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 Background: The transplant community is seeking ways to encourage organ donation after cardiac arrest to solve the prob-
lem of the insufficiency of organs available for the increasing number of people awaiting transplantation. This 
study aimed to determine whether the life-sustaining treatment (LST) decision system, implemented in Korea 
on February 4, 2018, can address the shortage of organ donations.

 Material/Methods: We retrospectively analyzed the medical records of the 442 patients who had filled out forms for the LST deci-
sion at Ewha Womans University Mokdong Hospital from April 2018 to December 2019, and classified the el-
igibility of organ and tissue donation according to the Korean Organ Donation Agency criteria.

 Results: We included 442 patients in this study. Among them, 238 (53.8%) were men, and 204 (46.2%) were women. 
The average age of the patients was 71.8 years (the youngest and oldest were aged 23 years and 103 years, 
respectively). Of these, 110 patients (24.9%) decided on their own to discontinue LST, whereas 332 (75.1%) de-
cided to discontinue with their family’s consent. This study demonstrated that 50% of patients who were not 
brain-dead and discontinued LST were eligible for organ donation. However, the patients and caregivers were 
not aware of this option because the current law does not allow the discussion of such donations.

 Conclusions: A discussion regarding donation after circulatory death is recommended to solve the problem of insufficient 
organ donation.
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Background

The number of deaths due to the discontinuation of life-sustain-
ing treatments (LSTs) is gradually increasing worldwide [1-4]. 
In South Korea, the “Act on Hospice and Palliative Care and 
Decisions on Life-sustaining Treatment for Patients at the End 
of Life” was enacted in February 2016, and based on this law, 
the LST decision system has been implemented since February 
4, 2018 [5]. This is a system that allows end-stage patients – 
those who do not have the possibility of recuperation, did not 
recover despite treatment, and are on the verge of death with 
rapidly worsening symptoms or in the process of dying – to in-
dependently make decisions regarding continuation of LST, such 
as cardiopulmonary resuscitation, extracorporeal life support, 
hemodialysis, chemotherapy, invasive mechanical ventilation, 
blood transfusion, and vasopressor infusion [1]. If patients are 
unable to decide on their own dignity of death, South Korea al-
lows all the family members to reach a consensual agreement.

This study aimed to reduce the pain and burden that may be 
inflicted on dying patients and their families because of mean-
ingless and unnecessary treatment and procedure and to enable 
the patient to die with dignity. Another purpose was to enable 
healthy people as well as patients diagnosed with curable or 
incurable diseases to carefully think and prepare for death [6].

Donation after brain death (DBD) is steadily increasing world-
wide. However, the organs available for donation are insuffi-
cient for the increasing number of people awaiting transplan-
tation. In the United States, there were 74 078 people awaiting 
transplantation in 2000, which increased to 113 759 in 2018. 
Despite this, there were only 11 934 patients eligible to re-
ceive an organ transplant in 2000 and 17 554 in 2018 [7]. In 
South Korea, the number of people waiting for transplanta-
tion (excluding tissue transplantation) increased from 2840 
in 2000 to 30 544 in 2018, whereas the number of DBD cases 
increased from 52 in 2000 to 449 in 2018, which was insuffi-
cient for the total number of people waiting for transplanta-
tion [8]. The domestic transplantation science community is 
making various efforts to promote organ transplantation sur-
gery, and recently, devising multiple ways to implement dona-
tion after circulatory death (DCD).

DCD is the retrieval of organs after the donor’s death for trans-
plantation and confirmed using circulatory criteria, wherein the 
criteria for brain death are not met [9]. Organ transplantation 
is being carried out in some countries based on the DCD sys-
tem [10]. At the beginning of its implementation, unlike organ 
donation by DBD, organ donation by DCD was associated with 
poor outcomes after transplantation because it involves organ 
acquisition in a physical state in which organ perfusion is sig-
nificantly reduced. However, studies in many countries have 
reported results similar to those of organ transplantation by 

DBD [11-17]. Organ transplantation by DCD initially focused 
on kidney transplantation, but successful results have been 
recently reported in the liver, lung, and pancreas, which are 
vulnerable to warm ischemic damage [18-22].

