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Abstract

Background The demand for organ transplants, both globally and in South Korea, substantially exceeds the supply,
a situation that might have been aggravated by the enactment of the Life-Sustaining Treatment Decision Act (LSTDA)
in February 2018.This legislation may influence emergency medical procedures and the availability of organs from
brain-dead donors. This study aimed to assess LSTDA's impact, introduced in February 2018, on organ donation status
in out-of-hospital cardiac arrest (OHCA) patients in a metropolitan city and identified related factors.

Methods We conducted a retrospective analysis of a regional cardiac arrest registry. This study included patients
aged 16 or older with cardiac arrest and a cerebral performance category (CPC) score of 5 from January 2015 to
December 2022. The exclusion criteria were CPC scores of 1-4, patients under 16 years, and patients declared dead
or transferred from emergency departments. Logistic regression analysis was used to analyse factors affecting organ
donation.

Results Of the 751 patients included in this study, 47 were organ donors, with a median age of 47 years. Before the
LSTDA, there were 30 organ donations, which declined to 17 after its implementation. In the organ donation group,
the causes of cardiac arrest included medical (34%), hanging (46.8%), and trauma (19.2%). The adjusted odds ratio
for organ donation before the LSTDA implementation was 6.12 (95% Cl 3.09-12.12), with non-medical aetiology as
associated factors.

Conclusion The enactment of the LSTDA in 2018 in South Korea may be linked to reduced organ donations
among patients with OHCA, underscoring the need to re-evaluate the medical and legal aspects of organ donation,
especially considering end-of-life care decisions.
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Background

The discrepancy between the number of patients on
organ donation waiting lists and the availability of donors
continues to increase, posing a significant challenge both
in South Korea and globally. For instance, in the Euro-
pean Union, the incidence of transplantation for solid
organs increased, and 60,000 patients were registered on
the waiting list for organ donation in 2008 [1]. In South
Korea, 48,472 people were waiting for organ transplants
in 2021, but the number of organ transplants performed
was only 5,839. Organ donation from brain-dead donors
increased until 2016 but subsequently declined, dropping
from 515 in 2017 to 442 in 2021 [2].

The Life-Sustaining Treatment Decision Act (LSTDA),
enacted in South Korea in February 2018, aimed to miti-
gate the prolonged suffering of terminally ill patients by
legally allowing the withdrawal of Life-Sustaining Treat-
ment (LST), such as cardiopulmonary resuscitation
(CPR) and mechanical ventilation [3]. The LSTDA seeks
to reduce the burden on patients and their families by
enabling accurate end-of-life (EOL) decisions and reduc-
ing unnecessary medical interventions. This legislation
has potentially altered the dynamics of organ donation,
as the decision to withdraw LST may limit opportunities
for organ recovery.

Emergency physicians play a critical role in treating
severely ill patients, often encountering cases with poor
prognosis, including anticipated brain death. Despite the
importance of their role in identifying potential organ
donors, there is significant variability in the process of
organ donation. This variability is largely influenced by
the physicians’ knowledge, attitudes, and experiences
with EOL care decisions [4, 5]. After the enforcement of
the LSTDA, the number of cases involving target tem-
perature management (TTM), potential brain death, and
notification of brain death decreased, potentially leading
to fewer opportunities to consider organ donation from
potential brain-dead donors [6].

This study aimed to provide a comprehensive analy-
sis of the impact of the LSTDA on organ donation sta-
tus among patients with out-of-hospital cardiac arrest
(OHCA) in a metropolitan city. By examining the trends
and outcomes after the implementation of the LSTDA,
this study seeks to contribute to the understanding of
how legislative changes can affect critical aspects of med-
ical practice, such as organ donation.

Methods

Study setting, design, and participants

This retrospective, observational study used data from
the Regional Cardiac Arrest Registry of Daegu Metro-
politan City [7, 8]. As of January 2023, Daegu Metro-
politan City had a population of 2.4 million and covered
an area of 883.51 km? The city has 2 level one regional
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emergency departments (ED) and 4 level two local EDs.
These EDs provide the highest level of emergency care
services in the region, catering to approximately 217,000
patients annually, which accounts for 54.5% of all ED
visits in Daegu [9]. Participants included individuals
aged>16 who experienced OHCA in Daegu between
January 2015 and December 2022. The exclusion criteria
were as follows: patients younger than 16 years (n=149),
OHCAs with a cerebral performance category (CPC)
score of <5 (n=716), deceased upon arrival (n=378), dis-
charged against medical advice or considered a hopeless
discharge (n=25), and insufficient information on hospi-
tal outcomes because of transfer to another hospital in
the ED (n=147). Additionally, patients who died in the
ED (n=7,671) were also excluded (Fig. 1).

