 6.1% (95% CI, +1.8% to +11%) per year during 2009– 
2019 (Box 4). Annual donation rates by people aged 16 years or 
more did not significantly change during 2000– 2008 (+0.9% per 
year; 95% CI, – 0.8 to +2.7% per year) and increased during 2009– 
2019 by 5.9% (95% CI, +5.0% to +6.9%) per year.

Characteristics and pathways of actual organ donors

The median age of actual organ donors was similar during 
2000– 2008 (11 years; IQR, 7– 14 years) and 2009– 2019 (10 years; 

IQR, 4– 14 years), as was their median weight (2000– 2008: 
37.5 kg; IQR, 25– 55 kg; 2009– 2019: 30 kg; IQR, 18– 55 kg) (Box 5). 
The proportion of donors under 10 kg weight was twice as high 
during 2009– 2019 (14 of 228, 6%) as during 2000– 2008 (four of 
146, 3%). During 2000– 2008, traumatic brain injury was the 
most frequent cause of death for actual donors (71 of 146, 49%); 
during 2009– 2019, it was cerebral hypoxia or ischaemia (111 of 
228; 49%). Non- neurological conditions were the causes of death 
for 24 children during 2000– 2008 (16%) and 26 during 2009– 2019 
(11%). Two donations followed circulatory determination of 
death during 2000– 2008 (1% of actual donations) and 46 during 
2009– 2019 (20%) (Box 6).

Intended organ donors

The proportion of children for whom consent for organ donation 
was provided but donation did not proceed was higher during 
2009– 2019 (24 of 252 [including eight girls], 9.5%) than during 
2000– 2008 (two of 148 [both girls], 1.4%). The median age of 
intended donors was one year (IQR, 0– 2 years) during 2000–2008 
and two years (IQR, 0– 15 years) during 2009– 2019. Eighteen of 

the intended donors during 2009– 2019 
wei ghed 10 kg or more (75%) (Suppor-
ting Information, table 2). Infor ma tion 
about the plan ned donor pathway was 
available only for eighteen intended don-
ors during 2009– 2019; six were donors in 
the circulatory deter min ation of death 
pathway.

Discussion

Following the 2009 introduction of the 
Nat ional Reform Program for organ 
donation in Australia, the organ donor 
rate increased signi ficantly. However, 
the median annual donor rate for 
people under 16 years of age was no 
high er during the first eleven years of 
the re form than during the nine years 
preceding it. Prior to the program, donor 
rates in this age group had been falling 
—  possibly reflecting declining child 
mortality during 1998– 201611,12 — but 
they slowly increa sed from 2009. Our 
finding that the general re form program 
did not increase the overall number of 
child donors is similar to the out come 
of the Organ Dona tion Breakthrough 
Collaborative in the Uni ted States, which 
eff e tively increased the number of adult 
donors, but not that of donors under 18 
years of age.13

The median age of donors under 16 
years of age was similar before and 
after the reform, but the proportion 
weighing less than 10 kg was larger 
during 2009– 2019. The number of 
intended and actual donors following 
circulatory determination of death was 
higher after the reform, suggesting that 
the criteria for considering child donors 
had shifted. The numbers of intended 
and actual donors in this pathway has 

3 Actual and intended organ donors (aged 16 years or older), Australia, 2000– 2019

4 Australian organ donor rates, Australia, 2000– 2019, by age group and year
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generally increased in Australia.14 This is unsurprising, as 
one of the primary objectives of the reform was to increase 
donation following circulatory determination of death and 
to promote acceptance in the transplantation community of 
renal grafts from donors not meeting standard criteria.6 Before 
the reform, organ donation after circulatory determination of 
death in children was rare in Australia, the first taking place 

in 2006. Despite the post- reform increase in donations by 
children after circulatory determination of death, donations 
in this pathway remain infrequent, as also in countries such 
as Spain and Canada.15 Some intensivists may be less likely 
to recognise the possibility of donation by patients for whom 
death is unlikely to be determined using neurological rather 
than circulatory criteria. Alternatively, the lack of certainty in 
predicting time to death may discourage some clinicians from 
initiating conversations with families about organ donation.16 
Our findings suggest that recognition in Australia of potential 
organ donation following circulatory determination of death of 
children under 16 years of age is still relatively low. Donation 
sector clinicians should work with paediatric intensive care 
teams to promote recognition of potential donors by this 
pathway.

One difficulty in analysing data on child organ donors is 
that variation in annual donor numbers is greater than for 
older donors. This variability is attributable to several linked 
factors: relatively low child mortality and variations in causes 
of death,12 problems with potential donor identification, and 
varying family consent rates. Discussions of organ donation 
are complex and sensitive conversations, and consent needs to 
be an enduring decision for the child’s parents. For people over 
16 years of age, a registered wish to become an organ donor 
empowers the family to proceed, and consent rates are as high 
as 90% in such cases.17 Discussing organ donation by children 
is more difficult.18 One challenge is that few families believe 
their young child could have an opinion about organ donation, 
although children as young as seven years can express the wish 
to be donors.19 Further, many families are unaware that organ 
donation for children is possible.20 Public awareness campaigns 
may influence parental consent rates, giving families courage to 
ask whether organ donation is possible for their dying child.21  
In 2016, for example, twenty Australian families asked about 
donations by their children, compared with a prior mean 
annual of ten such conversations (personal communication, 

