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Abstract
Background and objective
The annual incidence of suicide by hanging in Australia and New Zealand has increased in the past decade,
and a significant number of these individuals are becoming organ donors. The rates of organ donation
following deaths from hanging is unknown and the characteristics of this cohort of donors have not been
described in the literature. In light of this, we aimed to examine the trends in organ donation from
individuals who had died from hanging, based on the solid organ donor data from the Australia and New
Zealand Organ Donation (ANZOD) Registry.

Methods
We conducted a retrospective study that analyzed the ANZOD Registry donor data (2006-2015) to describe
the characteristics of solid organ donors who had died by hanging (post-hanging group); these
characteristics were compared to those of individuals who died by all other causes (non-hanging group).

Results
During the study period, the number and proportion of donors who died by suicide from hanging increased.
Of the 4,024 consented organ donors, 226 had died by hanging and 3,798 had died from other causes. The
probability that an individual who died by hanging would become an organ donor increased from 0.5 to 3%.
Compared to donors who died by all other causes, post-hanging donors were younger (median age of 30 vs.
50 years), with fewer comorbidities, and a higher incidence of smoking. There was no significant difference
in the proportion of those who indicated a prior intent to donate organs between post-hanging (34%) and
non-hanging donors (38%). A higher proportion of post-hanging donors donated via the donation after the
circulatory death pathway (36.3%) than non-hanging donors (24.2%). Individuals in the post-hanging cohort
donated an average of 4.19 organs compared to 3.62 in the non-hanging cohort.

Conclusion
We believe the findings of this retrospective analysis will help inform clinical decision-making regarding
organ donation, including the best approaches to obtaining donation consent. Our findings will help
physicians provide care to patients and to families of individuals in this challenging group, where organ
donation potential is high. Further investigations are required to determine which aspects of healthcare
influence the donation rates in individuals who have died by hanging and the outcomes related to
transplanted organs.

Categories: Anesthesiology, Transplantation, Epidemiology/Public Health
Keywords: solid organ transplant, suicide rates, critical care, team based end of life care, end of life, organ donation,
brain death organ management, brain death

Introduction
In industrialized nations, suicide has become one of the leading causes of death among young adults, and it
is rising at an alarming rate [1,2]. In 2017, 3,126 people died from intentional self-harm in Australia,
representing an increase of 9% from 2016 [3]. The rates of suicide by hanging have been rising compared to
other modes of suicide [2,4], with 58% of suicides occurring from hanging in 2017 [3], an increase of 3% from
the previous year [5]. However, the incidence of suicide among indigenous Australians might still be
underestimated [6].
Anecdotal evidence from the past 10 years suggests that the number of individuals who donated organs after
having died from suicide by hanging has increased significantly. However, there is scant data in the
literature describing the characteristics of this cohort of organ donors in Australia and New Zealand.
Published data in this area have mainly comprised small case series or have focused on transplantation
outcomes in organ recipients from donors who had died by hanging or ligature asphyxia [7,8].
In this study, we retrospectively reviewed the characteristics of intended and actual organ donors who had
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died by hanging over a period of 10 years (2006-2015) and compared them to the general donor cohorts in
Australia and New Zealand. To our knowledge, this is the largest Australia- and New Zealand-based study
analyzing this cohort with the aim of examining trends in the incidence of organ donation following
hanging and describing the demographic characteristics, the donation pathway, and the number of organs
retrieved from this group relative to the general donor population. Understanding the variability in potential
organ donor populations is important for assessing donation and transplantation outcomes over time and
between jurisdictions.

Materials And Methods
Study design
The study design involved a retrospective review of the organ donor data from the Australia and New
Zealand Organ Donation (ANZOD) Registry. Donors were divided into two groups according to the cause of
death: a “post-hanging group” of donors with hanging recorded as the cause of death and a “non-hanging
group” of donors who died from all other causes.

Data sources
ANZOD Registry donor data from January 2006 to January 2015 were collected. Australian Bureau of
Statistics mortality data and the New Zealand coronial data were used to determine the total number of
deaths caused by hanging, which would serve as the denominator and determine the actual proportion of
organ donors.