Legislative implementation and organ donation in Korea
In 2018, Korea implemented the “Act on Decisions on
Life-Sustaining Treatment for Patients in Hospice and
Palliative Care or at the End of Life’, commonly referred
to as the LST Decision Act [3]. This legislation was
enacted to emphasis the dignity and worth of individu-
als nearing the end of their lives, aspects that have been
historically undervalued, as well as the importance of
advance care planning and considerations surrounding
LSTs in EOL care.

This legislation applies to patients in hospice care or
in the process of dying. LST is defined as treatment that
only prolongs the period of dying without any curative
effect, and includes interventions, such as CPR, mechani-
cal ventilation, renal dialysis, chemotherapy, and transfu-
sion [3]. The LSTDA does not specifically mention organ
donation.

Under the LSTDA, life-sustaining treatment can be
withdrawn upon confirmation of the patient’s intention
or consent from the family. This confirmation process
requires documentation of the patient’s prior intention or
a statement from two or more family members inferring
the patient’s intention. Advance directives are documents
in which individuals aged 19 or older express their deci-
sions to discontinue LST and their intentions regarding
hospice care. The LSTDA recognizes these directives to
confirm the patient’s wishes regarding LST. If the patient
is unable to express their intention or if their intention
cannot be assumed, the consent of all family members is
required particularly among patients who have experi-
enced OHCA and subsequently received CPR. Although
CPR is considered a life-sustaining treatment, the deci-
sion to withdraw LST following the return of spontane-
ous circulation involves the patient’s guardians or family
members. If they decide to withhold LST after hospital
admission, the process of documenting and legalizing
this decision still affects the patient even if they had pre-
viously received CPR.
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Fig. 1 Study population. OHCA: out-of-hospital cardiac arrest, CPC: cerebral performance category, DAMA: discharge against medical advice, LST: life-

sustaining treatment

In South Korea, the Act on Transplantation of Organs
stipulates that organ donation should be performed fol-
lowing brain death, with donation after circulatory death
being performed only in limited situations within Maas-
tricht category IV [10, 11]. Suspected brain-dead patients
must be reported to the organ procurement organiza-
tion [10]. If brain death is confirmed, the family decides
whether to donate the patient’s organs, often without
prior consideration during the LST decision-making
process.

Data variables and definition

We used the regional OHCA registry, which includes all
OHCA cases in level 1 and 2 hospitals in Daegu Metro-
politan City [7, 8, 12]. We analysed demographic infor-
mation, including age, sex, and insurance status; arrest
characteristics, such as cause of arrest, witness status,
bystander CPR, location of arrest, and initial electro-
cardiogram (ECG) rhythm; comorbidities, including
hypertension, diabetes mellitus, heart disease, and
cerebrovascular accidents; hospital treatments, includ-
ing TTM and extracorporeal membrane oxygenation
(ECMO); and length of hospital stay. The causes of arrest
were classified as medical or non-medical. Non-medical
aetiologies included trauma, hanging, drowning, and
intoxication. The cut-off date of 3rd February 2018 was
defined and divided into groups before and after the
implementation of the LSTDA.

Outcome measures

The primary outcome measured was organ donation,
specifically brain-dead organ donation. Outcomes were
assessed based on hospital records and data from the
organ donation centres of the participating hospitals.

Statistical analysis

Demographic characteristics, other variables and organ
donation status were compared between the periods
before and after the implementation of the LSTDA. For
continuous variables, descriptive statistics were pre-
sented as medians with interquartile ranges (25th and
75th percentiles). Categorical variables were reported as
counts and percentages. The significance of differences
between groups was evaluated using the Mann—-Whit-
ney U test for continuous variables and Fisher’s exact test
for categorical variables. Temporal trends were analysed
using the Cochran—Armitage test.

Associations between variables and organ donation
outcomes were examined using stepwise logistic regres-
sion analysis. This included demographic factors (i.e. sex,
age, and comorbidities), arrest characteristics (i.e. witness
status, bystander CPR, primary ECG rhythm, location of
arrest), and post-resuscitation hospital management (i.e.
TTM and ECMO), in addition to the length of hospital
stay and LSTDA implementation grouping. The results
are expressed as adjusted odds ratios (AOR) and 95%
confidence intervals (Cls). All statistical analyses were
performed using SAS software version 9.4 (SAS Institute
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Inc., Cary, NC, USA). Based on a two-sided test, p<0.05
was considered statistically significant.