5 Weight distribution of actual organ donors (under 16 years of 
age), Australia, 2000– 2019

The horizontal line within each box depicts the median, the horizontal boundaries of the 
box the interquartile range; the diamond depicts the mean value; the whiskers depict the 
25th and 75th centiles; the dots depict outliers. ◆

6 Characteristics of actual organ donors (under 16 years of age), Australia, 2000– 2019
2000– 2008 2009– 2019

Characteristic

Neurological 
determination  

of death

Circulatory 
determination  

of death

Neurological 
determination  

of death

Circulatory 
determination  

of death

Number 144 2 182 46

Age (years), median (IQR) 11 (7– 13.5) 11.5 (9– 14) 10 (4– 14) 10.5 (3– 14)

Gender (boys) 93 (65%) 1 (50%) 104 (57%) 26 (56%)

Weight (kg), median (IQR) 37.5 (25– 55) 35 (30– 40) 30.5 (18– 55) 28 (18– 50)

20 kg or greater 120 (83%) 2 (100%) 133 (73%) 32 (70%)

10 kg to < 20 kg 20 (14%) 0 37 (20%) 12 (26%)

5 kg to < 10 kg 3 (2%) 0 8 (4%) 2 (4%)

< 5 kg 1 (1%) 0 4 (2%) 0

Cause of death

Cerebral hypoxia/ischaemia 26 (18%) 0 89 (49%) 22 (48%)

Traumatic brain injury 71 (49%) 0 51 (28%) 10 (22%)

Intracranial haemorrhage 23 (16%) 1 (50%) 17 (9%) 4 (9%)

Cerebral infarct 1 (1%) 0 2 (1%) 2 (4%)

Other neurological condition 0 0 3 (2%) 2 (4%)

Non- neurological condition 23 (16%) 1 (50%) 20 (11%) 6 (13%)

IQR = interquartile range. * Donor rates by year and pathway are included in the Supporting Information, table 1. ◆
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Mark McDonald, Organ Transplantation Authority, January 
2022). In the same year, a public awareness campaign had 
featured a story about a child donor.22 Whether this campaign 
influenced the number of conversations cannot be determined, 
but campaigns featuring organ donations by children have 
been infrequent.

Limitations

Causal relationships cannot be derived from our retrospective 
observational study. We do not know the overall size of the 
potential organ donor pool during the study period and 
consequently the number of children under 16 years of age 
eligible to be potential donors. The data we analysed were not 
collected with our study aim in mind and were therefore not 
tailored to our research questions. Further, the small numbers of 
young donors may have precluded the detection of statistically 
significant associations.

Conclusion

We report the first study to examine rates of organ donation by 
Australian children under 16 years of age based on the size of the 
age- specific population, rather than in relation to the number 
of deaths of children in intensive care units.23 Our findings 
suggest that, despite its overall effect on organ donation rates, 
the National Reform Program was not effective in increasing the 
numbers of donations by children. Relying on broad initiatives 
that work with adults may not be appropriate. Future studies 
should assess how potential child donors were identified, 
families approached, and donor organs used during the National 
Reform Program, so that its strategies might be adjusted to meet 
the meets of the paediatric intensive care clinicians and to help 
increase donor rates (Box 7).

Competing interests: No relevant disclosures. ■
Received 31 August 2022, accepted 30 March 2023
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7 Differences between organ donation by children and adults in 
Australia

Donor identification
• The Organ and Tissue Authority Best practice guideline for offering organ 

donation24 states that DonateLife (https://www.donat elife.gov.au) should 
be notified about all patients at the end of life in intensive care units and 
emergency departments. However, there has been no specific engagement 
with paediatric intensive care units to ensure that these processes meet 
the needs of families and hospital staff.

Consent process
• The Organ and Tissue Authority guideline24 states that all discussions with 

families about organ donation should include a donation specialist to ensure 
a fully informed conversation. Paediatric health intensivists frequently 
develop close professional relationships with the families of critically ill 
children and may be uncomfortable involving a donation specialist. Specific 
engagement with paediatric intensive care units is needed to ensure that 
these processes meet the needs of families and hospital staff.

Hospital staff education
• Family donation conversation training courses25 have been designed to 

primarily meet the needs of staff who work with adult donors and families. 
There is no specific course for staff who work in paediatric intensive care 
units.

Community engagement
• Several national and state community campaigns have promoted organ 

and tissue donation, but none have provided information about organ and 
tissue donation by children.

Organ assessment
• The Kidney Donor Profile Index26 is used to assess the quality of renal 

grafts from adult donors. The index negatively weights the calculation if 
the kidney is donated by a child, despite evidence that such renal grafts are 
more successful than organs from extended criteria donors.5

• The Transplant Society of Australia and New Zealand Clinical guidelines 
for organ transplantation from deceased donors6 provide guidance for 
assessing adult donors, but child donor assessment is included only as an 
appendix to the document.

Organ use
• Organ perfusion machines are available for organs from donors weighing 

at least 50 kg.
• Neonatal renal grafts could expand the renal donor pool, but no programs 

routinely accept neonatal renal grafts in Australia.
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