Variables examined in this study
The following variables were analyzed from the data recorded within the ANZOD Registry:
Incidence and Likelihood of Organ Donation Following Hanging
An “intended donor” was defined as a donor for whom family consent had been documented and blood had
been drawn for tissue typing. An “actual donor” was defined as a donor who proceeded to the operating
theater for organ retrieval, regardless of whether the organs were successfully used. The incidence and
likelihood of organ donation following hanging was trended over the study period.
Patient Demographics
Data related to donor age, gender, and comorbidities, including any history of hypertension, type 2 diabetes,
and smoking, were collected.
Prior Intent to Donate
Details of voluntary enrollment in the organ donation registry or notification on the driver’s license were
assessed.
Pathway to Donation
Two donation pathways were analyzed: donation after brain death (DBD) and donation after cardiac death
(DCD).
Organ Retrieval
The number and types of organs (lung, heart, liver, and kidney) donated were analyzed. For the purposes of
organ counting, the following ANZOD rules were applied: each organ was considered a separate organ for
counting purposes even if transplanted into the same recipient (e.g., double lung transplant = two organs;
en bloc double kidney transplant = two organs). Organs were considered as a single organ even when divided
between two recipients (e.g., split livers = one organ). Tissues (e.g., corneas, islet cells, and hepatocytes)
were not considered organs.
Donor characteristics of individuals in the “post-hanging group” and those in the “non-hanging group” were
compared. The age distribution was assessed for normality using graphical methods (histogram) and
numerical methods (Shapiro-Wilk test). This continuous variable was not normally distributed and was
therefore reported as median with interquartile range. Differences between groups were tested using the
Wilcoxon rank-sum test. Categorical variables were expressed as frequencies and percentages and compared
with the chi-square test. Differences in proportions across time periods were tested using a two-sample test
of proportions (Z score). Differences in the mean number of organs retrieved per donor were compared using
a two-sample t-test. We used the threshold p-value ≤0.05 to determine statistical significance. All analyses
were conducted using Stata version 14 (StataCorp, College Station, TX).

Funding and ethical consideration
As the project was deemed compliant with the National Health and Medical Research Council of Australia
guidance for “ethical considerations in quality assurance and evaluation activities,” Human Resource Ethics
Committee review was not required in Australia (Royal Brisbane and Women’s Hospital Ethics Committee,
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ref: HREC/17/QRBW/175). In New Zealand, the Chief Coroner had approved the release of information under
the Official Information Act 1982.

Results
During the 10-year study period, the ANZOD Registry documented a total of 4,024 consented organ donors.
In this group, 226 donors had died from hanging, and 3,798 donors had died from other causes (Figure 1).

FIGURE 1: Australia and New Zealand mortality data and ANZOD
Registry data 2006-15
AUS: Australia; NZ: New Zealand; ANZOD: Australia and New Zealand Organ Donor; OT: operating theatre

Incidence and probability of organ donation following deaths from
hanging
During the study period, the post-hanging cohort represented 5.62% of the total consented organ donor
population and 5.66% of the actual donor population. Over the 10-year period, there was a threefold
increase in the proportional representation of post-hanging donors who constituted only 2.93% (7/239) of
total donors in 2006/2007. The rate rose steadily to 9.24% (57/617) by 2014/2015 (difference in proportions:
6.3%; 95% CI: 4.6-9.0; p<0.001) (Figure 2).
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FIGURE 2: Relative yearly representation of consented donors in each
group 2006-15

Figure 3 illustrates the likelihood of donation after death in both cohorts.

FIGURE 3: Donation likelihood

The percentage of actual donors among all deaths from hanging had increased from 0.65% in 2006 to 3.35%
in 2015 (Figure 4).
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FIGURE 4: Annual trends in the percentage of actual donors among
deaths from hanging

Donor characteristics
Demographics, comorbidities, and donation pathway among consented organ donors in each group are
shown in Table 1.

Donor characteristic

Post-hanging (n=226)

Non-hanging (n=3,798)

P-value

Age in years, median (IQR)

30 (23-41)

50 (35-61)

<0.001

Female

91 (40.3%)

1,655 (43.6)

Male

135 (59.7%)

2,143 (56.4%)

No

212 (93.8%)

2,685 (70.7%)

Yes

13 (5.8%)

1,066 (28.1%)

Unknown

1 (0.4%)

47 (1.2%)

No

220 (97.3%)

3,442 (90.6%)

Yes

4 (1.8%)

281 (7.4%)

Unknown

2 (0.9%)

75 (2%)

Current

132 (58.4%)

1,442 (38.0%)

Former

25 (11.1%)

881 (23.2%)

Never

67 (29.6%)

1,452 (38.2%)

Unknown

2 (0.9%)

23 (0.6%)

DBD

144 (63.7%)

2,878 (75.8%)

DCD

82 (36.3%)

919 (24.2%)

Unknown

0

1 (<1%)

Sex, n (%)

Hypertension history, n (%)

Type 2 diabetes, n (%)

0.33

Smoking history, n (%)

Donation pathway, n (%)

<0.001

0.001

<0.001

<0.001

TABLE 1: Characteristics of consented donors in each group
DBD: donation after brain death; DCD: donation after cardiac death; IQR: interquartile range

Donors in the post-hanging group were significantly younger than those in the non-hanging group (median
age of 30 vs. 50 years, p<0.001). Most donors in the post-hanging group were aged 26-35 years, while most
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donors in the non-hanging group were >56 years in age. There was no significant difference in gender
distribution between the two groups. The post-hanging group showed a lower incidence of hypertension and
type 2 diabetes, but a higher incidence of active smoking, all of which were significantly different from the
non-hanging cohort.