Results

A total of 9,741 patients experienced OHCA between
2015 and 2022 in Daegu, 751 of whom were eligible for
this study. Among these, 47 patients chose to donate
organs: 30 before and 17 after the implementation of the
LSTDA (Fig. 1).

The general characteristics of the patients before
and after the implementation of the LSTDA are shown
in Table 1. In both groups, approximately 80% of the
patients who donated organs were aged<65 vyears.
The most common cause of arrest was medical in both
groups, whereas hanging was the most common cause of
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arrest among those who donated organs. (43.3% before
and 52.9% after the LSTDA), respectively.

Among the 751 patients, 47 (30 before the LSTDA and
17 after the LSTDA) underwent organ donation. The
median age was significantly lower in the organ dona-
tion group at 47 years compared to that in the no organ
donation group, which had a median age of 63 years
(p<0.001). The most common cause of arrest in the
organ donation group was hanging (22 patients, 46.8%),
followed by medical aetiology (34%) and trauma (19.2%).
Regarding hospital treatments, TTM was provided to 18
patients (38.3%) in the organ donation group, compared
to 172 patients (24.4%) in the no organ donation group
(Table 2).

The AOR for organ donation before the LSTDA imple-
mentation was 6.12 (95% CI 3.09-12.12). Regarding the

Table 1 General Characteristics of Study Population according to implementation of the life-sustaining treatment decision act

Before LSTDA After LSTDA p-val-
Total % Organ % Total % Organ % ue*
(N=220) donation (N=531) donation
(N=30) (N=17)
Female Sex 84 382 13 433 193 36.3 1 64.7 0.635
Age group
16-39 31 14.1 9 30 51 9.6 7 41.2 0.009
40-64 108 49.1 15 50 222 418 7 41.2
>65 81 36.8 6 20 258 486 3 17.6
Age, Median (IQR), yr. 59.5 (47-70) 46 (36-61) 64 (53-73) 48 (34-56) 0.800
Arrest cause 0.197
Medical aetiology 178 809 9 30 411 774 7 412
Trauma 17 7.7 8 26.7 33 6.2 1 59
Hanging 24 109 13 433 76 14.3 9 529
other 1 0.5 0 0 11 2.1 0 0
Insurance 0.391
National health insurance 180 81.8 24 80 411 774 15 88.2
Medical Aid 23 105 2 6.7 66 124 1 59
other 17 7.7 4 133 54 10.2 1 59
Comorbidity
Hypertension 67 305 3 10 211 39.7 2 1.8 0.017
Diabetes mellitus 37 16.8 0 0 158 29.8 0 0 <0.001
Heart disease 24 10.9 0 0 61 11.5 1 59 0.82
Cerebrovascular accidents 15 6.8 1 33 34 6.4 0 0 0.834
Public place 67 30.5 8 26.7 97 18.3 3 17.6 <0.001
Witnessed arrest 148 67.3 15 50 323 60.8 4 235 0.097
Bystander CPR 104 473 14 46.7 235 443 9 529 0.45
Initial shockable rhythm 45 205 1 33 91 17.1 1 59 0.283
Hospital treatment
™ 40 18.1 9 30 150 282 9 529 0.004
ECMO 10 4.5 1 33 47 89 0 0 0.043
Length of Hospital stay, day 0.712
0-7 137 62.3 18 60 323 60.8 10 588
8-30 83 377 12 40 208 392 7 412
Length of Hospital stay, Median 405 (1.36— 6.05 (2.53- 449 (1.68- 475 (3.14- 0.956
(IQR), day 10.73) 9.65) 11.78) 9.68)

IQR: interquartile range, LSTDA: Life-Sustaining Treatment Decision Act, CPR: cardiopulmonary resuscitation, TTM: target temperature management, ECMO:

extracorporeal membrane oxygenation. *p-value for before and after LSTDA group
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Table 2 Comparison of Study Population according to Organ Donation
Total Organ donation No organ donation p-value
N=751 % N=47 % N=704 %
Female Sex 227 302 24 511 253 359 0.037
Age group
16-39 82 109 16 34 66 94 <0.001
40-64 330 439 22 46.8 308 438
>65 339 451 9 19.1 330 46.9
Age, Median (IQR), yr. 62 (51-72) 47 (34-61) 63 (52-73) <0.001
Arrest cause <0.001
Medical aetiology 589 784 16 34 573 814
Trauma 50 6.7 9 19.2 41 58
Hanging 100 133 22 46.8 78 1.
other 12 1.6 0 0 12 1.7
Insurance 0483
National health insurance 591 787 39 83 552 784
Medical Aid 89 11.9 3 64 86 12.2
other 71 9.5 5 10.6 66 94
Comorbidity
Hypertension 278 37 5 10.6 273 388 <0.001
Diabetes mellitus 195 26 0 0 195 27.7 <0.001
Heart disease 85 113 1 2.1 84 1.9 0.04
Cerebrovascular accidents 49 6.5 1 2.1 48 6.8 0.355
After LSTDA 531 70.7 17 36.2 514 73 <0.001
Public Place 164 218 1 234 153 21.7 0.788
Witnessed arrest 471 62.7 19 404 452 64.2 0.001
Bystander CPR 339 451 23 489 316 449 0.589
Initial shockable rhythm 136 18.1 2 43 134 19 0.011
Hospital treatment
™ 190 253 18 383 172 24.4 0.034
ECMO 57 76 1 2.1 56 9 0.248
Length of Hospital stay, day 0.807
0-7 460 68.3 28 59.6 432 68.7
8-30 291 317 19 404 272 31.3
Length of Hospital stay, Median (IQR), day 43 (1.62-11.34) 5.84 (2.54-9.68) 415 (1.57-11.77) 0.468

IQR: interquartile range, LSTDA: Life-Sustaining Treatment Decision Act, CPR: cardiopulmonary resuscitation, TTM: target temperature management, ECMO:

extracorporeal membrane oxygenation

Table 3 Multivariable logistic regression analysis of associated factors regarding organ donation

Unadjusted Adjusted

OR 95% Cl OR 95% Cl
Before LSTDA vs. After LSTDA 4.77 258 8.86 6.12 3.09 12.12
Age group (16-39) vs. Age group (= 65) 8.89 3.77 20.97 3.22 124 8.36
Age group (40-64) vs. Age group (=65) 262 1.19 578 1.58 0.68 3.67
Non-medical aetiology vs. Medical aetiology 848 15.96 8.51 4.19 17.28

OR: odds ratio, Cl: confidence interval, LSTDA: Life-Sustaining Treatment Decision Act

cause of arrest, the AOR for organ donation in the non-
medical aetiology group compared to that for the medical
aetiology group was 8.51 (95% CI 4.19-17.28). The AORs
for organ donation in the age groups 40—64 years and
16-39 years compared to that of those=65 years were
1.58 (95% CI 0.68-3.67) and 3.22 (95% CI 1.24-8.36),
respectively (Table 3).

Figure 2 shows the trend of an annual decrease in the
number of organ donations (p<0.001).

Discussion

This study evaluated organ donation status and asso-
ciated factors in patients with out-of-hospital cardiac
arrest. Only 5% of patients donated their organs, and
the enforcement of the LSTDA was associated with a
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Fig. 2 Trend of organ donation in out-of-hospital cardiac arrest patients during 2015-2022. CPC: cerebral performance category

reduction in organ donation. In our study, the factors
related to organ donation were non-medical causes of
cardiac arrest and the implementation of the LSTDA.
This study is significant in analysing the current status
of organ donation among patients with OHCA in a met-
ropolitan city and identifying related factors after the
implementation of the LSTDA, which has not been pre-
viously reported in South Korea or globally.

Our findings revealed that the number of organ donors
among patients with OHCA was low prior to the imple-
mentation of the LSTDA and declined further after the
legislation was enacted. There has been an increase in
the number of patients choosing EOL and palliative care
while refusing LST, which may have led to a decrease in
the number of potential organ donors. Baik et al. [13]
reported that 39.5% of patients who decided to discon-
tinue LST treatment met the organ donation criteria. This
is compounded by the fact that once LST is withheld,
maintaining the physiological stability required for organ
donation becomes challenging, further limiting oppor-
tunities for organ recovery. After the enactment of the
LSTDA, potential brain death cases were reported to the
Korea Organ Donation Agency, and 193 of these patients
signed to withdraw LST. Among them, 156 patients met
the brain death criteria and were eligible for organ dona-
tion, but only 16 people (12.6%) agreed to organ dona-
tion, a percentage much lower than that of the group that
did not withdraw LST (38.9%) [14]. The lack of consid-
eration of organ donation before LST determination was

proposed as the reason for the low percentage of organ
donation. To mitigate the negative impact of the LSTDA
on organ donation rates while respecting EOL decisions,
several measures can be considered. Creating more flexi-
ble guidelines that respect both EOL decisions and organ
donation opportunities, enhancing communication
between healthcare providers and families, and improv-
ing public awareness about the importance of organ
donation are crucial. Developing integrated protocols to
ensure organ donation is considered after LST decision-
making can bridge the gap between EOL care and organ
donation [15].