Therefore, this restrospective single-center cohort study aimed 
to analyze the current status of LST in South Korea and predict 
whether this can be the basis for DCD legalization. Ultimately, 
we have provided materials that can contribute to the revital-
ization of organ donation.

Material	and	Methods

The medical records of the 442 patients who had filled out forms 
of the life-sustaining treatment (LST) decisions hoping to termi-
nate their LST at Ewha Womans University Mokdong Hospital 
from April 2018 to December 2019 were retrospectively ana-
lyzed. Demographic characteristics, such as age and sex, of the 
patients who answered the Physician Orders for Life-Sustaining 
Treatment (POLST) forms were investigated, and past medi-
cal history and diagnosis that made the decision to discontin-
ue LST were confirmed. In terms of disease, the patients were 
classified into patients with malignant tumor or brain lesions 
who were judged to be brain-dead, patients with brain lesions 
who were not brain-dead, and patients with neither brain le-
sions nor malignant tumors. We investigated the possibility of 
organ donation, regardless of brain death, on the basis of the 
patient’s medical history. Organ and tissue donations were clas-
sified according to the Korean Organ Donation Agency (KODA).

In addition, we investigated cases of active discontinuation of 
LST, including withdrawal of vasopressor or inotropics, invasive 
mechanical ventilator, continuous renal replacement therapy 
(CRRT), and extracorporeal membrane oxygenation (ECMO), af-
ter the LST discontinuation system was implemented.

All numeric variables, such as age, time until death after LST 
withdrawal (minutes) are expressed as “mean ± standard de-
viation.” Categorical variables, such as sex, LST decision type, 
admitted department, diagnosis, death after implementation 
of LST, LST withdrawal type, and organ donation status of pa-
tients who agreed to discontinue LST were analyzed by de-
scriptive statistics. Statistical analysis was performed by using 
IBM SPSS version 26.0 (SPSS Inc., Chicago, IL, USA). The fig-
ure was created by all authors using CorelDRAW 2020 (Corel 
Corporation, Ottawa, Canada).

Results

The 442 patients included in this study consisted of 238 men 
(53.8%) and 204 women (46.2%). The average age of the 
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patients was 71.8 years (range: 23-103 years), and those in 
their 80s accounted for the majority, with 138 people (31.2%). 
In 110 cases (24.9%), the patients themselves had filled out 
the POLST form after consulting with the medical staff, and 
in 332 cases (75.1%) it was a consensual decision made with 
the family to discontinue LST (Table 1).

Of these patients, 286 patients (64.7%) died; the mean period 
from the decision to discontinue LST to death was 7.4±13.9 
days (minimum 0 days, maximum 144 days). Thirty-three pa-
tients died after extubation, vasopressor was withdrawn in 14 
patients (3.8%), CRRT was withdrawn in 4 patients (1.4%), and 
there were no patients with ECMO withdrawal. Patients with 
mechanical ventilator withdrawal and extubation died with-
in an average of 120 min (2-1218 min), those with vasopres-
sor withdrawal died within an average of 492 min (10-4080 
min), and those with CRRT withdrawal died within an average 
of 232 min (62-420 min) (Table 2).

Among those who considered the termination of LST, patients 
diagnosed with malignant tumors accounted for the majority, 
with 218 people (49.3%); 93 patients (21%) were diagnosed 
with central nervous system (CNS) diseases, such as stroke 

Variables n=442 (%)

Sex, Male  238 (53.8%)

Mean age (years) 71.8±14.0

 From 0 to 9  0

 From 10 to 19  0

 From 20 to 29  2 (0.5%)

 From 30 to 39  7 (1.6%)

 From 40 to 49  21 (4.8%)

 From 50 to 59  56 (12.7%)

 From 60 to 69  86 (19.5%)

 From 70 to 79  106 (24.0%)

 From 80 to 89  138 (31.2)

 From 90 to 99  25 (5.7%)

 From 100  1 (0.2%)

Type of Life-sustaining treatment decision

 Self-decision  110 (24.9%)

 Decision by family  332 (75.1%)

Table 1. Demographics and disease characteristics of patients who agreed to discontinue life-sustaining treatment.

CNS – central nervous system.