Donation pathway
Over one-third (36.3%) of donors from the post-hanging group donated via the DCD pathway throughout the
study period; in contrast, less than one-quarter (24.2%) of the donors in the non-hanging group donated via
the DCD pathway over the study period (Table 1).

Prior intent to donate
No significant difference was observed between the post-hanging group and the non-hanging group in the
proportion of consented donors who had recorded a prior intent to donate (difference in proportion: 5.1%;
95% CI: -1.2%-11%; p=0.12). Analysis of intent to donate by time periods also did not demonstrate any
significant change in registration of prior intent to donate, although a trend toward decreased intent over
the duration of the study period was seen, especially in the post-hanging group (Figures 5, 6). There was a
significant drop in prior intent to donate from 2007 to 2008, and this was due to the low number of subjects
in those years: in 2007, there were five cases, while in 2008, there were six cases.

FIGURE 5: Percentage of donors with prior intent to donate

FIGURE 6: Percentage of donors with prior intent to donate (with
trendline)

Organ retrieval
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Of note, 88% of the consented organ donors (198/226) from the post-hanging group proceeded to the
operating theater and completed an actual organ donation, and 87% of the consented donors (3,301/3,798)
from the non-hanging group proceeded to organ donation. Regarding the average number of organs per
donor by cause of death, individuals in the post-hanging group donated 4.2 organs on average while those in
the non-hanging group donated 3.6 organs on average (difference: 0.57 organs per donor; 95% CI: 0.32-0.81;
p<0.001). However, when looking at the number of organs donated by age category, no statistically
significant difference between the two groups was observed (Table 2).

Age category (years)

Mean organs donated

P-value

Post-hanging

Non-hanging

0-15

4.81

3.99

0.593

16-25

4.41

4.67

0.282

26-35

4.23

4.27

0.888

36-45

4.30

4.04

0.341

46-55

3.39

3.59

0.535

56+

2.75

2.86

0.813

TABLE 2: Mean number of organs donated by age group

There was no clear trend over the study period in the post-hanging group, with an average of 4.4 organs
donated in 2006 and 4.3 organs in 2015 (Figure 7). In contrast, there was a downtrend in organs retrieved per
donor in the other groups from 2006 to 2015.

FIGURE 7: Mean number of organs donated over time

Regarding the proportion of donors from whom specific organs were retrieved, individuals from the posthanging group were more likely to be multiple organ donors. With regard to specific organs, more lungs were
retrieved proportionally (53% vs. 38%) as well as more heart (31% vs. 24%) and more whole livers (56% vs.
54%) from the post-hanging group compared to the non-hanging group, respectively.