The demand for organ donation and the potential brain
death encountered in the ED is increasing [16, 17], high-
lighting the necessity of emergency physicians’ knowl-
edge and awareness of organ donation [18]. In South
Korea, among notifiers of potential brain death, emer-
gency physicians accounted for 5% (114 out of 2,215) in
2021, representing the second largest proportion among
physicians [2]. The number of potential brain deaths
in South Korea, as notified by emergency physicians,
increased from 100 in 2017 to 144 in 2019 and 114 in
2021. Akkas et al. reported that negative attitudes and
lack of knowledge about organ donation in society, reli-
gious beliefs, and inadequate knowledge of emergency
physicians were barriers that hindered organ donation
in the ED [19] while Da Silva et al. argued that national
and global standardisation of brain death criteria could
improve donation [20]. Some studies have reported high
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knowledge and positive attitudes toward organ dona-
tion among emergency physicians [21-23]. To improve
knowledge and awareness about organ donation, the
introduction of standardized education modules and
e-learning programmes in training or supplementary
training courses, as is done in other countries, should be
considered [24-26]. Comprehensive education covering
the importance of organ donation, the definition and cri-
teria of brain death and circulatory death, recognition of
potential donors, and the notification system should be
included in these modules. They should also cover legal
knowledge, medical knowledge for donor care, and com-
munication skills for discussing organ donation with
families. Online e-learning programmes can ensure that
education on organ donation is accessible and standard-
ized across different hospitals.

High rates of organ donation are associated with non-
cardiac aetiology as a cause of arrest, brain death as a
cause of death, and longer arrest times in the USA [27].
Similarly, in our study, organ donation was associated
with a non-medical aetiology of cardiac arrest. The non-
medical aetiology group was observed to have a high
incidence of hypoxic brain injury, and, consistent with
previous studies, hypoxic damage was considered a fac-
tor related to organ donation [28]. TTM is associated
with good neurological recovery, and even in cases of
deterioration, it could present an opportunity for organ
donation. ECMO is associated with good neurological
outcomes in cardiac arrest [29] and a high rate of organ
donation. Smalcova et al. reported a correlation between
the application of extracorporeal CPR and increased
organ donorship [30]. However, in our study, TTM and
ECMO were excluded as associated factors through step-
wise multiple logistic analysis, which differed from the
findings of the previous study.

According to the actual number of deceased organ
donors per million population worldwide in the Inter-
national Registry on Organ Donation and Transplanta-
tion in 2021, the USA accounted for 41.6, Spain for 40.8,
but South Korea had a much lower rate at 8.56 [31]. The
number of patients with cardiac arrest who donated their
organs was small; only 47 patients (5%) donated their
organs in our study. The International Liaison Commit-
tee on Resuscitation Scientific Statement and Katie et al.
proposed that organ donation should be managed as an
outcome variable for cardiac arrest [1, 32]. Similarly, in
South Korea, organ donations should be collected and
managed as key outcome variables. Spain significantly
increased its donation rate by promoting the identifi-
cation and early referral of potential donors, actively
implementing donations from expanded donor criteria,
and facilitating donations after circulatory death [33].
To adapt these practices to fit South Korea’s context and
legal framework, it is essential to consider cultural and
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legal aspects. Additionally, discussions and systems for
facilitating donations after circulatory death should be
carefully considered, as currently only donation after
brain death and limited cases of circulatory death dona-
tion are authorized in South Korea.

This study has several limitations. First, this was a ret-
rospective observational study; therefore, there is the
possibility of selection bias. Furthermore, the retrospec-
tive design limited our ability to directly analyse barri-
ers to organ donation among patients with cardiac arrest
and the challenges potentially introduced following the
implementation of the LSTDA. Second, organ dona-
tion processes and laws pertaining to LST vary interna-
tionally. Therefore, generalising these findings across
countries with diverse legal frameworks, organ dona-
tion procedures, and healthcare systems is challenging.
Finally, the inclusion of the COVID-19 pandemic period
could have biased the results. Restrictions on hospital
visits and prolonged decision-making processes for LST
or organ donation during this period, along with the
exclusion of COVID-19 infected patients from potential
organ donation, may have affected our findings.

Conclusion

After the enactment of the LSTDA in South Korea in
2018, a reduction in organ donation was observed. While
the law does not specifically address organ donation, its
implementation may have inadvertently affected dona-
tion rates by influencing EOL care decisions. We suggest
that efforts to improve the perception of organ donation,
along with integrating organ donation considerations
into the LST decision-making process and managing
organ donation as a key variable in OHCA, are necessary.
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