Variables n=442 (%)

Admitted department

 Hemato-oncology  102 (23.1%)

 Pulmonology  74 (16.7%)

 Neurosurgery  56 (12.7%)

 Gastroenterology  44 (10.0%)

 Neurology  40 (9.0%)

 Surgery  40 (9.0%)

 Cardiology  19 (4.3%)

 Nephrology  19 (4.3%)

 Urology  14 (3.2%)

 Obstetrics & Gynecology  12 (2.7%)

 Emergency medicine  8 (1.8%)

 Etc.  14 (3.2%)

Diagnosis

 Malignancy  218 (49.3%)

 CNS disease  93 (21.0%)

  Neither malignancy or nor CNS 
disease

 131 (29.6%)

Variables n=286 (%)

Death after implementation of LST 286

 Type of LST withdrawal

 IMV  33 (11.5%)

 Vasopressors & inotropics  14 (4.9%)

 CRRT  4 (1.4%)

 Extracorporeal membrane oxygenation  0

Time until death after LST withdrawal 
(minutes)

 After IMV withdrawal  119.5±232.2

  After vasopressor & inotropics 
withdrawal

 492.2±1081.1

 After CRRT withdrawal  232.0±147.1

Table 2.  Death after implementation of life-sustaining treatment 
decision.

LST – life sustaining treatment; IMV – invasive mechanical 
ventilator; CRRT – continuous renal replacement therapy.
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and traumatic and non-traumatic cerebral hemorrhage; and 
131 patients (29.6%) had neither malignant tumors nor CNS 
diseases. The majority of the patients (103, 23.1%) were treat-
ed in the Department of Hemato-Oncology, followed by the 
Department of Pulmonology (74, 16.7%) and the Department 
of Neurosurgery (56, 12.6%) (Table 1, Figure 1).

Of the 442 patients who agreed to discontinue LST, 175 patients 
(39.5%) met the organ donor criteria, and 73 (16.5%) were el-
igible for tissue donation. Of the 175 patients who were eligi-
ble for organ donation, 86 had brain lesions, 17 underwent a 
brain death assessment procedure, and 16 were not assessed. 
One patient died during the brain death management stage 
before organ donation. Seventeen patients accounted for 3.8% 
of all patients who wished to discontinue LST, and only 9.7% 
of patients were eligible for donation (Figure 1).

Discussion

Unlike DBD, DCD is subject to warm ischemic injury. In gen-
eral, for DCD, organs are harvested within 5 min after remov-
ing the vasopressor, endotracheal tube, and mechanical ven-
tilator and identifying asystole. In other words, the longer the 
time to reach the asystole state, the longer time the mean ar-
terial pressure was maintained below 65 mmHg, and organ 
perfusion was decreased. Prolonged exposure to ischemic in-
jury may result in a poor prognosis for transplanted organs 
or, in the worst case, organ donation and transplantation may 
become impossible. While the procedure and process of DCD 
are also important, it is also of paramount importance that 
the target patient’s risk for mortality within minutes after ter-
minating the treatment is measured. Organs should also be 

harvested promptly after confirmation of death and, if this is 
difficult, circulatory recovery through ECMO should be able to 
maintain organ perfusion until organ procurement [23,24]. To 
satisfy these conditions in DCD, organ donation after the dis-
continuation of LST may be the answer.

Patients who depend on LST, such as vasopressors or inotro-
pics, mechanical ventilators, CRRT, and ECMO, become asystol-
ic within minutes or hours after discontinuation of LST. In this 
study, patients with mechanical ventilator withdrawal and ex-
tubation died within an average of 120 min, patients with va-
sopressor withdrawal died within an average of 492 min, and 
patients with CRRT withdrawal died within an average of 492 
min (Table 2). Therefore, for patients who simultaneously ex-
press the intention to discontinue LST and donate organs, a 
good prognosis of the transplanted organ can be expected if 
the withdrawal of such LSTs can be coordinated with the tim-
ing of organ procurement immediately before transplantation. 
The time to death after treatment withdrawal depends on the 
patient’s condition. Therefore, it is appropriate to establish the 
optimal DCD protocol by conducting large-scale surveys sim-
ilar to the survey content of this study.