Discussion
In this study, we demonstrated an increasing trend in the number of individuals who died from suicide by
hanging and a rise in the likelihood that those individuals had been solid organ donors. The proportion of
death from self-harm increased from 1.6 to 2% of all-cause mortality over the study period. In Australia,
1,080 deaths occurred from suicidal hanging in 2006 [9], which increased to 1,705 in 2015, representing 56%
of total deaths from suicide. There have also been significant changes in organ donation practices and
resourcing with an associated increase in organ donation rates in the past decade.
The increase in the number of individuals who have died from suicide by hanging has been attributed to the
drop in suicide rates due to other causes, such as firearms [2]. Other factors such as improvements in both
prehospital and critical care management have led to more post-hanging patients surviving to provide organ
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donation. The implementation of a number of task force recommendations, including a standardized
donation process in hospitals combined with a proactive donor detection and audit program performed by
well-trained transplant coordinators [10], may also account for the increasing proportional representation of
this group of individuals among the consented organ donors registered in the ANZOD Registry. Although we
did not study the survival rate in terms of hospital admissions or in-hospital mortality following attempted
suicidal hanging, previous studies have shown that only 22% of individuals who had hanged themselves
were transferred alive to emergency departments [11], and the in-hospital mortality was 23% [12]. Using this
to approximate the in-hospital mortality rate among the 16,756 persons who died from hanging during our
study period yields an estimated figure of 848 patients who may have been considered potential donors. The
226 consented donors in the post-hanging group, as identified in the ANZOD data, would therefore
constitute only 27% of such potential donors following hanging. This suggests that the detection,
requesting, and consenting rate of potential donors following hanging may be much lower than the overall
rate of 54-59% per national performance data published annually by the Australian Organ and Tissue
Authority [13].
Knowledge of an individual’s prior intent regarding organ donation is the most important factor associated
with family consent [14]. Our study did not demonstrate a difference in the rates of pre-existing donation
intent between the two groups as recorded in the ANZOD. However, another study has shown that a prior
intent to donate is higher in individuals who died from suicide [15].
We examined a history of comorbidities such as hypertension, type 2 diabetes, and smoking in our cohorts,
as these are the commonly recorded (and easily validated) comorbidities that can impact medical suitability
for organ donation. Our study showed that organ donors who had died by hanging were younger and had
fewer comorbidities, but had a higher incidence of smoking compared to other donor groups. This correlates
with some previous studies [8,16,17], although some other studies showed no significant difference [18,19].
Relative to donors dying from other causes, a greater proportion of donors in the post-hanging group
donated via the DCD pathway. However, this did not change over time, making it unlikely that increased
clinician uptake of DCD programs accounted for the increase in the number of post-hanging organ donors.
While such patients may have met the “GIVE trigger” for identifying potential donors, neuroprognostication in a young person sustaining severe hypoxic-ischemic encephalopathy from attempted
suicide may have influenced an early clinical decision to recommend a palliative course, rather than pursue a
formal diagnosis of brain death. There is also an association between hanging and cervical spine injury [20],
confounding apnea testing for a formal diagnosis of brain death. This is especially significant in regional
Australia, where 4-vessel cerebral angiography and other diagnostics may not be available to confirm the
diagnosis of brain death in these situations. This explains why providers pursue the DCD pathway rather
than the DBD pathway more often in post-hanging patients.
We found that donors who had died from hanging had a higher mean number of organs retrieved per donor
compared to the other donor cohort. This higher number was consistent with various organs in both groups.
Donated organ types were similar between the two groups. There are reservations regarding the medical
suitability of organ retrieval from hanging victims based on risks of global hypoxia that often occurs in
hanging and the resultant warm ischemic injury that can potentially affect the transplantable organs. These
factors are especially pertinent during donation via the DCD pathway. The medical suitability of lung
donation is particularly controversial because individuals who have died from hanging can experience a
variety of respiratory injuries (e.g., aspiration and negative pressure pulmonary edema) [21,22]. Conversely,
there is a reason to not exclude them from being considered as potential donors, as such patients are
younger and have fewer comorbidities. The current published evidence regarding the medical suitability of
organ transplantation from individuals who have died from hanging and recipient outcomes from such
transplantation is limited and conflicting. There was no difference in outcomes [6,18] or in chronic allograft
rejection, but there was a higher incidence of extracorporeal life support [16,17]. One study showed inferior
transplant outcomes following lung transplantation with organs from those who died from hanging, but
good outcomes following kidney and liver transplantation [8]. And another study showed no difference in
outcomes from liver transplantation [19]. Despite these reservations, lung retrieval in our post-hanging
donor cohort occurred at a higher rate, notwithstanding a higher percentage of current smokers in this
cohort relative to the other donor cohort.

Limitations
Observed changes may represent changes in documentation and data collection rather than actual changes
in rates of donation after death caused by hanging. Investigators were unable to identify any specific
system change impacting the data collection methodology, other than the establishment of the Australian
Organ and Tissue Authority in 2009 and the electronic donor record in 2014. This study was unable to
measure the true donation rates among those who died by near-hanging and those who survived to be
admitted to ICUs, as this would require prehospital data from the ambulance services, trauma registry, etc.
Moreover, some data might not have been recorded because suicide victims might not be able to reach the
hospital and hence are not documented in hospital records. Additionally, this study did not examine
recipient outcomes over the short and long run. Further studies are needed to evaluate organ transplant
outcomes in both groups.

Conclusions
Gaining awareness about the changes in the solid organ donor population over time has helped to identify an
emerging group of donors following death due to hanging. The likelihood that a given person who died from
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hanging eventually became an actual organ donor has increased over the study period to significantly exceed
the average donation likelihood following death due to other causes, making this a distinct donor cohort
(such as traumatic brain injury, intracranial hemorrhage, etc.).
As patients in the post-hanging group tended to be younger with fewer comorbidities, there is a high organ
donation potential in this group, with such patients donating more organs per donor, including lungs and
often via the DCD pathway.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Royal Brisbane and
Women’s Hospital Ethics Committee issued approval HREC/17/QRBW/175. This study has been approved by
the Royal Brisbane and Women’s Hospital Ethics Committee. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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