DCD has already been activated globally, and efforts are be-
ing made to partially solve the problem of insufficient donor 
organs [10]. When it comes to DCD, there are still significant 
differences among countries for various reasons. According to 
a survey of 28 European countries in 2018, there were 1785 
cases of DCD among 11 325 deceased organ donors. This ac-
counted for 15.76% of all deceased organ donors. In 2018, The 
Netherlands had 164 (58.3%) cases of DCD among 281 de-
ceased organ donors. Interestingly, there were no living organ 
donors in The Netherlands in 2018. In contrast, 18 countries in 

Agreement of LST decision
(n=442)

Suitable for organ donation
(n=175)

Malignancy*
(n=2)

CNS disease
(n=86)

Non-malignancy/Non-CNS disease*
(n=87)

Unsuitable for organ donation
(n=267)

Donation after brain death
(n=17)

Refusal of organ donation
(n=69)

Malignancy
(n=216)

CNS disease
(n=7)

Non-malignancy/Non-CNS disease
(n=44)

Figure 1.  Disease classification and organ donation status of patients who agreed to discontinue life-sustaining treatment (LST). 
Regarding the decision to discontinue LST, 175 (39.6%) and 267 (60.4%) were suitable and unsuitable for organ donation, 
respectively. Eighty-six of 175 patients were diagnosed with CNS disease, and only 17 (19.8%) agreed to donate after brain 
death (DBD), whereas 69 (80.2%) were eligible for DBD, but did not agree to donate. In contrast, although 2 patients with 
no recurrence or metastasis for >5 years and 87 patients with non-malignancy or non-CNS disease were eligible for organ 
donation, organ donation was not discussed with them because it is illegal under the current law in South Korea.
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Latin America had zero cases of DCD out of 5756 deceased or-
gan donors during the same period [25]. As shown above, the 
cause of these differences in the number of cases of DCD by 
country may be the difference in medical technology as well 
as the lack of agreement on DCD worldwide. There will much 
debate and it will be a difficult process, but with effort a glob-
al consensus may be reached.

Currently, only DBD is deemed acceptable in South Korea, and 
DCD is subject to various restrictions in practice. However, 
DBD alone cannot meet the demands of the many patients 
in need of transplantation. With the LST decision system in 
place, social discussions and consensus are required before 
progressing to DCD.

If DCD were allowed in South Korea, as shown in the above 
results, discussions on organ donation would have occurred in 
59 more cases over the past 2 years (Figure 1). Furthermore, 
as discontinuation of LST is not limited to patients with can-
cer, it is expected that the establishment of an organ dona-
tion system after cardiac arrest will be of great help in promot-
ing transplantation with the legislation of the Life-Sustaining 
Treatment Decision Act.

For the LST decision system to be properly established, which 
has finally been implemented after years of discussion, suffi-
cient promotion and explanation should be made to the pa-
tients and their caregivers. In addition, if the step to confirm the 
counselor’s intention to donate organs is added to the process 
of LST counseling, which is the chance to earnestly consider 
and accept one’s own death, it will induce a change in percep-
tions about transplantation and organ donation and promote 
donation. At Ewha Womans University Mokdong Hospital, es-
pecially when the caregivers of brain-dead patients want to 
stop the LST, the physician in charge explains the donation of 
organs and tissues. Then, a KODA coordinator who can clear-
ly explain the option and procedure for organ donation would 
actively advise them to consider it.

Although several candidates for organ donation have been 
identified, it is controversial whether the LST decision act will 
lead to organ donation. Therefore, it is necessary to deter-
mine the intention to donate organs of those who agreed to 
LST. As the next step for future study, we will confirm the in-
tention to donate organs by surveying those who directly vis-
ited the life-sustaining medical consultation center regarding 
their decision on LST (and obtain a written statement reveal-
ing their decision). Furthermore, this system should be used 
not only to end life, but also to lead to more organ donations 
along with institutional development, thus saving more lives.

Conclusions

After years of discussion, the LST decision act was implement-
ed, but the legalization of DCD is still in the discussion stage. 
However, organ donation is insufficient relative to the increase 
in the number of people awaiting organ transplantation. Our 
study suggests that the implementation of LST and the legal-
ization of DCD may solve the insufficient organ donation situ-
ation. In countries where DCD has not yet been legalized, such 
as South Korea, our study will be invaluable as data to dem-
onstrate the need for DCD legalization.
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